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1 Introduction 

Hoskin • Ryan Consultants, Inc. (HRC), has been contracted by the Flood Control District of 

Maricopa County (District) to prepare the Wickenburg Area Drainage Master Study/Plan (ADMS/P). 

The ADMS/P lies within the watershed encompassing and surrounding the Town of Wickenburg 

(Town) in the north part of Maricopa County (Figure 1). The ADMS portion of the project identifies and 

quantifies known and potential flood hazards in the Wickenburg area, and where future flood control 

measures should be focused. If deemed necessary, the ADMP portion of the project will be initiated to 

identify alternatives and propose solutions to remediate flood hazards . 

FIGURE 1 - VICINITY AND 
STUDY AREA 

N 

A 
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The study is an update of the Wickenburg Area Drainage Master Study (WADMS), completed 

in 1992. Since the WADMS, there have been advancements in the technology used to identify flood 

hazards, precipitation data has changed, and more recent and accurate digital topography is available. 

Growth, development, and other factors have resulted in changes to drainage patterns in some areas, 

causing potential changes to the flood hazards. 

The ADMS/P will be completed in three phases (Figure 2). The first phase (Figure 3) identifies 

the current floodplain and flood hazards for Sunset Wash and Sunnycove Wash. The second phase 

addresses the floodplains that occur within , or in close proximity to, the Town limits. The third phase 

delineates floodplains for selected washes outside of the Town's jurisdictional limits. The ADMP 

(Phase 4) may recommend structural facilities, such as channels and basins, or non-structural 

methods such as development codes, for selected areas . 

FIGURE 2 - STUDY PHASES 
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FIGURE 3- PHASE 1 WATERSHED 

Phase 1 is documented in this Technical Data Notebook (TON) . Letter of Map Revision 

(LOMR) submittals for Phases 2 and 3 are documented separately. The purpose of this TON is a 

technical submission of new hydrologic and hydraulic analysis to FEMA supporting a LOMR request. 

The new hydrologic and hydraulic analysis are based on recent NOAA rainfall data and topographic 

mapping. 

1.1 Authority for Study 

The study is a joint effort between the District and the Town. The District's contract 

number is FCD 2009C030. The official Notice to Proceed date is July 12, 201 0. The District 

Project Manager is Gregory L. Jones, PE, AICP. 

1.2 Location of Study 

The Phase 1 study area encompasses approximately 2.5 square miles of the Town of 

Wickenburg and its surrounding area, within Maricopa County. The watershed area is located 

within Township 7 North, Range 5 West, of the Gila River Base and Meridian. 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 3 
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Sunnycove Wash is a tributary to Sunset Wash which outlets to the Hassayampa River 

near the intersection of U.S. Highway 60 (US 60) and U.S. Highway 93 (US 93). Both Sunset 

Wash and Sunnycove Wash empty into earthen dams upstream of their confluence. The 

current FEMA Zone AE floodplain delineation extends from their confluence with the 

Hassayampa River westward for a distance of approximately one (1) mile along Sunset Wash, 

0.4 miles along Sunnycove Wash downstream of the dam, and two (2) miles along Sunnycove 

Wash upstream of the dam. 

1.3 Methodology Summary 

Hydrologic Modeling 

Hydrology for the approximately 2.5 square mile watershed contributing to the 

Sunnycove Wash and Sunset Wash floodplains was developed using the U.S. Army Corps of 

Engineers HEC-1, Version 4.1, Flood Hydrograph Package (Ref. 36). Hydrologic models 

prepared as part of the ADMS/P include the following : 

• 500-year; 6-hour Existing Condition 
• 1 00-year; 6-hour and 24-hour Existing Condition 
• 50-year; 6-hour Existing Condition 
• 1 0-year; 6-hour Existing Condition 

The models were developed following the procedures recommended in the District's 

Drainage Design Manual for Maricopa County, Volume I, Hydrology (Ref. 19). The Phase 1 

watershed was divided into watersheds contributing to Sunset Wash and Sunnycove Wash. 

Each watershed was then divided into sub-basins based on topographic mapping and field 

observations. 

The District's Drainage Design Management System Version 4.6.0 software 

(DDMSW), dated August 201 0 (Ref. 17), was used to generate the sub-basin HEC-1 data . 

Hoskin-Ryan Consultants, Inc. 
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Sub-basin parameters were gathered from a combination of field observation and existing land 

use and soils maps. Soil losses were estimated using the Green & Ampt method and excess 

rainfall runoff generated for the sub-basins using the Phoenix Mountain S-graph. Recent 

changes in development within the watershed areas are reflected in this study. NOM Atlas 14, 

Precipitation-Frequency Atlas of the United States, Volume 1, Arizona (Ref. 32) was used as 

the point precipitation rainfall data source for the project. 

Refer to Section 4 of this report for a detailed description of the hydrologic modeling 

methods. 

Hydraulic Modeling 

The effective Zone "AE" floodplains were previously delineated in the WADMS using the 

HEC-2 hydraulic model (the effective model). However, HEC-RAS version 4.0 (Ref. 38) was 

used to analyze the 1 00-year floodplains for this study . 

HEC-RAS Cross-Section geometry was obtained from the 2004 two-foot contour 

interval topographic mapping provided by the District (Ref. 50). Elevations for the study are on 

the NAVD88 vertical datum. Cross-sections were created at the same locations as the 

effective model, and supplemented with Cross-Sections at additional locations, including 

locations where there is new culvert crossing data. Supplemental ground survey was 

conducted at drainage structures. 

Encroachment Method #4 was used for the first iteration of floodway modeling, then 

Method #1 was used, and then encroachment limits were modified as necessary to optimize 

the floodway WSE. 

Refer to Section 5 of this report for a detailed description of the hydraulic modeling 

methods. 

Hoskin-Ryan Consultants, Inc. 
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1.4 Acknowledgements 

This study is performed under the authority of the District, in cooperation with the 

Town. The HRC consultant team comprises firms of various disciplines required to complete 

all aspects of the project. HRC is the Prime Consultant responsible for all aspects of the study. 

Dewberry, and Coe and Van Lao Consultants, Inc., are assisting with data collection, 

hydrology, hydraulics, and floodplain delineation. Environmental Planning Group is assisting 

with data collection and existing conditions analysis. Bender Consulting Services is assisting 

with Public Involvement. Geological Consultants, Inc ., is providing soils and bedrock analysis, 

and Alpha Geotechnical is providing soils sampling and testing . 

1.5 Summary of Study Results 

The HEC-1 output for each hydrologic model is included in appendix D.6. The USGS 

data for Arizona and the regional regression equations were used to verify the peak discharges . 

Refer to Section 4.5 for the hydrologic results. 

The 1 00-year, 6-hour storm is used for the floodplain and flood way delineations 

because it produces higher peak discharges than the 1 00-year, 24-hour storm. Two additional 

washes upstream of Sunset Dam were delineated as part of this study (an extension to Sunset 

Wash and Sunset Wash Tributary 1 ). These two additional washes currently don't have 

floodplain delineations. Refer to the Floodplain Work Maps located at the back of this report 

for the wash locations. 

The current FEMA flood Zones AE behind the Sunnycove Dam and Zone A behind the 

Sunset Dam have been revised to Zone AH. For the rest of the floodplain delineations, the 

flood Zone AE is still applicable with the exception of a small Zone X area within Sunset Wash . 

Hoskin-Ryan Consultants, Inc. 
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2 Study Documentation Abstract and FEMA Forms 

2.1: Study Documentation Abstract 
for FEMA Submittals 

2.1.1 Date Study Accepted 
2.1.2 Study Contractor 

Contact(s) 
Address 

Phone 
Internal Ref. No. 
Subcontractors w/ Phone 

2.1 .3 FEMA Technical Review 
Contractor 
Contact(s) 
Address 
Phone 
Internal Ref. No. 

2.1.4 FEMA Regional Reviewer 
Phone 

2.1.5 State Technical Reviewer 
Phone 

2.1.6 Local Technical Reviewer 

Phone 

Internal Ref. No. 
2.1.7 Reach Description 

2.1.8 USGS Quad Sheet(s) with 
original photo date & latest 
photo revision date 

2.1.9 Unique Conditions and 
Problems 

2.1 .10 Coordination of Discharges 
(Agency, Date, Comments) 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

I ~~~:~ I I Restudy I X I CLOMR I I LOMR I X I Other I 

Hoskin-Ryan Consultants, Inc. 
Paul W.R. Hoskin, PE I Douglas Both, CFM I Peng Zhang, PE, CFM 
6245 N. 24th Parkway, Suite 100 
Phoenix, AZ 85016 
(602) 252-8384 
HRC 10-003-01 
Coe & Van Lao Consultants, Inc. - (602) 264-6831 
Dewberry & Davis, LLC - (602) 943-1585 

Greg Jones, PE, AICP - Flood Control District of Maricopa County 
Kathryn Gross, CFM, MA- Flood Control District of Maricopa County 
Greg Jones (602) 506-5537 
Kathryn Gross (602) 506-4837 
FCD 2009C030 
Sunset Wash between headwaters and confluence with Hassayampa River. 
Sunset Wash Tributary 1 between headwaters and Sunset Dam. 
Sunnycove Wash between headwaters and confluence with the Sunset Wash. 

FIRM 04013C0235G and 04013C0253H 
7.5-Minute Topographic Quadrangle Map Series: 
Vulture Peak, Arizona, provisional editing 1990. 
Wickenburg , Arizona, 1964, photo inspected 1978. 
The Sunset and Sunnycove Dams lie with in the watershed and attenuate flows 
downstream. 
Peak flows to be generated as part of the study. Review and approval of peak 
flows to be completed by the Flood Control District of Maricopa County . 

Wickenburg Area Drainage Master Study/Plan 
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Study Documentation Abstract for local Government and ADWR Submittals 
2.1: General Information 
2.1 .1 Community 
2.1 .2 Community Number 
2.1 .3 County 
2.1.4 State 
2.1.5 Date Study Accepted 
2.1.6 Study Contractor 

Contact(s) 
Address 

Phone 
Internal Ref. No. 

2.1.7 State Technical Reviewer 
Phone 

2.1.8 Local Technical Reviewer 

Phone 

Internal Ref. No. 
2.1.9 River or Stream Name 
2.1.10 Reach Description 

2.1.11 Study Type (riverine, 
alluvial, fan , etc .) 

Section 2.2: Mapping Information 
2.2.1 USGS Quad Sheet(s) with 

original photo date & latest 
photo revision date 

2.2.2 Mapping for Hydrologic 
Study, Type/Source, Scale, 
Date 

2.2.3 Mapping for Hydraulic 
Study, Type/Source, Scale , 
Date, Subcontractor, Date 
of Aerial Mapping 

Section 2.3: Hydrology 
2.3.1 Model or Method Used 

(incl. vendor and version) 

2.3.2 Storm Duration 
2.3.3 Hydrograph Type 

2.3.4 Frequencies Determined 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Wickenburg, Town of 
040056 
Maricopa County 
Arizona 

Hoskin-Ryan Consultants, Inc. 
Paul W.R. Hoskin, PE I Douglas Both , CFM I Peng Zhang, PE, CFM 
6245 N. 24th Parkway, Suite 100 
Phoenix, AZ 85016 
(602) 252-8384 
HRC 10-003-01 

Greg Jones, PE, AICP- Flood Control District of Maricopa County 
Kathryn Gross, CFM, MA - Flood Control District of Maricopa County 
Greg Jones (602) 506-5537 
Kathryn Gross (602) 506-4837 
FCD 2009C030 
Sunset Wash, Sunset Wash Tributary 1 and Sunnycove Wash 
Sunset Wash between headwaters and confluence with Hassayampa River. 
Sunset Wash Tributary 1 between headwaters and Sunset Dam. 
Sunnycove Wash between headwaters and confluence with Sunset Wash . 
Riverine 

7.5-Minute Topographic Quadrangle Map Series: 
Vulture Peak, Arizona, provisional editing 1990. 
Wickenburg , Arizona, 1964, photo inspected 1978. 
2-foot contour interval topographic mapping, covering the study area, from the 
Flood Control District of Maricopa County, dated 7/7/2004 

2-foot contour interval topographic mapping, covering the study area, from the 
Flood Control District of Maricopa County, dated 7/7/2004 

HEC-1 Flood Hydrograph Package, Version 4. 1, U.S. Army Corps of Engineers, 
Hydrologic Engineering Center, June 1998 

Drainage Design Management System, Version 4.6.0, KVL Consultants, Inc. , 
for Flood Control District of Maricopa County, 8/12/201 0 
6-hour and 24-hour 
Flood Control District of Maricopa County 6-hour distribution for 6-hour 
modeling; SCS Type II distribution for 24-hour modeling 
1 O-year,6-hour, 50-year, 6-hour, 1 00-year, 6- and 24-hour and 500-year, 6-
hour 

Wickenburg Area Drainage Master Study/Plan 
8 
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2.3.5 List of Gages Used in 
Frequency Analysis or 
Calibration 

2.3.6 Rainfall Amounts and 
Reference 

2.3.7 Unique Conditions and 
Problems 

2.3.8 Coordination of Discharges 
(agency, date, comments) 

Section 2.4: Hydraulics 
2.4.1 Model or Method Used 

(incl. vendor and version) 

2.4.2 Regime 
2.4.3 Frequencies for which 

Profiles Were Computed 
2.4.4 Method of Floodway 

Calculation 
2.4.5 Unique Conditions and 

Problems 
Section 2.5: Additional Information 
Item 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Studv Documentation Abstract 

There are no flow rate gages within the study area. 

lsopluvials for Maricopa County, Arizona, from the Flood Control District of 
Maricopa County 's Drainage Design Manual for Maricopa County, Arizona, 
Volume /-Hydrology, June 14, 2010 

2-year, 6-hour Precipitation = 1.42 inches 
2-year, 24-hour Precipitation = 1.93 inches 
1 00-year, 6-hour Precipitation = 3.32 inches 
1 00-year, 24-hour Precipitation = 4.42 inches 
500-year, 6-hour precipitation = 4.20 inches 
500-year, 24-hour precipitation = 5.54 inches 

Peak flows generated as part of the study. Review and approval of peak flows 
to be completed by the Flood Control District of Maricopa County. 

HEC-RAS River Analysis System, Version 4.0, U.S. Army Corps of Engineers, 
Hydrologic Engineering Center, March 2008. 
HEC-GeoRAS, Version 4.2.93, U.S. Army Corps of Engineers, September 2009. 
Subcritical 
1 O-year,6-hour, 50-year, 6-hour, 1 00-year, 6 and 500-year, 6-hour 

HEC-RAS Floodway Modeling Method 1 

Description I Discussion 

Wickenburg Area Drainage Master Study/Plan 
9 



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 

OVERVIEW & CONCURRENCE FORM 

PAPERWORK BURDEN DISCLOSURE NOTICE 

O.M.B No. 1660-0016 
Expires: 12/3112010 

ic reporting burden for this form is estimated to average 1 hour per response. The burden estimate includes the time for reviewing instructions, 
,.,. ,rr:nmn existing data sources , gathering and maintaining the needed data, and completing , reviewing , and submitting the form . You are not required 

to respond to th is collection of information unless a valid OMB control number appears in the upper right corner of this form . Send comments regard ing 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. Department of 
Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project {1660-0016). 
Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed 

to the above ress. 

A. REQUESTED RESPONSE FROM DHS-FEMA 

This request is for a (check one): 

0 CLOMR: 

[81 LOMR: 

A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch . 1, Parts 60, 65 & 72). 

A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains , regulatory floodway or 
flood elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

B. OVERVIEW 

1. The NFIP map panel(s) affected for all impacted communities is (are): 

a. Flood ing Source: SUNSET WASH, SUNSET WASH TRIBUTARY 1 AND SUNNYCOVE WASH 

b. Types of Flooding: [8:! Riverine D Coastal D Shallow Flooding (e .g., Zones AO and AH) 

0 Alluvial fan 0 Lakes 0 Other (Attach Description) 

3. Project Name/Identifier: WICKENBURG AREA DRAINAGE STUDY I PLANNING 

4. FEMA zone designations affected: A, AE (choices : A , AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5 . Basis for Request and Type of Revision : 

a. The basis for this revision request is (check all that apply) 

0 Physical Change 0 Improved Methodology/Data 

0 Coastal Analysis 1:81 Hydraulic Analys is 

D Weir-Dam Changes D Levee Certification 

[81 New Topographic Data 0 Other (Attach Description) 

0 Regulatory Floodway Revision 

1:81 Hydrologic Analysis 

D Alluvial Fan Analysis 

D Base Map Changes 

0 Corrections 

D Natural Changes 

Note: A photograph and narrative description of the area of concern is not required , but is very helpful during review. 

b. The area of revision encompasses the following structures (check all that apply) 

Structures: 0 Channelization 0 Levee/Fioodwall 1:81 Bridge/Culvert 

~Dam 0Fill D Other (Attach Description) 

• 
DHS- FEMA Form 81-89,DEC 07 Overview & Concurrence Form MT-2 Form 1 Page 1 of 2 



C. REVIEW FEE 

Has the review fee for the appropriate request category been included? 181 Yes Fee amount : $ __ 

0 No, Attach Explanation 

• Please see the DHS-FEMA Web site at http ://www.fema.Qov/plan/prevenUfhm/frm fees.shtm for Fee Amounts and Exemptions. 

D. SIGNATURE 

All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false statement may be punishable 
by fine or imprisonment under Title 18 of the United States Code, Section 1001 . 

Name: KATHRYN GROSS, CFM Company: FLOOD CONTROL DISTRICT, MARICOPA COUNTY 

Mailing Address: Daytime Telephone No.: (602) 506-4837 I Fax No.: (602)506-8561 
2801 W. DURANGO STREET 
PHOENIX, AZ 85009 

/'/ 
E-Mail Address: kag@mail.maricopa.gov 

" 
Signature of Requester (required)~/ ~~ I ·. 1 Date: ( Q7 f / J J ~1~'---~ 

As the community official responsible for floodplain ~anag~ent , I hereby acknowledge that we have received a~ reviewed this Letter of Map 
Revision (LOMR) or conditional LOMR request. Based upon the community's review, we find the completed or proposed project meets or is designed 
to meet all of the community floodplain management requirements, including the requirement that no fill be placed in the regulatory floodway, and that 
all necessary Federal, Slate, and local permits have been, or in the case of a conditional LOMR. will be obtained. In addition, we have determined that 
the land and any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 
65.2(c), and that we have available upon request by FEMA, all analyses and documentation used to make this determination. 

Community Official's Name and T~1 fl;c.J-I.q-e£) 
LU[L)i/IJC, 

Da-s.mP~D 
.:ri!K f'BL..JTJ& 

I Community Name: TOWN OF WICKENBURG 

Mailing Address: . ~ 
J,!;.~- I 77:?1o ;Jt,-r.e_ ~~ Srr;,4-. 

Daytime Telephone No.: ~.g.-- I Fax No.: ~ o.::J. - -
~.V- 0~/ 3 ,5-06 -/J 'j' D 

t0JC-JCO;Jb~ 
/ fl..z . fJs-59_,0 E-Mail Address: 6). , tJ 

r-de)::i.-re.C"--(1' (J ~ C-1 . lt.-~ha...-t'Q, CL::t.•~ 

Community Official's Signature (required) : ~tL-·Y · l Date: 6 -1.5-- If 

• CERTIFICATION BY REGtsl'lfRED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR 

This ceriification is to be signed and sealed by a licensed land surveyor, registered pro fessional engineer, or architect authorized by law to certi fy 
elevation information data. hydrologic and hydraulic analysis, and any other supporting data. All documents submitted in suppori of this request are 
correct to the best of my knowledge . All analyses have been performed correctly and in accordance with sound engrne~ ring practices . All project 
woiXs are designed rn accordance with sound engineering practices to provide protection from the 1% annual chance flood. If "as-built" conditions 
data/plan provided, then the structure(s) has been built according to the plans being ceriified, is in place, and is fully functioning. I understand that any 
false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier's Name: PAUL W.R. HOSKIN, P.E License No.: AZ 19690 Expiration Date : 2/31/2012 

Company Name: HOS~A~SULTANTS, INC Telephone No.: (602) 252·8384 Fax No.: (602) 252-8385 

Signature: ~ Date:k/_h/!f .,,., "' ··~~ .. :Q ~ .. ,,,., "'""' '" ,,,,,,.,'"yo"' '"•m'"''· I I 

Form Name and !Numb fl Required If .. . 

~ R1venne Hy~y an draullcs Form (Form 2) New or rev1sed dtscharges or water-surface elevations 

~ Rivenne Structures Form (Form 3) Channel1s modtfted, addttlon/reviston of bndge/culverts , 
addition/revision oflevee/floodwall , addition/revision of dam 

D Coastal Analysis Form (Form 4) New or revised coastal elevations 

D Coastal Structures Form (Form 5) Addition/revision of coastal structure Seal (Optional) 

0 Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 

• DHS· FEMA Form 81-89,DEC 07 Overview & Concurrence Form MT-2 Form 1 Page 2 of 2 



• 

• 

• 

U.S. DEPARTMENT OF HOMELAND SECURITY ·FEDERAL EMERGENCY MANAGEMENT AGENCY 

OVERVIEW & CONCURRENCE FORM 

PAPERWORK BURDEN DISCLOSURE NOTICE 

O.M.B No. 1660-0016 
Expires: 11/3112010 

Public reporting burden for this form is estimated to average 1 hour per response. The burden estimate Includes the lime for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form . You are not required 
to respond to this collection of information unless a valid OMS control number appears In the upper right corner of this form. Send comments regarding 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. Department of 
Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (1660-0016). 
Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed 
surve to the above address. 

A. REQUESTED RESPONSE FROM DHS-FEMA 

This request is for a (check one): 

1. 

0 CLOMR: 

[81 LOMR: 

A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch. 1, Parts 60, 65 & 72). 

A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or 
flood elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

B. OVERVIEW 

The NFIP map panel(s) affected for all impacted communities Is (are): 

Community No. Community Name State Map No. Panel No. Effective Date 
Ex: 480301 City of Katy TX 480301 0005D 02/08/83 

480287 Harris County TX 48201C 0220G 09/28/90 
r ·~'l37 0 '-{()()) / MARICOPA COUNTY AZ 04013C 0235G 09130/05 

37 O\.IOCJ3 7 MARICOPA COUNTY AZ 04013C 0253H 09/30/05 
~ 

2. a . Flooding Source: SUNSET WASH, SUNSET WASH TRIBUTARY 1 AND SUNNYCOVE WASH 

b. Types of Flooding: 181 Riverine 0 Coastal 0 Shallow Flooding (e.g., Zones AO and AH) 

0 Alluvial fan 0 Lakes 0 Other (Attach Description) 

3. Project Name/Identifier: W ICKENBURG AREA DRAINAGE STUDY I PLANNING 

4. FEMA zone designations affected: A, AE (choices: A , AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5. Basis for Request and Type of Revision: 

a. The basis for this revision request is (check all that apply) 

D Physical Change 0 Improved Methodology/Data 0 Regulatory Floodway Revision 0 Base Map Changes 

D Coastal Analysis [gJ Hydraulic Analysis [gJ Hydrologic Analysis 0 Corrections 

D Weir-Dam Changes 0 Levee Certification 0 Alluvial Fan Analysis 0 Natural Changes 

1:8! New Topographic Data 0 Other (Attach Description) 

Note: A photograph and narrative description of the area of concern Is not required, but is very helpful during neview. 

b. The area of revision encompasses the following structures (check all that apply) 

Structures: 0 Channelization D Levee/Fioodwall 181 Bridge/Culvert 

1:8! Dam 0Fill 0 Other (Attach Description) 

DHS- FEMA Form 81 -89,DEC 07 Overview & Concurrence Form MT-2 Form 1 Page 1 of 2 



C. REVIEW FEE 

Has the review fee for the appropriate request category been included? ~ Yes Fee amount: $ __ 

D No, Attach Explanation • Please see the DHS-FEMA Web site at http://www.fema.Qov/plan/preventlfhm/frm fees .shtm for Fee Amounts and Exemptions. 

D. SIGNATURE 

All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false statement may be punishable 
by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Name: KATHRYN GROSS , CFM Company: FLOOD CONTROL DISTRICT, MARICOPA COUNTY 

Mailing Address: Daytime Telephone No.: (602) 506-4837 j Fax No.: (602)506·8561 
2801 W. DURANGO STREET 
PHOENIX, AZ. 85009 

/l/ E·Mail Address : kag@mail.maricopa.gov 

s· ( . ~l~ rgnature of Requester requrreo) : / \ ) I Date : u/9/; 
As the community official responsible for floodplain man~~ nt , I hereby acknowledge that we have received and reviewed this Letter of Map 
Revision (LOMR) or conditional LOMR request. Based u the community's review, we find the completed or proposed project meets or is designed 
to meet all of the community floodplain management requirements, including the requirement that no !ill be placed in the regulatory floodway, and that 
all necessary Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained. In addition , we have determined that 
the land and any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 
65.2(c), and that we have available upon request by FEMA, all analyses and documentation used to make this determination. 

Community Official's Name and Title: TIMOTHY S. PHILLIPS, P.E. I Community Name : MARICOPA COUNTY 

Mailing Address : Daytime Telephone No.: (602) 506-1501 l Fax No.: (602) 506-4601 
2801 W. DURANGO STREET 

PHOENIX, AZ. 85009 E-Mail Address : tsp@mail.maricopa .gov 

• Community Official's Signature (required) : ~ -~' ~ I Date: <.:.\"'2~\\, 
CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR 

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify 
elevation information data, hydrologic and hydraulic analysis, and any other supporting data. All documents submitted in support of this request are 
correct to the best of my knowledge . All analyses have been performed correctly and in accordance with sound engineering practices . All project 
works are designed in accordance with sound engineering practices to provide protection from the 1% annual chance flood . 11 "as-built" conditions 
data/plan provided, then the structure(s) has been built according to the plans being certified, is in place, and is fully functioning. I understand that any 
false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier's Name: PAUL W.R. HOSKIN, P.E License No.: AZ 19690 Expiration Date : 2/31 /2012 

Company Name: HO~Jr~ONSULTANTS , INC Telephone No. : (602) 252-8384 Fax No. : (6~2) 25~-8385 

Signature : 10 w Date£/~{ I f 
E"'"" lho fo'f":~l •ovl"o" "'""' '" '"''"'"" '" VO"' ' "bmlttol. 
Form Name and INu Required if .. . 

~ Riverine Hyd/ogy an ydraulrcs Form (Form 2) New or revised discharges or water-surface elevations 

181 Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts , 
addition/revision of levee/floodwall, addition/revision of dam 

D Coastal Analysis Form (Form 4) New or revised coastal elevations 

0 Coastal Structures Form (Form 5) Addition/revision of coastal structure Seal (Optional) 

0 Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 

• DHS- FEMA Form 81 -89,DEC 07 Overview & Concurrence Form MT-2 Form 1 Page 2 of 2 



U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.MB No. 1660-0016 

RIVERINE HYDROLOGY & HYDRAULICS FORM Expires: 1213112010 

• PAPERWORK REDUCTION ACT 

Public reporting burden for this form is estimated to average 3.25 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You 
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address. 

Flooding Source: SUNSET WASH 
Note: Fill out one form for each flooding source studied 

A. HYDROLOGY 

1. Reason for New Hydrologic Analysis (check all that apply) 

0 Not revised (skip to section B) 

D Alternative methodology 

0 No existing analysis 

0 Proposed Conditions (CLOMR) 

2. Comparison of Representative 1%-Annuai-Chance Discharges 

~ Improved data 

~ Changed physical condition of watershed 

Location Drainage Area (Sq. Mi.) 

0.591 

Effective/FIS (cfs) Revised (cfs) 

AT HASSAYAMPA RIVER 

DOWNSTREAM OF SUNSET 
DAM 

OF SUNSET DAM 

0.029 

0.601 

0
0 Statistical Analysis of Gage Records 

Regional Regression Equations 

600 

32 

740 

~ Precipitation/Runoff Model HEC-1 
0 Other (please attach description) 

1,146 

56 

927 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support 
the new analysis. · 

4. Review/Approval of Analysis 

If your community requires a regional , state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? DYes ~ No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1 . Reach to be Revised 

Description Cross Section 

Downstream Limit HASSAYAMPA RIVER RS 0.178 

Upstream Limit EAST OF LOS ALTOS DR. RS 1.902 

HEC-RAS VERSION 4.0 

DHS- FEMA Form 81-89A, DEC 07 Riverine Hydrology & Hydraulics Form 

Water-Surface Elevations (ft.) 

Effective 

2039.00 (NAVD88) 

N/A 

Proposed/Revised 

2035.89 (NAVD88) 

2185.25 (NAVD88) 

MT-2 Form 2 Page 1 of 2 



3. Pre-Submittal Review of Hydraulic Models 

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively. These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with 
NFIP requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS 
identify areas of potential error or concern . These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be 
downloaded from http://www.fema.gov/plan/prevenUfhm/frm soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with 
CHECK-2 and CHECK-RAS. Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time. 

4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

File Name: 
File Name: 
File Name: 

Natural Run 

Plan Name: 
Plan Name: 
Plan Name: 

Floodway Run 

File Name: Plan Name: 
File Name: Plan Name: 
File Name: Plan Name: Existing or Pre-Project Conditions Model 

Revised or Post-Project Conditions Model File Name: WKB1 .p~ Plan Name: WKB1 .p01 File Name: N/A Plan Name: N/A 
NAVD88 

Other- (attach description) File Name: Plan Name: File Name: Plan Name: 

* For details, refer to the corresponding section of the instructions. 

Models Submitted? 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following. information (where applicable): the boundaries of the effective, existing, and 
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the 
requester's property; certification of a registered professional engineer reg istered in the subject State; location and description of reference marks; 
and the referenced vertical datum (NGVD, NAVD, etc.). 

[8:1 Digital Mapping (GIS/CADD) Data Submitted 

Note that the boundaries of the existing or proposed conditions floodplains and regu latory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated 
to show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the 
eff,ecti·~ •e 1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision . 

[8:1 Annotated FIRM and/or FBFM (Required) 

D. COMMON REGULATORY REQUIREMENTS* 

1. For R/CLOMR requests , do Elevations (BFEs) increase? No 

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP 
regulations: 
• The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 

The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot. 

b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? C8J Yes D No 
If Yes , please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner 
notification can be found in the MT-2 Form 2 Instructions. 

2. Does the request involve the placement or proposed placement of fill? 0 Yes 121 No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a){14) . Please see the MT-2 instructions for more information. 

3. For LOMR requests, is the regulatory floodway·being revised? [8:J Yes D No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65. 7(b)(1) of the NFIP Regulations·, notification is 
required for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1 %-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being added. Elements and examples of regulatory floodway revision notification 
can be found in the MT-2 Form 2 Instructions.) 

4. For LOMRICLOMR requests , does this request have the potential to impact an endangered species? D Yes 121 No 

If Yes , please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act 
(ESA). Section 9 of the ESA prohibits anyone from "taking" or harming an endangered species. If an action might harm an endangered 
species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA. 

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA. 

* Not inclusive of all applicable regulatory requirements. For details, see 44 CFR parts 60 and 65. 

DHS- FEMA Form 81-89A, DEC 07 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 2 of 2 



U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM 

PAPERWORK REDUCTION ACT 

O.M.B No. 1660-0016 
Expires: 1213112010 

Public reporting burden for this form is estimated to average 3.25 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form . You 
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right comer of th is form . Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send to the 

Flooding Source: SUNSET WASH TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

1. Reason for New Hydrologic Analys is (check all that apply) 

A. HYDROLOGY 

D Not revised (skip to section B) 

D Alternative methodology 

D No existing analysis 

D Proposed Conditions (CLOMR) 

2. Comparison of Representative 1 %-Annual-Chance Discharges 

1:81 Improved data 

181 Changed physical condition of watershed 

location 

UPSTREAM OF SUNSET DAM 

Drainage Area (Sq. Mi. ) 

0.270 

Effective/FIS (cfs) Revised (cfs) 

••·,.,vuvov~y for New Hydrologic Analysis 

D Statistical Analysis of Gage Records 
D Regional Regression Equations 

N/A 

(check all that apply) 

l:8l Precipitation/Runoff Model HEC-1 
D Other (please attach description) 

412 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support 
the new analysis. 

4. Review/Approval of Analysis 

If your community requires a regional , state, or federal agency to review the hydrologic analysis , please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? D Yes 181 No If yes, then fill out Section F (Sed iment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1 . Reach to be Revised 

Description Cross Section 

Downstream limit SUNSET DAM RS 0.009 

Upstream limit EAST OF LOS AlTOS DR. RS 0.256 

DHS - FEMA Form 81-89A, DEC 07 Riverine Hydrology & Hydraulics Form 

N/A 

N/A 

Water-Surface Elevations (ft.) 

Effective Proposed/Revised 

2123.83 (NAVD88) 

2155.21 (NAVD88) 

MT-2 Form 2 Page 1 of 2 



• 

( 

• 

• 

B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively. These review programs may help veri fy that the hydraulic estimates and assumptions in the model data are in accordance with 
NFIP requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS 
identify areas of poten tial error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be 
downloaded from htto://www.fema.gov/plan/prevent/fhm/frm soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with 
CHECK-2 and CHECK-RAS. Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time. 

4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

File Name: 
File Name: 
File Name: 

Natural Run 

Plan Name: 
Plan Name: 
Plan Name: 

Floodway Run 

File Name: Plan Name: 
File Name: Plan Name: 
File Name: Plan Name: Existing or Pre-Project Conditions Model 

Revised or Post-Project Conditions Model File Name: WKB1.prj Plan Name: WKB1.p01 File Name: N/A Plan Name: N/A 
NAVDBB 
--c5ifier - (attach description) File Name: Plan Name: File Name: Plan Name: 

• For details, refer to the corresponding section of the instructions. 

~ Digital Models Submitted? (Re uired) 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following information (where applicable) : the boundaries of the effective, existi ng, and 
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual -chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.) ; current community easements and boundaries ; boundaries of the 
requester's property; certification of a registered professional engineer registered in the subject State ; location and description of reference marks; 
and the referenced vertical datum (NGVD, NAVD, etc.) . 

~ Digital Mapping (GIS/CADD) Data Submitted 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated 
to show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie -in with the boundaries of the 
effective 1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision. 

~ Annotated FIRM and/or FBFM (Required) 

D. COMMON REGULATORY REQUIREMENTS* 

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase? ~Yes 0 No 

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP 
regulations: 

The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 
The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot. 

b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? ~ Yes 0 No 

II Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner 
notification can be found in the MT-2 Form 2 Instructions. 

2. Does the request involve the placement or proposed placement of fill? 0 Yes ~ No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably sale from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14). Please see the MT-2 instructions lor more information. 

3. For LOMR requests, is the regulatory floodway being revised? 0 Yes l:8l No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway. (Not required lor revisions to approximate 1%-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being added. Elements and examples of regulatory floodway revision notification 
can be found in the MT-2 Form 2 Instructions.) 

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species? D Yes ~ No 

If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act 
(ESA). Section 9 of the ESA prohibits anyone from "taking" or harming an endangered species. If an action might harm an endangered 
species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA. 

For actions authorized , funded , or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA . 

• Not inclusive of all applicable regulatory requirements . For details, see 44 CFR parts 60 and 65 . 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM 

PAPERWORK REDUCTION ACT 

O.M.B No. 1660-0016 
Expires: 12131/2010 

Public reporting burden for this form is estimated to average 3.25 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You 
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right comer of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send 

Flooding Source: SUNNYCOVE WASH 
Note: Fill out one form for each flooding source studied 

A. HYDROLOGY 

1. Reason for New Hydrologic Analysis (check all that apply) 

0 Not revised (skip to section B) 

0 Alternative methodology 

0 No existing analysis 

0 Proposed Conditions (CLOMR) 

2. Comparison of Representative 1 %-Annual-Chance Discharges 

12:1 Improved data 

[8;1 Changed physical condition of watershed 

Location Drainage Area (Sq. Mi.) 

0.114 

Effective/FIS (cfs) Revised (cfs) 

AT SUNSET WASH 

UPSTREAM OF SUNNYCOVE 
DAM 

STEINWAY DRIVE 

1.393 

0.562 

.v .. •vuv•v"'' for New Hydrologic Analysis 

0 Statistical Analysis of Gage Records 
0 Regional Regression Equations 

(check all that apply) 

145 

1,232 

737 

181 Precipitation/Runoff Model HEC-1 
0 Other (please attach description) 

326 

1,542 

1,006 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support 
the new analysis. 

4. Review/Approval of Analysis 

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? 0 Yes [8;1 No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. · 

B. HYDRAULICS 

1 . Reach to be Revised 

Description Cross Section 

Downstream Limit SUNSET WASH RS 0.022 

Upstream Limit STEINWAY DRIVE RS 3.132 

HEC-RAS VERSION 4.0 

DHS- FEMA Form 81 -89A, DEC 07 Riverine Hydrology & Hydraulics Form 

Water-Surface Elevations (ft.) 

Effective 

2081 .14 (NAVD88) 

2332.12 (NAVD88) 

Proposed/Revised 

2081 .12 (NAVD88) 

2330.23 (NAVD88) 
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3. Pre-Submittal Review of Hydraulic Models 

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively. These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with 
NFIP requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS 
identify areas of potential error or concern . These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be 
downloaded from http://www.fema.gov/plan/prevenVfhm/frm soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with 
CHECK-2 and CHECK-RAS. Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time. 

4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

File Name: 
File Name: 
File Name: 

Natural Run 

Plan Name: 
Plan Name: 
Plan Name: 

Floodwav Run 

File Name: Plan Name: 
File Name: Plan Name: 
File Name: Plan Name: Existing or Pre-Project Conditions Model 

Revised or Post-Project Conditions Model File Name: WKB1 . p~ Plan Name: WKB1 .p01 File Name: N/A Plan Name: N/A 
NAVD88 

Other - (attach description) File Name: Plan Name: File Name: Plan Name: 

* For details , refer to the corresponding section of the instructions. 

181 Models Submitted? 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and 
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the 
requester's property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; 
and the referenced vertical datum (NGVD, NAVD, etc.). 

181 Digital Mapping (GIS/CADD) Data Submitted 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated 
to show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the 
"tt'""t'v" 1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision. 

181 Annotated FIRM and/or FBFM (Required) 

D. COMMON REGULATORY REQUIREMENTS* 

No 

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP 
regulations: 
• The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 
• The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot. 

b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? 181 Yes 0 No 
If Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner 
notification can be found in the MT-2 Form 2 Instructions. 

2. Does the request involve the placement or proposed placement of fill? D Yes 181 No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14). Please see the MT-2 instructions for more information. 

3. For LOMR requests, is the regulatory floodway being revised? 181 Yes D No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1 %-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being added. Elements and examples of regu latory floodway revis ion notification 
can be found in the MT-2 Form 2 Instructions.) 

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species? 0 Yes 181 No 

If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act 
(ESA). Section 9 of the ESA prohibits anyone from "taking" or harming an endangered species. If an action might harm an endangered 
species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA. 

For actions authorized, funded, or being carried out by Federal or State agencies , please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA. 

* Not inclusive of all applicable regulatory requirements. For details, see 44 CFR parts 60 and 65. 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016 

RIVERINE STRUCTURES FORM Expires: 12/31/2010 

PAPERWORK REDUCTION ACT • Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions , 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address. 

Flooding Source: SUNSET WASH TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ...... ....... ... complete Section B 
Bridge/Culvert .. ... ...... ..... complete Section C 
Dam/Basin .. ........ ...... ..... complete Section D 
Levee/Fioodwall .. .. .. ...... . complete Section E 
Sediment Transport ........ complete Section F (if required) 

Description Of Structure 

1. Name of Structure: (3) - 32" X 24" CM P (SST _120) 

Type (check one): D Channelization ~ Bridge/Culvert 

Location of Structure: PRIVATE DRIVEWAY (RS 0.213) 

Downstream LimiUCross Section: RS 0.209 

Upstream Limit/Cross Section: RS 0.218 

2. Name of Structure: (3)- 32" X 24" CMP (SST_130) 

Type (check one): D Channelization ~ Bridge/Culvert 

Location of Structure: PRIVATE DRIVEWAY (RS 0.155) 

Downstream LimiUCross Section: RS 0.152 

Upstream Limit/Cross Section: RS 0.159 

3. Name of Structure: (3)- 32" X 24" CMP (SST_140) 

Type (check one) D Channelization ~ Bridge/Culvert 

Location of Structure: PRIVATE DRIVEWAY (RS 0.135) 

Downstream Limit/Cross Section: RS 0.132 

Upstream Limit/Cross Section: RS 0.138 

NOTE: For more structures, attach additional pages as needed. 

DHS- FEMA Form 81-89B, DEC 07 Riverine Structures Form 

D Levee/Fioodwall D Dam/Basin 

D Levee/Fioodwall D Dam/Basin 

D Levee/Fioodwall D Dam/Basin 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE STRUCTURES FORM 

PAPERWORK REDUCTION ACT 

O.MB No.1660-0016 
Expires: 1213112010 

reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send to the above address. 

Flooding Source: SUNSET WASH TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ................ complete Section B 
Bridge/Culvert ... ..... ... .. ... complete Section C 
Dam/Basin ..................... complete Section D 
Levee/Fioodwall ..... ... ..... complete Section E 
Sediment Transport ... ..... complete Section F (if required) 

Description Of Structure 

1. Name of Structure: (3)- 32" X 24" CMP (SST_150) 

Type (check one): 0 Channelization [8J Bridge/Culvert 

Location of Structure: PRIVATE DRIVEWAY (RS 0.119) 

Downstream Limit/Cross Section: RS 0.116 

Upstream Limit/Cross Section: RS 0.122 

2. Name of Structure: (3)- 36" X 24" CMP (SST_160) 

Type (check one) : 0 Channelization [8J Bridge/Culvert 

Location of Structure: MARIPOSA DRIVE (RS 0.082) 

Downstream Limit/Cross Section: RS 0.076 

Upstream Limit/Cross Section: RS 0.090 

3. Name of Structure: 

Type (check one) 0 Channelization D Bridge/Culvert 

Location of Structure: 

Downstream Limit/Cross Section: 

Upstream Limit/Cross Section: 

NOTE: For more structures, attach additional pages as needed. 

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form 

0 Levee/Fioodwall 0 Dam/Basin 

0 Levee/Fioodwall 0 Dam/Basin 

D Levee/Fioodwall 0 Dam/Basin 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
D Debris basin/detention basin [Attach Section D (Dam/Basin)] 
D Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry ( cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

D Subcritical flow D Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel D Outlet of channel 0 At Drop Structures D At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? DYes D No If Yes , then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNSET WASH TRIBUTARY 1 

Name of Structure: (3)- 32" X 24" CMP (SST_120) 

1. This revision reflects (check one): 

181 Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

0 Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

[8] Dimensions (height, width, span, radius, length) 
[8] Shape (culverts only) 
r8l Material 
D Beveling or Rounding 
D Wing Wall Angle 
[8] Skew Angle 
r8l Distances Between Cross Sections 

4. Sediment Transport Considerations 

D Erosion Protection 
[8] Low Chord Elevations - Upstream and Downstream 
1:8:1 Top of Road Elevations- Upstream and Downstream 
181 Structure Invert Elevations- Upstream and Downstream 
r8l Stream Invert Elevations- Upstream and Downstream 
[8] Cross-Section Locations 

Was sediment transport considered? D Yes [8] No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures 0 levees [Attach Section E (levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry ( cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

0 Subcritical flow D Critical flow 0 Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel D Outlet of channel D At Drop Structures D At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNSET WASH TRIBUTARY 1 

Name of Structure: (3)- 32" X 24" CMP (SST_130) 

1. This revision reflects (check one): 

l8J Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

0 Modified bridge/culvert previously modeled in the FIS 
0 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

l8J Dimensions (height, width, span, radius , length) 
l8J Shape (culverts only) 
[8;1 Material 
0 Beveling or Rounding 
0 Wing Wall Angle 
l8J Skew Angle 
l8] Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
[8;1 low Chord Elevations- Upstream and Downstream 
181 Top of Road Elevations- Upstream and Downstream 
[gl Structure Invert Elevations- Upstream and Downstream 
l8J Stream Invert Elevations- Upstream and Downstream 
[8;1 Cross-Section locations 

Was sediment transport considered? 0 Yes [8;1 No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 2 of 10 



B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes {check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
D Debris basin/detention basin [Attach Section D (Dam/Basin)] 
D Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to canry ( cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

0 Subcritical flow D Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel D Outlet of channel D At Drop Structures 0 At Transitions 
D Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? DYes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNSET WASH TRIBUTARY 1 

Name of Structure: (3)- 32" X 24" CMP (SST_140) 

1. This revision reflects (check one): 

[81 Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

D Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided) : 

[81 Dimensions (height, width, span, radius, length) 
[81 Shape (culverts only) 
[81 Material 
0 Beveling or Rounding 
D Wing Wall Angle 
[81 Skew Angle 
[81 Distances Between Cross Sections 

4. Sediment Transport Considerations 

D Erosion Protection 
[81 Low Chord Elevations - Upstream and Downstream 
[81 Top of Road Elevations- Upstream and Downstream 
~ Structure Invert Elevations- Upstream and Downstream 
[81 Stream Invert Elevations - Upstream and Downstream 
[81 Cross-Section Locations 

Was sediment transport considered? 0 Yes [81 No If yes , then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

e of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channe l was designed to carry ( cfs) and/or the -year flood . 

The design elevation in the channel is based on (check one): 

D Subcritical flow D Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures 0 At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH TRIBUTARY 1 

Name of Structure: (3)- 32" X 24" CMP (SST_150) 

1. This revision reflects (check one): 

[8J Bridge/culvert not modeled in the FIS 
D Modified bridge/culvert previously modeled in the FIS 
0 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

[8J Dimensions (height, width, span, radius, length) 
[8J Shape (culverts only) 
[8J Material 
0 Beveling or Rounding 
0 Wing Wall Angle 
[8J Skew Angle 
[8J Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
[8J Low Chord Elevations - Upstream and Downstream 
181 Top of Road Elevations -Upstream and Downstream 
[8J Structure Invert Elevations- Upstream and Downstream 
[8J Stream Invert Elevations - Upstream and Downstream 
[8J Cross-Section Locations 

Was sediment transport considered? 0 Yes [8J No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures 0 Levees [Attach Section E (Levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Bas in)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry ( cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

D Subcritical flow D Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures 0 At Transitions 
0 Other locations (specify) : 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH TRIBUTARY 1 

Name of Structure: (3)- 36" X 24" CMP (SST_160) 

1. This revision reflects (check one): 

~ Bridge/culvert not modeled in the FIS 
0 Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification . 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

~ Dimensions (height, width, span , radius, length) 
~ Shape (culverts only) 
~ Material 
D Beveling or Rounding 
0 Wing Wall Angle 
~ SkewAngle 
~ Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
~ Low Chord Elevations- Upstream and Downstream 
181 Top of Road Elevations- Upstream and Downstream 
181 Structure Invert Elevations- Upstream and Downstream 
181 Stream Invert Elevations- Upstream and Downstream 
181 Cross-section Locations 

Was sediment transport considered? 0 Yes 181 No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016 

RIVERINE STRUCTURES FORM Expires: 12/3112010 

.. PAPERWORK REDUCTION ACT 

Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions , 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1 660-001 6). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address. 

Flooding Source: SUNSET WASH 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Ghannelization .. .............. complete Section B 
Bridge/Culvert ................ complete Section C 
Dam/Basin .............. .... ... complete Section D 
Levee/Fioodwall .. ........... complete Section E 
Sediment Transport ........ complete Section F (if required) 

Description Of Structure 

1. Name of Structure: SUNSET DAM 

Type (check one): D Channelization D Bridge/Culvert D Levee/Fioodwall [8J Dam/Basin 

Location of Structure: LATITUDE: 33.9650685; LONGITUDE:112.7423764 

Downstream Limit/Cross Section: N/A 

Upstream Limit/Cross Section: N/A 

2. Name of Structure: (3) - 36" CM P (SST _170) 

Type (check one): D Channelization [8J Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: MARIPOSA DRIVE (RS 1.456) 

Downstream Limit/Cross Section: RS 1.447 

Upstream Limit/Cross Section: RS 1.466 

3. Name of Structure: (3)- 20" X 16" CMP (SST_200) 

Type (check one) 0 Channelization ~ Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: LINCOLN STREET (RS 0.732) 

Downstream Limit/Cross Section: RS 0.726 

Upstream Limit/Cross Section: RS 0.737 

NOTE: For more structures, attach additional pages as needed. 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE STRUCTURES FORM 

PAPERWORK REDUCTION ACT 

O.M.B No. 1660-0016 
Expires: 1213112010 

reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send to the above address. 

Flooding Source: SUNSET WASH 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ...... .......... complete Section B 
Bridge/Culvert ................ complete Section C 
Dam/Basin .. .......... .... ..... complete Section D 
Levee/Fioodwall ............. complete Section E 
Sediment Transport ........ complete Section F (if required) 

Description Of Structure 

1. Name of Structure: (3)- 20" X 16" CMP (SST_300) 

Type (check one): 0 Channelization !81 Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: JACKSON STREET (RS 0.663) 

Downstream Limit/Cross Section: RS 0.658 

Upstream Limit/Cross Section: RS 0.668 

2. Name of Structure: (1) - 1 0' X 3' CBC (SST_ 400) 

Type (check one): D Channelization !81 Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: MESQUITE STREET (RS 0.542) 

Downstream Limit/Cross Section: RS 0.537 

Upstream Limit/Cross Section: RS 0.547 

3. Name of Structure: BRIDGE (SST_500) 

Type (check one) 0 Channelization !81 Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: BNSF RAILROAD CROSSING (RS 0.264) 

Downstream Limit/Cross Section: RS 0.260 

Upstream Limit/Cross Section: RS 0.269 

NOTE: For more structures, attach additional pages as needed. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures 0 Levees [Attach Section E (Levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

0 Subcritical flow 0 Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures 0 At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH 

Name of Structure: (3) - 36" CMP (SST _170) 

1. This revision reflects (check one): 

[gl Bridge/culvert not modeled in the FIS 
0 Modified bridge/culvert previously modeled in the FIS 
0 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

[8J Dimensions (height, width, span, radius, length) 
[8J Shape (culverts only) 
[8J Material 
D Beveling or Rounding 
0 Wing Wall Angle 
[8J Skew Angle 
[gl Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
[gl Low Chord Elevations - Upstream and Downstream 
[8:1 Top of Road Elevations- Upstream and Downstream 
[5:S:I Structure Invert Elevations- Upstream and Downstream 
[8J Stream Invert Elevations - Upstream and Downstream 
[8J Cross-Section Locations 

Was sediment transport considered? 0 Yes [8J No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)j 
D Superelevated sections 
D Debris basin/detention basin [Attach Section D (Dam/Basin)) 
D Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry ( cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

D Subcritical flow D Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel 0 Outlet of channel D At Drop Structures D At Transitions 
D Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? DYes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH 

Name of Structure: (3)- 20" X 16" CMP (SST_200) 

1. This revision reflects (check one): 

0 Bridge/culvert not modeled in the FIS 
D Modified bridge/culvert previously modeled in the FIS 
[81 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and infonnation should include the following 
(check the information that has been provided): 

[81 Dimensions (height, width, span, radius, length) 
[81 Shape (culverts only) 
[81 Material 
D Beveling or Rounding 
D Wing Wall Angle 
181 Skew Angle 
[81 Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
[81 Low Chord Elevations- Upstream and Downstream 
181 Top of Road Elevations -Upstream and Downstream 
r8l Structure Invert Elevations - Upstream and Downstream 
181 Stream Invert Elevations- Upstream and Downstream 
[81 Cross-Section Locations 

Was sediment transport considered? 0 Yes [81 No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
D Debris basin/detention basin [Attach Section D (Dam/Basin)] 
D Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

D Subcritical flow 0 Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel D Outlet of channel D At Drop Structures D At Transitions 
D Other locations (specify): 

4. · Sediment Transport Considerations 

Was sediment transport considered? D Yes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH 

Name of Structure: (3)- 20" X 16" CMP (SST_300) 

1. This revision reflects (check one): 

0 Bridge/culvert not modeled in the FIS 
0 Modified bridge/culvert previously modeled in the FIS 
121 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g ., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

121 Dimensions (height, width, span, radius, length} 
1:8:1 Shape (culverts only) 
1:8:1 Material 
D Beveling or Rounding 
0 Wing Wall Angle 
[gl Skew Angle 
1:8:1 Distances Between Cross Sections 

4. Sediment Transport Considerations 

D Erosion Protection 
1:8:1 Low Chord Elevations - Upstream and Downstream 
121 Top of Road Elevations - Upstream and Downstream 
1:8:1 Structure Invert Elevations- Upstream and Downstream 
1:8:1 Stream Invert Elevations- Upstream and Downstream 
1:8:1 Cross-Section Locations 

Was sediment transport cons idered? D Yes 121 No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood . 

The design elevation in the channel is based on (check one): 

0 Subcritical flow D Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel 0 Outlet of channel D At Drop Structures 0 At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH 

Name of Structure: (1)- 10' X 3' CBC (SST_ 400) 

1. This revision reflects (check one) : 

0 Bridge/culvert not modeled in the FIS 
D Modified bridge/culvert previously modeled in the FIS 
l8l Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g. , HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and infonnation should include the following 
(check the information that has been provided): 

l8l Dimensions (height, width, span, radius, length) 
l8l Shape (culverts only) 
[gl Material 
D Beveling or Rounding 
D Wing Wall Angle 
l8l Skew Angle 
l8l Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
l8l Low Chord Elevations - Upstream and Downstream 
I8J Top of Road Elevations- Upstream and Downstream 
l8l Structure Invert Elevations- Upstream and Downstream 
l8l Stream Invert Elevations- Upstream and Downstream 
[gl Cross-section Locations 

Was sediment transport considered? 0 Yes l8l No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered . 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

· Accessory Structures 

The channelization includes (check one): 

0 Drop structures 0 Levees [Attach Section E (Levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood . 

The design elevation in the channel is based on (check one): 

0 Subcritical flow 0 Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures 0 At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

C. BRIDGE/CULVERT 

Flooding Source: SUNSET WASH 

Name of Structure: BRIDGE (SST _500) 

1. This revision reflects (check one): 

0 Bridge/culvert not modeled in the FIS 
0 Modified bridge/culvert previously modeled in the FIS 
1:8] Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a regis tered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

1:8] Dimensions (height, width, span, radius, length) 
1:8] Shape (culverts only) 
1:8] Material 
0 Beveling or Rounding 
0 Wing Wall Angle 
1:8] Skew Angle 
~ Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
~ Low Chord Elevations- Upstream and Downstream 
C:B:I Top of Road Elevations - Upstream and Downstream 
C:B:I Structure Invert Elevations- Upstream and Downstream 
~ Stream Invert Elevations - Upstream and Downstream 
~ Cross-section Locations 

Was sediment transport considered? 0 Yes ~ No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 2 of 10 



• 

D. DAM/BASIN 

Source: SUNSET WASH 

Name of Structure: SUNSET DAM 

1. This request is for (check one): 181 Existing dam 0 New dam 0 Modification of existing dam 

2. The dam was designed by (check one) : 181 Federal agency 0 State agency 0 Local government agency D Private organization 

Name of the agency or organization: NRCS 

3. The Dam was permitted as (check one): 

a. 0 Federal Dam 0 State Dam 

Provide the permit or identification number (I D) for the dam and the appropriate permitting agency or organization 

Permit or ID number Permitting Agency or Organization 

b. 181 Local Government Dam 0 Private Dam 

Provided related drawings, specification and supporting design information. 

4. Does the project involve revised hydrology? 181 Yes 0 No 

If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 

Was the dam/basin designed using critical duration storm? 

181 Yes, provide supporting documentation with your completed Form 2. 

0 No, provide a written explanation and justification for not using the critical duration storm. 

5. Does the submittal include debris/sediment yield analysis? 0 Yes 181 No 

If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why debris/sediment analysis was not considered. 

6. Does the Base Flood Elevation behind the dam or downstream of the dam change? 

181 Yes 0 No If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 

FREQUENCY(% annual chance) 

1 0-year (1 0%) 
50-year (2%) 
100-year (1%) 
500-year (0.2%) 
Normal Pool Elevation 

Stillwater Elevation Behind the Dam 

FIS 

2125.92 
2128.35 
2129.12 
N/A 
N/A 

REVISED 

2126.62 
2129.73 
2130.99 
2133.49 
N/A 

7. Please attach a copy of the formal Operation and Maintenance Plan 

NOTE: ELEVATIONS 
ARE ON THE NAVD 88 
VERTICAL DATUM 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.MB No.J660-0016 

RIVERINE STRUCTURES FORM Expires: 12131/2010 

I PAPERWORK REDUCTION ACT 
c reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the needed data, and completing , reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMS control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1 660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address. 

Flooding Source: SUNNYCOVE WASH 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization .. ... ........... complete Section 8 
Bridge/Culvert ....... ......... complete Section C 
Dam/Basin .... ... ...... ....... . complete Section D 
Levee/Fioodwall ..... ... ... .. complete Section E 
Sediment Transport ....... . complete Section F (if required) 

Description Of Structure 

1. Name of Structure: SUNNYCOVE DAM 

Type (check one): D Channelization 0 Bridge/Culvert 0 Levee/Fioodwall ~Dam/Basin 

Location of Structure: LATITUDE: 33.9571309; LONGITUDE: 112.7396911 

Downstream LimiUCross Section: N/A 

Upstream LimiUCross Section: N/A 

2. Name of Structure: (5) - 54" RCP (SUN_1 00) 

Type (check one): D Channelization ~ Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: STEINWAY DRIVE (RS 3.100) 

Downstream LimiUCross Section: RS 3.091 

Upstream LimiUCross Section: RS 3.105 

3. Name of Structure: (3)- 48" CMP (SUN_200) 

Type (check one) D Channelization ~ Bridge/Culvert D Levee/Fioodwall 0 Dam/Basin 

Location of Structure: MARIPOSA DRIVE (RS 1.137) 

Downstream LimiUCross Section: RS 1.127 

Upstream LimiUCross Section: RS 1.156 

NOTE: For more structures, attach additional pages as needed. 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016 

RIVERINE STRUCTURES FORM Expires: 12/31/2010 

II: PAPERWORK REDUCTION ACT 
c reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the needed data, and completing , reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1 660-00 16). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your ,..., survey_!o the above address. 

Flooding Source: SUNNYCOVE WASH 
Note: Fill out one form for each flooding source studied 

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ................ complete Section B 
Bridge/Culvert ................ complete Section C 
Dam/Basin ...... .. ............. complete Section D 
Levee/Fioodwall .. .. .. .. .... . complete Section E 
Sediment Transport .... .... complete Section F (if required) 

Description Of Structure 

1. Name of Structure: (1) - 24" CMP (SUN_SOO) 

Type (check one): D Channelization 1:8;1 Bridge/Culvert D Levee/Fioodwall D Dam/Basin 

Location of Structure: KELLIS ROAD (RS 0.269) 

Downstream LimiUCross Section: RS 0.263 

Upstream Limit/Cross Section: RS 0.279 

2. Name of Structure: (2)- 24" CMP (SUN_510) 

Type (check one): 0 Channelization 1:8;1 Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: COTTONWOOD ROAD (RS 0.233) 

Downstream LimiUCross Section: RS 0.226 

Upstream LimiUCross Section: RS 0.239 

3. Name of Structure: 

Type (check one) D Channelization D Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: 

Downstream Limit/Cross Section: 

Upstream LimiUCross Section: 

NOTE: For more structures, attach additional pages as needed. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures 0 Levees [Attach Section E (Levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

D Subcritical flow D Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures D At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNNYCOVE WASH 

Name of Structure: (5)- 54" RCP (SUN_1 00) 

1. This revision reflects (check one): 

1:81 Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

D Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a regis tered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

1:81 Dimensions (height, width, span, radius, length) 
1:81 Shape (culverts only) 
1:81 Material 
0 Beveling or Rounding 
0 Wing Wall Angle 
1Z1 Skew Angle 
IZ! Distances Between Cross Sections 

4. Sediment Transport Considerations 

D Erosion Protection 
1Z1 Low Chord Elevations - Upstream and Downstream 
[81 Top of Road Elevations- Upstream and Downstream 
[81 Structure Invert Elevations- Upstream and Downstream 
[81 Stream Invert Elevations -Upstream and Downstream 
1Z1 Cross-Section Locations 

Was sediment transport considered? 0 Yes 1:81 No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures 0 Levees [Attach Section E (Levee/Fioodwall)] 
0 Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

D Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions . 

3. Hydraulic Considerations 

The channel was designed to carry (cfs) and/or the -year flood . 

The design elevation in the channel is based on (check one): 

0 Subcritical flow 0 Critical flow 0 Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stabil ity of the channel. 

0 Inlet to channel 0 Outlet of channel 0 At Drop Structures 0 At Transitions 
0 Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNNYCOVE WASH 

Name of Structure: (3) - 48" CMP (SUN_200) 

1. This revision reflects (check one): 

0 Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

0 Modified bridge/culvert previously modeled in the FIS 
1:81 Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

1:81 Dimensions (height, width, span, radius, length) 
1:81 Shape (culverts only) 
1:81 Material 
0 Beveling or Rounding 
0 Wing Wall Angle 
1:81 Skew Angle 
1:81 Distances Between Cross Sections 

4. Sediment Transport Considerations 

0 Erosion Protection 
181 Low Chord Elevations - Upstream and Downstream 
181 Top of Road Elevations- Upstream and Downstream 
181 Structure Invert Elevations- Upstream and Downstream 
[8l Stream Invert Elevations- Upstream and Downstream 
181 Cross-Section Locations 

Was sediment transport considered? 0 Yes 181 No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

0 Drop structures 
0
0 Levees [Attach Section E (Levee/Fioodwall)] 

Superelevated sections 
0 Debris basin/detention basin [Attach Section D (Dam/Basin)] 
0 Other (Describe): 

0 Transitions in cross sectional geometry 
0 Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to canry (cfs) and/or the -year flood . 

The design elevation in the channel is based on (check one): 

0 Subcritical flow 0 Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel D Outlet of channel 0 At Drop Structures D At Transitions 
D Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? D Yes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNNYCOVE WASH 

Name of Structure: (1)- 24" CMP (SUN_500) 

1. This revision reflects (check one): 

~ Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

D Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

~ Dimensions (height, width, span, radius, length) 
~ Shape (culverts only) 
~Material 
D Beveling or Rounding 
D Wing Wall Angle 
~ SkewAngle 
~ Distances Between Cross Sections 

4. Sediment Transport Considerations 

D Erosion Protection 
~ Low Chord Elevations- Upstream and Downstream 
~ Top of Road Elevations- Upstream and .Downstream 
1:8:1 Structure Invert Elevations- Upstream and Downstream 
~ Stream Invert Elevations- Upstream and Downstream 
~ Cross-Section Locations 

Was sediment transport considered? D Yes ~ No If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 
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B. CHANNELIZATION 

Flooding Source: 

of Structure: 

Accessory Structures 

The channelization includes (check one): 

D Drop structures D Levees [Attach Section E (Levee/Fioodwall)] 
D Superelevated sections 
D Debris basin/detention basin [Attach Section D (Dam/Basin)] 
D Other (Describe): 

D Transitions in cross sectional geometry 
D Energy dissipater 

2. Drawing Checklist 

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions. 

3. Hydraulic Considerations 

The channel was designed to canry (cfs) and/or the -year flood. 

The design elevation in the channel is based on (check one): 

0 Subcritical flow D Critical flow D Supercritical flow D Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump 
is controlled without affecting the stability of the channel. 

D Inlet to channel D Outlet of channel D At Drop Structures 0 At Transitions 
D Other locations (specify): 

4. Sediment Transport Considerations 

Was sediment transport considered? DYes D No If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered. 

Flooding Source: SUNNYCOVE WASH 

Name of Structure: (2)- 24" CMP (SUN_510) 

1. This revision reflects (check one): 

1Z1 Bridge/culvert not modeled in the FIS 

C. BRIDGE/CULVERT 

0 Modified bridge/culvert previously modeled in the FIS 
D Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures. Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following 
(check the information that has been provided): 

1Z1 Dimensions (height, width, span, radius , length) 
[81 Shape (culverts only) 
1Zl Material 
0 Beveling or Rounding 
D Wing Wall Angle 
1Z1 Skew Angle 
1Z1 Distances Between Cross Sections 

4. Sediment Transport Considerations 

[j Erosion Protection 
1Z1 Low Chord Elevations- Upstream and Downstream 
1Z1 Top of Road Elevations- Upstream and Downstream 
1:8:1 Structure Invert Elevations- Upstream and Downstream 
1Z1 Stream Invert Elevations- Upstream and Downstream 
1Z1 Cross-Section Locations 

Was sediment transport considered? D Yes 18] No If yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered. 
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D. DAM/BASIN 

Flooding Source: SUNNYCOVE WASH 

Name of Structure: SUNNYCOVE DAM 

1. This request is for (check one) : 1:2] Existing dam D New dam D Modification of existing dam 

2. The dam was designed by (check one): 1:2] Federal agency 0 State agency 0 Local government agency D Private organization 

Name of the agency or organization: NRCS 

3. The Dam was permitted as (check one): 

a. D Federal Dam 0State Dam 

Provide the permit or identification number (I D) for the dam and the appropriate permitting agency or organization 

Permit or ID number Permitting Agency or Organization 

b. [81 Local Government Dam D Private Dam 

Provided related drawings, specification and supporting design information. 

4. Does the project involve revised hydrology? 1:2] Yes D No 

If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 

Was the dam/basin designed using critical duration storm? 

[81 Yes, provide supporting documentation with your completed Form 2. 

D No, provide a written explanation and justification for not using the critical duration storm. 

5. Does the submittal include debris/sediment yield analysis? D Yes [8l No 

If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why debris/sediment analysis was not considered. 

6. Does the Base Flood Elevation behind the dam or downstream of the dam change? 

1:2] Yes 0 No If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 

FREQUENCY(% annual chance) 

10-year (10%) 
50-year (2%) 
1 00-year (1 %) 
500-year (0.2%) 
Normal Pool Elevation 

Stillwater Elevation Behind the Dam 

FIS 

2159.41 . 
2163.70 
2164.97 
N/A 
N/A 

REVISED 

2159.32 
2164.56 
2166.61 
2170.79 
NfA 

7. Please attach a copy of the formal Operation and Maintenance Plan 

NOTE: ELEVATIONS 
ARE ON THE NAVD 88 
VERTICAL DATUM 
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E. LEVEEJFLOODWALL 

1. System Elements 

a. This Levee/Fioodwall analysis is based on (check one): 

D upgrading of an existing levee/floodwall system 
D a newly constructed levee/floodwall system 
D reanalysis of an existing levee/floodwall system 

b. Levee elements and locations are (check one): 

D earthen embankment, dike: berm, etc. 
D structural floodwall 
D Other (describe): 

c. Structural Type (check one): 

D monolithic cast-in place reinforced concrete 
D reinforced concrete masonry block 
D sheet piling 
D Other (describe): 

Station 
Station 
Station 

to · 
to 
to 

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood? 

DYes DNo 

If Yes, by which agency? 

e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 

1. Plan of the levee embankment and floodwall structures. 

2. A profile of the levee/floodwall system showing the 
Base Flood Elevation (BFE), levee and/or wall crest and 
foundation, and closure locations for the total levee system. 

3. A profile of the BFE, closure opening outlet and inlet 
invert elevations, type and size of opening, and 
kind of closure. 

4. A layout detail for the embankment protection measures. 

5. Location, layout, and size and shape of the levee 
embankment features, foundation treatment, tloodwall 
structure, closure structures, and pump stations. 

2. Freeboard 

a. The minimum freeboard provided above the BFE is: 

3.0 feet or more at the downstream end and throughout 
3.5 feet or more at the upstream end 
4.0 feet within 1 00 feet upstream of all structures and/or constrictions 

Sheet Numbers: 

Sheet Numbers: 

Sheet Numbers: 

Sheet Numbers: 

Sheet Numbers: 

1.0 foot above the height of the one percent wave associated with the 1 %-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater). 

2.0 feet above the 1 %-annual-chance stillwater surge elevation 

DHS- FEMA Form 81-896, DEC 07 Riverine Structures Form 

DYes 
DYes 
DYes 

DYes 

DYes 

0No 
DNa 
DNa 

DNa 

DNa 
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E. LEVEE/FLOODWALL \"v"' 1 n~UED) 

2. Freeboard (continued} 

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation 
addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations. 

If No is answered to any of the above, please attach an explanation. 

b. Is there an indication from historical records that ice-jamming can affect the BFE? DYes 0No 

If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists. 

3. Closures 

a. Openings through the levee system (check one): 0 exists 0 does not exist 

If opening exists, list all closures: 

Channel Station Left or Right Bank Opening Type Highest Elevation for Type of Closure Device 
-Opening Invert 

(Extend table on an added sheet as needed and reference) 

Note: Geotechnical and geologic data 

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the 
design analysis for the following system features should be submitted in a tabulated summary form. (Reference U.S. Army 
Corps of Engineers [USAGE] EM-111 0-2-1906 Form 2086.) 

Embankment Protection 

a. The maximum levee slope landside is: 

b. The maximum levee slope fioodside is: 

c. The range of velocities along the levee during the base flood is: (min.) to (max.) 

d. Embankment material is protected by (describe what kind) : 

e. Riprap Design Parameters (check one): 0 Velocity D Tractive stress 
Attach references 

Flow Curve or 
Stone Riprap 

Depth of Reach Sideslope Depth Velocity Straight D1oO Dso Thickness Toed own 

Sta to 

Sta to 

Sta to 

Sta to 

Sta to 

Sta to 

(Extend table on an added sheet as needed and reference each entry) 

• 
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E. LEVEE/FLOODWALL l~ur.ii miUED) 

4. Embankment Protection (continued) 

f. Is a bedding/filter analysis and design attached? D Yes D No 

g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 

Attach engineering analysis to support construction plans. 

5. Embankment And Foundation Stability 

a. Identify locations and describe the basis for selection of critical location for analysis: 

D Overall height: Sta. ; height 

D Limiting foundation soil strength: 

Sta. , depth 

strength q, = 

slope: SS = 

to 

degrees, c = 

(h) to (v) 

ft. 

psf 

(Repeat as needed on an added sheet for additional locations) 

b. Specify the embankment stability-analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 

c. Summary of stability analysis results: 

Loading Conditions Critical Safety Factor Criteria (Min.) 

End of construction 1.3 

II Sudden drawdown 1.0 

Ill Critical flood stage 1.4 

IV Steady seepage at flood stage 1.4 

VI Earthquake(Case I) 1.0 

(Reference: USACE EM-1110-2-1913 Table 6-1 ) 

d. Was a seepage analysis for the embankment performed? DYes D No 

If Yes, describe methodology used: 

e. Was a seepage analysis for the foundation performed? DYes D No 

f. Were uplift pressures at the embankment landside toe checked? DYes D No 

g. Were seepage exit gradients checked for piping potential? DYes D No 

h. The duration of the base flood hydrograph against the embankment is hours. 

Attach engineering analysis to support construction plans . 
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E. LEVE~tr ... OODW4LL li.#UN IINUED) 

• Flo-all Aod Fo""datloo Slabiii!Y 

a. Describe analysis submittal based on Code (check one): 

0 UBC (1988) or 0 Other (specify): 

b. Stability analysis submitted provides for: 

D Overturning 0 Sliding If not, explain: 

c. Loading included in the analyses were: 

D Lateral earth @ P A = psf; Pp = psf 

D Surcharge-Slope @ . D surface psf 

D Wind@ Pw = psf 

D Seepage (Uplift); D Earthquake@ Peq = %g 

0 1 %-annual-chance significant wave height: ft. 

0 1 %-annual-chance significant wave period: sec. 

d. Summary of Stability Analysis .Results: Factors of Safety. 

Itemize for each range in site layout dimension and loading condition limitation for each respective reach. 

Criteria (Min) Sta To Sta To 
Loading Condition 

Overturn Sliding Overturn Sliding Overturn Sliding 

.&Wind 1.5 1.5 

&Soil 1.5 1.5 

Dead, Soil, Flood, & 1.5 1.5 
Impact 

Dead, Soil, & Seismic 1.3 1.3 

(Ref: FEMA 114 Sept 1986; USAGE EM 111 0-2-2502) 

(Note: Extend table on an added sheet as needed and reference) 

e. Foundation bearing strength for each soil type: 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 

Computed design maximum 

Maximum allowable 

f. Foundation scour protection 0 is, 0 is not provided. If provided, attach explanation and supporting documentation: 

Attach engineering analysis to support construction plans . 
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E. LEVEE/FLOODWALL 

7. Settlement 

a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the 
established freeboard margin? D Yes D No 

b. The computed range of settlement is ft . to ft. 

c. Settlement of the levee crest is determined to be primarily from : 

D Foundation consolidation 
D Embankment compression 
D Other (Describe): 

d. Differential settlement of floodwalls D has 0 has not been accommodated in the structural design and construction. 

Attach engineering analysis to support construction plans. 

8. Interior Drainage 

a. Specify size of each interior watershed: 

Draining to pressure conduit: 
Draining to ponding area: 

b. Relationships Established 

Ponding elevation vs. storage 
Ponding elevation vs. gravity flow 
Differential head vs. gravity flow 

acres 
acres 

c. The river flow duration curve is.enclosed: 

DYes 
DYes 
DYes 

DYes 

DNa 
DNa 
DNa 

DNa 

d. Specify the discharge capacity of the head pressure conduit: cfs 

e. Which flooding conditions were analyzed? 

• 
• 
• 
• 

Gravity flow (Interior Watershed) 
Common storm (River Watershed) 
Historical ponding probability 
Coastal wave overtopping 

lf No for any of the above,. attach explanation. 

DYes 
DYes 
DYes 
DYes 

DNa 
DNa 
0No 
DNa 

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet 
facilities to provide the established level of flood protection . DYes D No 

If No, attach explanation. 

g. The rate of seepage through the levee system for the base flood is cfs 

h. The length of levee system used to drive this seepage rate in item g: ft . 

• 
DHS - FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 8 of 10 



E. LEVEE/FLOODWALL ~ONTINUED} 

8. Interior Drainage (continued} 

i. Will pumping plants be used for interior drainage? DYes DNo 

If Yes, include the number of pumping plants: 
For each pumping plant, list: 

Plant #1 Plant #2 

The number of pumps 

The pending storage capacity 

The maximum pumping rate 

The maximum pumping head 

The pumping starting elevation 

The pumping stopping elevation 

Is the discharge facility protected? 

Is there a flood warning plan? 

How much time is available between warning 
and flooding? 

Will the operation be automatic? DYes DNo 

If the pumps are electric, are there backup power sources? DYes DNo 

(Reference: USAGE EM-1110-2-3101, 3102,3103,3104, and 3105) 

ude a copy of supporting documentation of data and analysis. Provide a map showing the flooded area and maximum pending elevations for all 
watersheds that result in flooding. 

Other Design Criteria 

a. The following items have been addressed as stated: 

Liquefaction 0 is 0 is not a problem 
Hydrocompaction D is 0 is not a problem 
Heave differential movement due to soils of high shrink/swell 0 is D is not a problem 

b. For each of these problems, state the basic facts and corrective action taken: 

Attach supporting documentation 

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floods ide of the structure? 
DYes 0No 

Attach supporting documentation 

d. Sediment Transport Considerations: 

Was sediment transport considered? DYes DNo If Yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why sediment transport was not considered . 

• 
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E. LEVEE/FLOODWALL 

10. Operational Plan And Criteria 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? DYes D No 

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations? 
DYes D No 

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.1 O(c)(2) of the NFIP regulations? 
DYes D No 

If the answer is No to any of the above, please attach supporting documentation. 

11 . Maintenance Plan 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? DYes D No 
If No, please attach supporting documentation. 

12. Operations and Maintenance Plan 

Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

F. SEDIMENT TRANSPORT 

Flooding Source: 

Name of Structure: 

If there is any indication from historic;al records that sediment transport (including scour and deposition) can affect the 
Base Flood Elevation (BFE); and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is 
a potential for debris and sediment transport (induding scour and deposition) to affect the BFEs, then provide the following information along with 
the supporting documentation: 

load associated with the base flood discharge: Volume acre-feet 

load associated with the base flood discharge: Volume acre-feet 

Sediment transport rate (percent concentration by volume) 

Method used to estimate sediment transport: 

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 

Method used to estimate scour and/or deposition: 

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport: 
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 

If a sediment analysis has not been performed, ·an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided . 
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• FEMA MT-2 Forms Explanations 

• 

• 

• Form 2, Section A.5: Impacts of Sediment Transport on Hydrology 

Erosion and sediment transport analysis is not covered by the scope of this study. 

• Form 2, Section 8.1: Effective Model Water Surface Elevations for Sunset Wash 

River 

To compare the downstream water surface elevations between the Effective Model and the 
Proposed Model, the Effective Model water surface elevation was interpolated at the proposed 
River Station (RS) 0.178. Since RS 0. 718 is within RS 0.216 and RS 50.94, the water surface 
at RS 0.178 is interpolated between the bounding cross-section. 

Original FIS (HEC-2) Model 
Revised Conditions (HEC-

RAS) Model 

Downstream Downstream 
Datum 

Conversion WSE WSE (ft) WSE (ft) River Station 
Station Reach Distance to Factor RS 

RS Length (ft) RS 0.178 (ft) 
NAVD29 (ft) NAVD88 (ft) 

0.216 1141 55 2037.47 2.185 2039.66 
2039.00 0.178 2035.89 

50.94 0 2023.82 2.185 2026.01 

• Form 2, Section D. 1 

Refer to Appendix 8.6 for the sample letter sent to property owners who will be affected by this 
study. 

• Form 3, Section C.3 

The structures along Sunset Wash, Sunset Wash Tributary 1 and Sunnycove Wash have been 
field surveyed by Hoskin Ryan Consultants, Inc.. The survey report signed by a land surveyor 
provides dimension, shape, material and other information regarding to these structures. Refer 
to Appendix C for a copy of the survey report . 



• 

• 

• 

• Form 3, Section 0.4 

Attached are the Dam Safety Inspection Report Letters for Sunset Dam and Sunnycove Dam 
documenting that there are no safety deficiencies . 
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JANICE K. BREWER 
Governor 

HERBERTR.GUENTHER 
Director 

ARIZONA DEPARTMENT OF WATER RESOURCES 

'S'J) I~ 
-June 18, 2010 

Mr. Tom Renckly, P .E. 

3550 North.C.entral Avenue. Second Floor 
PHOENIX, AR.IZONA 85012-2105 

{602) 771-8500 

Structures Management Branch Manager 
Flood Control District Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

RE: Sunnycove Dam (07.48) 
AprilS, 2010 Dam Safety Inspection Report 
Finding of No Safety Ueficiency 

Dear Mr. Renckly: 

Encl.osed for your information and action is a copy of the Arizona Department of Water 
Resources (Department) report of the mo;;t recent inspection conducted by Nicole 
Spence-Gibson on April 5, 2010 on the above listed dam. Along with the enclosed 
invoice, please remit payment in the amount of$180.00 to: 

Peggy Beckett 
Arizona Department of Water Resources 
Surface Water Division 
3550 North Central Avenue 
Phoenix, Arizona 85012 

In compliance with Arizona Revised Statutes (A.R.S.) § 41-1009, this letter notifies you 
that the inspection found no safety deficiencies that must be conected. The darn safety 
inspection report identifies maintenance and repair action items that need to be addressed 
at the dam betore the next scheduled inspection. Please provide the Department a 
schedule of when you intend to do this work and also notify us in w'riting when you 
complete the items. 

The Department has reviewed the size and hazard potential classifications for the dam. 
The classifications have not changed from small si;,?;e and high hazard potential. 

rt is Department policy to review the License of Approval of each operating dam within 
state jurisdiction following its dam safety inspection. Based on the findings of the 

@ Printed on recycled paper. Each ton of recycled paper saves 7, 000 gallons of water. 
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Sunnycove Da~1 (07.48) 
April 5~ 20109 Dam Safety fnspection Report 

Jutie ! 8, 20lfr -rJy ~ ~/ ?.010 
Page 2 of2 

inspection and a review of our file~, the License, issued July 23, 1986, requires no 
changes and remains in full force and effect. 

The next inspection by theDepartment is tentatively scheduled for April 201 I. We will 
contact you in advance to arnuige a mutually convenient inspection date and time. Please 
notify the Department promptly of any unusual or alarming condition, which may occur 
at the dam. 

If you or anyone connected this dam have any questions regarding this letter, please 
contactNicole Spence-Gibson at (602) 771-8658. 

s;;JJ~#~ 
Michael Johnson, Ph.D., P.E. 
Assistant Director & Chief Enk,>ineer 
Surface Water Division 

Enclosmes: 1. Inspection Report & Photos 
2. Invoice 
3. Notification of Inspection and Due Process Rights 

@ Printed on recycfed paper. Each ton of recycf(1d paper saves 7, 000 galfons of water. 



• 

• 

• 

JANICE K. BREWER 
Govemor 

HERBERT R. GUENTHER 
Director 

ARIZONA DEPARTMENT OF WATER RESOURCES 

May 12, 2010 

Mr. Tom Renckly, P.E. 

3550 North Central Avenue, Second Floor 
PHOENIX, ARIZONA 85012:2105 

(602) 771-8500 

Structures Management Branch Manager 
Flood Control District Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

RE: Sunset Dam (07 .49) 
AprilS, 2010 Dam Safety Inspection Report 
Finding of No Safety Deficiency 

Dear Mr. Renckly: 

Enclosed for your infom1ation and action is a copy of the Arizona Department of Water 
Resources (Department) report of the most recent inspection conducted by Nicole 
Spence-Gibson on April 5, 2010 on the above listed dam. Along with the enclosed 
invoice, please remit payment in the amount of$140.00 to: 

Peggy Beckett 
Arizona Department of Water Resources 
Surface Water Division 
3550 North Central A venue 
Phoenix, Arizona 85012 

In compliance wi th Arizona Revised Statutes (A.R.S.) § 41-1009, this letter notifies you 
that the inspection found no safety deficiencies that must be corrected. 111e dam safety 
inspection report identifies maintenance and repair action items that need to be addressed 
at the dam before the next scheduled inspection. Please provide the Department a 
schedule of when you intend to do this work and also notify us in writing when you 
complete the items. 

Th.e Department has reviewed the size and hazard potential classifications fo r the dam. 
The classifications have not changed from small size and high hazard potential. 

ft .is Department policy to review the License of Approval of each operating dam within 
state jurisd.iction following its dam safety inspection. Based on the findings of the 

@ Printed on recycled paper. Each ton of recycled paper saves 7, 000 gallons of water. 
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Sunset Dam (07.49) 
April 5, 201 0 Dam Safety fnspec.tion Report 
May 12,2010 
Page2 of2 

inspection and a review of our files, the License, issued July 23, 1986, requires no 
changes and remains in full force .and effect.. 

The riext inspection by the Department is tentatively scheduled for April 2011. We will 
contact you in advance to arrange a mutually convenient inspection date and time. Please 
notify the Department promptly of any unusual or alarming condition, which may occur 
at the dam. · 

If you or anyone connected this dam have any questions regarding this letter, please 
contact Nicole Spence-Gibson at (602) 771-8658. 

Michael Johnson, Ph.D., P.E. 
Assistant Director & Chief Engineer 
Surface Water Division 

Enclosures: 1. Inspection Report & Photos 
2. Invoice 
3. Notification of Inspection and Due Process Rights 

® Printe.d on recycled paper. Each ton of recycled paper s.aves . 7,, 000 gallons of water. 
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Attached is the Operation and Maintenance Plan for Sunset Dam and Sunnycove Dam . 
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OPERATION AND MAINTENA.I'JCE PLAN 

The principal spillW"ay at both structures are ungated and will. allow 
the floodwa~er.s above ~he uediment pool elevations to dischargl;! into 
the outlet pipelin~. However, the sediment pools are i ntended t o be 
dl:y and routin.e OJ>eration will require open ing the ga::ed t>ediment poo l 
dra~ ns after the water surface in the flood pool ~ecede s t o the eleva
tion of the low-stage or i fi~e in the principal spiliway riser (the 
gated sediment pool drain may be opened at any t~me. if the low-sta ge 
orifice becomes plugged) . Routine operation also requires that the 
gated sedi~ent pool drains be cle~ned of sediment and debris and closed 
a fte r the sediment pools have drained. 

Any ;,"uture development proposals to tie local stem drains into the 
o' ~ t. l f> t pipeliue must be evaluated prior to approval . 

. Pro per functioning of the structural works will require regular per iodL: 
trulintenancc. All structures are to be maintained by making prompt 
repairs to structures or structural features da;uaged by floods. The 
follo\Jing i.tems of maintenance are anticipated and should be made a part 
o f a regular inspection and maintenance program: 

1. Sunset: FRS 

a. Trash and obstructions must be r:eruoiJed .from the principal 
spillway trash r acks and low-stage orifice. 

b. [c is anticipated that some continual riprap maintenance 
may be neces~ary in the emer.geacy spillway SAF basin. and outlet 
channel. 

c. It is intended t hat the soft plug section of the. chain lil'lk 
fence bd.ow the SAP basin should collapse whenever the 1;;mergency 
spilh.ray operates. This section of fence will need to be en~cted 
a~ai.n or . replaced if damaged. 

2. Sunnycove FRS 

a. 1'-rash and obstructions must be removed from the principal 
spill~ay trash r acks and low-sta~e orifi ce. 

b. Some ero$ion is expected in the emergency spillway outlet 
channel ciovnstream of the control section whenever it operates. 
It should be inspected annually and after every operation of the 
emergenc y spillway. Any damage near the vicinity of the control 
section should be evaluated to determine if repair action should 
be initiated . 

0 -·-
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It. MAINTENANCE (Continued) 
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III. 
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J. Outle~ Pipeline 

a. Most of the rlood'..later sedim-2nt entering the reserve tr vi ll be 
trapped and allowed to accumu lat~ in the sediment pools 
(Rssumed trap e[f1c1e ncy- 100 percent at Sunset. 95 percent 
Sun~ycove). It is intended t hat the sediment that is not 
tra~ped in the reservoirs will a~cumul~te in the sediment traps 
located in the outlet pipelines. · Some sediment is expected to 
ent~r the outlet pipeline whenever the principal spillways 
function and \Jhenever the sediment pools are drained. The 
sediment traps in the outlet pipeline should be inspected 
annually and all accumulated sediment removed after every 
discharge. 

b. It is anticipated that some continual riprap maintenance 
may be necessary adjacent t.o the pipel.i.ne cutlet st:ruct:tn:e. 

The sediment trap at the end of the outlet pipeline should 
be inspected afte~ each local storm event to assure that debris 
and sediments from local runoff are not allo\o1ed to f.l•:cumul.at:e 
in the outlet str.uccure. 

ESTA.BLISHYENT PERIOD 

1. DurinL an Establishment Period, as herein defined, the Ser~ice 
will bea:r· such part of the cc:.st of any neecl~;.~d major repairs to 
structu.L"al measures, tncl1.>ding associated vegetative work, as 
is proportionate to the original construction costs borne by the 
Service in the c.onstruction of the structural measures except 
that the Service will not bear any of the "cost for: 

a. RF.!pairs to channels or portions thereof which do not have 
pel:'manent lini.ngs such as concrete, riprap. or grouted reck. 

b. Repairs detendned by the Service to have been occasioned by 
improper Opi.~t'a:::ion or 1Ilt3intenance. or both. 

c. Repqirs applicable to municipal or industrial water su.pply or 
to any other purpose for which construction costs are no~ author
ize4 to be paid for in whole or in part with funds appropriated ro 
the Service. 

d. Rep'\irs that are mutually deteruLined by the Sponsor and the 
Service as being items of nonnal m;.lintcnanc<! :-ather than 
m.aj~r repair and are not ther-efore in ke~~ping with the spirit 
and intent of the Estatl:lst:.nent Period provis:!.ons • 
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2, Tb~~ Esu1t~l tshmer.t Period for structural me.1sures (exclusive of 
an y asso ciated vege tative work) is a period of three years end
ing at midnight on the third anniversary of the date on which the 
structural measut:e is acc epted . 

3. The Establishment Period for VP.getative work associated with a 
structur~l measure is a period from date of acceptance of the 
initial vegetative work to midnight of t:he date on whi ch the 
Service writes the Sponsor advisiog th3 t an adeq uate veget a tive 
cover has been obta ined. 

4. As used in the two preceding paragraphs, and e lsewhe~e in the 
Plan, the followin g words have the mc ~nings d c Rcribed be~ow: 

c; 
Jo 

~CCEPTED. !--CCEPTANCE: The ddte struct.urnl or vegetative 
measures are accepted from the contracto~ when a contract 
is involved, or the date stru~tural or vegetative measures 
are complet1::d to the sat1.s f acti.on of the Sc~rvice when fot·ce 
account operations are i.nv0lved. 

Major repair may involve such things .:~s (J.) repairing ~•eparated 

joints, cracks or breaks in the principal spillway, (2) corre ct 
ing seepage, (3) replacing significs nt backfill around structures 
resulting from major erosion damage, (4) major reve getation due to 
failure to obtain au adequate vegetative cover, and (5) restoring 
areas with significant erosion caused by ~nusual flow (volume. 
recurrence or extended period of time) in emergency spillways. 

6. No action with r~spect to needed repairs during the Establishme nt 
Period will be taken by the Sponsor.or the Service which would les s en 
or Rdvetsely affect any legal liability of any contractor tir his 
surety for payment of the cost of the repairs. 

tV; INSPECTIONS AND REPORTS ... ·--···--·----·---·-.. ··---

1. During the Establishment Period the Sponsor and the Service will 
jointly inspect the structural measures at least annually and 
aft•.! r unusually severe floods or the occurrence of any other 
unu s \:--ll condition t hat might adversely affect the structural 
measures. It is de sirable tthe annual inspections be performed 
during the month shmm below. Any supplemental inspection~> then 
determined necessary will be scheduled and agreed to at that ti::nc. 

Oc tober 
l"IDn t h 

. . 
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INSPECTiONS AND REPORTS (Continued) 

2. After the Establishment Period the structural measures will be 
inspected annually by the Sponsor. preferably during the month 
shown below, and after unusually severe floods or the occurrence 
of any oth~r unusual condition that might adversely affect the 
structural measureG. 

0-::tober 
(Month) 

3. After the E3tabl:i.shment Period the Service may inspect the 
stt\lc.tural measiJres at any reasonable t'i.me. 

4. A written report will be made of each :i.nspec.tion. The report of 
joinc inspections vill be prepared by the S ponsor with the 
assiscance of the Service. A copy of each report will be 
provided by the party preparing the report to the other party 
wi.thin ten days of the date on <-Thich the inspection ~as made. 

!~ECORDS 

The Sponsor will maintain in a centralized location a record of all 
inspections perfor:~d both individually and jointly by the Sponsor 
~nd the Service, an~ of all significant actions taken by the Sponsor 
·"· :lth respect to operation and maintenance. The Service may 1.nspect these 
records at any reasonable time. 

GENERAL 

L The Sponsor will: 

a. Prohibit the installation of any structures or facilities 
thctt will interfere Yith the operation or n~intenance of 
the structural measures. 

b. Obta in prior Service approval of the plan9 and specifications 
for any alteration or improvement to th~~ structural measures. 

1.:. Obtain prior Service approval cf any agreement to be entered into 
with ether parties for the operation or maintenance of all or 
any part of the structural measures, and provide the Service with 
a copy of the. agre·~ment .after it haB been signed by the Sponsor 
and the other party. 

2. Service personnel will be provided the right of free access to the 
structural measures at any reasonable time for the purpose r>f 
carrying out the termg of this Plan • 
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5. 

GE~ERAL (Cor, tinuc<i) 

J. The responsibilities of the Sponsor under this Plan are effective 
simul car,,ec·usly '.Jith the acceptance of the works of improvement in 
whole or in part. 

~;?ECTAL rROVIS TONS 

1. The Sponsor v!ll: 

Hold 3nd sa~i the United States free from any and all claims 
and damagt· s arising from the construction, maintenance and operation 
of any road in, on, or across works of improvement constructed 
with Federal assistance pursuant to Public La1.-1 8 3-566, or thL~ 
failure to fully close and relocate any such road in accordance 
'ol'ith State law • 
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Phase 1 Technical Data Notebook Survev and Mapping Information 

3 Survey and Mapping Information 

A separate Survey Report prepared by Hoskin-Ryan Consultants (Ref. 27) is included as 

Appendix C. Information in this section is a summary of the detailed information found in the survey 

report. 

3.1 Field Survey Information 

3.1.1 Structures 

Field survey of major existing roadway culvert structures was conducted in 

December 2010, to supplement the topographic mapping . All structures surveyed 

were documented in a manner consistent with the requirements in the FEMA 

Guidelines and Specifications for Flood Hazard Mapping Partners (Ref. 14), and are 

documented in Appendix C. Control Points were provided by the National Geodetic 

Survey, via the Maricopa County Department of Transportation (MCDOT) website . 

3.1.2 Railroad 

A field survey of drainage structures crossing the Burling Northern Santa Fe 

(BNSF) Railroad was conducted in March 2011. Survey included top of rail, culvert 

and trestle dimensions and flow line elevations. Refer to Appendix C for survey field 

notes. 

3.1.3 Sunset and Sunnycove Dams 

Recent surveys conducted by the District of the impoundment areas behind the 

Sunset and Sunnycove Dams were provided for use in this study (Ref. 49). The 

impoundment volumes provided were checked against those computed using the 

2004 topographic mapping. Since both maps are consistent, the 2004 topographic 

mapping was selected for calculation of the impoundment volumes behind the dams. 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 10 

Wickenburg Area Drainage Master Study/Plan 
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Phase 1 Technical Data Notebook Survev and Mapping Information 

3.1.4 Finished Floor Elevations 

Finished floor elevation surveys were performed for 31 homes adjacent to , or 

within, the delineated floodplains of Sunset and Sunnycove Washes. The intent of the 

surveys was primarily as justification for refinement of the floodplain delineation 

boundary. Results of the survey are documented in the Survey Report included as 

Appendix C. 

3.2 Mapping 

Topographic mapping data from the Wickenburg Mapping Project (FCD 03-66), dated 

July Jlh, 2004 (Ref. 50), was provided by the District and used to create 2-foot contour interval 

mapping. The vertical datum of the topographic data is NAVD88 and its geographic coordinate 

system is State Plane Arizona Central (NAD83) . 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 11 

Wickenburg Area Drainage Master Study/Plan 
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4 Hydrology 

4.1 Method Description 

Hydrologic analyses were performed using the US Army Corps of Engineer's computer 

program HEC-1 , Version 4.1, Flood Hydrograph Package in accordance with procedures and 

parameters recommended in the District's Drainage Design Manual for Maricopa County, 

Volume I, Hydrology (Ref. 19). Hydrologic Models for Phase 1 are as follows: 

• 500-year; 6-hour Existing Condition 
• 1 00-year; 6-hour and 24-hour Existing Condition 
• 50-year; 6-hour Existing Condition 
• 1 0-year; 6-hour Existing Condition 

Each model uses the Green and Ampt methodology to estimate rainfall losses, and the 

Phoenix Mountain S-graph for the unit hydrograph. Flow is routed using the Normal Depth 

routing option and ponding and storage is modeled for the two dams using level pool reservoir 

routing. The watershed sub-basins and the flow routing schematic for the runoff model are 

shown on Exhibit 2. 

The study identified the 1 00-year, 6-hour and 24-hour peak discharges from which it 

was determined that that the 6-hour produces the highest discharge. The peak discharge from 

the 500-year storm event was also produced for the study. 

4.2 Parameter Estimation 

4.2.1 Drainage Area Boundaries 

The watershed basin and sub-basin boundaries are shown on Exhibits 1 and 2, 

along with a schematic of the HEC-1 sub-basins and routings. Both Sunset and 

Sunnycove Washes are partially impounded by dams and they were therefore divided 

into upper and lower reaches . Sunnycove Wash drains to Sunset Wash, downstream 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 12 

Wickenburg Area Drainage Master Study/Plan 
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of both dams, and they have a combined watershed area of 2.5 square miles at the 

confluence with the Hassayampa River. 

Using ArcGIS, a terrain model was created from the 2004 topographic 

mapping, which was then used to delineate the watershed basin and sub-basin 

boundaries. Adjustments were made to the sub-basin delineations, as necessary, 

based on aerial photography and field observations. Concentration points occur at the 

natural confluence of tributaries, at split flow locations, and where manmade drainage 

facilities or structures affect flow characteristics. Concentration points were also 

located at existing developments prone to flooding. 

4.2.2 Watershed Work Maps 

The work maps for this study include land use, soils , and routing on GIS layers 

and mapping provided by the District. The parameters used in the models, and the 

basin and routing information, are depicted in Exhibits 1 through 4. The Sunnycove 

Wash watershed is divided into six sub-basins and the Sunset Wash watershed into 

three sub-basins. 

All sub-basins are named after the main wash or a prominent feature in the 

area using five or six digit alphanumeric characters. The first two to three characters 

identify the wash and watershed that the sub-basin is located within (e .g. Basin SC1 is 

located within the Sunnycove watershed) . The remaining characters are numeric 

values that start at the upstream end of the sub-basin and increase in the downstream 

direction. 

Channel routes are identified by an "R" followed by the wash name initials and 

the downstream operation. Storage Routings are identified by the word "DAM" 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 13 

Wickenburg Area Drainage Master Study/Plan 
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followed by the wash name initials, and diversions are identified by the word "DIV" 

followed by the wash name initials. 

4.2.3 Gage Data 

There are impoundment and precipitation gages at Sunset Dam and at 

Sunnycove Dam, both maintained by the District. Each gage has 21 years of record 

and the data is available on the District's website . Since stream gages are not 

available in the study area, calibration of the hydrology models was not conducted for 

Phase 1. 

4.2.4 Statistical Parameters 

The HEC-1 models were used to evaluate the hydrologic response of the study 

area to a range of precipitation events. Since wash gage stations are not available 

within the Phase 1 study area, a statistical analysis is not included. The runoff models 

were compared with the results from USGS and regional regression equations (see 

Section 4.5.2 and Appendix D.7) 

4.2.5 Precipitation and Inflow Hydrographs 

4.2.5.1 Precipitation 

The District has recently decided to use the Mean Partial Duration Time 

Series point precipitation values from NOAA Atlas 14 (Ref. 32) . This results in 

a decrease in precipitation values for most of Maricopa County, however for 

the ADMS/P watershed , the precipitation values increase by approximately ten 

percent. 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Wickenburg Area Drainage Master Study/Plan 
14 
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lsopluvial maps of rainfall intensities contained in the NOAA Atlas 14, 

Precipitation-Frequency Atlas of the United States, Volume 1, Arizona (Ref. 32) 

are used for this study. Rainfall data from the District's GIS shape files are 

embedded in the District's DDMSW program. DDMSW was used to develop 

hydrologic models for the 10, 50, and 1 00-year events. Precipitation for the 

500-year event was read from the NOAA 14 table and graphs extracted from 

the NOAA website: (http://hdsc.nws.noaa.gov/hdsc/pfds/sajaz pfds.html) 

based on the geographic coordinates of the centroid of Phase 1 study area. 

The point values area summarized in Table 1, and precipitation table and 

graphs are provided in Appendix D.1. 

Table 1 - Phase 1 Point Precipitation Values 

Frequency and Duration Point Precipitation (inches) 
2-Year, 6-Hour 1 42 

2-Year, 24-Hour 1.93 
100-Year, 6-Hour 3.32 
1 00-Year, 24-Hour 4.42 
500-Year, 6-Hour 4.20 

500-Year, 24-Hour 5.54 

4.2.5.2 Distribution Pattern 

This study delivers HEC-1 modeling for the 6-hour storm distribution 

for the 10-, 50-, 100-, and 500-year storm events. In addition, the 24-hour 

storm distribution model was established for a comparison with the 6-hour 

storm distribution. 

Typically, the 6-hour storm distribution is used for drainage areas of 

less than 20 square miles except for on-site storage facilities (Ref. 20) . The 6-

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 15 
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hour distribution may also be used for drainage areas between 20 square miles 

and 100 square miles to estimate the peak flood discharges that could be 

realized on watersheds due to the occurrence of a local storm critically 

centered over part or the entire watershed. 

The Maricopa County 6-hour local storm distributions consist of five 

dimensionless storm patterns as shown in Table 2.4 of the Hydrology Manual 

(Ref. 19). Pattern 1 has the greatest rainfall intensities that can be expected in 

the eye of a local storm. Given that Phase 1 is a small watershed of 2.5 

square miles , Pattern 1 is appropriate and is therefore used for the ADMS/P 

hydrology. 

The 24-hour storm SCS Type II distribution is used for flood studies in 

Maricopa County for watershed areas between 20 and 500 square miles. This 

distribution is listed in Table 5 of the District's Hydrology Manual (Ref. 19). 

4.2.5.3 Depth-Area Reduction 

Depth-Area reduction was applied using the JD record option of HEC-1 

and is based on the curves presented in Tables 2.1 and 2.2 of the Hydrology 

Manual (Ref. 19). The DDMSW program has these curves embedded in it. 

4.2.6 Physical Parameters 

4.2.6.1 Soils and Land Use 

Detailed digital soil survey data is from the Natural Resources 

Conservation Service (NRCS), as provided by the District. The soils maps and 

data for the Wickenburg ADMS/P are compiled from this source . 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 16 
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The existing 201 0 land use dataset developed by MAG was refined for 

use in the hydrologic analysis. There are 38 different MAG land use categories 

that do not directly correlate to the 17 shown in Table 4.2 of the District's 

Hydrology Manual (Ref. 19). Since the DDMSW program utilizes MAG land 

use categories, and provides Green and Ampt parameters for each category, 

the MAG land use categories are used in this study instead of Table 4.2 of the 

District's Hydrology Manual (Ref. 19). 

The soil texture and land use data provide information regarding rainfall 

infiltration, which is discussed in the next section. 

4.2.6.2 Rainfall Losses- Green-Ampt Infiltration 

The Green-Ampt infiltration equation was selected to calculate the 

rainfall losses. Two phases are involved by using the Green-Ampt method . 

The first phase is surface retention loss, which is represented by a parameter 

called initial abstraction (lA) in HEC-1. The initial abstraction is a function of 

land use. The DDMSW program provides initial abstraction for each category 

of land use. 

The second phase simulates the infiltration of rainfall into soil. The 

Green-Ampt equation, which is represented as follows, takes into account the 

soil suction head, porosity, hydraulic conductivity and time. 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

( 
PSIF · DTHETA) 

f = XKSAT 1 + F 

dF 
f=

dt 

where f = infiltration rate (inches/hour) 

Wickenburg Area Drainage Master Study/Plan 
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XKSAT =saturated hydraulic conductivity (inches/hour) 

PSIF=wetting front capillary suction (inches) 

DTHETA=soil moisture deficit, pre-condition 

F =accumulated infiltration depth (inches) 

The saturated hydraulic conductivity (XKSAT) for bare ground 

conditions varies with soil texture and is provided by the DDMSW program. 

The DDMSW program adjusts the XKSAT values for vegetation cover and land 

use for each sub-basin. The wetting front capillary suction (PSIF) is also a 

function of soil texture and decreases with XKSAT. The DDMSW program 

calculates the PSIF from XKSAT based on their relationship depicted in Figure 

4.3 of the District's Hydrology Manual (Ref. 19). 

The soil moisture deficit (DTHETA) is a function of land use and is 

computed by the DDMSW program. Observation of the aerial photographs 

shows that some land use types within the study area have different soil 

moisture deficits from their default values. When necessary, adjustments are 

made by adding new land use categories with reasonable DTHETA values. 

These new categories are provided in Appendix 0.2. 

For the impervious area of a sub-basin, no infiltration occurs. A default 

percentage of impervious area (RTIMP) for each land use type is provided in 

the DDMSW program. However, some land use types within the study area 

exhibit different impervious percentages from their default values . Adjustments 

were made by adding new land use categories with reasonable RTIMP values . 

These new categories could be found in Appendix 0.2. 
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4.2.6.3 Unit Hydrograph 

The four S-graphs appropriate for use within Maricopa County are 

Phoenix Mountain, Phoenix Valley, Desert/Rangeland, and Agricultural S-

graphs. Given the terrain of the study area, the Phoenix Mountain S-graph was 

selected to generate the unit hydrographs within each sub-basin. The lag time 

is required to obtain the unit hydrograph from the S-graph. 

Per the District's Hydrology Manual , lag time is computed using the 

following equation: 

(
L · Lca)

0
·
38 

Lag = 24Kn so.s 

Lag = basin lag in hours 

Kn = mean Manning's n for channels within the basin 

L = length of the longest watercourse in miles 

Lea = length along the watercourse to a point opposite the 
centroid in miles 

s = watercourse slope in feet per mile 

The DDMSW program calculates the Kn for the drainage basins based 

on the land use types within the sub-basin. The Kn values for the land use 

types added to the DDMSW program were estimated based on the aerial 

photographs and terrain mapping. 

The longest watercourses for each sub-basin were traced using the 

terrain model produced from the 2004 mapping. Lea values for all sub-basins 
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were calculated by identifying their centroids. The watercourse slopes were 

calculated using ArcGIS tools. 

4.2.7 Reach Routing 

The Normal Depth Routing Method was used for routing hydrographs within 

Phase 1. It is the preferred method for most applications in Maricopa County and can 

be used for both natural and artificial channels, in both urbanized and non-urbanized 

watersheds. This method simulates attenuation due to overbank storage. 

Longitudinal slopes and Manning 's "n" values for the routing reaches were 

estimated based on the topographic mapping, aerial photographs, and field 

observations. Worksheets for "n" value calculations are located in the Field 

Reconnaissance Report, included as Appendix G (Ref. 26). These worksheets show 

tabulated reach routing parameters and Cross-Section sketches with "n" value 

estimations. The "n" values for the routing reaches do not vary between the different 

storm durations or development conditions models because the roughness for these 

well-defined channels does not change appreciably with varying depths of flow. 

A spreadsheet was created to verify the NSTPS time step values calculated 

using the DDMSW program (Appendix 0.3). The NSTPS values were calculated for the 

1 DO-year 6-hour event using the following equation: 

Hoskin-Ryan Consultants, Inc. 
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Reach Length 
NSTPS = --------

Celerity x Time Step x 60 

NSTPS =time steps 

Reach Length = reach routing length 
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Celerity = aQ 1 a A, for a rectangular channel it is 5/3 of normal 
velocity. This ratio is also used to estimate the celerity in 
the spreadsheet. 

TI"me Step= 3 minutes for this study 

4.2.8 Storage Routing 

Typically, the capacity of existing roadway culverts in the area will be exceeded 

under 1 00-year or smaller flood events. Since these roadway crossings do not have 

much upstream storage capacity they do not have an effect on the peak flows 

downstream. Therefore, roadway crossings are not modeled in the HEC-1 model , and 

flow is assumed to continue downstream unimpeded. 

Stage-storage-discharge relationships were developed the for Sunnycove and 

Sunset Dams. The stage-storage relationships provided for each dam were derived 

from the 2004 topographic mapping. Construction plans for each dam and outflow 

pipe are the basis for the stage-discharge relationship, prepared in the SITES (Ref. 46) 

model. 

The HEC-1 models for entire Phase I watershed were built with JD records to 

reflect area-depth relationship. However, these models with the JD records do not 

calculate the water surface elevations for the storage routing. Therefore, in order to get 

the flood pool elevations, a separate HEC-1 model was built without the JD records, to 

just route the hydrograph through the dams and obtain the flood pool elevations. The 

hydrograph was retrieved through a DSS data file. All HEC-1 models are included in 

Appendix D . 
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The Principal Spillway of each dam has an un-gated orifice that allows the 

floodwaters above the sediment pool elevations to discharge into the outlet pipeline, 

and a gated orifice at the reservoir bottom to drain the sediment pool. At the 

commencement of a precipitation event, the sediment pools are anticipated to be dry. 

If at any time the un-gated orifice becomes clogged, the gated sediment pool drain 

may be opened. 

4.2.8.1 Sunset Dam 

Sunset Dam, located on Sunset Wash , was designed and constructed 

by NRCS to protect portions of the Town of Wickenburg from flooding . The 

construction of the dam was completed in April1975. 

The dam is an earth-fill structure with a crest length of 488 feet and a 

crest width of 14 feet. The embankment, with a height of 30.5-feet, has an 

upstream slope of 3:1 and a downstream slope of 2:1. The dam reservoir 

capacity is 80.53 acre-feet (2004 data) at the emergency spillway crest 

elevation of 2133.2 feet (NAVD88). The storage capacity includes an 

additional 10.81 acre-feet of sediment storage for the 1 00-year life of the 

structure (Ref. 29) . The dam reservoir does not have a permanent pool and is 

designed to detain the 1 00-year runoff. 

The Principal Spillway structure is an intake tower (two-way riser) 

attached with a perforated gate well. The flow into the intake tower is 

controlled by a 9-inch by 9-inch low stage orifice at elevation 2122.2 feet 

(NAVD88) and a high stage spillway weir at elevation 2133.2 feet. The 9-inch 

by 9-inch orifice was designed to drawdown the 1 00-year reservoir pool in 
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less than ten days to the sediment pool elevation of 2122.2 feet. The 

perforated gate well is a 60-inch CMP with its top flush with the sediment pool. 

A gated orifice of 18-inch diameter, at the reservoir bottom of 2113.5 feet, 

controls flow from the gate well into the intake tower. The gated orifice was 

designed to drain the sediment pool. The intake tower connects to a 30-inch 

outlet pipe. Discharge through the 30-inch pipe conduit enters a relief 

manhole immediately downstream toe of the dam and is then conveyed 

through a pipeline system jointly used by Sunnycove Dam to an outfall in the 

Hassayampa River, approximately 1.5 miles downstream. Flow in excess of 

the pipeline capacity leaves the relief manhole and travels as surface flow. 

The emergency spillway is a 40-feet wide, uncontrolled reinforced 

concrete structure constructed on top of the dam embankment with a crest 

elevation of 2133.2 feet. It consists of an entrance control structure, a straight 

chute and a stilling basin with baffle blocks. The emergency spillway conveys 

the runoff to a discharge point just downstream of the dam. The emergency 

spillway has a discharge capacity of 3,400 cfs and can pass the PMF flow of 

3,907 cfs with 0.3 feet of freeboard (Ref. 29). 

4.2.8.2 Sunnycove Dam 

Sunnycove Dam, located on Sunnycove Wash, was also designed and 

constructed by the NRCS to protect downstream portions of the Town of 

Wickenburg. The dam embankment has the following physical characteristics: 

earth-fill structure, crest length of 714 feet, crest width of 14 feet, upstream 
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slope of 3:1 , downstream slope is 2:1 and a maximum height of 48.5 feet 

(Ref. 28). 

The Principal Spillway structure is an intake tower (two-way riser) 

attached with a perforated gate well. The flow into the intake tower is 

controlled by a 8-inch by 8-inch low stage orifice at elevation 2150.2 feet 

(NAVD88) and a high stage spillway weir at elevation 2171.7 feet. The 8-inch 

by 8-inch orifice was designed to drawdown the 1 00-year reservoir pool in 

less than ten days to the sediment pool elevation of 2150.2 feet (Ref. 28) . The 

perforated gate well is a 60-inch CMP with its top flush with the sediment pool 

at 2150.2 feet. A gated orifice of 18-inch diameter, at the reservoir bottom of 

2130.2 feet, controls flow from the gate well into the intake tower. The gated 

orifice was designed to drain the sediment pool. The intake tower connects to 

a 30-inch outlet pipe. Discharge through the 30-inch pipe conduit enters the 

relief manhole immediately downstream toe of the dam and is then conveyed 

through the pipeline system jointly used by Sunset Dam to an outfall in the 

Hassayampa River, approximately 1.5 miles downstream. Flow in excess of 

the pipeline capacity leaves the relief manhole and travels as surface flow. 

The emergency spillway is a 1 00-feet wide, uncontrolled earth-lined 

channel constructed though a narrow ridge located 200 feet north of the 

abutment. The emergency spillway conveys the runoff to a discharge point 

several hundred feet below the downstream toe of the dam. The emergency 

spillway has a discharge capacity of 6,300 cfs and can pass the PMF flow of 

7188 cfs with 0.7 feet of freeboard (Ref. 28) . 
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The dam reservoir capacity is 216.92 acre-feet at the emergency 

spillway crest elevation, calculated from the 2004 mapping data. In addition, it 

provides 19.28 acre-feet of sediment storage for the 1 00-year life of the 

structure. The dam reservoir does not have a permanent pool and is designed 

to detain the 1 00-year runoff. The Principal Spillway is designed to empty the 

accumulated 1 00-year runoff with in ten days. 

4.2.9 Flow Splits and Diversions 

The Principal Spillways of Sunnycove and Sunset Dams are connected to a 

pipeline system that outlets to Sunset Wash at the railroad, just upstream of its 

confluence with the Hassayampa River. Information was collected from the Pipeline 

As-Built Plans (Refs. 40, 41 , 42) , on which the Pipeline Schematic Map is based. The 

elevations on the as-built plan were increased by a datum difference of + 2.2 feet, to 

convert from the National Geodetic Vertical Datum of 1929 (NGVD29) to the North 

American Vertical Datum of 1988 (NAVD88) . 

As shown on the Pipeline Schematic Map, the Principal Spillways, i.e . two-way 

riser structures, are connected to the release manholes immediate downstream of the 

dams through 30-inch conduits . Pipelines collect flow from two release manholes and 

then combine at a joint manhole, ultimately releasing at the outlet manhole located 

within Sunset Wash east of the railroad . 

The pipeline system is composed of pipes sizing from 15-inch to 30-inch in 

diameter. When the Principal Spillway outflow exceeds the capacity of the pipeline 

system, the excess flow is released at the manhole immediately downstream of each 

dam. The pipeline capacity was calculated assuming the upstream ends of hydraulic 
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grade lines are exactly at the crests of the two release manholes. It is estimated that 

the pipeline capacities are 17.1 cfs for Sunset Dam and 19.5 cfs for Sunnycove Dam. 

The calculations and the Pipeline Schematic Map are provided in Appendix D.5. 

In the hydrology models, the flow conveyed by the pipeline system is diverted 

to the confluence at the Hassayampa River using Kinematic Wave routing. The 

remaining flow, i.e. the combination of the excess flow from the release manhole and 

the flow from the emergency spillway, is routed along the existing washes using 

Normal Depth Routing. 

4.2.1 0 SITES Model 

The District developed the riser hydraulics relationships using the SITES 

computer model, and provided the stage-discharge curves for this study for both 

Sunset and Sunnycove Dam (Appendix D.4) . 

The capacity of the Principal Spillway for each of Sunset and Sunnycove Dams 

is controlled by the orifice and weir flow when the water surface elevation starts to rise 

above the orifice and spillway crest. As the water surface elevation rises, the friction 

of the 30-inch conduit increases dramatically and controls the outlet flow. Detailed 

calculations are simulated by SITES models and results are provided by the District. 

The SITES Water Resource Site Analysis program was developed by NRCS 

(Ref. 46) to analyze the hydrology and hydraulics for designs of NRCS dams and 

ponds. The program estimates watershed runoff using curve numbers and develops 

unit hydrograph based on the dimensionless curve documented in the National 

Engineering Handbook, Chapter 16 (Ref. 44). The program determines principal 

spillway rating curves by standard weir, orifice and pipe flow formulas documented in 
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the National Engineering Handbook, Section 5 (Ref. 45) . The program can also 

develop emergency spillway rating curves using one of four encoded methods. The 

program was developed to analyze the stability and integrity of emergency spillways. 

4.3 Problems Encountered During the Study 

No special problem was encountered. No warning or error messages occur in the 

models. 

4.4 Calibration 

There are two impoundment gages but no stream gage within the study area, 

therefore, no calibrations are made. 

4.5 Final Results 

4.5.1 Hydrologic Analysis Results 

Hydrologic models were prepared for the 1 0-year, 6-hour, 50-year, 6-hour, 

1 00-year, 6- and 24-hour and 500-year, 6-hour storm events for the existing condition 

using the NOAA 14 precipitation results for each. As expected for a small watershed 

like the Phase 1 watershed, the 6-hour storm produces higher peak discharges than 

the 24-hour storm, and was therefore selected for the floodplain delineations. HEC-1 

output for each model is included in Appendix 0.6, and the peak flow rates used in the 

floodplain delineation are summarized in Tables 2 and 3. Refer to Exhibit 5 for the 

Flow Map. 

In general, the flow obtained is higher than the WADMS. Selected 

concentration points are shown for comparison in Tables 2 and 3. The increase in 

flow can be attributed to: (1) increased precipitation of NOAA 14 in comparison with 

NOAA 2; and (2) increased development in the area. The development downstream of 
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the two dams results in an increase in impervious coverage from 6.1% (Basin SAD8) 

to 20.2% (average of Basin SN2, SN3 and SC6) in this study. 

Table 2 -100-Year Hydrologic Results Summary for Sunnycove Wash 

HEC-1 100-Year Peak Discharge Time to Peak Discharge Contributing Drainage 
I.D. (cfs) (hr) Area (sq. mi.) 
SC1 1006 4.25 0.56 
SC2 288 4.10 0.10 
SC3 427 4.15 0.20 
SC4 663 4.30 0.38 
SC5 372 4.15 0.15 
SC6 326 4.10 0.11 
C1 1048 4.30 0.66 
C2 1322 4.25 0.86 
C3 1542 4.55 1.39 
C4 326 4.10 0.11 

Table 3 -100-Year Hydrologic Results Summary for Sunset Wash 

HEC-1 100-Year Peak Discharge Time to Peak Discharge Contributing Drainage 
I.D. (cfs) (hr) Area (sq. mi.) 
SN1 927 4.30 0.60 
SN2 493 4.20 0.26 
SN3 557 4.15 0.22 
C5 493 4.20 0.26 
C6 770 4.15 0.37 
C7 1146 4.20 0.59 

4.5.2 Verification of Results 

Two methods were used to verify the peak discharges, comparison with USGS 

data for Arizona, and comparison with regional regression equations. 

4.5.2.1 USGS Data for Arizona 

The District has adopted a chart to describe the general relationship 

between peak discharges and watershed size for Maricopa County (Ref. 19). 

This relationship is based on Log-Pearson Type 3 (LP3) regression curve 

analysis using USGS streamflow and statistical data taken from 314 

continuous or partial-record gage stations throughout Arizona, and is a 
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function of drainage area. The peak discharges from the HEC-1 output were 

plotted on the chart for comparison, as shown in Figure 4A, and lie within the 

75th percentile confidence limits. Detailed results are included in Appendix D.7. 

10000 ..,.------------------------

- Regression 

Upper 75% Confidence Limit 

Lower 75% Confidence Limit 

+ 100Y6H 

• 100Y24H 

100 +------------,...--------------, 

0.100 1.000 10.000 

Area (square miles) 

FIGURE 4A- COMPARISON OF 100-YR HEC-1 OUTPUT WITH USGS DATA FOR ARIZONA 

4.5.2.2 Regional Regression Equations 

The second method used to verify results was comparison with USGS 

Regional Regression Equations. The Region 12 regression equations are a 

function of drainage area and elevation. Based on the terrain model , the 

average elevation for the project area is 2227.8 feet (NAVD88). Figures 4B, 

4C, and 4D show the comparison with the 1 0-Year, 50-Year, and 1 DO-Year 

output, respectively. Based on the comparison, the HEC-1 output results are 

significantly higher than the regional regression results for the 1 0-year event, 

but are reasonable close for the 50-year and 1 DO-year events. Detailed results 

are included in Appendix D.7 . 
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FIGURE 48- COMPARISON OF 10-YR HEC-1 OUTPUT WITH USGS REGIONAL REGRESSION EQUATIONS 
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FIGURE 4C- COMPARISON OF 50-YR HEC-1 OUTPUT WITH USGS REGIONAL REGRESSION EQUATIONS 
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FIGURE 40- COMPARISON OF 100-YR HEC-1 OUTPUT WITH USGS REGIONAL REGRESSION EQUATIONS 
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5 Hydraulics 

5.1 Method Description 

The effective Zone "AE" floodplain along the Phase 1 washes was previously delineated 

in the WADMS using HEC-2 hydraulic models. However, for this study the U.S. Army Corps of 

Engineers computer program, HEC-RAS version 4.0 (Ref. 38) is utilized to analyze the existing 

conditions 1 00-year floodplain along Sunset Wash, Sunset Wash Tributary 1, and Sunnycove 

Wash (Phase 1 Washes). 

The downstream boundary condition for Sunnycove Wash - Reach 2 is based on the 

normal depth (S=0.020 ft/ft) . Since the Sunnycove Wash - Reach 2 ends upstream of the 

Sunnycove FRS, the 1 00-year, 6-hour flood pool level of 2166.61-feet controls the floodplain 

delineation at Cross-Sections 0.937 to 0.642. 

The downstream boundary condition for Sunnycove Wash - Reach 1 and Sunset -

Reach 2 is the junction of the two washes (between Cross-Sections 0.022 and 0.828, 

respectively) . 

The downstream boundary condition for Sunset Wash - Reach 1 is based on the 

normal depth (S=0.0067 ft/ft). The first Cross-Section (RS 0.178) is located at Tegner Street, 

approximately 450-feet east of the BNSF railroad. 

The downstream boundary condition for Sunset Wash - Reach 3 is based on the 

normal depth (S =0.02073 ft/ft). The downstream boundary condition for Sunset Wash -

Tributary 1) is also based on the normal depth (S =0.00933 ft/ft). Since these two washes 

end upstream of the Sunset FRS, the 1 00-year, 6-hour flood pool level of 2130.99-feet 

controls the floodplain delineation at Cross-Sections 1.346, 0.009 and 0.076, respectively . 
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5.2 Work Study Maps 

Work study maps are prepared for the Phase 1 washes at 1 "= 200' full-size scale, and 

are included in map pockets in the back of this report. Reduced-scale copies of the maps 

follow this section. 

5.3 Parameter Estimation 

5.3.1 Roughness Coefficients 

Manning 's roughness coefficients ('n'-values) are chosen based on values 

presented in the FCDMC Drainage Design Manual for Maricopa County, Volume II -

Hydraulics (Ref 18) and the USGS Selection of Manning's Roughness Coefficient for 

Natural and Constructed Vegetated and Non-Vegetated Channels (Ref. 34). The range 

of 'n' values is summarized in Table 4. To give a representation of different segments 

of the study area, photographs and 'n' -value calculations are included in Appendix G . 

Table 4 - HEC-RAS Manning's Roughness Coefficients 

location Roughness Coefficient 
Channel Banks 0.030-0.1 
Channel Bottom 0.025-0.064 

Concrete culverts 0.013 
CMP Culverts 0.024 

5.3.2 Expansion and Contraction Coefficients 

Expansion and contraction coefficients are based on values presented in the 

FCDMC Drainage Design Manual for Maricopa County, Volume II - Hydraulics (Ref. 

18). Contraction and expansion values of 0.3 and 0.1 are used for Cross-Sections 

without dramatic differences. For Cross-Sections before and after culverts (cross 

sections 2, 3 and 4), dramatic contraction and expansion cause a greater energy loss; 
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therefore, 0.5 and 0.3 are used for the expansion and contraction coefficients , 

respectively. 

5.3.3 Entrance Loss Coefficients 

Culvert entrance loss coefficients are based on values presented in the HEC-

RAS Hydraulic Reference Manual, dated March 2008 (Ref. 39). The coefficients 

chosen are summarized in Table 5. 

Table 5 - Entrance Loss Coefficients 

River Entrance 
Culvert ID Wash Name 

Station 
Road Crossing Material Shape Entrance Type Loss 

Coefficient 
SUN 100 Sunnycove 3.100 Steinway Drive RCP Circular Headwall 0.5 

SUN 200 
Wash - Reach 

1.137 Mariposa Drive CMP Circular Headwall 0.5 2 
SUN 500 Sunnycove 0.269 Kellis Road CMP Circular Projected from Fill 0.9 

SUN 510 
Wash- Reach 

0.233 
Cottonwood 

CMP Circular Projected from Fill 0.9 1 Road 

SST 170 Sunset Wash 1.456 Mariposa Drive CMP Circular Headwall 0.5 -Reach 3 
SST 200 0.732 Lincoln Street CMP Arch Mitered to Slope 0.7 
SST 300 

Sunset Wash 
0.663 Jackson Street CMP Arch Mitered to Slope 0.7 

Wingwalls flared 
SST 400 - Reach 1 0.542 Mesquite Street CBC Box (30-75 deg) 0.4 

SST 500 0.264 BNSF Railroad WOOD Bridge N/A N/A 
SST 120 0.213 Private Driveway CMP Pipe Arch Projected from Fill 0.7 
SST 130 

Sunset Wash 
0.155 Private Driveway CMP Arch Mitered to Slope 0.7 

SST 140 0.135 Private Driveway CMP Arch Mitered to Slope 0.7 
SST 150 

- Tributary 1 
0.119 Private Driveway CMP Arch Mitered to Slope 0.7 

SST 160 0.082 Mariposa Drive CMP Arch Headwall 0.7 

5.4 Cross-Section Description 

HEC-RAS geometry data is obtained from the two-foot contour interval topographic 

mapping provided by the District, dated 2004. Supplemental ground survey is provided by 

Hoskin-Ryan Consultants, Inc as documented in the Survey Report (Ref. 27) . Elevations for 

the study are on the NAVD88 vertical datum . 
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Cross-Sections are located along the washes such that the distance between two 

consecutive sections is approximately 500-feet. Cross-Sections are placed perpendicular to 

the flow paths as much as possible. Additional Cross-Sections are provided upstream and 

downstream of culvert crossings, based on placement recommendations in the HEC-RAS 

Hydraulic Reference Manual (Ref. 39). HEC-RAS Cross-Section plots are located in Appendix 

E.5.4. 

5.5 Modeling Considerations 

5.5.1 Hydraulic Jump 

No adjustments are made to the HEC-RAS model regarding hydraulic jump. 

5.5.2 Culverts and Bridges 

There are thirteen culverts and one bridge within Phase 1. The dimensions for 

these culverts are obtained from the field survey prepared by HRC. The box culverts 

are added to the HEC-RAS model. The majority of these culverts were not previously 

modeled in the WADMS. Refer to Table 6 for the box culvert summary. Also, refer 

Appendix G for the field survey information . 
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Table 6 - Culvert Summary 

Culvert 10 Wash Name River Road Crossing Material Shape Size 
Length 

Station (ft) 
SUN 100* Sunnycove Wash - 3.100 Steinway Drive RCP Circular 5- 54" 50' 
SUN 200 Reach 2 1.137 Mariposa Drive CMP Circular 3- 48" 100' 

SUN 500* Sunnycove Wash -
0.269 Kellis Road CMP Circular 1 - 24" 79' 

Cottonwood 
SUN 510* Reach 1 0.233 Road 

CMP Circular 2 - 24" 60' 

SST 170* 
Sunset Wash -

1.456 Mariposa Drive CMP Circular 3- 36" 82 Reach 3 
SST 200* 0.732 Lincoln Street CMP Arch 3- 20"x16" 47' 
SST 300 Sunset Wash - 0.663 Jackson Street CMP Arch 3- 20"x16" 46' 
SST 400 Reach 1 0.542 Mesquite Street CBC Box 1 - 1 O'x3' 47' 
SST 500 0.264 BNSF Railroad WOOD Bridge N/A N/A 
SST 120* 0.213 Private Driveway CMP Pipe Arch 3- 32"X24" 40' 
SST 130* Sunset Wash - 0.155 Private Driveway CMP Arch 3- 32"X24" 21' 

SST 140* Tributary 1 0.135 Private Driveway CMP Arch 3- 32"X24" 21' 
SST 150* 0.119 Private Driveway CMP Arch 3- 32"X24" 21' 
SST 160* 0.082 Mariposa Drive CMP Arch 3- 36"X24" 56' 

Note: *Culverts not modeled in WADMS study. 

5.5.3 Levees and Dikes 

There are no levees or dikes modeled as part of this study . 

5.5.4 Islands and Flow Splits 

The landform within the study area is generally mountainous and some of the 

washes do not have the capacity to convey the 1 00-year, 6-hour flow within the top of 

banks. Also, street culvert crossings are not sized adequately to convey the 1 00-year, 

6-hour storm event. As a result, there is the possibility for islands to be present and 

flow splits to occur. 

There is a hill approximately eight feet high within properties adjacent to Sunset 

Wash between Cross-Sections 0.828 and 0.737. This hill is shown on Cross-Section 

0. 753 and on the Work Maps and Annotated Maps as an island. 

There is a flow split in Sunset Wash at the Mesquite Road crossing (between 

Cross-Sections 0.570 and 0.537). At this location, the 1 - 10 feet x 3 feet concrete 
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box culvert (CBC) has a capacity of 185 cfs . The 1 00-year, 6-hour flow within Sunset 

Wash at this location is approximately 770 cfs. The flow in excess of the culvert 

capacity, overtops the road and splits to the south along Mesquite Street and to the 

east along the wash. A Manning's flow split calculation estimates that 186 cfs diverts 

to the south along Mesquite Street in the 1 00-year, 6-hour storm event. The diverted 

flow ultimately combines with the rest of the flow (in Sunset Wash) approximately 

1 ,200-feet southeast of the culvert crossing. Refer to Appendix E.4 for the Structure 

Analysis and the Flow Split Calculations. 

5.5.5 Ineffective Flow Areas 

Ineffective flow is not modeled upstream and downstream of the culvert 

crossings since the 1 00-year flow overtops all the culvert crossings. Ineffective flow 

modeled upstream and downstream of the BNSF railroad crossing and at some other 

Cross-Sections is based upon recommended guidelines in the HEC-RAS Hydraulic 

Reference Manual (Ref. 39). 

5.5.6 Supercritical Flow 

There are no reaches of supercritical flow modeled as part of this study. 

5.6 Floodway Modeling 

The floodway modeling was performed on the previously studied washes in the 

WADMS; including Sunnycove Wash - Reach 2, Sunnycove Wash - Reach 1 and Sunset Wash 

- Reaches 1 and 2. No floodway modeling is performed on Sunset Wash - Reach 3 and on 

Sunset Wash Tributary 1. 

For the first iteration of the floodway modeling, Encroachment Method #4 is used, 

then Encroachment Method #1 , with floodway encroachment stations limited to the bank 
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stations. Encroachment limits were then modified as necessary to optimize the floodway 

WSE. Additional iterations are performed WSE as follows: 

• Floodway WSE to be no greater than 1-foot above the floodplain WSE. 

• Floodway WSE to have no negative surcharge. 

• The floodway extends to be generally smooth and consistent within segments 

of the wash. 

5. 7 Problems Encountered During the Study 

5.7.1 Special Problems and Solutions 

There are two problem areas within the study area, described with solutions in 

detail below. 

The first problem area is within Sunnycove Wash at the Kellis Road crossing 

(between Cross-Sections 0.279 and 0.216) . The single 24-inch CMP culvert does not 

have capacity to convey the local runoff of 137 cfs. As a result, the runoff overtops 

the road with some of the flow splitting to the north along Kellis Road. The flow stays 

mainly within the road limits without affecting any properties. The flow merges back 

into the wash approximately 200-feet downstream of the culvert crossing. 

To better represent the flow split, ineffective flow areas are included in the left 

over banks at RS 0.239 and RS 0.226. As a result, no flow split calculation is 

performed and the floodplain delineation represents the flow merging back into the 

main wash within a distance of 200-feet. 

For the floodway delineation at RS 0.279, the left encroachment station is 

outside the floodplain limits because if the left encroachment station is adjusted to be 
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within the floodplain limits, the change in WSE becomes more than 1.00-foot. After 

many iterations, the encroachment station of 9968 (outside the floodplain limit station 

9976.23) works best. This problem could be related to the flow split at the 

downstream culvert. Refer to the Modeling Warning and Error Messages (CHECK-RAS 

Structure, Item #6).in Appendix E.5.6 for an additional explanation of this problem. 

The second problem area is within Sunset Wash between cross-sections 

1.019 and 0.431 . Within the given range , nine cross-sections were extended to 

contain the 500-year flow. Due to the cross-section orientation and the widening of 

the 500-year floodplain, it was impossible to extend four additional cross-sections 

(0.753, 0.737, 0.726 and 0.708). As a result, there cross-sections have extended 

water surface elevations. Refer to Appendix E.5 for the 500-year hydraulic 

calculations . 

5.7.2 Modeling Warning and Error Messages 

There are many modeling warning and error messages associated with HEC-

RAS, including : Check-RAS NT, Check-RAS XS, Check-RAS Structures and Check-

RAS Floodway. These warning and error messages do not affect the accuracy of the 

results. Refer to Appendix E.5.6 for the summary of the warning and error messages. 

5.8 Calibration 

No hydraulic modeling calibration was performed as part of this study . 
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5.9 Final Results 

5.9.1 Hydraulic Analysis Results 

The 1 00-year, 6-hour flows are modeled in the HEC-RAS computer program 

and used to delineate the floodplains. The resulting floodplain delineations are shown 

on the 1 00-Year Floodplain Work Maps (included in map pockets in the back of this 

report) and included at a reduced scale following this section. 

The HEC-1 output is located in Appendix 0.6. The 1 00-year, 6-hour HEC-1 

flows used in the HEC-RAS model are summarized in Table 7. The flows used for 

Sunset Wash - Reach 3, Sunset Wash - Tributary 1 and portions of Sunnycove Wash -

Reach 1 are pro-rated. Otherwise, flows are taken directly from selected concentration 

points in the HEC-1 model. Refer to Exhibit 6 for the pro-rated Sub-Basins and the 

flow summary table. The HEC-RAS results for the 1 00-year peak flows are 

summarized in Table 8. HEC-RAS output reports, tables, and Cross-Sections are 

included in Appendix E.5. 

The 10-, 50-, 100- and the 500-year, 6-hour flow summary table used in the 

HEC-RAS model is included in Appendix E.5.3 . 
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Table 7 -100-Year Flows Used for HEC-RAS Modeling 

Wash Name 

Sunnycove Wash - Reach 2 

Sunnycove Wash - Reach 1 

Sunset Wash - Reaches 1 & 2 

Sunset Wash - Reach 3 
Sunset Wash -Tributary 1 

Note: *Pro-rated flow (Refer to Exhibit 6) 
**Flow split (Refer to Appendix E.4) 

Hoskin-Ryan Consultants, Inc. 
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HEC-11.0. Peak Discharge (cfs) 

SC1 1,006 
C1 1,048 
C2 1,322 
C3 1,542 

SC6A 137* 
SC6 326 

SN2A 56* 
SN2 493 
C6 770 
C? 1,146-186=960** 
C? 1,146 

SN18 515* 
SN1A 412* 
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Table 8- HEC-RAS Results for 100-Year Event 

Note: Elevations shown are on the NAVD88 Datum. 

River Station (RS) Peak Discharge (cfs) Water Surface Elevation (ft) 

Sunnycove Wash - Reach 2 
3.132 1006 2330.23 
3.105 1006 2329.76 
3.1 Culvert 

3.091 1006 2325.8 
3.06 1006 2324.25 
2.995 1006 2321 
2.901 1048 2314.42 
2.832 1048 2308.76 
2.739 1048 2302.35 
2.657 1048 2295.93 
2.592 1322 2291.41 
2.563 1322 2289.08 
2.496 1322 2284.4 
2.432 1322 2279.4 
2.379 1322 2276.38 
2.32 1322 2271.73 

2.261 1322 2266.54 
2.203 1322 2260.19 
2.118 1322 2253.45 
2.028 1322 2245.22 
1.93 1322 2239.02 
1.867 1322 2234.4 
1.83 1542 2231 .58 
1.778 1542 2228.12 
1.733 1542 2225.61 
1.681 1542 2221.62 
1.618 1542 2216.77 
1.55 1542 2211 .69 
1.478 1542 2207.45 
1.415 1542 2203.33 
1.327 1542 2198.32 
1.27 1542 2193 
1.193 1542 2189.32 
1.164 1542 2189.5 
1.15 1542 2189.51 
1.137 Culvert 
1.127 1542 2182.6 
1.091 1542 2180.62 
1.054 1542 2177.59 
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Table 8 (Continued) - HEC-RAS Results for 100-Year Event 

River Station (RS) 

0.997 
0.937 
0.897 
0.85 
0.807 
0.758 
0.693 
0.642 

0.4 
0.365 
0.34 
0.294 
0.279 
0.269 
0.263 
0.245 
0.239 
0.233 
0.226 
0.216 
0.194 
0.159 
0.089 
0.036 
0.022 

1.902 
1.829 
1.777 
1.727 
1.694 
1.649 
1.616 
1.557 
1.502 
1.466 
1.456 
1.447 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Note: Elevations shown are on the NAVD88 Datum. 

Peak Discharge (cfs) Water Surface Elevation (ft) 

Sunnycove Wash - Reach 2 (Continued) 
1542 2170.04 
1542 2165.57 
1542 2162.06 
1542 2158.4 
1542 2155.74 
1542 2151 .93 
1542 2147.05 
1542 2141.4 

Sunnycove Wash - Reach 1 
137 2110.79 
137 2107.72 
137 2107.5 
137 2105.57 
137 2105.54 

Culvert 
326 2103.15 
326 2102.92 
326 2102.85 

Culvert 
326 2100.74 
326 2098.92 
326 2097.39 
326 2094.3 
326 2086.67 
326 2081.54 
326 2081.12 

Sunset Wash - Reach 3 
515 2185.25 
515 2179.12 
515 2173.75 
515 2168.87 
515 2166.62 
515 2162.06 
515 2158.86 
515 2154.08 
515 2149.4 
515 2149.48 

Culvert 
515 2142.96 

Wickenburg Area Drainage Master Study/Plan 
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Table 8 (Continued) - HEC-RAS Results for 100-Year Event 

Note: Elevations shown are on the NAVD88 Datum. 

River Station (RS) Peak Discharge (cfs) Water Surface Elevation (ft) 

Sunset Wash - Reach 3 (Continued) 
1.398 515 2137.34 
1.346 515 2126.72 

Sunset Wash - Reaches 1 & 2 
1.197 56 2110.86 
1.17 56 2110.58 

1.117 56 2103.65 
1.019 56 2095.86 
0.925 493 2087.17 
0.88 493 2082.69 

0.858 493 2081.93 
0.828 493 2080.87 
0.753 770 2077.10 
0.737 770 2074.4 
0.732 Culvert 
0.726 770 2074.28 
0.708 770 2073.38 
0.679 770 2072.03 
0.668 770 2071.09 
0.663 Culvert 
0.658 770 2069.42 
0.647 770 2068.07 
0.633 770 2067.51 
0.607 770 2065.6 
0.57 770 2063.99 

0.547 770 2062.83 
0.542 Culvert 
0.537 960 2061.53 
0.524 960 2060.41 
0.504 960 2058.92 
0.461 960 2054.82 
0.431 960 2052.35 
0.36 1146 2047.80 

0.289 1146 2044.17 
0.269 1146 2043.73 
0.264 Bridge 
0.26 1146 2041 .36 
0.232 1146 2038.78 
0.197 1146 2037.13 
0.178 1146 2035.89 

Hvdrau/ics 
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Table 8 (Continued) - HEC-RAS Results for 100-Year Event 

Note: El eva~ons shown are on the NAVD88 Datum. 

River Station (RS) Peak Discharge (cfs) Water Surface Elevation (ft) 

Sunset Wash - Tributary 1 
0.256 412 2155.21 
0.218 412 2150.82 
0.213 Culvert 
0.209 412 2150.45 
0.177 412 2146.8 
0.159 412 2144.44 
0.155 Culvert 
0.152 412 2143.58 
0.145 412 2142.95 
0.138 412 2142.83 
0.135 Culvert 
0.132 412 2141.94 
0.126 412 2141.24 
0.122 412 2141.26 
0.119 Culvert 
0.116 412 2140.59 
0.102 412 2139.11 
0.090 412 2137.5 
0.082 Culvert 
0.076 412 2130.38 
0.009 412 2123.83 

5.9.2 Verification of Results 

Hvdraulics 

The majority of the proposed floodplain delineations are similar to the effective 

FEMA delineation. However, variations are due to the increase in the 1 00-year flow 

rates, updated topography, revised 'n' values, land use changes and updated modeling 

techniques . 
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6 Erosion and Sediment Transport 

Erosion and Sediment Transport are not covered under the Scope of this study . 
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7 Draft FIS Report Data 

7.1 Summary of Discharges 

The draft summary of discharges is provided in Table 9. 

Table 9 - Summary of Discharges 

Flooding Source and Location Drainage Area Peak Discharges (cfs) 
(Square Miles) 10-Year 50-Year 100-Year 500-Year 

Sunnycove Wash 
At Sunset Wash 0.114 186 282 326 428 
Upstream of Flood Control Dam 1.393 831 1316 1542 2102 
At Steinway Drive Crossing 0.562 549 863 1006 1344 

Sunset Wash 
At Hassayampa River 0.591 599 975 1146 1550 
At confluence with Sunnycove 
Wash 0.369 419 660 770 1028 
Downstream of Flood Control 
Dam 0.029 30 48 56 75 
Upstream of Flood Control Dam 0.340 279 443 515 696 

Sunset Wash Tributary 1 

Upstream of Flood Control Dam 0.270 220 350 412 551 

7.2 Floodway Data 

The flood way data results are summarized in Tables 10 and 11. There is no floodway 

delineation within the Sunnycove FRS 1 00-year, 6-hour flood pool level of 2166.61-feet. 

However, cross-sections 0.937 to 0.642, presented in the HEC-RAS model, are within the pool 

level extents. As a result, the cross-sections within the pool level extents are not included in 

the summary table . 

Hoskin-Ryan Consultants, Inc. 
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Table 10 - Floodway Data Summary for Sunnycove Wash 

Floodway Base Flood Water Surface Elevation 

Cross- Section 
Mean Without With 

Distance1 Regulatory Increase 
Section Width Area Velocity (feet Flood way Floodway 

(feet) (square 
per second) 

feet) (Feet NAVD88) 

Sunnycove Wash I Reach 2 
3.132 3.132 155 170.98 
3.105 3.105 89.51 489.46 
3.1 3.1 Culvert 

3.091 3.091 63.35 205.96 
3.06 3.06 127 221.41 
2.995 2.995 20.92 87.33 
2.901 2.901 45.47 122.96 
2.832 2.832 36.08 115.66 
2.739 2.739 35.71 115.43 
2.657 2.657 46.15 117.11 
2.592 2.592 58.16 167 
2.563 2.563 36.35 127.83 
2.496 2.496 31 .28 121 .37 
2.432 2.432 45 149.45 
2.379 2.379 33.45 128.42 
2.32 2.32 35.39 126.86 
2.261 2.261 48 143.53 
2.203 2.203 42.93 131 .96 
2.118 2.118 46 137.52 
2.028 2.028 28.53 122.37 
1.93 1.93 23.93 120.29 

1.867 1.867 22.56 109.84 
1.83 1.83 40.33 143.71 
1.778 1.778 47.52 177.54 
1.733 1.733 58.98 186.9 
1.681 1.681 37.2 150.48 
1.618 1.618 31 136.52 
1.55 1.55 60 208.09 
1.478 1.478 63.9 194.36 
1.415 1.415 120 283.51 
1.327 1.327 34 142.21 
1.27 1.27 55.1 203.35 
1.193 1.193 45 169.54 
1.164 1.164 39.66 266.35 
1.15 1.15 85.28 681 .03 

1 Miles above confluence w1th Sunset Wash 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

5.88 2330.23 2330.23 2330.23 0 
2.06 2329.76 2329.76 2330.06 0.31 

4.88 2325.8 2325.8 2326.04 0.24 
4.54 2324.25 2324.25 2325.22 0.97 
11.52 2321 2321 2321 .63 0.62 
8.52 2314.42 2314.42 2314.45 0.03 
9.06 2308.76 2308.76 2309.55 0.79 
9.08 2302.35 2302.35 2303.35 1 
8.95 2295.93 2295.93 2295.98 0.05 
7.92 2291.41 2291.41 2291 .79 0.37 

10.34 2289.08 2289.08 2289.34 0.26 
10.89 2284.4 2284.4 2284.54 0.15 
8.85 2279.4 2279.4 2280.36 0.96 
10.29 2276.38 2276.38 2276.42 0.04 
10.42 2271 .73 2271 .73 2272.08 0.35 
9.21 2266.54 2266.54 2266.57 0.03 

10.02 2260.19 2260.19 2260.2 0.01 
9.61 2253.45 2253.45 2253.49 0.04 
10.8 2245.22 2245.22 2246.21 0.99 
10.99 2239.02 2239.02 2239.83 0.81 
12.04 2234.4 2234.4 2235.39 0.99 
10.73 2231.58 2231 .58 2231 .77 0.19 
8.69 2228.12 2228.12 2229.08 0.97 
8.25 2225.61 2225.61 2226.61 1 
10.25 2221 .62 2221 .62 2222.19 0.56 
11 .3 2216.77 2216.77 2217.76 0.99 
7.41 2211 .69 2211 .69 2212.68 0.99 
7.93 2207.45 2207.45 2208.34 0.89 
5.44 2203.33 2203.33 2204.32 0.98 

10.84 2198.32 2198.32 2198.32 0 
7.58 2193 2193 2193.98 0.98 
9.1 2189.32 2189.32 2189.91 0.58 
5.79 2189.5 2189.5 2190.32 0.83 
2.26 2189.51 2189.51 2190.48 0.98 

Wickenburg Area Drainage Master Study/Plan 
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Table 10 - Floodway Data Summary for Sunnycove Wash (Continued) 

Floodway Base Flood Water Surface Elevation 

Cross- Section 
Mean Without With 

Section Distance1 
Width Area Regulatory 

Floodway Flood way 
Increase 

(feet) (square 
Velocity (feet 

feet) 
per second) 

(Feet NAVD88) 

Sunnycove Wash I Reach 2 (Continued) 
1.137 1.137 Culvert 
1.127 1.127 64.86 218.31 7.06 2182.6 2182.6 2182.9 0.3 
1.091 1.091 64.9 193.62 7.96 2180.62 2180.62 2180.63 0 
1.054 1.054 37 141 .6 10.89 2177.59 2177.59 2177.6 0.01 
0.997 0.997 50.3 154.39 9.99 2170.04 2170.04 2170.18 0.13 

Sunnycove Wash - Reach 1 
0.4 0.4 77.84 36.17 3.79 2110.79 2110.79 2110.79 0 

0.365 0.365 132.72 166.83 0.82 2107.72 2107.72 21 07.81 0.09 
0.34 0.34 28.6 40.88 3.35 2107.5 2107.5 2107.52 0.01 
0.294 0.294 15.6 37.11 3.69 2105.57 2105.57 2106.46 0.89 
0.279 0.279 56.3 119.92 1.14 2105.54 2105.54 2106.49 0.96 
0.269 0.269 Culvert 
0.263 0.263 22.85 69.17 4.71 2103.15 2103.15 2103.97 0.82 
0.245 0.245 34.33 102.91 3.17 2102.92 2102.92 2103.85 0.93 
0.239 0.239 41 .3 114.16 2.86 2102.85 2102.85 2103.81 0.96 
0.233 0.233 Culvert 
0.226 0.226 54.42 56.84 5.74 2100.74 2100.74 2100.75 0.01 
0.216 0.216 22.35 59.93 5.44 2098.92 2098.92 2099.02 0.1 
0.194 0.194 19.52 40.25 8.1 2097.39 2097.39 2097.4 0 
0.159 0.159 74.5 69.51 4.69 2094.3 2094.3 2094.32 0.02 
0.089 0.089 41 .71 52.5 6.21 2086.67 2086.67 2086.68 0 
0.036 0.036 28.74 46.48 7.01 2081.54 2081.54 2081.86 0.31 
0.022 0.022 30.22 69.58 4.69 2081 .12 2081 .12 2081.17 0.05 

1 Miles above confluence w1th the Sunset Wash 

Hoskin-Ryan Consultants, Inc. 
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Table 11 - Floodway Data Summary for Sunset Wash 

Floodway Base Flood Water Surface Elevation 

Cross- Section Mean Without With 
Distance1 Area Velocity Regulatory Floodway Floodway Increase 

Section Width (feet) (square (feet per 
feet) second) (Feet NAVD88) 

Sunset Wash I Reaches 1 & 2 
1.197 1.197 38.52 129.81 
1.17 1.17 29.79 15.4 
1.117 1.117 48.34 75.14 
1.016 1.016 30.8 62.27 
0.925 0.925 24.96 57.06 
0.88 0.88 66.13 138.72 
0.858 0.858 35 103.93 
0.828 0.828 27.2 59.26 
0.753 0.753 23.23 75.52 
0.737 0.737 71 .81 214.58 
0.732 0.732 Culvert 
0.726 0.726 76 140.68 
0.708 0.708 75 121 .02 
0.679 0.679 55 123.95 
0.668 0.668 38.4 129.1 
0.663 0.663 Culvert 
0.658 0.658 54.52 105.91 
0.647 0.647 24 76.6 
0.633 0.633 39.39 122.12 
0.607 0.607 27.93 87.29 
0.57 0.57 40.36 128.89 

0.547 0.547 44.56 124.55 
0.542 0.542 Culvert 
0.537 0.537 40 107.86 
0.524 0.524 31 .96 127.75 
0.504 0.504 26.43 91.6 
0.461 0.461 57.76 118.88 
0.431 0.431 33.5 101 .55 
0.36 0.36 38.06 116.28 
0.289 0.289 60 146.26 
0.269 0.269 72.7 208.96 
0.264 0.264 BR U 
0.264 0.264 BR 0 
0.26 0.26 60.95 137.86 
0.232 0.232 109.41 167.27 
0.197 0.197 171 .06 242.47 
0.178 0.178 179.93 245.92 

1 Miles above confluence With the Hassayampa R1ver 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

0.43 2110.86 2110.86 2110.86 0 
3.64 2110.56 2110.56 2110.56 0 
6.56 2105.39 2105.39 2105.39 0 
7.92 2097.04 2097.04 2097.05 0.01 
8.64 2087.18 2087.18 2087.19 0.01 
3.55 2082.69 2082.69 2083.29 0.6 
4.74 2081 .93 2081 .93 2082.91 0.98 
8.32 2080.87 2080.87 2081 .61 0.73 
10.2 2077.1 2077.1 2077.1 0 
3.59 2075.94 2075.94 2076.54 0.59 

5.47 2074.28 2074.28 2074.28 0 
6.36 2073.38 2073.38 2073.42 0.04 
6.21 2072.03 2072.03 2072.27 0.24 
5.96 2071 .09 2071 .09 2072.07 0.98 

7.27 2069.42 2069.42 2069.42 0 
10.05 2068.07 2068.07 2068.08 0.01 
6.31 2067.51 2067.51 2067.5 0 
8.82 2065.6 2065.6 2065.63 0.04 
5.97 2063.99 2063.99 2064.46 0.48 
6.18 2062.83 2062.83 2063.65 0.82 

8.9 2061 .53 2061 .53 2061 .61 0.09 
7.51 2060.41 2060.41 2061 .08 0.67 
10.48 2058.92 2058.92 2059.24 0.32 
8.08 2054.82 2054.82 2055.17 0.35 
9.45 2052.35 2052.35 2052.73 0.39 
9.86 2047.8 2047.8 2048.52 0.72 
7.84 2044.17 2044.17 2044.17 0 
5.48 2043.73 2043.73 2043.73 0 

8.31 2041.36 2041.36 2041.4 0.04 
6.85 2038.78 2038.78 2039.73 0.95 
4.73 2037.13 2037.13 2037.97 0.84 
4.66 2035.89 2035.89 2036.89 1 
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7.3 Annotated Flood Insurance Rate Map 

Annotated Flood Insurance Rate Maps, covering Map Panels numbered 04013C0253H 

and 04013C0235G are shown in Figures 5A through 5E, following this section. 

7.4 Flood Profiles 

Flood profiles for the 10-, 50-, 100-, and 500-year floods are provided in Appendix 

E.5.5 . 

Hoskin-Ryan Consultants, Inc. 
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Appendix B: General Documentation and Correspondence 

8.1 Special Problem Reports 

Note: There are no Special Problem Reports. 

8.2 Contact Reports 

Note: There are no Contact Reports. 

8.3 Meeting Minutes 

Note: There are no Meeting Minutes. 

8.4 General Correspondence 

8.5 Contract Documents 

8.6 Public Notification 

B. 7 FEMA Correspondense 
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• 
{Date} 

{Property Owner N arne} 
{Property Owner Mailing Address} 

RE: Wickenburg Area Drainage Master Study (ADMS)- Phase 1 Sunset/Sunnycove Wash FDS 

Parcel Number: XXX 

Dear {Property Owner Name} 

The District has identified the draft boundaries of the revised floodplain delineation for the Sunset and Sunnycove 
Washes, as part of the Wickenburg ADMS. The District is interested in obtaining detailed survey information for 

• certain properties along the floodplain boundary in order to refine certain portions of the delineation. 

• 

You are receiving this letter because your property is one of the properties we would like to survey. 

For this survey, the District's contractor will have a licensed professional land surveyor perform the necessary survey 
work. Should you agree to have your property surveyed, the surveyor will require access to your property for 
approximately one hour. They will not need to enter your home unless you have a basement or interior low floor 
such as a sunken living room. You do not need to be home unless you have access issues such as, locked gates, dogs 
on the property, etc. 

If you agree to have your property surveyed please complete the enclosed form and send it to the District. 
You may also call in your request or email or fax the form to us as soon as possible. If you do not wish to 
have your property surveyed, no action is required. The District will not perform any survey work unless requested. 

Survey work will occur between January 25,2011 and February 11,2011. 

If you have any questions regarding the study and its impacts to your property please contact me at (602) 506-5537 
or glj@mail.maricopa.gov. 

Sincerely, 

Greg] ones, P.E. A.I.C.P. 
Regional Area Planning Manager 
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1 GENERAL 

1.1 PROJECT DESCRIPTION 

This Scope of Work (SOW) is to contract for professional services necessary to produce the Wickenburg 
Area Drainage Master Study (ADMS) update. The CONSULTANT agrees to provide services to 
accomplish the work under the direction of a Registered Engineer with the State of Arizona in the 
appropriate discipline. 

The ADMS, which will identify and quantify known and potential flooding hazards. The ADMS will 
characterize drainage, flooding sources and flooding hazards in the area including the identification of 
potential future flood hazards. The scope of work includes, but is not limited to, hydrology, hydraulics to 
determine effectiveness of existing drainage infrastructure, identification of drainage problems, structures 
surveys, and quantification of flood hazards via floodplain. 

The ADMS consists largely of data collection, existing conditions analyses, floodplain delineation work, 
and identification/quantification of existing flooding problems. During the Study, the CONSULT ANT 
shall review the existing hydrologic models, develop a comprehensive hydrologic model for the entire 
study area, identify drainage problems by reviewing past drainage complaints and analyzing the results of 
the hydrologic model, perform hydraulic analyses, develop floodplain delineations and submit to FEMA, 
and develop a list of flooding problems to be carried forward to a potential future Area Drainage Master 
Plan (ADMP) . A Technical Data Notebook(s) and Executive Summary will be prepared at the 
completion. Additionally, the SOW includes a Pilot Study for a 20 square mile watershed, which 
includes a submittal to FEMA under a separate Technical Data Notebook. The Pilot Study will be 
completed at an accelerated schedule. 

The following sections will be performed for the ADMS 

• Section 1 GENERAL 

• Section 2 PROJECT ADMINISTRATION AND COORDINATION 

• Section 3 SURVEY 

• Section 4 PUBLIC INVOLVEMENT 

• Section 5 HYDROLOGY 

• Section 6 HYDRAULICS 

• Section 7 FLOODPLAIN DELINEATION 

• Section 8 PLANNING STUDIES 

• Section 9 DELIVERABLES 

1.2 PURPOSE AND NEED 

The purpose of the Wickenburg ADMS is to quantify the extent of drainage and flooding problems, 
sources, and hazards in the study area. The FEMA designated floodplains for various watercourses will 
incorporate existing drainage facilities and policies into the modeling process. However, the analysis will 
be based on the newer, more accurate 2-foot and 4-foot contour interval mapping. The ADMS will 
develop preliminary alternative solutions for the identified flooding problems. 

Depending on the results of the delineations, flood hazard assessment, and available future funding, the 
District may undertake through a Change Order to complete an ADMP for prioritized portions of the 
study area within Maricopa County. Revised Statutes Title 48, Chapter 21 , requires the Board of 
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Directors of the Flood Control District of Maricopa County (DISTRICT) to identify flood control 
problems and prepare plans which, when implemented, will eliminate or minimize flooding problems. 

The major objectives of the project include: 

• Development of a comprehensive hydrologic model in order to quantify the drainage and 
flooding hazards within the study area; 

• Floodplain Delineations; and 
• Identification of flood hazard areas and preliminary cost-effective alternative flood control 

solutions for those flooding problems. 

Work for the ADMS will be performed in accordance with the following standards: 

REFERENCES 

• Section A 

• Section B 
• Section C 

• Section D 

• SectionE 

• Section F 

DEFINITIONS 
DATA DELIVERY STANDARDS 
QUALITY ASSURANCE 
CAD DID RAFTING STANDARDS 
DESIGN REFERENCES, SPECIFICATIONS AND STANDARDS 
DESIGN REFERENCES 

1.3 PROJECT PHASING (This Section Not Used) 

1.4 LOCATION 

The study area and watersheds for the ADMS (shown on Figure 1) includes 145 mF in Maricopa County 
and surrounding the Town of Wickenburg. Watershed areas included consist of the Sols Wash 
Tributaries, (155 rni2) West Tributaries (41me) and East Tributaries (98mP). The watershed area for the 
Hassayampa River and Martinez Wash, which both extend into Yavapai County, are not included . 

Contract FCD 2009C030 
CN 343.04.20 

Page 5 of 51 Scope of Work- Exhibit A 



• 

• 

• 

MARTINEZ 
WASH 

TRIBUTARIES 
(NOT INCLUDED IN 

CURRENT CONTRACT) 

FIGURE 1: STUDY WATERSHEDS 
.... ..• '•. . . ' ... .... . -·· .. ~- - ' . --·. . . ~ 

WICKENBURG AREA DRAINAGE MASTER STUDY 

rtf. Hoskin· Ryan Consultants. 1nc. 
· ' ~ ~ 1-•c .: : -: : • •,~ .. !.'·"~!"' :"; 
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2 PROJECT ADMINISTRATION AND COORDINATION 

2.1 PROJECT MANAGER 

The CONSULTANT shall appoint a Project Manager who shall be knowledgeable and have responsible 
charge of the project. The Project Manager shall be the point of contact for the DISTRICT. The Project 
Manager shall be the same person listed in the CONSULTANT's Technical Proposal, unless otherwise 
approved by the DISTRICT. 

The Project Manager is responsible for and shall perform the following tasks: 

• Direct the work ofthe CONSULTANT's Project Team; 
• Responsible for preparation, submittal, and revisions of contract documents, including invoices, 

monthly progress reports and schedule updates; and 
• Keep the DISTRICT informed of all coordination with outside agencies and other affected 

parties. 

The DISTRICT may request replacement of the Project Manager if it becomes apparent that this would be 
in the best interest of the project. The DISTRICT may terminate this agreement if the Project Manager is 
not available or if the CONSULTANT is unable to provide a replacement Project Manager acceptable to 
the DISTRICT. 

2.2 PARTICIPANTS 

The following project participants will be receiving copies of project submittals and will act as the agency 
point-of-contact: 

Gregory L. Jones 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 
Phone (602) 506-5537 
Email: mailto:glj@mail.maricopa.gov 

Rick Austin 
Public Works 
Town of Wickenburg 
155 North Tegner, Ste A 
Wickenburg AZ 85390 
Phone (928) 2684-2761 
Email: publicworks@ci. wickenburg.az.us 

Charlie Cave 
Yavapai County Flood Control District 
500 S. Marina Street 
Prescott, AZ 86303 
Phone (928) 771-3197 
Email: Charlie.Cave@co.yavapai.az.us 
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The CONSULTANT shall coordinate with the following organizations for information and input into the 
project: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

2.3 

Flood Control District of Maricopa County (DISTRICT); 
Town of Wickenburg (Town); 
Wickenburg Chamber of Commerce; 
Arizona State Lands Department; 
Maricopa County Department of Transportation; 
Maricopa County Parks & Recreation; 
Maricopa County Pla1ming and Development; 
Arizona Department of Transportation (ADOT); 
Arizona Game and Fish Department; 
Flood Control District of Yavapai County; 
Yavapai County, AZ; 
Nature Conservancy; 
BNSF Railroad; 
NRCS; 
USGS; 
Wickenburg Chamber of Commerce; and 
Bureau of Land Management (BLM) . 

PROGRESS REPORTS 

The CONSULTANT will submit a monthly Progress Reports with each invoice. These reports shall 
discuss project activities for the same time period as included in the monthly invoices. The report shall be 
brief (no more than two [2] typed pages). At a minimum, the monthly report shall contain the following: 

• A description of the significant work accomplished during the reporting month by task as 
identified in the contract fee proposal; 

• A brief description of the work to be accomplished in the following month by task; 
• A description of any problems encountered and actions to resolve the problems; 
• The CONSULT ANT shall provide a summary of the monthly and cumulative invoice amounts 

compared to the projected amounts as established at the project Kick-Off Meeting or as 
subsequently revised to reflect project change orders; 

• For contracts or single work assignments greater than two hundred thousand dollars ($200,000), 
the CONSULTANT shall prepare and submit an Earned Value Analysis for all active tasks, a 
table showing the actual monthly invoice amounts to date and original project estimate 
cumulative monthly totals for the duration of the contract. A graph showing the Baseline 
Projected and Actual Expenditures and Earned Value will be included. The DISTRJCT will 
furnish a spreadsheet template to the CONSULTANT for this purpose; and 

• Updated Project Schedule. 

The CONSULTANT shall call the DISTRICT's Project Manager once a week to provide a verbal 
progress report, unless directed otherwise by the DISTRJCT's Project Manager. The CONSULTANT 
shall provide copies of minutes of meetings, and significant telephone conversations, and correspondence 
to the DISTRICT on a monthly basis. At the end of the project, copies of all minutes, conversations, 
correspondence, etc. shall be submitted in the Administration Report . 
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The CONSULTANT will submit a Project Schedule for the project at the Kick-Off Meeting. The level of 
detail provided by the schedule will, at a minimum, show major tasks, coordination meetings, all 
significant project and submittal milestones, and DISTRICT review periods. Additional detail for 
significant and critical sub-tasks may be required at the discretion of the DISTRICT's Project Manager. 

The schedule shall be developed in a computerized format that contains the anticipated beginning and end 
dates for the tasks identified in the scope, the time duration of each task, a bar chart (Gantt Chart) 
showing the tasks and the overall duration of the project. The computer program MS Project or 
compatible is preferred. The CONSULTANT shall update this project schedule monthly. 

The CONSULTANT shall allow a minimum of three (3) weeks for a review and comment period by the 
DISTRICT and other involved parties for all report submittals identified by milestone in the schedule. 

The total contract time frame will not exceed nine hundred ten (910) calendar days not including 
optional tasks from the Notice to Proceed (NTP) date. Optional tasks are not included in the schedule. A 
schedule of major tasks with an estimated time of completion from the NTP is shown below. 

NOTICE TO PROCEED 
Kick Off Meeting ... .............. ........... .. ..... .. ............. .. ........... .. ...... .. ........ ........... ............... .......... ........ . 2 Weeks 
Final Submittal of Pilot Study to the District.. .................... ............ ................................................ 16 Weeks 
Final Submittal of Hydrology and Geology Reports .... ... ........... .... .......... ................... .. ......... ......... 44 Weeks 
Final Submittal of Hydraulics Reports .. .... .. .. .. .. ...... .... ..... ........ .. .. .. ..................................... ... .. ....... 96 Weeks 
Final Submittal ofTDN(s) ........ .... .. ......... .. .. .. .................. .......... ...................... ...... ... .. ........ .......... 104 Weeks 
Final Submittal ofPlanning Studies ..... .. .................................................. ... ...... ...................... ...... l20 Weeks 
Final Submittal of Executive Summary Report ............. ................ ................ .. .. ........................... 127 Weeks 
Lessons Learned Meeting ........ .......... .. ........... .................. .. ..... ....... ..................... ... ........ ... ........ .... 129 Weeks 
FINAL DELIVERABLES ... ....... .. .... .. .. .. ...... .. ........... ...... ...... .. .. .................. ................ ......... .. ... . 130 Weeks 

2.5 PROCESS FLOW CHART 

The CONSULTANT shall develop and implement a Process Flow Chart that fully coordinates the 
completion of all work tasks and deliverables in this Scope of Work with the tasks and deliverables 

· specified to ensure they are carried out in a timely and effective manner. 

This shall be updated monthly to show the current progress and provided at the Monthly Coordination 
Meeting. 

2.6 INVOICES 

The CONSULTANT will submit an estimate of the projected monthly billings at the Kick-Off Meeting. 
Thereafter, this estimate will be updated and submitted to the DISTRICT's Project Manager at least 10 
days prior to the end of each quarter. This estimate will be based upon the percentage of work expected 
to be completed each month expressed as a percentage of the total contract amount and in dollars to be 
earned each month (earned value method). 

Invoices shall be submitted monthly or at some other regular time interval approved by the DISTRICT. 
Invoices requesting progress payment, shall reflect the work accomplished during the invoice period. The 
invoices shall identify the project name, contract number, the DISTRICT's Project Control Number 
(PCN) and shall be completed as follows: 
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Payments shall be based upon the amount of work accomplished to date. Payments due shall be 
computed based on percent complete for each work task and subcontracted service identified in the 
contract fee proposal. The task percent complete multiplied by the budget amount for the task per the fee 
proposal shall be shown with a total due for all work tasks; the amounts previously billed; the amount due 
for the period; and the amount remaining for each task and the contract total. 

Invoices shall be submitted to the DISTRICT's Accounts Payable for processing and payment. At the 
same time a copy of the invoice will be provided to the DISTRICT's Project Manager. 

2.7 REQUIRED PROJECT MEETINGS 

2.7.1 General Requirements 

The Consultant is responsible for the minutes of any meetings and shall include copies of minutes of 
meetings, telephone conversations, and correspondence to the DISTRICT in the Project Administration 
Report. 

The Meetings will generally held at the DISTRICT's office except that four(4) progress meeting will be 
held at the Town ofWickneburg as approved by the DISTRICT's Project Manager. 

2. 7.2 Kick-Off Meeting 
The CONSULTANT shall meet with the DISTRICT within fourteen (14) days of the Notice to Proceed. 
At the meeting, the CONSULTANT will submit the project schedule which shall include dates of all 
proposed coordination meetings, dates of all required submittals for each of the tasks in the scope, 
significant project milestones, and DISTRICT review periods. The CONSULTANT will also submit a 
monthly estimation of the projected billings. The CONSULTANT shall bring the key project team 
members including the project checkers to the meeting to introduce them to the DISTRICT staff who will 
be working on the project. The DISTRICT will provide to the CONSULTANT such project information 
and data as the DISTRICT may have, including hydrology reports and models, aerial topographic 
mapping, utility record drawings, and other information and data as outlined in the Scope ofWork. 

2.7.3 Progress Meetings 
The CONSULT ANT shall participate in regular monthly coordination meetings (or more frequently as 
identified in the Scope of Work) with the DISTRICT's Project Manager. The CONSULTANT is 
responsible for taking and distributing the minutes of all meetings. Whenever possible, coordination and 
milestone/deliverable review meetings will be combined. During the Study a total of four ( 4) of these 
meetings will be held at the Town of Wickenburg. 

2.7.4 Submittal Review Meetings (Replaced with Monthly Progress Meetings) 

2.7.5 Stakeholder Coordination Meetings 
Stakeholder Coordination shall be in accordance with Section 4.0- Public Involvement. 

2.7.6 FINAL Submittal Meeting · 
The FINAL Submittal Meeting shall be conducted in accordance with Section 5.7- Hydrology . 
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2.7.7 Lessons Learned Meeting 
Upon completion of the project, the CONSULT ANT shall facilitate a half (Y2) day workshop to review 
any Scope of Work (SOW) items, task items, project assumptions, methodologies, project issues, etc., that 
can provide insight to the Project Team for future projects. 

2.7.8 Other Meetings 
Other meetings may be required as identified in the Scope of Work and other sections within these 
Guidelines. 

2.8 RIGHT-OF-ENTRY 
For survey, and geotechnical investigations, including sediment sampling, requmng Right-of-Entry 
(ROE) by the CONSULTANT, the CONSULTANT shall notify all property owners within the Project 
Area by mail and obtain any necessary ROE for the Project Area. 

The DISTRICT will furnish the CONSULTANT with a draft notification letter. The CONSULTANT 
shall furnish the final notification Jetter and ROE form for prior written approval by the DISTRICT's 
Project Manager, as well as a list of all property owners notified. 

2.9 OPTIONAL TASKS 

2.9.A Optional Task 2A- Additional Meetings 
The CONSULTANT shall conduct additional meetings with Stakeholders, working groups, public 
officials, governing bodies, or other project related meetings as requested by the DISTRICT. The specific 
need for this task will be determined by the DISTRICT during the contract period and may include 
additional contract time. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized . 
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3 SURVEY 

3.1 GENERAL 

3.1.1 Supervisory Qualification Requirements 
All survey work conducted by the CONSULT ANT shall be supervised by and Arizona Registered Land 
Surveyor (RLS). 

3.1.2 Right-of Entry Letter (See Task 2.8) 

3.1.3 Assessor's Data 
The DISTRICT will provide the CONSULTANT with Maricopa County Assessor' s data to develop the 
list of property owners. The CONSULT ANT shall review and modify the list in order to notify the 
current property owner prior to entering the property. 

3.1.4 Property Owners List 
The DISTRICT will provide a Database listing of all property owners within the study area. The 
CONSULTANT will identify affected property owners within the Project Area for further notification. 

3.1.5 Transmittal of Notice 
The DISTRICT will notify, by first-dass mail, all the property owners within the study area of the Project 
Area. The CONSULTANT shall request rights-of-entry (ROE) for the DISTRICT, CONSULTANT and 
any Subconsultants. Laminated copies of the approved notification letter shall be carried by the 
CONSULTANT's personnel during field surveys. For public or other lands with restricted access, the 
CONSULTANT or his Subconsultants shall at all times carry copies of permits, licences, or letters of 
permission from the issuing authority when entering upon such lands. 

3.2 SURVEY SERVICES 

3.2.1 Survey Criteria 
All survey work performed to obtain topographic mapping shall meet or exceed FEMA minimum criteria 
as defined in the FEMA Document unless stated otherwise. This includes, but is not limited to, field 
control surveys, verification of profiles, and for floodplain delineation projects, the establishment of 
permanent elevation reference marks (ERMs). 

3.2.2 Structure Surveys 

Field surveys of bridges, culverts, roadway improvements, railroads, embankments, levees, dam 
structures , and other structures shall be sufficient for the particular needs of the project, as specified in 
the Scope of Work. A total of seventy (70) structure surveys are included with the base contract. 
Photographs shall be taken and documented for the upstream and downstream ends of culverts and 
bridges. Additional surveys will be conducted as an Optional Task if authorized by the DISTRICT. 

3.2.3 Structure Surveys Delivery Format 

Structure survey information should be reduced and compiled into an 11" x 17" (maximum size) drawing 
for inclusion in the project survey report. For hydraulic modeling use, the information presented in the 
drawing should be in a format appropriate for use in the HEC-RAS model. 
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3.2.4 Coordinate System 
All digital mapping data shall be submitted to the DISTRICT using the Arizona Coordinate System, 1983, 
Central Zone (international feet). The CONSULTANT shall reduce any terrestrial ground surveying 
measurements to said grid projection. The CONSULTANT shall provide the combined factor(s) used to 
reduce said ground measurements in the Project Survey Report. 

3.2.5 Survey Control 
Survey horizontal and vertical control for the Project shall be tied to uniform datum compatible with 
floodplain delineations within Maricopa County. 

3.2.6 Geodetic Control Network 
Where readily available, surveys will tie into the nearest primary and secondary control points from the 
MCDOT Geodetic Control Network. All ground control shall be positioned at a 5 em (two-sigma) 
Federal Geodetic Control Subcommittee accuracy standard in both horizontal and vertical position 

3.2.7 Horizontal Control 
Unless otherwise specified in the Scope of Work, all horizontal control surveys shall be tied and delivered 
in NAD 83 (1992 epoch). Arizona coordinate system, 1983, central zone using the international feet as 
the units of measurement (ARS § 33-132). All horizontal control points and corresponding coordinates 
shall be listed in the Project Survey Report. Horizontal control points shall also be noted on the 
appropriate plan sheets, indicated by symbol at the true position and completely documented in the map 
sheet margin. 

3.2.8 Vertical Control 
Unless otherwise specified in the Scope of Work, ail vertical surveys shall be based on NA VD 88, per the 
FEMA Document. The CONSULTANT shall utilize the published values for the Geoid Inclined Plane 
provided by Maricopa County Department of Transportation GDACS during the survey collection 
procedures on and as shown Attached (GEOID INCLINED PLANE PARAMETERS). A conversion 
factor, including documentation on how it was derived, shall be provided by the CONSULTANT to allow 
comparison ofNAVD 88 elevations to NGVD 29 elevations and shall be included in the Project Survey 
Report. The conversion outlined in the FEMA Document shall be used. All vertical control points and 
corresponding coordinates shall be listed in the Project Survey Report. Vertical control points shall also 
be noted on the appropriate plan sheets. 

3.2.9 Survey Meetings 
The Survey Manager and Survey Technician for the project shall attend separate meetings with 
DISTRICT survey staff members to discuss the survey results and ensure that all work is performed in 
accordance with DISTRICT standards. 

3.3 PROJECT SURVEY REPORT 

The CONSULTANT shall prepare and deliver a Project Survey Report documenting surveys, aerial 
controls, and data collection for the Project. The Project Survey Report shall be 8 Yl-inches by 11-inches 
in size and bound together. Any 11-inch by 17 -inch maps included in the report shall be fan folded. Any 
larger maps shall be folded and contained in map pockets bound within the report. The Project Survey 
Report shall be sealed and signed by an Arizona Registered Land Surveyor in responsible charge of the 
survey aspects of the Project. 
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3.3.1 Contents of Project Survey Report 
The Project Survey Report shall include a summary of the CONSULTANT responsibilities and survey 
activities; copies of all survey notebooks and office calculations; electronically collected survey data; 
details of benchmarks, aerial control, and other horizontal and vertical control points and the datum upon 
which each benchmark was originally established, horizontal and vertical order and class, benchmark 
type, ground grid conversion factor(s ), and a detailed description of the point location for ready recovery 
in the field; quality control; GPS session information; and metadata for control stations, primary control 
targets, and blind aerial targets. The Project Survey Report shall include the following: 

• A Table of Contents Sheet; 
• A "SURVEYORS SUMMARY AND CERTIFICATION" which should include the following: 

o A background of GPS. 
• Survey Summary which includes the following: 

o General discussion of the firm(s) responsibilities and overall approaches and 
procedures. 

o Specific static procedures. 
o Discussion of the procedures, equipment, control found and set, software utilized to 

process. 
o Discussion of procedures. 

3.3.2 Format For Electronically Collected Data 
All survey data collected electronically shall be submitted as an ASCII text file readable in MS Word and 
WordPerfect. 

3.4 OPTIONAL TASKS 

3.4.A Optional Task 3A- Additional Surveys 
The CONSULTANT shall survey up to an additional thirty (30) structures (as defmed above) and I or 
elevation certificates (if required) if authorized by the DISTRICT. Areas of braided and split flow 
identified in the field by the Project Hydrologists will be identified. Where the topographic maps do not 
provide sufficient detail to determine flow splits, additional field cross-sections shall be surveyed. The 
number and location of these is estimated at no more than five (5) locations. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized . 
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• 4 PUBLIC INVOLVEMENT 

4.1 GENERAL 

The Public Information Office of the DISTRICT has prepared a separate set of guidelines for 
CONSULTANTs conducting public involvement and public information activities for the DISTRICT. A 
copy of these guidelines is available from the Public Information Office and should be used as a reference 
by the CONSULTANT when preparing public information related materials. 

It is the intention of the guidelines to increase quality, efficiency, and consistency in public involvement 
work and products at the DISTRICT. These guidelines should assist in creating a consistent message for 
uniform and quality materials. These guidelines cover: 

District Key Messages and Values 
Creating a Public Involvement Plan 
District Turnaround Times 
Quality Control and Review 
Materials Content Guidelines 
Writing Guidelines 
Design & Printing Guidelines 

Logo Guidelines 
Website Guidelines 
Powerpoint Guidelines 
Public Meeting Guidelines 
Deliverables 
Public Information Office Staff. 

The DISTRICT and the CONSULTANT will plan and conduct public involvement and information as 
required for a particular project and as identified in the Scope of Work, in accordance with the DISTRICT 
Public Involvement and Information Guidelines. The number of public involvement activities will be as 

• identified in the Scope ofWork. 

• 

4.2 PUBLIC INVOLVEMENT PLAN 

The Consultant shall provide a Public Involvement Plan in conjunction with the Stakeholder Involvement 
Plan (See Section 4.7) immediately upon the NTP. 

4.3 PUBLIC INFORMATION MEDIA 

The CONSULT ANT shall prepare material announcing the beginning of the study, the study schedule, 
and introducing the public to the DISTRICT and the study process as follows: 

• Create draft brochure (fmal and printing to be done by the DISTRICT); 
• Create draft cover letter for mailing brochure to residents, businesses and Stakeholders; 
• DISTRICT will mail brochure to affected and identified properties located within the study area 

boundaries; and 
• Place brochures in key area locations in study area- schools, libraries, etc. 

4.4 PROJECT WEBSITE 

The CONSULTANT shall create and provide information to the DISTRICT and Town of Wickenburg for 
placement on their respective web sites. The CONSULTANT shall review Websites and recommend 
updates to the Websites on a regular basis. The CONSULTANT SHALL Provide suggested website 
wording and format about start of ADMS to Town of Wickenburg for their placement on their website 
along with brochure . 
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4.5 ADDITIONAL PUBLIC OUTREACH 

The CONSULTANT shall create and provide a media backgrounder and a press release regarding start of 
the ADMS. The DISTRICT shall contact local media (e.g. radio, newspaper) and arrange an informal 
meeting (e.g., Brown Bag lunch meeting) and review project and provide media backgrounder and press 
release as approved by the DISTRICT's Project Manager. 

4.6 PUBLIC MEETINGS 

4.6.1 General 
The DISTRICT is responsible for placing the legal advertising at the beginning of the study. After the 
advertisement is run, the DISTRICT will supply the CONSULT ANT with a copy of the original affidavit 
of publication from each of the newspapers for each day that the advertisement ran to be included in the 
final reports. 

CONSULTANT will be responsible for identify potential locations for each public meeting. The 
DISTRICT will secure the location. The CONSTULTANT shall be responsible for coordinating the 
setting up and taking down of each meeting, besides participating in the meetings. 

The following shall occur for each public meeting: 

• Assist DISTRICT in creating an agenda; 
• The CONSULTANT shall create a draft flyer/brochure announcing public meeting to everyone 

located within the study boundaries; 
• The DISTRICT shall fmal and mail the flyer/brochure; 
• The DISTRICT will place a legal advertisement regarding the public meeting; 
• The DISTRICT will place at least 2 display advertisements in area newspapers (one week apart) 

advertising the public meeting; 
• The CONSULT ANT shall create a draft invitation and to be send to identified stakeholders, 

elected officials in that area (mayor and city council), and city staff (city manager, engineer, and 
PIO) to the public meeting; 

• The DISTRICT shall final and send the invitations to the stakeholders, elected officials in that 
area (mayor and city council), and city staff (city manager, engineer, and PIO) to the public 
meeting; 

• As directed by the DISTRICT's Project Manager, the CONSULTANT shall create a poster(s) to 
be placed in visible public places announcing the study and any upcoming public meetings; 

• The CONSULTANT shall produce handouts (e.g., fact sheets), comment sheets, and graphic 
display boards for meeting as required for each public meeting; 

• The CONSULT ANT shall provide information about the public meeting to be posted on the 
DIS1RICT and Town of Wickenburg websites by the TOWN and the DISTRICT; 

• The CONSULTANT shall work with Town of Wickenburg, Chamber of Commerce and other 
stakeholders to utilize their newsletters. bulletins, websites, etc. to advertise the public meetings; 

• The CONSULT ANT shall assist in any coordination of local presentations to stakeholder 
organizations or other entities (e.g., civic organizations, Homeowner Associations, Chamber of 
Commerce); DISTRICT will do the presenting; and 

• The DISTRICT shall send out press releases about the public meeting. The CONSULTANT 
shall follow DISTRICT Public Involvement Guidelines for holding a public meeting . 
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4.6.2 Required Public Meetings 
Public meetings shall be held at the following stages: 

• Brown Bag Lunch Meeting- Start of ADMS, prior to Public Meeting 1; 
• Public Meeting 1 - Start of ADMS and Sunny Cove Wash Study; 
• Public Meeting 2 - Completion of Sunny Cove Wash TDN; 
• Public Meeting 3 - Intermediate Floodplain Delineation; and 
• Public Meeting 4- Completion ofTDN for ADMS. 

4.6.3 Post Public Meeting Tasks 
CONSULTANT shall make electronic copies of the exhibit boards and handouts available to the 
DISTRICT and Town of Wickenburg to post on their websites. 

CONSULTANT shall document each outreach event (e.g., mailing, public meeting, stakeholder meeting) 
in a Community Outreach Activity Log. To include the following: 

• Mailing List; 
• Material provided; 
• Delivery method; and 
• Location, time and duration ofmeeting(s). 

4. 7 STAKEHOLDER INVOLVEMENT 

Agencies, private enterprises, or individuals who have an interest in the outcome of the project will be 
considered stakeholders. 

The CONSULT ANT shall prepare a Stakeholder Involvement Plan in conjunction with the Public 
Involvement Plan (See Section 4.2) immediately upon NTP. The Plan will include a preliminary list of 
stakeholders for use in developing a stakeholder database, preliminary agendas for the initial stakeholder 
working group meeting, a preliminary stakeholder's matrix of opportunities and issues, and a preliminary 
stakeholder involvement schedule. Stakeholders will be split into two groups: those to be actively 
involved and be part of a Stakeholder Work Group, and those that wish to be passively involved by just 
being kept informed. After review by the DISTRICT's Project Manager, the CONSULTANT will 
fmalize the plan and keep it updated during the Study. 

The CONSULTANT and the DISTRICT's Project Manager shall meet with officials from the Town of 
Wickenburg, Stakeholders and other interested parties as may be appropriate and as identified in the 
Section 2 of this Scope of Work. The purpose of such meetings is to identify local flooding problems and 
obtain information on current and planned public works projects, infrastructure modifications, storm 
drainage systems, development, corporate limits, and expectations for "kinder and gentler" elements, 
operation and maintenance needs, and other items of interest that will facilitate the completion of a 
successful project. In addition, project partner expectations and requirements for the project will be 
identified and incorporated into the project whenever possible. 

Meetings with other agencies shall generally be held at their offices, depending on the issues and number 
of stakeholders involved. A total of three (3) meetings are included under this task. The DISTRICT shall 
be kept informed of all such meetings and shall attend the meetings when needed. The DISTRICT shall 
be copied on all meeting minutes. 
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The CONSULT ANT shall identify the Stakeholders and contact personnel affected or bordering the study 
area. A total of three (3) Stakeholder Working Group meetings shall be held during the study. After the 
DISTRICT has approved the list of Stakeholders, the CONSULTANT shall participate and help schedule 
a Stakeholder Working Group Kick-off Meeting. The meeting agenda will include: 

• An overview of the ADMS Purpose and Goals; 
• ADMS Schedule and Milestones; 
• Identification of Stakeholder Opportunities and Constraints; and 
• Development of Future Meeting Dates (if necessary). 

The CONSULTANT shall also utilize those meetings as an opportunity to engage stakeholders and, if 
deemed appropriate and approved by the DISTRICT, additional agency or non-agency stakeholders may 
be added to the Stakeholder Working Group as a result of the public meetings. 

The CONSULT ANT shall schedule and coordinate two (2) additional Stakeholder Working Group 
meetings throughout the Study. 

The CONSULTANT shall coordinate with the stakeholders throughout the project to exchange 
information, address opportunities and issues and ensure that stakeholder concerns and input are 
considered as part of the potential ADMP alternatives formulation. 

In addition to the working group meetings and public information activities, the Stakeholders shall be 
invited to the Monthly Coordination meetings, as appropriate. 

The CONSULTANT shall keep Stakeholders informed throughout the study via electronic updates, and 
e-newsletter articles for their publications 

The CONSULTANT shall keep a written summary of all meetings and outreach-related activities with 
the stakeholders and will include them as part of the project record (e.g., Community Outreach Activity 
Log) . 
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5 HYDROLOGY 

The CONSULTANT shall perform complete and detailed hydrologic analysis and geologic analysis of 
the project area in order to fulfill the specific requirements identified in the Scope of Work for the Study. 
Hydrology for the Sunny Cove Wash area (Pilot Study area) will be completed in accordance with 
this Section but will precede the completion of work for other watershed areas. 

5.1 PROCEDURES 

The CONSULT ANT shall follow the procedures outlined in the Drainage Design Manual for Maricopa 
County, Volume I Hydrology, latest revision, for all hydrologic modeling and calculations and the Scope 
of Work, General Requirements and Procedures. 

5.2 RETURN FREQUENCY 

Hydrologic modeling shall be completed for the specific frequency and duration required as follows for 
the ADMS tasks: 

• 500-year; either 6-hour or 24-hour Existing Condition; 

• 250-year; either 6-hour or 24-hour Existing Condition (Sunset Dam, Sunny Cove Dam and 
Cassandra Wash Dam Only); 

• 
• 
• 
• 
• 
• 

1 00-year 24-hour Existing Condition; 
1 00-year 6-hour Existing Condition; 
50-year; either 6-hour or 24-hour Existing Condition; 
1 0-year; either 6-hour or 24-hour Existing Condition; 
1 00-year 24-hour Future Condition; and 
1 00-year 6-hour Future Condition . 

After completing the initial hydrologic modeling a selection will be made between the 6-hour or 24-hour 
HEC-1 model which generates the higher peak flow for each storm event. Based on the results, the 10, 
50, 250 (dam watersheds only), and 500 (all watersheds) events shall be computed using the controlling 
duration identified in the 1 00-year model. 

5.3 EXISTING STUDIES AND FIELD RECONNAISSANCE 

The CONSULTANT shall research and consider all existing hydrologic studies of the area and shall 
become familiar with the general hydrology and geology of the area. A field reconnaissance shall be 
performed to determine the following, and the results shall be documented in the Data Collection Report: 

• Verify sub-basin delineations boundaries; 
• Verify flow patterns; 
• Verify bedrock and soil unit mapping obtained from existing data; 
• Determine the actual current land use for parcels; 
• Identify flow diversion locations caused by natural obstructions, drainage structures, storm drains, 

site grading, etc.; 
• Field cross-sections at hydraulic flow splits locations will be performed in accordance with 

Optional Task 3A; and 
• Existing storm water retention areas . 
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I. 5.4 BASE MAPS 

The CONSULTANf shall develop the Hydrologic and Geologic base maps using the topographic 
mapping prepared by the CONSULTANT/subconsultant or supplied by the DISTRICT. For those areas 
not covered by the mapping, U.S. Geological Survey (USGS) topographical quadrangle maps will be 
used. An overall Watershed Drainage Basin map with sheet index will be prepared at an appropriate scale 
as approved by the DISTRICT's Project Manager. 

5.5 COMPUTER MODELING 

The CONSULTANf may recommend Other Models I Methods for used based on the watershed subject 
to the DISTRICT Project Manager's approval. 

The CONSULTANf shall use the U.S. Army Corps of Engineers computer program HEC-1, Version 4.1, 
to develop a hydrologic model for the area. All modeling shall be in accordance with the latest version of 
the DISTRICT's Drainage Design Manual, Hydrology. 

The DISTRICT's computer program DDMSW, latest version, shall be used to develop HEC-1 input data. 
The specific hydrologic techniques to be used are: 

• Rainfall Excess: The Green and Ampt methodology will be utilized for estimation of rainfall 
losses; 

• Unit Hydrograph: The Clark and S-Graph method should be used. The choices in methodology 
will be to the discretion of the CONSULTANT, with approval from the DISTRICT; 

• The Times of concentration and Lag times shall be adjusted for the appropriate return frequency 
using the Drainage Design Manual, Volume I; 

• Channel Routing: The choice of methodology will be at the discretion of the CONSULTANT, 
with approval from the DISTRICT. Average cross sections will be developed utilizing available 
mapping and field reconnaissance data. Sufficient field cross sections will be taken to ensure that 
routing reaches are reasonable and representative of field conditions. The HEC-1 routing 
parameters for the reaches modeled using HEC-RAS will be adjusted after the HEC-RAS cross 
sections are available. The resulting velocities and depths, for all reaches, must be assessed for 
realistic values; 

• Reservoir Routing: Detailed analysis of structures and ponding areas will be accomplished for the 
darns. The Modified Puls reservoir routing option of HEC-1 will be used for the reservoir routing 
analysis; 

o Reservoir Routing for Cassandra Dam will use the Cassandro Dam 2009 Field Survey 
DTM. 

o Reservoir Routing for Sunset and Sunny Cove Dams will use the Wickenburg 2004 
DTM. 

• Channel Transmission Losses: Attempts should be made to estimate infiltration losses through 
channel bottoms based on existing field data or literature. If sufficient data is not available, the 
fmal report must acknowledge so and explain how the peaks and volumes of flow are affected by 
not including the transmission losses; and 

• The DISTRICT will provide appropriate references to facilitate parameter estimation. 

Output of the computer model should be reviewed to see if the peak flows, routing velocities and volumes 
are realistic. An adjustment to input for obtaining the most realistic results is normal to the scope. 
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The CONSULTANT shall attempt to recover historic stream gage data and use it to compare with the 
results obtained by the hydrologic model. Major differences must be discussed in the final report. The 
peak discharges and unit discharges for the sub-basins should be graphically presented and compared to 
regional discharge curves. Major differences must be discussed in the final report. 

5.6 WATERSHED AND SUB-BASIN DELINEATION 

Separate hydrology models will be provided for each Watershed defined as follows and as shown in 
Figure 1: 

• Sols Wash; 
• West Tributaries; and 
• East Tributaries. 

A Pilot Test area within the watershed will be selected and hydrologic analyses performed and submitted 
to the DISTRICT for review prior to initiating sub-basin delineation and parameter estimation on the 
remainder of the watershed. 

Using appropriate hydrologic judgment, sub-basins are to be identified that provide reasonable depiction 
of the watershed condition. The sub-basins must be as homogeneous as possible, using watershed area, 
watershed type (mountainous and flat lands or urban and undeveloped areas), and time of concentration as 
criteria. Sub-basin breakdowns will be done in sufficient detail to provide peak discharges at structures, 
major road crossings, confluences, and at boundary lines. An appropriate time step and number of 
ordinates is to be selected that allows for complete calculation of the flood hydrograph without sacrificing 
resolution of the flood peak. All calculations or assumptions used in developing sub-basin and routing 
parameters shall be documented and made a part of the appendix for the hydrology report. Field surveys 
may need to be taken for HEC-1 modeling purposes. 

Modifications to the HEC-1 models, including the Pilot Test, area may be required to represent the 
conditions of the "levee in place" and "levee removed" for all de-certified levees or embankments. 
Floodplains will be delineated only for the "worst case" floodplain condition which may be the ponding 
which results from a HEC-1 stage-storage routing on the upstream side of culverts and the full 
unattenuated discharge at the downstream side of the embankments. 

5.7 MEETINGS 

Five (5) meetings and two field trip meetings shall be held with DISTRICT staff at the following 
milestones. These meetings will be combined with monthly progress meetings and meetings required by 
other tasks as much as possible. 

• Field Trip 1 - Performed at the start of the project to scope out the critical points of the 
watershed and problem areas, including the Sunny Cove Wash (Pilot Test) area. 

• Meeting Number 1 (Combined with Monthly Progress Meeting)- Held as soon as basic data 
is gathered and the sub-basins have been delineated. Sample HEC-1 parameter estimations and 
results from the Pilot Test area should also be presented and discussed at this meeting. A copy of 
the draft maps of the sub-basins and soil and bedrock maps must be delivered to the DISTRICT 
prior to this meeting. 

• Meeting Number 2 (Combined with Monthly Progress Meeting)- After all the parameters 
have been estimated. A draft copy of the parameters must be delivered to the DISTRICT at least 
one week prior to this meeting. 
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• Meeting Number 3 (Combined with Monthly Progress Meeting)- After the preliminary HEC-
1 results have been obtained and a draft report has been prepared. A copy of the draft report and 
the copy of the HEC-1 on a floppy disc, compatible with the DISTRICT's computer, must be 
delivered two weeks prior to the meeting. 

• Meeting Number 4 (Combined with Monthly Progress Meeting)- To discuss comments on 
the Hydrology & Geology Report by the DISTRICT. 

• Field Trip 2 - To discuss comments by the DISTRICT in the field. This field trip may be 
scheduled for the same day as Meeting Number 4 to discuss the results obtained. 

• Meeting Number 5 (Combined with Monthly Progress Meeting) -FINAL Submittal meeting 
for all TDNs and Deliverables. 

5.8 REVIEW AND APPROVAL 

It is required that the CONSULTANT obtains approval from the DISTRICT at each of the following 
steps: 

• Pilot Test Area at the start ofthe project; 
• Soil and bedrock maps, watershed boundary maps, and land use maps (shape files are acceptable 

for review purposes); 
• HEC-1 parameter estimation; 
• HEC-1 flow schematic and input parameters; and 
• HEC-1 results. 

All hydrology models and digital supporting data including GIS shape files shall be submitted to the 
DISTRICT for review and approval. 

The DISTRICT must approve any changes made by the CONSULTANT to any models. Additionally, 
the CONSULTANT shall fully document the changes so the DISTRICT can verify the changes. 

All changes to any hydrology models prepared by the CONSULTANT must be provided to the 
DISTRICT in a timely manner for review and approval. 

5.9 HYDROLOGY & GEOLOGY REPORT 

A Hydrology & Geology Report shall be prepared to document the results of the Study. Available 
geology and soils data report will supplement the compilation of the geology and soils map. Bedrock and 
overburden soil matrices shall summarize the bedrock and soil physical and hydrologic properties. 

5.9.1 Technical Data Notebook 

The Hydrology & Geology Report will be included as Section 3 of the Technical Data Notebook, and will 
be prepared in accordance with ADWR State Standards Attachment 1-97 (SSA 1-97). The report will be 
organized as specified by the DISTRICT, following SSA 1-97 format. The report shall be submitted in 
draft form for review and comment and the final report shall be submitted upon incorporation of review 
comments. This report supports the Technical Data Notebook for FEMA submittals. It includes existing 
condition hydrology models for the return frequencies listed in Section 5.2. 

5.9.2 Sunset/Sunny Cove Watershed Hydrology & Geology Report 

A separate hydrologic analysis and Hydrology and Geology Report will be provided for the Sunset/Sunny 
Cove Watershed on an accelerated schedule at the beginning of the contract. Results from the Structures 
Assessment shall be referenced. 

Contract FCD 2009C030 
CN 343 .04.20 

Page 22 of 51 Scope of Work- Exhibit A 



. ' 
i 
: 

l 
_I 

• 

• 

5.9.3 ADMS Hydrology & Geology Report 
An ADMS Hydrology & Geology Report shall also be prepared in which all models developed under the 
current scope of work are presented. 

Tables and Figures to be prepared for the Hydrology & Geology Report shall include: 

• Schematic Map - Topographic base map(s) showing the sub-basins, schematic map for the 
HEC-1 overlain on an Area Photo, routing reaches, order of combining the hydrographs, major 
man-made structures such as pipe or culverts, and references (i.e. street names, Township, Range, 
Section, etc.) at a scale of 1 inch= 2000 feet; 

• Routing Map- Topographic base map showing the Tc flow path or lag flow paths, and routing 
reaches at the same scale as the base map. Pertinent hydraulic data for each routing reach such as 
cross section locations, photographs, "n" value selection, velocity calculations, pipe or culvert 
dimensions and slopes shall be included on the map; 

• Soils and Bedrock Maps- Soils and bedrock map(s) at the same scale as the base map; 
• Land Use Map- Land Use Map(s) at the same scale as above; 
• Flow Map - Base topographic map showing the results of the study (i.e. peak flows, peak 

volumes, etc) at major concentration points. The level of detail of this map is to be detennined by 
each individual scope); and 

• Tables -Pertinent data on all the structures in the watershed (such as spillway elevation, rating 
curves, etc.). 

One set of study maps (i.e. Schematic maps, Routing maps, Soils maps and Bedrock maps, Land Use 
maps and the Flow map) to be folded and delivered in a binder . 

5.10 OPTIONAL TASKS 

5.10.A Optional Task SA- Grid:.Based Model 
The CONSULTANT shall propose a computer program or use FL0-2D at large grid scale subject to the 
DISTRICT's Project Manager approval for a 20-square mile test tributary using the 50', 100', and 150' 
grid cell sizes. 100-year -24-hour existing condition event with a single storm model. Results from this 
modeling effort will be used as a comparison to the HEC-1 results. Deliverables will include fmal GIS 
shape files outputs from the FL0-2D program, hydrograph, and a table or shape file with a comparison of 
discharges and volumes at specific locations in common to both models. Results will be summarized in a 
Pilot Study Report. Results will be cross-referenced with the Hydrologic Model defmed in this Section. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized. 
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• 6 HYDRAULICS 

If the hydraulics will be part of a package submitted to FEMA, the DISTRICT's Floodplain Delineation 
guidelines shall be used. 

6.1 STANDARDS 

The CONSULTANT shall follow the procedures outlined in the Drainage Design Manual for Maricopa 
County, Volume II Hydraulics latest revision and the DDMSW River Mechanics Manual (FCDMC, 
2009), for all hydraulics calculations, except as amended or modified herein or in the scope of work. 

6.2 OPEN CHANNEL HYDRAULICS FOR WATERCOURSES 

HEC-RAS Version 4.0 or HEC-GeoRAS Version 4.2.93 shall be used by the CONSULT ANT and 
approved by the DISTRICT to perform water surface profile calculations, unless the DISTRICT agrees in 
writing to another method. A hard copy and CD with input and output files shall be submitted for 
DISTRICT review. The HEC-RAS files shall be prepared in a format suitable for submittal to FEMA. 

The modeling of tributary (side) drainage for floodplain delineation shall be addressed per FEMA criteria. 

The modeling of tributary (side) drainage for design purposes shall be the more restrictive of either the: 

• 100-year frequency peak in the main channel, with 10-year frequency peak tributary drainage or; 
• The 1 0-year frequency peak in the main channel, with the 1 00-year frequency peak tributary 

drainage. 

Locations of cross sections used in the water- surface profile calculations shall be provided on a scaled 
map and also in a tabular format. The cross section labels on the maps shall reflect cross sections in the 
models. 

All hydraulic design shall be in accordance with the Maricopa County Drainage Policy and Standards 
Manual and the Maricopa County Drainage Design Manual, Hydraulics. 

At the commencement of the study, an "Effective" HEC-RAS model shall be developed to model and 
compare results and parameters from the current study. New topographic mapping shall be used with 
current discharge rates and Manning's 'n' values to compare results to currently mapped conditions. 

6.3 MULTIPLE PROFILES 

Hydraulic analysis shall be performed for the 10, 50, 100 and 500-year flood frequencies. Flood profiles 
shall be presented in graphical form in accordance with FEMA format and will be provided in the final 
TDN(s). 

6.4 SEDIMENT SAMPLING 

The CONSULTANT shall obtain and test samples of the existing channel bed and banks at selected 
locations of most likely channel degradation and scour identified from the geological and soils mapping 
throughout the candidate study reaches and the upstream sediment source areas. Thirty (30) channel/bank 
sites will be selected from those areas deemed to be the more susceptible to channel degradation and 
scour where soil samples (shovels up to 2 feet deep) will be obtained and sieve analyses will be 
performed. Representative samples will be obtained from both the channel and channel banks. 
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The sampling procedures shall be consistent with procedures described in the Bureau of Reclamation's, 
Computing Degradation and Local Scour, January 1984, or the U.S. Anny Corps of Engineers', 
Sedimentation Investigations of Rivers and Reservoirs, 31 October 1995. The pebble-count results shall 
be combined with the sieve analysis results to develop a gradation curve per the 1984 Bureau of 
Reclamation method. Gradations of the sediment samples shall be plotted for both the channel bed and 
banks. Changes in the gradations throughout the study reach shall be documented. Test data, gradation 
plots, plots of the longitudinal change in size, and any other supporting data shall be included in the 
Technical Data Notebook. 

6.5 QUALITATIVE ANALYSIS FOR LATERAL MIGRATION 

A qualitative analysis for lateral migration shall be conducted for each of the washes within the entire 
study area. 

The purpose of a qualitative lateral migration analysis is to roughly define areas subject to lateral 
migration and to delineate the approximate limits of erosion hazard setback based on both geomorphic 
and engineering principles. The qualitative lateral erosion analysis will be based on the assessment and 
interpretation of geologic maps, soil maps, USGS maps, and field visits. 

The qualitative geomorphic analysis shall include a study of published soil maps, the most recent 
topography, and field visits to the selected study reaches of the Wickenburg ADMS. 
Geomorphic/geologic principles shall be used to identify bedrock outcrops, armored channel beds, cut 
banks, and existing man-made bank protection structures. The locations of such features will be plotted 
in a GIS shape file. Up to four sets of historical aerial photos for the stream reaches to be evaluated for 
lateral migration potential shall be collected from the DISTRICT and other sources for channel lateral 
migration comparison. When the aerial photos are not rectified, they should be semi-rectified based on 
Arizona State Plane HARN NAD 1983 Central coordinate system using ArcGIS software. The historical 
aerials will be used to identify the types of channel changes that have occurred, the locations of channel 
movement, and the maximum long-tenn channel movement during the period of record. A brief 
description and map of the representative locations of areas of likely Lateral Migration shall be submitted 
to and approved by the DISTRICT. 

A GIS shape file shall be prepared and delivered. 

The CONSULT ANT shall include a section within the ADMS Hydrology & Geology Report describing 
the methodology and results of the lateral migration analyses. 

6.6 TOTAL SCOUR SPREADSHEET 
The CONSULTANT shall prepare a spreadsheet documenting the results of each scour type from the 
Total Scour Calculations for typical reaches of the area studied for the floodplain delineations. 

6.7 OPTIONAL TASKS 

6.7.A Optional Task 6A- Sols Wash HEC-RAS, Sediment Transport and River Mechanics 

The CONSULTANT shall perform a HEC-RAS analysis, sediment transport analysis and scour analysis 
for the Sols Wash only from its confluence with the Hassayampa River, upstream a distance of 
approximately eight (8) river miles. The HEC-RAS models shall be performed in accordance with 
Section 6.2. 
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6. 7.A.l General 

The CONSULTANT shall recommend areas that require additional analysis to determine if the area(s) 
has erosion/lateral migration hazards. This shall be done in accordance with this section. 

Scour analysis shall be performed using an analytical approach based on flow characteristics associated 
with 100-year frequency peak flow, the depth of the thalweg, and the channel bed materials. For long
term scour component, a dominant discharge such as a 10-year flood should be used. The total scour 
depth should be measured from channel thalweg. 

Scour calculations are to be tabulated at all critical locations and presented with a map showing the 
locations. All of the following shall be considered in determining the total amount of scour: 

6.7.A.2 Quantitative Analysis for Lateral Migration 

The quantitative analysis for lateral migration will be based on (1) the analysis of historical aerial 
photographs; (2) Level I and Level II analyses from current Arizona State Standard Lateral Migration 

Setback Allowance for Riverine Floodplains in Arizona, ADWR, 1996; and (2) bank stability analysis 
based on hydraulic and geotechnical engineering principles. 

The sediment sampling will be based on the procedures outlined in Section 6.6.A.6. Fine-grained 
samples will be sieved to determine the size distribution. The sediment distribution for coarse-grained 
samples will be estimated using a pebble-count procedure. The gradations of the sediment samples shall 
be plotted. 

Check bank lateral stability for Sols Wash based on current Arizona State Standard Lateral Migration 
Setback Allowance for Riverine Floodplains in Arizona, ADWR, 1996. The allowable velocity analysis 
method documented in the current Arizona State Standard Lateral Migration Setback Allowance for 
Riverine Floodplains in Arizona shall be used. A sediment-laden condition shall be used for the Level IT 
analysis. The representative bank locations shall be selected by the CONSULTANT to depict the range 
of bank conditions observed in the study reach. A brief description and map of the representative 
locations shall be submitted to and approved by the DISTRICT prior to application of the Level II 
methodology by the CONSULTANT. Reach-average hydraulic data obtained from the most recent HEC-
2 or HEC-RAS model available for the study reach at the time of the analysis will be used in the Level II 
analysis. 

Hydraulic and geotechnical engineering principles shall be used to provide more details about the bank 
stability and lateral erosion. The methodology can be from one of the following technical documents: 

(1) Riverbank Stability Analysis. I: Theory and II: Applications by Osman, et al. (J. of Hydraulic 
Engineering, ASCE, 114(2), 1988); 

(2) Sediment and Erosion Design Guide by Mussetter, et al. (Albuquerque Metropolitan Arroyo 
Flood Control Authority, 1994); and 

(3) Bank and Near-bank Processes in an Incised Channel by Simon et al. (Geomorphology, 
Elsevier, 35, 2000). 

The recommended methodology shall be submitted for approval by the DISTRICT prior to the work. A 
software (Bank Stability and Toe Erosion Model) developed by National Sedimentation Laboratory) may 
be used. A brief description and map of the representative locations shall be submitted to and approved 
by the DISTRICT prior to application of the engineering methodology by the CONSULTANT . 
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6. 7.A.3 Total Scour 
The total scour analysis for the existing conditions shall be in accordance with the DDMSW River 
Mechanics Manual (FCDMC, 2009) and shall include the estimation of long-term scour, general scour; 
bend scour, bed-form scour, low-flow incisement and local scour. A safety factor of 1.3 shall be used. 
The total scour depth should be measured from channel thalweg. The total scour analysis for existing 
conditions will be performed for eight (8) miles of channel. The soil samples for this task will be based 
on Section 6.4. 

6. 7 .A.4 Sediment Yield 
The 1 00-year storm event sediment yield and annual sediment yield shall be estimated based on the 
procedures documented in the DDMSW River Mechanics Manual (FCDMC, 2009). The soil samples for 
this task will be based on Section 6.4. 

The sediment yield consists of two parts and is defined as the sum of the wash load and the total bed 
material load delivered to a point of interest. The wash load is calculated with the MUSLE method, and 
the total bed material load is calculated with the Zeller-Fullerton equation, which is based on the 
assumption that the reach is at an equilibrium condition. The sediment yield can be calculated for a 
particular frequency (return period) or on an annual basis. In both cases (annual and return period), the 
sediment delivery ratio shall be applied to the wash load estimate. In addition, to convert the wash load 
from tons to volume, the relevant equation from the DDMSW River Mechanics Manual shall be used. 

For the total bed material load, the result from the Zeller-Fullerton equation is converted to a total bed 
load volume for the total storm duration based on the assumption that the sediment discharge hydrograph 
follows the same shape of the water flow hydrograph. Please refer to the DDMSW River Mechanics 
Manual for more detailed information. The latest version of the DDMSW software may be used to 
calculate the sediment yield. 

6.7.A.5 Sediment Transport 
Existing condition FLUVIAL-12, HEC-6, HEC-6T models, or other models approved by the DISTRICT, 
for the 100-year flood, and for the historical flood series, shall be developed for Sols Wash. The model 
for the Sols Wash will extend from its confluence with the Hassayampa River, upstream a distance of 
approximately eight (8) river miles. 

6. 7.A.6 Sediment Sampling and Testing 

The CONSULTANT shall obtain and test samples of the existing channel bed and banks throughout the 
study reach and the upstream sediment source area. The number of soil samples (shovels up to 2 feet 
deep) and sieve analyses shall be forty-six ( 46). The sampling procedures shall be consistent with 
procedures described in the Bureau of Reclamation's, Computing Degradation and Local Scour, January 
1984, or the U.S. Army Corps of Engineers', Sedimentation Investigations of Rivers and Reservoirs, 31 
October 1995. The pebble-count results shall be combined with the sieve analysis results to develop a 
gradation curve per the 1984 Bureau of Reclamation method. Gradations of the sediment samples shall 
be plotted for both the channel bed and banks. Changes in the gradations throughout the study reach shall 
be documented. Test data, gradation plots, plots of the longitudinal change in size, and any other 
supporting data shall be included in the Technical Data Notebook. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized. 
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• 6.7.B Optional Task 6B- Additional12 Miles of Sediment Transport and River Mechanics 
The CONSULTANT shall provide sediment transport and river mechanics for an additional Twelve (12) 
river miles in general accordance with Optional Task 6. 7 .A. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized. 

6.7.C Optional Task 6C- Additional Sediment Samples 
The CONSULTANT shall provide an additional fifty (50) sediment samples throughout the watershed 
area. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 

: work under this task. This task shall not be included in the schedule until the task is authorized. 
L 

• 
Contract FCD 2009C030 
CN 343.04.20 

Page 28 of 51 Scope ofWork- Exhibit A 



• 

• 

7 FLOODPLAIN DELINEATION 

7.1 GENERAL 

The CONSULTANT shall delineate and/or re-delineate approximately 100 river miles of detailed 
delineations in accordance with this scope of work. Delineations do not include the Hassayampa River, 
Sols Wash or Hospital Wash. An additional 80 river miles may be provided under an optional task if 
authorized by the DISTRICT . . The CONSULTANT shall meet with the DISTRICT and make 
recommendations for the areas to be delineated. The DISTRICT's Project Manager shall approve all 
locations to be delineated. 

7.2 COORDINATION 

The CONSULT ANT shall meet with officials from the local communities in accordance with Section 4 of 
the Scope of Work. The purpose of these meetings is to identify local flooding problems and obtain 
infonnation on current and planned public works projects, channel modifications, storm drainage systems, 
development, and corporate limits. 

Public involvement will be conducted in accordance with Section 4 of the Scope of Work. 

7.3 DATA COLLECTION 

See Section 8.1 for Data Collection 

7.4 FIELD RECONNAISSANCE 

The CONSULTANT will conduct field reconnaissance covering the full study reach. This will include 
observation of channel and floodplain conditions for estimation of Manning's "n" values, photographic 
documentation of floodplain characteristics, and determination of channel bank stations, observation of 
possible overflow areas, inspection oflevees or other flood control structures, and measurement of bridge 
dimensions. 

Manning's "n" values are to be determined using the methodology in the USGS report, Estimated 
Manning's Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona, 
Aprill991. Copies of the report are available through the DISTRICT. 

The field reconnaissance results will be incorporated in the TDN as Appendix E, and a draft copy will be 
submitted to the DISTRICT for review and approval prior to beginning the HEC-RAS modeling. The 
field reconnaissance section will present the determination of channel and overbank "n" values using 
captioned color photographs or color photocopies. The section will also discuss floodplain conditions 
affecting the delineation, describe structures and obstructions, and provide color photos or photocopies of 
major hydraulic structures. The location of photos and direction of view, structures, and "n" values will 
be displayed on reduced scale mapping. 

Manning's 'n' evaluations shall be performed for all study watercourses to determine if the water surface 
elevations are sensitive to minor changes to "n" values. Results shall be documented in the Field 
Reconnaissance Report. Following completion of the initial HEC-RAS modeling, a sensitivity analysis 
will be conducted for all watercourses. If significant changes are noted, the CONSULT ANT and the 
DISTRICT will determine the most appropriate "n" values to use in the delineation study. An "Effective" 
model will be prepared using the new topography and current discharge values for later comparison. 
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7.5 CROSS-SECTIONS 

The location and alignment of modeling cross-sections and channel centerlines will be submitted for the 
DISTRICT's review and approval prior to digitizing the cross-section data. FEMA mapped cross-section 
locations and those digitized from work maps will be presented initially, where available. Where 
possible, the cross-section locations (cross-section digital file) from the effective floodplain delineation 
study will be used. 

Identification of cross-sections will be in river miles, increasing upstream. Cross-sections will be spaced 
approximately every 500 feet, unless geographic or structural constraints dictate otherwise, and will 
extend the full width of the area inundated by 1 00-year floodwaters. Cross-section IDs may change from 
the current FEMA IDs if the thalweg or river baseline has changed. 

Cross-section stationing will be from left to right looking downstream with the thalweg as station 10,000. 

Cross-section orientation may need to be altered after running the HEC-RAS model to ensure that they 
are perpendicular to the flow, per FEMA criteria. 

Textual descriptions regarding cross-section locations with respect to physical features within each study 
area will be required within the Hydraulic model. These descriptions should also reference flow-splits 
and other hydrologically pertinent study results, including results from previous related studies. 

The cross-section plots will show water surface profiles, ineffective flow areas, "n" values, 
encroachments, channel stationing, and other pertinent information. All plots are to be accompanied by a 
legend. 

7.6 FLOODPLAIN DELINEATION 

The CONSULTANT will conduct the study using the guidelines established in FEMA's Guidelines and 
Specifications for Flood Hazard Mapping Partners, April 2003, FIA Document 12, Appeals, Revisions, 
and Amendments to Flood Insurance Maps, December 1993, Arizona Department of Water Resources' 
State Standard for Floodplain Hydraulic Modeling (SS9-02), and the project Scope of Work. 

7.6.1 Modeling 

Floodplain delineations will be accomplished using the U.S. Army Corps of Engineers' most recent 
version of the HEC-RAS computer model. Evaluations will be made with the assumption that all levees 
do not meet FEMA certification standards. Therefore delineation downstream of culverts will be made 
using the downstream concentration point discharge below any culvert. For situations where a levee 
embankment may be found parallel to the flow direction there may be the need to evaluate the levee "in 
place" and "not in place" for determining the worst case water surface elevation. 

The models for each study area will need to include textual descriptions regarding the name of the 
CONSULTANT and their location, DISTRICT contract number, DISTRICT Project Manager, study
related topographic mapping, and other items determined pertinent to obtain full study documentation. 

The CONSULTANT is to make refinements to the HEC-RAS model based on review of the model results 
by the DISTRICT, ADWR, FEMA, and the FEMA Flood Map Production Coordination Contractor. The 
CONSULTANT shall also review the HEC-RAS model results for reasonableness. The use of FEMA's 
Check-RAS computer program will be part of the review process. Work normal to the scope shall include 
all adjustments to the input parameters required for obtaining the most realistic results. 
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Bridges and culverts must be modeled in compliance with HEC-RAS modeling requirements for the 
selected routine. Where multiple bridges occur, each bridge will be modeled separately. The HEC-RAS 
modeling results for bridges, culverts, and other hydraulic structures may need to be checked using an 
independent method as determined by the DISTRICT to analyze these structures. 

For floodplains identified as ponding areas, it is preferable to analyze these areas by using storage routing 
techniques as provided in the HEC-1 computer model (see Section 5), unless it can be demonstrated that 
movement of flood-flows is riverine in nature. If appropriate, the CONSULT ANT shall identify a 
flood way for the purpose of allowing the pond to seek a constant stage throughout the area extent of the 
pending, versus the creation of two independent ponds. 

7.6.2 Delineation 
The delineation study shall be based on the results of the hydrologic study as summarized in Section 5 of 
this document, or existing hydrology data supplied by the DISTRICT at the beginning of the project. 

The delineation work shall meet requirements for floodplain and floodway delineations as prescribed by 
the FEMA and the ADWR. The delineation work may also require review and acceptance by other cities, 
towns, or local agencies as identified in the contract Scope of Work. 

Flood zones must be determined according to FEMA criteria and clearly labeled on the final work-study 
drawings. 

Floodways are to be determined using equal conveyance encroachment to start with, but only 
Encroachment Method 1 will be used in the final analysis. The floodway encroachment should produce a 
rise in the water surface elevation that is as near the one-foot maximum as possible. 

7.6.3 Sunset/Sunset Cove Watershed (Pilot Study) 
Floodplain/Floodway Analysis for the Sunset/Sunny Cove Watershed will be performed separately and 
on an accelerated schedule at the beginning of the contract. 

7.7 WORK-STUDY MAPS 

The CONSULTANT shall provide permanent work-study drawings. Unless specified otherwise, the 
drawings shall be 24" x 36" in size, with a scale of l-inch= 200-feet and a contour interval of 2-foot for 
all mapping with the exception of section line roads which will have a contour interval of 1 foot and/or 
spot elevations. A cover sheet will be provided with the project title, date of topographic mapping, and a 
location map showing geographic range covered by each specific mapping sheet. 

Each drawing shall include contours, spot elevations, the floodplain and floodway delineations, and a 
minimum of a north arrow, scale, section corners and quarter corners, current and proposed streets and 
highway names, NAD83 Central Zone State Plane Coordinate System grid marks, major drainage 
features, corporate boundaries, cross section lines, channel station center line, index map, and description 
and elevation of elevation reference marks (ERMs). The DISTRICT will supply a template of map and 
drawing formats. 

The final drawings shall be sealed by each qualified registrant according to the work performed. The 
work of each SUBCONSULTANT and/or sub-contractor shall be performed in accordance with the 
Scope of Work and these Guidelines. The CONSULTANT shall check all work prior to each submittal to 
the DISTRICT. All drawings shall be initialed and dated by the person who performed the work and the 
checker. 
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7.8 MEETINGS 

The following meetings shall be held with DISTRICT staff to review the results of the hydraulic 
modeling: 

• Meeting Number 1 (Combined with Monthly Progress Meeting)- To review Manning's 'n' 
value selection. Values chosen by the CONSULTANT should be presented and discussed at this 
meeting; 

• Meeting Number 2 (Combined with Monthly Progress Meeting) -To review the selected 
HEC-RAS cross-section location and alignment. The location and alignment of modeling cross
sections and channel centerline will be submitted for the DISTRICT's review and approval prior 
to digitizing the cross-section data; 

• Meeting Number 3 (Combined with Monthly Progress Meeting)- To review draft floodplain 
delineations. Draft delineations are to be submitted to the DISTRICT prior to the meeting; 

• Meeting Number 4(Combined with Monthly Progress Meeting) ·- Meeting with the Town of 
Wickenburg to review study results; and 

• Meeting Number 5 (Combined with Monthly Progress Meeting)- Final Submittal Review. 

7.9 REVIEW AND APPROVAL 

The CONSULT ANT must obtain DISTRICT approval at each of the following steps: 

• Field Reconnaissance Report and estimation of Manning's "n" values; 
• Proposed location and alignment of the cross sections and channel centerline; 
• Floodplain (natural) delineation; 
• Floodway delineation using equal conveyance Encroachment Method 4, following approval of 

floodplain delineation; 
• Floodway delineation using Encroachment Method 1; 
• Finalized reporting in Technical Data Notebook; and 
• Final FEMA submittal package (with all documentation). 

7.10 TECHNICAL DATA NOTEBOOK 

Technical Data Notebook(s) (TDN) shall be prepared in accordance with the ADWR State Standards 
Attachment 1-97 (SSAl-97) to present the fmdings of the floodplain/floodway delineations. TDN(s) will 
be separated into geographic or watershed based documents. The format of the TDN(s) shall follow 
"ADWR/FEMA Submittals" as outlined in SSAl-97 unless otherwise specified in the Scope of Work. 
Pertinent information from other sections of these guidelines shall also be documented as necessary to 
fully complete the TDN(s) for a FEMA submittal and review. The TDN(s) shall include profile plots and 
complete printouts of the HEC-RAS and HEC-1 models. 

A separate TDN will be prepared for Sunset/Sunny Cove Wash Watershed (Pilot Study) and submitted to 
FEMA on an accelerated schedule. 

7.11 EXECUTIVESUMMARY 

An Executive Summary Report shall be prepared to document the results and drawings from all of the 
TDNs . 
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7.12 IDSDATA 

Delivery of digital study data for population of the DISTRICT's Hydrologic Information System (HIS) 
database shall comply with the DISTRICT's IDS Data Delivery Specifications as required under 
Reference B, Data Delivery Standards. The CONSULTANT shall have the option of delivering the 
digital data in one of two formats: 

• OPTION 1 -Digital data shall be delivered in a Geographical Information System (GIS) format 
per DISTRICT specifications; or, using shape file format instead of coverages; or 

• OPTION 2 - Digital data shall be delivered in a CADD standard ASCll DXF format from either 
AutoCAD or Micro Station per DISTRICT specifications. 

All required illS submittals must be reviewed and accepted prior to finalizing the TDN(s) for submittal to 
FEMA. 

7.13 TIDS SECTION NOT USED 

7.14 SUBMITTALS 

The CONSULTANT will submit the following items to the DISTRICT for review by Federal Emergency 
Management Agency (FEMA) and any other appropriate governmental agency. All of the following 
products, unless otherwise specified, are considered deliverables for the FEMA submittal: 

• Original Affidavits of Publication; 
• Two (2) complete sets of blackline topographic base maps with the floodplain/floodway 

delineations shown. All drawings shall be signed and sealed by persons of appropriate 
professional registration(s). Each registrant shall provide a specific statement as to what service 
they performed; 

• Two (2) copies of the TDN(s), including complete HEC-1 and HEC-RAS digital input/output 
files on diskettes or CDs. The TDN(s) shall be prepared in accordance with ADWR State 
Standards Attachment 1-97 (SSA1-97) using the ADWR/FEMA Submittals outline, unless 
otherwise specified by the DISTRICT; 

• Final Submittal - The following products are considered deliverables for the final submittal to the 
DISTRICT after FEMA approval is issued; 

• One (1) complete set fmal sealed work maps and cover sheet in pdf format and four (4) complete 
sets of sealed blackline topographic base maps with the floodplain/floodway delineations shown. 
All drawings shall be signed and sealed by persons of appropriate professional registration(s). 
Each registrant will provide a specific statement as to what service they performed; and 

• Four (4) complete copies of the TDN(s) including HEC-1 and HEC-RAS input/output files on 
diskettes. The TDN(s) shall be prepared in accordance with ADWR State Standards Attachment 
1-97 (SSAl-97) using the ADWR/FEMA Submittals outline, unless otherwise specified by the 
DISTRICT. This submittal of the TDN(s) shall include any correspondence and/or meeting 
minutes with the reviewing agencies, and shall reflect any revisions required by those reviewing 
agencies. Revisions may include, but are not limited to, modifications to the delineation maps, 
the HEC-1 model, the HEC-RAS model, and/or the final TDN(s). 
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The CONSULTANT shall review FEMA comments. After review ofFEMA comments with DISTRICT 
staff, CONSULTANT shall prepare a response and revised submittal or addendum to TDN(s). 
CONSULTANT shall provide response to DISTRICT for DISTRICT re-submittal. 

7.16 OPTIONAL TASKS 

7.16.A Optional Task 7A- HAZUS (This Section Not Used) 

7.16.B Optional Task 7B- Additional Watercourse Delineation 
The CONSULT ANT shall provide floodplain and flood way delineations for an additional eighty ( 40) 
river miles, per Sections 6 and 7 of the Scope of Work. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized. 

7.16.C Optional Task 7C- Sols Wash Floodplain (This Section Not Used) 

7.16.D Optional Task 7D- Additional FEMA Review Time 
The CONSULT ANT shall notify the DISTRICT if additional FEMA review time is required. This 
Optional Task is to be used for additional FEMA review time that may be required beyond the original 
contracted time for Task 7.15. 

Optional Items are not authorized with the Notice to Proceed and may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the contract 
period and may include additional contract time. All invoices shall separately identify cost for the 
work under this task. This task shall not be included in the schedule until the task is authorized . 
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8 PLANNING STUDIES 

As part of the Study tasks, the CONSULTANT shall research the following items, which will contribute 
to the project data/materials required for each task: 

• Data collection; 
• Analysis of existing facilities; 
• Identification of past drainage and flooding problems; 
• Collection of existing flood photos; 
• Completion of existing conditions analysis; 
• Identification of flood hazard limits; 
• Evaluate impacts on the watershed due to development; and 
• Identification of drainage problems. 

The CONSULTANT shall develop a Flood and Community Context Inventory Report for submittal to the 
DISTRICT at the completion of the Study. 

8.1 DATA COLLECTION 

The CONSULTANT shall collect and review pertinent data from the DISTRICT, MCDOT, partner 
Towns and Cities, and other sources. Data to be collected and reviewed will include the following 
available data: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Existing topographic mapping; 
Utility quarter-section maps; 
As-built plans for existing roadways, railroads, structures, dams; etc.; 
FEMA Flood Hazard Boundary Maps; 
FEMA-approved floodplain delineation studies; 
Letters of Map Amendment and/or Revisions; 
Drainage reports; 
Biologic Reports; 
Archaeological Reports; and 
Environmental Reports . 

Additional data collected under this task will include, but is not limited to : 

• Site plans; 
• Future drainage improvement plans; 
• Land-use plans; 
• Development plans; 
• Highway widening and concept studies; 
• Major utility corridors; 
• Landfill closure plans; and 
• Historic flood data, such as precipitation data, newspaper articles, and historic flooding photos. 

Interviews should be arranged with appropriate agencies or associations for information on drainage 
problems in the area. 
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The CONSULTANT shall develop a comprehensive list of flooding and drainage problems affecting the 
project area. An essential part of the Study is to document the need and necessity of proceeding with an 
ADMP, which will require a Change Order. 

The CONSULTANT shall develop a comprehensive list of possible existing and proposed development 
projects affecting the study area. 

The CONSULTANT will provide a map, which indicates the location of flooding, or problem areas 
identified by the flood data obtained. 

8.1.1 Planning/Regulatory Coordination 
The CONSULTANT shall complete an inventory and determine the status and relevance of any planning 
studies conducted by Maricopa County, partner Towns and Cities, and any other agencies working within 
the project area. 

The CONSULT ANT shall identify significant conditional development approvals by the Maricopa 
County Board of Supervisors, partner Towns and/or Cities' Councils, and any other agencies. 

The CONSULT ANT shall meet with planning staff from identified agencies to determine current policy 
thinking concerning land use, development standards, flood control, and environmental protection for the 
project area. 

The CONSULTANT shall assess and document opportunities and obstacles created by adopted codes, 
ordinances, and development conditions. 

The CONSULTANT shall identify planning issues resulting from policies and/or regulations pertinent to 
the project. 

8.1.2 Site Visits 

Refer to Task 5.3 for team and DISTRICT one (1) day site visit for an overview of the watershed. 

The DISTRICT will conduct at least one (1) additional all-day site visit during the Study to familiarize 
the CONSULTANT and the DISTRICT with the project area, and to determine any initial conflicts or 
opportunities. 

8.2 EXISTING CONDITIONS ANALYSIS 

The CONSULTANT shall research and become familiar with all existing hydrologic and hydraulic 
studies and models affecting the project area. 

The DISTRICT shall prepare a GIS map layer and accompanying database that includes all land 
ownership in the area. The land ownership base map will indicate whether property is publicly or 
privately held and ownership information. 

8.2.1 Flood and Community Context Inventory Report 
The CONSULT ANT will compile the data in a Flood and Community Context Inventory Report. The 
Flood and Community Context Inventory Report will contain a description of information collected for 
this project, and include the following, as applicable: 
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• Executive Summary; 
• Project Description; 
• Scope of Project; 
• Data Collection Results; 

o Current Conditions. 
o Areas of Past and Potential Flooding. 
o Existing and Future Development Plans. 
o Current and Future Transportation Plans. 
o Existing and Future Drainage Facilities. 
o Existing Biological, Archaeological and Environmental Resources. 

• Land; 
o Parcel Ownership. 

• Rights-of-Entry Requirements; 
• Existing Hydrology/Hydraulics/FL0-2D Models; 

o Summary of Models/Conditions. 
o Concerns. 

• Major Utilities; 
• Existing Facilities Exhibit; and 
• References/Figures. 

The CONSULTANT shall submit a DRAFT of this report to the DISTRICT, followed by a FlNAL once 
all Flood and Community Context Inventory Report tasks are complete. 

8.2.2 Existing Facilities Exhibit 
The CONSULTANT shall prepare an Existing Facilities Exhibit containing an inventory of all man-made 
or relevant drainage facilities within the project area, including stock ponds. The inventory shall note the 
condition, size and/or capacity, level of protection, and ownership of these structures. These facilities 
will become part of the base map for the alternatives analysis. The CONSULT ANT shall make 
maximum use of these facilities, where feasible, as part of the alternative plans. Existing major natural 
washes and existing and planned man-made drainage facilities in the watershed should be shown on the 
Existing Facilities Exhibit. 

8.3 FLOOD HAZARD ASSESSMENT 

The following GIS map and Layers shall be developed following completion of the hydrology models: 
• Flow Characteristics Map; 

o Riverine. 
o Alluvial flow. 
o Distributary Flow. 
o Ponding. 
o Debris Flow. 

• Flow magnitude and Extent Map; 
• Geologic and Soil Unit Map; and 
• Flood hazards Delineations Map. 

This data set shall be interpreted to determine the suitability/compatibility with flood protection structure 
types and methods in meeting the goals and objectives established for the appropriate level of stormwater 
management. This analysis shall serve as the initial building block for the development of the alternatives 
for the potential ADMP. Results of the Flood Hazard Assessment will be documented in the Flood and 
Community Context Inventory Report. 
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9 DELIVERABLES 

All reports or documents shall be submitted to the DISTRICT for review in draft form. Upon receipt of 
review comments, the CONSULTANT shall incorporate appropriate revisions and complete the report. 
The CONSULTANT shall incorporate a two-week DISTRICT review time in the project schedule. 

9.1 DOCUMENTS 

The CONSULT ANT shall provide the following documentation for this Project: 

Project Administration Report: The Project Administration Report will be submitted at the end of the 
project and will include copies all minutes, conversations, correspondence, etc. Public Meeting 
Announcements, Sign-in sheets and formal letters. 

Project Schedule: The Project Schedule will be submitted at the kick-off meeting and will be updated as 
necessary. 

Process Flow Chart: The Process Flow Chart will coordinate all work tasks and deliverables. 

Stakeholder/Public Involvement Plan: An outline of the proposed methods of informing the 
public/stakeholders of the project issues and results. 

Project Survey Report: The Survey Report will document the survey controls, benchmarks, structure 
surveys, and quality control cross-section checks. 

Geotechnical Report: The Geotechnical Report will document the results of the Geotechnical 
Investigation and all test results. 

Technical Data Notebooks: A compilation of documents and reports organized in accordance with 
ADWR standards. 

ADMS Hydrology and Geology Report: The Hydrology and Geology Report will be part of Section 3 
oftheTDN. 

Data Collection Report: The Data Collection Report will be part of the TDN. 

Field Reconnaissance Report: Report to document the Manning's 'n' value evaluation and special field 
conditions and photographs. 

Pilot Study Report: Report for an approximate 20m? watershed area which encompasses the Sunny 
Cove Wash 

Flood and Community Context Inventory Report: The Context Identification Report will be a 
compilation of land-use and planning information including a summary of prior hydrology and floodplain 
reports. 

Executive Summary Report: A summary of the study area, watershed and floodplain maps and study 
description . 

Contract FCD 2009C030 
CN 343.04.20 

Page 38 of 51 Scope of Work- Exhibit A 



• 

~ · 

• 

9.2 FORMAT 

The CONSULTANT shall prepare and deliver to the DISTRICT for review five (5) hard copies of all 
draft submittals and two (2) CDs with the reports in an editable Word document and with the digital 
hydraulic and hydrology models that have been used. 

Upon completion of the project, five (5) hardcopies of the Final Summary Report and Exhibit, each with a 
labeled CD insert, will be delivered to the DISTRICT. 

The CONSULTANT shall deliver a separate CD containing electronic copies of the report and all exhibits 
in PDF format. 

The CONSULTANT shall deliver a CD containing the models and documents/graphics/drawings in the 
original format in which the documents were developed. 
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REFERENCE A- DEFINITIONS 

A.l DEFINITIONS 

When the following terms are used in the contract documents, the meaning will be as follows: 

ADWR- Arizona Department of Water Resources 

AGENT - The DISTRJCT's authorized representative shall be the Planning and Project Management 
Division Manager or his duly authorized representative, hereinafter called the "Agent". For purposes of 
this contract, the Agent's duly authorized representative shall be the Project Manager and he/she shall be 
the sole contact for administering this contract. 

Agreement- The term "Agreement" is also referred to and may be designated as "Contract." 

Amendment - A written alteration to the executed contract, within the general scope of work, which 
authorizes and directs any of the following: an addition, deletion, or revision to the scope of work; or an 
adjustment in the contract performance period or contract value; or any combination thereof. The term 
"Amendment" is also referred to and may be designated as "Change Order." (Exhibit 1) 

A.R.S. -Arizona Revised Statutes, as amended, through the most recently completed legislative session. 

Certificate of Performance- CONSULTANT certification required prior to final contract payment by 
the DISTRJCT, certifying that all lawful claims for labor, rental of equipment, material used and any 
other claims in connection with the contract have been paid by the CONSULTANT. (Exhibit 2) 

Change Order - The term "Change Order" is also referred to and may be designated as "Amendment." 
(Exhibit 1) 

CLOMR- Conditional Letter of Map Revision issued by FEMA. 

CONSULTANT- The individual, partnership, firm, corporation, joint venture, or other business entity 
with which the DISTRICT has entered into a contract to provide professional services. The term 
"CONSULTANT" means and includes the CONSULTANT and all of its representatives and 
subCONSULTANTs. 

Contract- The fully executed contract for CONSULTANT services entered into between the DISTRICT 
and the CONSULT ANT for completion of the scope of work. The contract is a mutually binding legal 
relationship, which includes all attachments, exhibits, supplements, and amendments to the contract and 
represents the entire and integrated agreement between the DISTRICT and the CONSULTANT. It 
supersedes all prior discussions, negotiations, representations, or agreements pertaining to the scope of 
work, whether written or oral. The term "Contract" is also referred to and may be designated as 
"Agreement." 

Contract Adjustment- See Amendment or Change Order. 

Contract Fee - The total compensation to be paid by the DISTRICT to the CONSULTANT for the 
acceptable completion of the scope of work. The contract fee can only be changed by a written 
amendment to the contract. The term "Contract Fee" is also referred to and may be designated as 
"Contract Value." 
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Contract Value - The tenn "Contract Value" is also referred to and may be designated as "Contract 
Fee." 

Cost Estimate- The CONSULTANT's best professional estimate of the value of the construction project 
and/or associated services based on current costs. The cost information for construction projects in the 
cost estimate shall be adjusted to reflect costs effective the date that the bids are opened. 

County- Maricopa County, Arizona. 

Day- A calendar day of24 hours, measured from midnight to the following midnight. 

Design Specification - Category of specifications, which sets out in detail, the materials used for contract 
work and the mode and manner in which contract work is to be performed. 

DISTRICT- The Flood Control DISTRICT of Maricopa County, Arizona, a political taxing subdivision 
of the state of Arizona organized under Section 48, Chapter 21, of the Arizona Revised Statutes, having 
all the powers, privileges and immunities granted generally to municipal corporations. 

Errors and Omissions- Wrongful acts of the CONSULTANT arising out of performing, or failing to 
perform, professional services. 

FEMA- Federal Emergency Management Agency. 

Forbearance - Formal action by the DISTRICT to reserve and maintain all contractual rights and 
remedies while allowing the CONSULTANT to complete the contract requirements beyond the contract 
completion date when the CONSULTANT has been delayed through no fault of the DISTRICT or other 
Agencies identified by the Scope of Work. 

LOMR- Letter of Map Revision issued by FEMA. 

Maricopa County Procurement Code - Code adopted by the Maricopa County Board of Supervisors 
and the District's Board of Directors, which applies to all expenditures of public monies, except contracts 
between the County or DISTRICT and other political subdivisions or other governments. The Code 
defmes the responsibilities and authorities granted to County and DISTRICT representatives for 
solicitation, negotiation, and award of contracts, or other purchasing agreements. 

Milestone - A principal event specified in the contract documents relating to an intermediate schedule 
completion date or time prior to the final contract completion date. 

Notice to Proceed (NTP) - The formal notification issued by the DISTRICT to the CONSULTANT 
authorizing the CONSULTANT to proceed with the work and establishing the date of commencement of 
the performance period. 

Performance Period - The period of time provided in the contract for the completion of the scope of 
work by the CONSULTANT. The performance period is initiated by the Notice to Proceed. The 
performance period may only be revised by an amendment to the contract. 

Progress Payments- Monetary payment made to the CONSULTANT as contract work progresses and 
determined on the basis of percentage of completion accomplished. · 
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Project - The total work identified by the Scope of Work, to be completed pursuant to the contract 
requirements. 

Project Manager- CONSULTANT's representative and the primary contact with the DISTRICT and/or 
the DISTRICT's representative and the primary contact with the CONSULTANT. The Project Manager 
is knowledgeable and responsible for all aspects and phases of the project. 

Small Business Enterprise Program - The Maricopa County Small Business Enterprise (SBE) Program 
is incorporated by reference. It is Maricopa County's policy to provide small businesses the opportunity 
to participate in the County's solicitation process and to be considered to fulfill the requirement for 
various commodities and services. No specific SBE participation percentage goal or dollar amount has 
been established for this contract. 

Schedule - A timeline of the scope of work that, at a mmrmum, contains those elements of the 
DISTRICT scheduling template which are applicable to the project, i.e., contract start and completion 
dates, coordination meetings, dates of required submittals, and significant project milestones. 

Scope of Work (SOW) - Contract document detailing the specific work requirements in addition to the 
CONSULTANT Guidelines. 

Seal- The placement of a permanently legible imprint of the registrant's seal and signature in accordance 
with Arizona Board of Technical Registration R4-30-304. The seal shall bear the name of the registrant 
and shall state the profession in which the registrant is permitted to practice; whom shall be qualified and 
regularly and customarily engage in the technical discipline of the scoped items of work. 

Specification - A description of the technical requirements for a material, product, or service that 
includes the criteria for determining whether these requirements are met. 

Stamp- The term "Stamp" is also referred to and may be designated as "Seal". 

Standard - A document that establishes engineering and technical limitations and applications of 
materials, processes, methods, designs, and engineering practices. 

Study - An investigation that results in the acquisition of knowledge through the analysis of a proposed 
project or issue. At the completion of the study, the CONSULTANT provides the DISTRICT with a 
written report of the information attained during the study period. 

Subconsultant- An individual or a business entity, which has a direct contract with the CONSULTANT 
to perform a portion of the Scope of Work. The term "subconsultant" means and includes the 
subconsultant and the subconsultant's authorized representatives. 

Technical Data Notebook- The organization of technical documentation for flood studies according to 
the State Standard SSAl-97. 

Termination- Right reserved by the DISTRICT to bring an end to a contract for either the convenience 
of the DISTRICT, or due to the unexcused failure of the CONSULTANT to perf01m. 

Written or In Writing- Any worded or numbered expression which can be read, reproduced, and later 
communicated, and includes electronically transmitted and stored information . 
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REFERENCE B- DATA DELIVERY STANDARDS 

CONSULTANT can select a GIS FORMAT or a CAD FORMAT for data deliveries. 

GIS FORMAT 

CONSULTANTs who choose to follow the GIS standards by delivering the data in Arc/Info format 
should follow the specs book titled: "Data Delivery Specifications: The Hydrologic Information System 
(IDS) REV. 3.1 June 1, 1998" Flood Control District ofMaricopa County, latest edition. 

Data deliveries should include the following data: 

Name 
NDXPRJ 
PRJ 

CAR TO 

CORNERS 

CTRL 
AGRCLTR 
STRCT 
DQ.TBL 
PRJDAT.TBL 
FPBL 
FPCTLFCD 
FPSRFFCD 
FPXFCD 
FPZNFCD 
FPZNHZ 

SPWBLN 

SPWXSEC 

SPWZN 

CNL 
FLTY 
RR 
STRTCLN 
STRTDTL 
UTLTY 
ELV 
BRIDGE 
CULVERT 
VEG 
DRNBSN 
DRNPTH 
LAKE 
RIVER 
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LP-40 

LP-60 

LP-110 

LP-210 

LP-215 
LP-305 
LP-360 
LP-410 
LP-430 
LP-520 
LP-523 
LP-535 
LP-540 
LP-550 
LP-560 

LP-588 

LP-590 

LP-591 

LP-610 
LP-620 
LP-650 
LP-655 
LP-660 
LP-670 
LP-710 
LP-608 
LP-612 
LP-775 
LP-920 
LP-930 
LP-950 
LP-960 

Description 
Shows the map sheet boundaries of the project 
Defines the boundary of the project 
Planimetric features captured but not used by HIS (Fences, tree 
lines, etc) 
Section corners as defined by the PLSS (Public Land Survey 
System) 
Other control points that are not comers 
Dairy and Agricultural Areas 
Structures like buildin_g footprints (if any) 
Data Quality_ of Data: Scale, date, Vertical Datum, Projection 
Contractor name, Project Name, Project ID 
Floodway center line 
Elevation Reference Marks 
Surface Water Elevation 
Cross sections used in HEC-RAS 
Floodplain Zones 
Floodplain Hazard Zones 

Spillway Baseline route System 

Spillway Cross section 

Spillway Zone 

Canals (If any) 
FCD Project in the area (if any) 
Railroads in the area (if any) 
Street Centerlines 
Edge of Pavement (if any) 
Utilities, Power poles, etc (if any) 
Contours and spot elevations 
Bridges, including any headwalls or wing walls 
Culverts, including any headwalls or wing walls 
Areas of similar vegetative mix 
Drainage basins 
Drainage Path 
Lakes that are in the area (if any) 
Washes or streams in the area (if any) 
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This is a comprehensive listing of possible features. If there are no features collected under one of the 
categories mentioned, then the theme does not need to be delivered. 

HIS data submittals will be subject to a quality control (QC) check by DISTRICT staff. The DISTRICT 
makes use of a checklist and a computer program to document and automate the QC process. A hardcopy 
of the checklist shall be delivered to the CONSULTANT at the Kick-off meeting. The CONSULTANT 
shall use the checklist to review each HIS data submittal for compliance and deliver a completed copy of 
the checklist to the DISTRICT along with the data submittal. 

The computerized application that automates the QC process is available upon request at no charge to the 
CONSULTANT. The CONSULTANT is recommended to make use of the computer application to 
review the data prior to submittal of HIS. 

All required HIS submittals must be reviewed and accepted prior to finalizing the TDN(s) for submittal to 
FEMA. 

CADDFORMAT 

CONSULTANTs should follow the CADD standards and should deliver digital data in ASCII DXF 
format from either AutoCAD Version 13 or newer or Microstation Version 7.01 or newer per the 
following specs book: "Data Delivery Specifications: Computer Aided Drafting & Design REV 1.0 
January 2000" Flood Control DISTRICT of Maricopa County, latest edition. The CAD Drafting 
standards in which all plans shall be prepared can be found at the Website of the Flood Control 
DISTRICT of Maricopa County at http://www.fcd.maricopa.gov/Resources/CAD/default.asp 

1.1.1 Data Deliveries For Survey Data: 

Name Page No. Description 

CORNERS CP-100 thru Section corners as defined by the PLSS (Public Land Survey 
CP-104 System) 

MISCCTRL CP-105 thru Other control points that are not corners 
CP-108 

ERM CP-109 thru Elevation Reference Marks 
CP-111 

1.1.2 Data Deliveries For Hydrology/Hydraulics 

Name 

BRIDGES 

CAR TO 
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CP-300 

CP-301 

Description 

Bridges, including any headwalls or wingwalls 

thru Planimetric features captured but not used by HIS (fences, 
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Name Page No. Description 
CP-302 tree lines, etc.) 

CULVERTS CP-303 Culverts, including any headwalls or wingwalls 

DATA CP-304 Data quality, scale, date, vertical datum and projection 
QUALITY 

BASINS CP-305 thru Drainage basins 
CP-306 

FLOW PATH CP-307 thru Drainage flow paths 
CP-308 

BASELINE CP-309 thru Flood way baseline (reach) 
CP-310 

SURFACE CP-311 Surface water elevation 
WATER 
FX SECTIONS CP-312 thru Cross sections associated with the HEC-RAS model 

CP-313 
FPZONES CP-314 thru Floodplain zones 

CP-316 
HAZARD CP-317 thru Floodplain hazard zones 
ZONES CP-318 
HEC-RAS CP-319 HEC-RAS output report 
LANDFORM CP-320 thru Land forms as per Piedmont Flood Hazard Assessment 

CP-321 Manual 
LANDSTBL CP-322 thru Land stability as per Piedmont Flood Hazard Assessment 

CP-323 Manual 
INDEX CP-324 Shows the map sheet boundaries of the project 
BOUNDARY CP-325 Defines the boundary of the _project 
PROJECT CP-326 Contractor name, project name, project ID 
!DENT 
SOILS CP-327 thru Soils data 

CP-337 
SPW CP-338 thru Spillway baseline (reach) 
BASELINE CP-339 
BLN 
SPWX- CP-340 thru Cross sections associated with the HEC-RAS model 
SECTION CP-341 
SPWZONES CP-342 Spillway inundation zones 

1.1.3 Data Deliveries For Planning 

Name 
CAR TO 

DEVELOP MEN 
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CP-400 
CP-401 
CP-402 

Description 
thru Planimetric features captured but not used by HIS 

thru Sites where new construction is occurring_ 
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Name Page No. Description 
T SITES CP-403 
DATA CP-405 thru Data quality, scale, date, vertical datum and projection 
QUALITY CP-406 
LAND USE CP-405 thru Present land use 
CUR CP-406 
LANDUSEFUT CP-407 thru Future land use 

CP-408 
INDEX SHEET CP-409 Map sheet index 
BOUNDARY CP-410 Project Boundary 
PROJIDENT CP-411 Contractor name, project name, _project ID 
ANIMAL SP CP-412 thru Special status species (animal) habitat 
STATUS CP-415 
PLANT SP CP-416 thru Special status species (plant) habitat 
STATUS CP-419 
VEGETATION CP-420 thru Areas of similar vegetative mix 

CP-422 

This is a comprehensive listing of possible features. If there are no features collected under one of the 
categories mentioned, then the feature does not need to be delivered . 
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• REFERENCE C- CADD/DRAFTING STANDARDS 

• 

CONSULTANTs shall follow the CADD/DRAFTING Standards as specified in the latest edition of the 
DISTRICT's Drafting Guides . 

Contract FCD 2009C030 
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• REFERENCE D- QUALITY ASSURANCE 

• 

• 

The CONSULTANT shall independently check all design drawings and calculations. Each drawing and 
every calculation sheet shall be initialed and dated by both the designer and checker for each and every 
submittal of design drawings and calculations. The CONSULTANT shall verify the completeness of the 
check before submitting drawings or calculations to the DISTRICT. Submittals received which have not 
been initialed and dated, or that appear to have not been checked, will be returned. Re-submittal shall be 
made within two (2) working days, and no formal contract time extension will be considered for the re
submittal. 

Upon review of any plan submittal by the DISTRICT, if more than five significant comments are 
identified on five or more sheets, the CONSULTANf shall be asked to retrieve the plans for rechecking. 
The CONSULTANT shall recheck the plans, make appropriate corrections and resubmit the plans within 
72 hours after being returned to the CONSULTANf. No additional contract time or fee will be provided 
for the rechecking. 

All calculations submitted to the DISTRICT shall be complete in detail and shall be checked. AJl 
engineering assumptions made during the design other than standard engineering judgments shall be 
documented with appropriate references on the calculation sheets. 

The person checking the calculations shall not be the originator and shall possess equal or better 
qualifications than the originator. 

Calculations can be either hand calculations or computer generated calculations. Computer generated 
calculations can be used for either the design or the check, but cannot be used for both the design and the 
check. AJl hand calculations and computer-generated calculations shall be sealed by a registered engineer 
prior to submittal to the DISTRICT. HEC-1 and HEC-RAS modeling are excepted from the hand 
calculation requirement. 

The work of any subCONSULTANTs utilized by the prime CONSULTANT for this contract (i.e., civil 
design, and structural design) shall be reviewed by the prime CONSULTANT for compliance with the 
Scope of Work and project specifications prior to submittal for review by the DISTRICT. 

The CONSULTANT shall submit a copy of its QNQC procedures with the technical proposal. The 
procedure should outline the CONSULT ANT' s method of checking plans and calculations, including the 
use of check prints. Check prints should be kept on file during the term of the contract for review by the 
DISTRICT. 

All final contract documents including all final reports, specifications, engineer's estimates, and plans 
shall be sealed by a Professional Engineer registered in the State of Arizona. And, in addition, all interim 
submittals with the exception of the plans shall be sealed and shall be stamped preliminary . 
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REFERENCE E - DESIGN REFERENCES, SPECIFICATIONS, AND 
STANDARDS 

E.l STANDARD DETAILS AND SPECIFICATIONS 

"Uniform Standard Specifications for Public Works Construction," and "Uniform Standard Details for 
Public Works Construction," 1998 Arizona, and all revisions through 2002, Maricopa Association of 
Governments (MAG). 

"Flood Control District of Maricopa County Engineering Division 2002 Computer Aided Drafting 
Guidelines." 

"Maricopa County Supplement to the MAG Standard Details," by Maricopa County Highway Department 
(now referred to as MCDOT), shall be utilized as part of the design criteria. 

Use standard MAG details on plans unless otherwise requested by the DISTRICT. Arizona Department 
of Transportation (ADOT) standard details may be used, as approved and when appropriate, then 
modified to be referenced to MAG specifications. 

E.2 DESIGN MANUALS, POLICIES, GUIDES, AND PROCEDURES 

"Drainage Design Manual for Maricopa County, Arizona, Volume I Hydrology," FCDMC, latest revision. 

"Drainage Design Manual for Maricopa County Arizona, Volume II Hydraulics," FCDMC, latest 
revision. 

Chapter 11 Sedimentation, "Drainage Design Manual for Maricopa County Arizona, Volume II 
Hydraulics," FCDMC, 2009 draft. 

"Drainage Design Manual for Maricopa County, Arizona, Volume ill Erosion Control," FCDMC, latest 
revision. 

"River Mechanics Manual for DDMSW (draft)," FCDMC, September 2009. 

"Urban Highways, Channel Lining Design Guidelines," ADOT, February 1989. 

"Design Manual for Engineering Analysis of Fluvial Systems," Simons, Li & Assoc. (SLA), prepared for 
Arizona Department of Water Resources, 1985. 

"Computing Degradation and Local Scour," Pemberton, E.L. and Lara, J.M., U. S. Bureau of 
Reclamation, Sedimentation Section, 1984. 

Structural design shall be in accordance with current AASHTO Specifications. Street and maintenance 
road crossings shall be designed to accommodate HS20-44 loading. Calculations shall be based on 
service loads and the working stress method. 

"Pipe Selection Guidelines and Procedures," ADOT, February 1, 1996 with March 21, 1996 revisions . 
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• 

"A Policy on Geometric Design of Highways and Streets," 4th Edition, AASHTO, 2001, commonly 
referred to as the "Green Book," and "Maricopa County Department of Transportation Roadway Design 
Manual" latest edition and revisions shall be used, unless otherwise requested by the DISTRICT. 

"Roadside Design Guide," AASHTO, 2002, to be used to establish clear distances and other related safety 
issues. 

E.3 SCENERY RESOURCES AND MULTI-USE ASSESSMENT GUIDELINES 

The CONSULT ANI' shall utilize the references listed below as a frame of reference and guide for 
designing and implementing the Scenery Resources and Multi-Use Assessment: 

"Policy for the Aesthetic Treatment and Landscaping of Flood Control Projects," FCDMC, 1992. 

"Revised Cost Ceiling Tables for Landscaping and Project Aesthetic Features," FCDMC, April26, 2001. 

"Beauty and the Beast, A Feature Article for the AFMA Newsletter, Vol 17, Number 2," Dennis 
Holcomb, FCDMC, October 2000. 

"Issues and Concerns Pertaining to the Incorporation of Aesthetic Features in Flood Protection Facilities," 
FCDMC, April 28, 2002. 

"A Framework for Assessing the Relative Ability of Alternative Flood Protection Methods to 
Complement and Achieve Compatibility with the Visual Character of Landscape Settings in Maricopa 
County." 

"Identification of General Landscape Setting Categories and Appropriate Landscape Treatment Themes 
& Prescriptions for District Flood Protection Facilities based upon MAG 2000 Land Use Categories," 
FCDMC, April29, 2002. 

"Aesthetic and Multi-Use Design Guidelines for Flood Control Basins and Channels," FCDMC, April23, 
2002. 

"Landscape Character Types and Sub-Types in the National Forests of Arizona and New Mexico," 
USDA-FS, undated. 

"National Forest Landscape Management, Vol. 2, Ch. 1, The Visual Management System, Ag Handbook 
462," USDA-FS, 1974. 

"National Forest Landscape Management, Vol. 1, Ag Handbook 434," USDA-FS, 1973. 

"Landscape Aesthetics, A Handbook for Scenery Management, Ag Handbook 701," USDA-FS, 1995. 

"National Forest Landscape Management, Vol. 2, Ch. 4, Roads, Ag Handbook 483," 1977. 

"National Forest Landscape Management, Vol. 2 Ch. 2, Utilities, Ag Handbook 478," USDA-FS, 1975. 

"Landscape Architecture Technical Information Series, Vol. 1, No. 3, Creating Land for Tomorrow," 
ASLA, 1978 
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"Forest landscape Description and Inventories - a basis for land planning and design, USDA Forest 
Research Paper PSW-49," USDA-FS, 1968. 

"Application Procedures for Designation of Parkways, Historic, and Scenic Roads in Arizona," ADOT, 
1993. 

"Landscape Inventory and Analysis for Maricopa County," FCDMC, 2009. 

"Aesthetic and Multiple-Use Guidelines for Flood Control Basins and Channels," FCDMC, April 23, 
2002. 

"Existing Facilities Landscape Aesthetics and Multi-Use Opportunities Assessment, North Valley 
Structures Analysis," FCDMC, February 5, 2001. 

"Existing Facilities Landscape Aesthetics and Multi-Use Opportunities Assessment, West Valley 
Structures Analysis," FCDMC, June 1, 2001 

"Maricopa County Regional Trail System Plan," Maricopa County Trail Commission, August 16, 2004. 

"Desert Spaces, An Open Space Plan for the Maricopa County," Maricopa Association of 
Governments, undated . 
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Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix 8 

8.6 PUBLIC NOTIFICATION 

Wickenburg Area Drainage Master Study/Plan 
B-4 



Flood Control District 
of Maricopa Co unty 

Board of Directors 

Fulton Brock, District 1 

Don Stapley, District 2 

Andrew Kunasek, District 3 

Max Wilson, District 4 

Mary Rose Wilcox, District 5 

2801 West Durango Street 
Phoenix, Arizona 85009 
Phone: 602-506-1501 
Fax: 602-506·4601 
TT: 602-505-5897 

• 

• 

January 24, 2011 

BRIGHT CLARA PAULICK TR 
PO BOX 1206 
WICKENBURG, AZ 85358 

To Whom It May Concern: 

The Flood Control District of Maricopa County (District) invites all interested persons to attend a 
public meeting presenting the Phase 1 results of the updated Wickenburg Area Drainage Master Study 
(ADMS). This phase of the study performed floodplain/floodway delineations which updated the 
floodplain!floodway boundaries in all of the drainage area contributing to the Sunset and Sunnycove 
washes within the Town of Wickenburg. Based on property ownership records, your property is near 
or within this recently updated floodplain/flood way. 

The public meeting will be held on Thursday February 3, 2011 from 5:30p.m. to 7:30p.m. (6:00 
presentation) at the Wickenburg Community Center. You will have an opportunity to review the 
updated t1oodp1ain!floodway boundaries and speak with project team members from the District and 
its consultants. 

The updated delineations include both the establishment of 1.1 linear miles of new Zone AE 
floodplains with Base Flood Elevations; and the modification of3 .1linear miles of floodplain and 
floodway widths and Base Flood Elevations (increases and decreases) for areas with previously 
delineated Zone AE floodplains and floodways . 

The floodplain reaches impacted are: 

• Sunset Wash: modified floodplain/floodway from the Hassayampa River to Sunset Darn 

• Sunset Wash: new Zone AE floodplain (no f1oodway) from the Sunset Dam impoundment area to 430 
feet downstream of Los Altos Drive 

• Sunset Wash Tributary 1: new Zone AE floodplain (no floodway) from the Sunset Dam impoundment 
area to 400 feet downstream of Los Altos Drive 



• 

• 

• 

• Sunnycove Wash: modified floodplain/floodway from the Hassayampa River to 160 feet north of 
Steinway Drive 

The District's delineation study will be submitted to the Federal Emergency Management Agency 
(FEMA) for adoption. The approval process may take one year or longer. FEMA will use the study 
data to update the Flood Insurance Rate Maps for the National Flood Insurance Program. In the interim 
the District and other jurisdictions may use the data as the "best available information" for floodplain 
management. Persons with buildings on their property in the updated Sunset/Sunnycove Wash 
floodplains and floodways will not be required to purchase flood insurance until after the floodplain is 
adopted by FEMA and the Flood Insurance Rate Maps are updated. The District, however, 
recommends that property owners have flood insurance to financially protect themselves from losses 
incurred by flood damage to buildings on their property. 

If you have any questions about the updated floodplain/floodway boundaries, please contact Kathryn 
Gross, Senior Hydrologist, at (602) 506-4837 or kag@mail.maricopa.gov; or Greg Jones, Regional 
Area Planning Manager, at (602) 506-5537 or glj@mail.maricopa.gov. 

Sincerely, 

Kathryn Gross, M.A., CFM 
Senior Hydrologist 
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86322 70S W AGUA DR 

15622 426 S KE W S RD 
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WICKENBURG 

W ICKEN BURG 

85390 620 DESERT CANYON RD WICKENBURG 

8S390 401 S APACHE RD 

83001 40 S M ESQUITE ST 

85390 6SO N DESERT CANYON R[ W ICKENBURG 

91001 229 W SYLVAN RD 

85390 597 W HIPPLE CT WICKENBURG 

7S063 51S W DESERT CANYON Rl W ICKENBURG 

85390 635 N DESERT CANYON RC W ICKENBURG 

85009 

85390 365 COTTONWOOD LN WICKE NBURG 

85390-13S2 64 LINCOLN ST 

95008 293 S JEFFERSON ST 

85358 575 W APACHE ST WICKENBURG 

80477-28S7 

8520S-8928 32848 W M ANRAD DR WICKENBURG 

85390 SOD W W ICKENBURG WY W ICKENBURG 

85390 550 DESERT CANYON RD W ICKENBURG 

85390 

85390 39S COTTONWOOD LN W ICKENBURG 

80138 

8S390 1910 MANRAD DR W ICKENBURG 

8S358 600 W DESERT CANYON D W ICKENBURG 

8S390 43S S PALO VERDE RD 

8S3S8 32716 W M ANRAD DR 

85358 72 N GRANT ST 

85390 21 S OXBOW DR 

W ICKENBURG 

8S39D 61D W DESERT CANYON D W ICKENBURG 

8S390 30S LOST CANYON DR W ICKENBURG 

8S3S8 630 W DESERT CANYON D W ICKENBURG 

8S390 1S90 W COUNTY LIN E RD W ICKENBURG 

8S3S8 88S W AM ERICA ST W ICKEN BURG 

8S390 S2S W DESERT CANYON Rl W ICKENBURG 

8S390-13S1 36 N LINCOLN ST 

8S3S8 185 FISHER ST 

W ICKENBURG 

WICKENBURG 

85390 640 DESERT CANYON DR W ICKENBURG 

8S390 322 SYLVAN RD 

8S390 209 SYLVAN RD 

85390 82 N GRANT ST 

85390 141 S FISH ER ST 

8S358 890 W PALO VERDE DR 

8S390 336 N AM ERICA ST 

8S390 501 OXBOW DR 

8S260 

W ICKENBURG 

W ICKENBURG 

WICKENBURG 

8S390 S10 N DESERT CANYON R[ W ICKENBURG 

8S614 

85390 

8S390 850 W AM ERICA ST 

8S390 159 PARK ST 

98S31-9043 13 S OXBOW DR 

85390 145 S FISH ER ST 

8S009 330S2 W M ANRAD DR 

W ICKE NBURG 8S390 

W ICKENBU RG 

W ICKENBURG 

98023 6 SYLVAN LN W ICKENBURG 

85390 64S N DESERT CANYON RC W ICKEN BURG 

85390 PO BOX 21 

85390 8 MOUNTAIN VILLA D3 

85390 620 DESERT CANYON RD 

85390 S0847 N STEI NWAY DR 

85390 PO BOX S46 

85390 650 DESERT CANYON RD 

8S390 2084 MEADOWBROOK RD 

85390 S97 WHIPPLE CT 

85390 4DOO HORIZON WY 

85390 635 DESERT CANYON RD 

2801 W DURANGO ST 

85390 365 W COTTONWOOD 

85390 65 N LINCOLN ST 

85390 S80 EE L PATIO 

85390 P 0 BOX 1394 

PO BOX 7728S7 

8539D 6040 E M AIN ST UNIT A10012S 

85390 500 W W ICKENBURG WAY 

8S390 550 DESERT CANYON RD 

85390 395 COTTONWOOD LN 

10790 MNT ANTERO WY 

85390 191D M ANRAD DR 

85390 PO BOX 20573 

85390 725 W PALO VERDE DR 

8S390 PO BOX 1476 
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85390 141 S FISHER ST 

PO BOX 21S36 

8S390 336 AM ERICA ST 

85390 501 S OXBOW DR 

14400 N 76TH PL 
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987 W BLUE FOX RD 

1905 DUFF RD 
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PHOENIX 

W ICKE NBURG 

W ICKENBURG 

• 
A2 

PA 

AZ 

A2 

WY 

A2 

CA 

A2 

TX 

A2 

AZ 

A2 

A2 

CAMPBELL CA 

WICKENBURG A2 

STEAMBOAT SPR CO 

MESA 

W ICKENBU RG 

WICKENBU RG 

W ICKENBURG 

PARKER 

W ICKENBU RG 

WICKENBURG 

WICKENBURG 

W ICKENBURG 

WICKENBU RG 

W ICKENBU RG 

W ICKENBU RG 

W ICKE NBU RG 

W ICKENBU RG 

W ICKENBURG 

WICKE NBURG 

W ICKENBU RG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

W ICKENBURG 

WICKENBURG 

W ICKENBURG 

SCOTTSDALE 

W ICKENBURG 

GREEN VALLEY 

W ICKENBURG 

WICKENBURG 

CENTRALI A 

W ICKENBURG 

PHOE NIX 

FEDERAL WAY 

GLENDALE 

A2 

A2 

A2 

A2 

co 
A2 

A2 

A2 

AZ 

A2 

A2 

A2 

A2 

A2 

AZ 

A2 

A2 

A2 

A2 

A2 

A2 

A2 

AZ 

AZ 

A2 

AZ 

A2 

A2 

A2 

A2 

A2 

AZ 

WA 

A2 

AZ 

WA 

A2 

86322-D021 

15622-2118 

8S390-3391 

8S390-21S2 

8300HJS46 

85390-3391 

910D1-34S2 

8S390-2337 

75063-2260 

8S390-3372 

8S009-63S6 

85390-'1 318 

85390-13S2 

9SD08-2114 

85358-1394 

80477-28S7 

8S20S-8928 

8S390-23S6 

8S390-2593 

8S390-3393 

80138-8307 

8S390-3179 

8S3S8-SS73 

85390-1396 

8S3S8-1476 

8S358-S788 

85390-1390 

8S358-2080 

85390-3351 

8S3S8-0152 

8S390-3126 

8S358-18S9 

85390-3360 

85390-13S1 

853S8-S878 

85390-3391 

8S390-2314 

8S390-1256 

8S390-1330 

8S390-1326 

8S358-6536 

8S390-2332 

85390-1392 

85260-2962 

8S390·4002 

85614-5866 

85390-3118 

8S390-362S 

98S31-9043 

85390-1326 

85009-63S7 

98023-5319 

85308-1610 
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50542091C 51235 329TH AVE 

50551054C PO BOX 132 

50527076 500 D ESERT CANYON RD 

50549077D 160 5 JACKSON 

50542060 6437 E EXETER BLVD 

50527073 2624 VALENTINE AVE 

50542072E 33052 MANRAD RD 

50542025A 51409 N 328TH AVE 

50530035 PO OBX 21417 

50549069 134 5 M ADISON 

50534061C PO BOX 201 

50542024B PO BOX 20695 

50551125A 3 15 SYLVAN RD 

50534032A BOX 658 

50530041 431 5 OXBOW ST 

50534018 515 M ARI POSA DR 

50549109 23616 N 185TH AVE 

50542044B PO BOX 1736 

5053803 1 880 W PALO VERDE DR 

50527072 540 DESERT CANYON 

50530042 421 5 OXBOW 

50551114D 8 SYLVAN lN 

50527065A 34030 POWEU HILL 

50551037A PO BOX 1117 

50551 036A PO BOX 1117 

50551094E 166 S MESQU ITE ST 

50542062 1050 S SAGUARO DR 

50549079 46 N JACKSON ST 

50527053A P 0 BOX 21 

50551116 16 SYLVAN LN 

50527077 505 DESERT CANYON RO 

50538050C 840 S MARI POSA DR 

50527061 PO BOX 3614 

50528003C 635 PALO VERDE DR 

50534024 715 KELLIS RD 

50534019 PO BOX 20344 

50530036A 17 5 OXBOW 

50552027A 501 S TEGNER ST 

50552029 501 S TEGNER ST 

50527071 310 LOST CANYON RD 

50527115A 695 S KE LLIS RD 

SOS33029K 600 WHIPPLE CT 

50551108 269 SYLVAN RD 

50527074 860 S LOS ALTOS DR 

50S49121A 8S GRAND ST 

505380SOA 1025 LOS ALTOS DR 

50551111A 296 S JEFFERSON ST 

50551118A 90 W COOL WATER LN 

50551119A 9 SYLVAN LN 

S0534055B 1012 BETHANY RD 

50528014H PO BOX 2019 

50528011C 155 N TEGNER ST STE A 
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8S390 S1235 N 329TH AVE 
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WICKENBURG 

85390 SOD DESERT CANYON RD W ICKENBURG 

8S390 

852S1 1010 CACTI VERDE WICKENBURG 

86401 530 DESERT CANYON RD W ICKENBURG 

85390 

85390 51409 N 328TH AVE 

85358 19 S OXBOW DR 

85390 51235 N 3Z9TH AVE 

PO BDX784 

85390 500 DESERT CA NYON RD 

85390 6437 E EXETER BLVD 

85390 2624 VALENTINE AVE 

1940 MANRIID DR 

85390 51409 N 328TH AVE 

85390 PO BOX OBX 

85390 134 S MADISON ST W ICKENBURG 85390 134 S MADISON 

85358 975 W WICKEN BURG WY PO BOX 201 

85358 1090 5 324TH AVE WICKENBURG 85390 PO BOX 20695 

85390 315 W SYLVIIN lN 85390 315 SYLVAN RD 

85358 890 AM ERICA ST 85390 BOX 658 

85390 7 S OXBOW DR 

85390 51 N MARIPOSA DR 

85387 59 UNCOLN ST 
85358 51230 N 328TH AVE 

85390 880 W PALO VERDE DR 

85390 S40 DESERT CANYON RD WICKENBURG 

85390 55 OXBOW DR 

85390 8 SYLVAN lN 

97377-9757 

85358 16 S HENDERSON ST 

85358 

85390 166 S MESQUITE ST 

85901-1339 

85390 46 N JACKSON ST 
85358 

85390 12 W SYLVAN LN 

WICKENBURG 

WICKENBURG 

WICKEN BURG 

85390 505 DESERT CANYON RD WICKENBURG 

85390 840 S M ARIPOSA DR WICKEN BURG 

85390 580 DESERT CANYON RD WICKENBURG 

8S390 

85390 431 S OXBOW DR 

51 5 M ARIPOSA DR 

85390 23616 N !85TH AVE 

85390 PO BOX 1736 

880 W PALO VERDE DR 

85390 S40 DESERT CANYON RD 

85390 421 5 OXBOW DR 

85390 8 SYLVAN LN 

PO BOX 29 

85390 P 0 BOX 1117 

PO BOX 1117 

85390 166 S MESQUITE 5T 
1D50 S SAGUARO DR 

85390 46 N JACKSON ST 

PO BOX21 

85390 16 SYLVAN lN 

85390 505 DESERT CANYON RD 

85390 840 S MARIPOSA OR 

85390 PO BOX 3614 

85390-1394 635 S PALO VERDE DR WICKENBURG 85390 635 W PALO VERDE OR 

8S390 870 AM ERICA ST WICKE NBURG 85390 715 KE LLIS RD 

85358 830 W AMERICA ST WICKEN BURG 85390 PO BOX 20344 

8S358 461 S OXBOW DR WICKENBURG 85390 461 S OXBOW DR 

8S390 501 STEG NER ST 

85390 501 S TEG NERST 

8S390 310 LOST CANYON RD W ICKENBURG 85390 310 LOST CANYON RD 

8S390 350 W COTTONWOOD LN 85390 695 S KELLIS RD 
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8S390-2155 

8S358-0784 

8539().2593 

85251-3101 

86401-4700 

85390-3179 

85390-3106 

8S358 

85390-1359 

85358-0201 

85358-5695 

8539().2315 

853S8-06S8 

8539().1390 

8539().2342 

85387-9609 

85358-1736 

8S390-1397 

8S390-2593 

8539().1390 

8539().2312 

97377-0029 

85358-1117 

853S8-1117 

85390-1373 

8539().1339 

8539().2369 

85358-0021 

85390-2312 

85390-3360 

85390-1368 

8S358-3614 

85390-1394 

85390 

85358-5344 

85390-1390 

85390-2323 

85390-2323 

8S390-335 1 

85390-1349 
85390-2370 

85390-2316 

8539{}-1357 

85390 

85390-236S 

85390-1345 

85390-23 12 

85390-2313 

91504-3013 

85358-2019 

85390-3427 
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--- ---- ---------------------
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50530040 44150XBOW W ICKENBURG AZ 85390 9 5 OXBOW DR 85390 441 S OXBOW DR W ICKENBURG AZ 85390-1390 

50542091B 51323 N 329TH AVE W ICKENBURG AZ 85390 51323 N 329TH AVE W ICKENBURG 85390 51323 N 329TH AVE WICKENBURG AZ 8539Q-3153 

50528013D PO BOX 2764 WICKENBURG AZ 85358 611 W AGUA DR W ICKENBURG 85390 PO BOX 2764 WICKENBURG A2 85358-2764 

50528013£ 51020 HIGHWAY 60/89 STE B WICKENBURG AZ 85390 615 W AGUA DR WICKENBURG 85390 51020 HIGHWAY60/89 STE B WICKENBURG A2 85390-3507 

50534023 PO BOX1193 WICKENBURG AZ 85358-1193 860 W AMERICA 5T WICKENBURG 85390 POBOX1193 WICKENBURG A2 85358-1193 

50551057 123 S MESQUITE 5T W ICKENBURG AZ 85390 123 S MESQU ITE 5T W ICKENBURG 85390 123 5 M ESQUITE 5T W ICKENBURG A2 8S39Q-1374 
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AFFIDAVIT OF PUBLICATION 

FLOODPLAIN/FLOODW A Y REVISION 

01 

STATE OF ARIZONA 

COUNTY OF MARICOPA 

POBOX 194 
Phoehlx, Arizona 85001-0 194 

(602) 444-73 15 FAX (602) 444-73()4 

} ss. 

Mark Gilmore, being first duly sworn, upon oath 
deposes and says: That he is the Legal Ad Rep of the 
Arizona Business Gazette, a newspaper of general 
circulation in the county of Maricopa, State of Arizona, 
published weekly at Phoenix, Arizona, and that the 
copy hereto attached is a true copy of the advertisement 
published in the said paper on the dates indicated. 

4/21/2011 . 

Sworn to before me this 
21 ST day of 
APRJL 2011 

~ 
Notaty Public 
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ANNOUNCEMENT OF FLOODPLAINIFLOODWAY 
REVISION FOR SUNSET WASH, SUNSET WASH 
TRIBUTARY 1 AND SUNNYCOVE WASH IN THE 
TOWN OF WICKENBURG, ARIZONA 

STATE OF ARIZONA 

County of Maricopa 

Kevin Cloe, being duly sworn, upon oath, deposes and says: 
That he is the Publisher of 

The Wickenburg Sun 

A newspaper of general circulation in the County of Maricopa 
State of Arizona, published in Wickenburg, Arizona, and that 
the copy hereto attached is a true copy of the advertisement as 
published weekly in The Wickenburg Sun on the Dates 
following: 

KEVIN CLOE 
PUBLISHER 

April 20, 2011 

Sworn to before me this 20th day of April, A.D. 2011. 

Notary Public My commission expires February 2, 2012 
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Announcement of Floodpla in/Fioodway 
Revision tor Sunset Wash, Sunset. Wash 
Tributary 1, and Sunnycove Wash in the 

Town of Wickenburg, Arizona 
The Flood Contro l District of Maricopa County 
(District). In cooperation with the Town of 
Wickenburg, in accordance with the National 
Flood Insurance Program regulation 65.7(b)(1). 
hereby gives notice of the District's intent lo 
revise the floodpl ain~loodway generally located 
within Township 7 North, Range 5 West, 
Sections 11, 12, end 15. 
Specifically, the floodplainllloodway was 
revised along the following reaches: 
Sunset Wash from the conlluence with the 
Hassayampa River to Sunset Dam. Revision 
results In increases and decreases to widths 
and depths of both the Zone AE floodplain and 
floodway. 
Sunset Dam impoundment from Sunset Dam to 
Mariposa Drive. The delir<!ation was revised 
from Zone A to Zone AH tor the dam 
Impoundment. 
Sunnycove Wash from the contluence with 
·sunset Wash to Sunnycove Dam and from 150 
feet downstream of Agua Drive to 160 feet 
north of Steinway Drive. Reyision results in 
Increases and decreases to vAdths and depths 
of both the Zone AE floodplain and lloodway. 
Sunnycove Wash revision with floodway 
removal from Sunnycove Dam to 1 50 feet 
downstream ol Agua Drive. The Zone AE 
floodplain and floodway has been revised to 
Zone AH l or the dam Impoundment area. 
Additional lloodp ain was established along 
Sunset Wash and Sunset Wash Tributary 1 
along the following reaches: 
Sunset Wash from Sunset Dam to 430 teet 
downstream of Los Altos Drive. Revision 
establishes Zone AE floodplain with Base 
Flood Elevations (BFE) wi th no floodway. 
Sunset Wash Tribu tary 1 from Sunset Dam to 
400 feet downstream of Los Altos Drive. 
Revision establishes Zone AE floodplain with 
Base Flood Elevations (BFEJ with no floodway. 
Maps and detalled analysis of the revised 
fioodplaln and floodway can be reviewed at the 
Flood Control District ot Maricopa County, 
2801 W. Durango St., Phoenix. AZ 85009. 
Interested persons may cont<>:t Ms. Kathryn 
Gross at 602-506-4837 or by email at 
kag@mall.marioopa.gov lor additional 
inform ati on. 

Published in The Wickenburg Sun on April 20, 
201 1 . 
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Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix 8 

B. 7 FEMA CORRESPONDENSE 

Wickenburg Area Drainage Master Study/Plan 
B-5 



Federa l Emergency Manage1nent Agency 
Washington. D.C. 204 72 

April 10, 2012 

CERTIFIED MAlL 
RETURN RECEIPT REQUESTED 

The Honorable Kelly Blunt 
Mayor, Town of Wickenburg 
155 North Tegner Street, Suite A 
Wickenburg, AZ 85390 

Dear Mayor Blunt: 

IN REPLY REFER TO: 
Case o.: 
Community Name: 
Community No.: 
Effective Date of 
This Revision: 

II-09-3181P 
Town of Wickenburg. AZ 
040056 

August 24, 2012 

Tl1e Flood Insurance Study report and flood Insurance Rate Map tor your c ommunity have been revised by 
this Letter of Map Revision (LOMR). Please use the enclosed annotated map panels revised by this LOMR 
for floodplain management purposes and for all flood insurance policies and renewals issued in your 
community . 

Additional documents are enclosed which provide information regarding this LO:VIR. Please see the List of 
Enclosures below to determine which documents are included . Other attachments specific to this req uest 
may be included as referenced in the Determination Document. If you have any questions regarding 
floodplain management regulations for your community or the National Flood Insurance Program (l FlP) in 
general, please contact the Consultation Coordination Officer for your community. If you have any technical 
questions regarding this LOMR, please contact the Director, Mitigation Division of the Department of 
Homeland Security's Federal Emergency Management Agency (FEMA) in Oakland, California. at 
(51 0) 627-7175, or the FEMA Map Infonnation eXchange (FMIX) toll free at 1-877-336-2627 
( l-877-FEMA :VLA.Jl). Additional infom1ation about the NFTP is available on our website at 
bttp://www. fema.gov/nfip. 

Sincerely, 

.< •( ) .. •''\ 

( :· ' t7 ("'. ! / _____ , 

..r: .J---r~~ ~~~ .___/\_~ 

Siamak Esfandiary. Ph.D., P.E., Program Specialist 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 

List of Enclosures: 
Letter of Map Revision Determination Document 
Annotated Flood Insurance Rate Map 
Annotated flood Insurance Study Report 

cc: (see attached lisr) 

For: Luis Rodriguez, P.E., Chief 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 



Courtesy Copy List- Town of Wickenburg. AZ 

The Honorable Max W. Wilson 
Cha.irrnan. Maricopa County Board of Supervisors 

Mr. Richard Destefano 
Building Inspector 
Town ofWickenburg 

Mr. Tim Murphy, P.E. 
Mitigation Planning & Technical Programs Manager 
Floodplain Management and Services Division 
Flood Control District of Maricopa County 

Ms. Kelli Sertich, AICP, CFl'v! 
FMS Division Manger 
Flood Control District of Maricopa County 

Mr. Kevin Lavalle 
GlS Analyst 
flood Control District of Maricopa County 

Ms. Kathryn Gross, CFM 
Chief Hydrologist 
Flood Control District of Maricopa County 

Mr. Brian Cosson, CFM 
NFIP State Manager 
Arizona Department of Water Resources 

Mr. Paul W.R. Hoskin. P.E. 
Princ ipalffi' ater Resources Director 
Hoskin Ryan Consultants, Incorporation 
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C~c Federal Emer gency Management Agency - ~ ..,., 
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LETTER OF MAP REVISION 
DETERMINATION DOCUMENT 

COMMUNITY AND REVISION INFORMATION PROJECT DESCRIPTION BASIS OF REQUEST 

Town o f W icken bu rg NO PROJECT FL OODWAY 

Maricopa County HYDRAULIC ANALYS IS 

Arizona HYDROLOGIC ANALYSIS 

COMMUNITY 
NEW TO POGRAPHIC DATA 

COMMUNITY NO.: 040056 

IDENTIFIER Wickenburg Area Drainage Study/Planning APPROXIMATE LATITUDE & LONGITUDE: 33 .962, -112.738 
SOURCE: USGS QUADRANGLE DATUM: NAD 83 

ANNOTATED MAPPING ENCLOS URES ANNOTATED STUDY ENCLOS URES 

TYPE. FIRM• NO .. 04013C0235G DATE: September 30 . 2005 DATE OF EFF::CTIVE FLOOD INSURANCE STUDY. September 30. 2005 

TYPE : FIRM• NO : 0"'013C0253H DATE: September 30. 2005 PROFILES: 984 P - 988P 988P(a), AND 988P(b) 

FLOODWAY DATA TABLE: 5 
SUMMARY OF DISCHARGES TABLE: 3 
STILLWATER ELEVATION TABLE : 6 

Enclosures renee! changes to fiooding sources affected by this revis ion 
• FIRM . Flood Insurance Rate Map. •• FBFM . Flood Boundary and Floodway Map:~· FHBM -Flood Hazard Boundary Map 

FLO ODING SOURCE(S) & REVISED REACH (ES) See Page 2 lor Additional Flooding Sources 

Sunset Wash · from the conHuence w1th Hassayampa River to just downstream of the Flood Control Dam 

Sunset Wash Tributary . from the confluence with Sunset Wash (Upper Reach) to approximately 920 feet upstream of Mariposa Drive 

SUMMARY OF REVISIONS 

Flooding Source Effective Flooding Revised Flooding Increases Decreases 

Sunset Wash Zone AE Zone AE YES YES 
BFEs• BFEs YES YES 
Ftoodway Flood way YES YES 

Sunset Wash Tributary Zone A Zone AE NONE YES 

• BFEs- Base Flood Eleva lions 

DETERMINATI ON 

Thrs document provides the determination from the Department of Homeland Security's Federa l Emergency Management Agency (FEMA) regarding 
a request for a Letter of Map Revision (LOMR) far the area described above. Using the information submitted, we have determined that a revis ion to 
the flood hazards deprcted in the Flood Insurance Study (FIS) report and/or National Flood Insurance Program (N FIP) map is warranted This 
document revises the effective NFIP map, as indicated rn the attached documentation. Please use the enclosed annotated map panels rev ised by 
th is LOMR for floodplain management purposes and for all flood rnsurance pol ic ies and renewals 1n your community 

Th is determination is based on tlle nood data presently available The enclosed documents prov1de additional mformation regarding this determination. If you have any 
questions about this document. please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by lener addressed to the 
LOMC Clearinghouse, 7390 Coca Cola Drive, Suite 204 , Hanover. MD 21076. Additional Information about the NFIP is available on our website at 
ht1p:llvNNJ fema .gov/nfip. 

- , .. I .. - · 
' c .. ~. .... ,.,.. ... 
·' (: ; ·j \._ .,."'._ ---.......// .r 

' 

Siamak Esfandiary. Ph.D., P.E . Program Specialist 
Engineering Management Bra nch 
Federal Insurance and Mitigation Administration 125360 PT202.BKR.11093181 P.H17 102-1-A-C 
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~:~~?'o · Federal En1ergency Management Agency 
=~= ~ - vVashington, D.C. 20472 ~~ ...... , · '-"-~ · 
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LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINU ED) 

OTHER FLOODING SO URCES AFFECTED BY THIS REVIS ION 

FLOODING SO URCE(S) & REVISED REACH(ES) 

Sunset Wash Tribu tary - from the confluence With Sunset Wash (Upper Reach) to approximately 920 feet upstream of Manposa Drive 

Sunny Cove Wash - from the connuence w11h Sunset Wash to apprmamately 680 feet upstream of Kell is Road 

Sunset Wash (Upper Reach)- from the Flood Control Dam to approximately 2,320 reel upstream of Mariposa Dnve 
Sunny Cove Wash (Upper Reach)- from lhe Flood Con trol Dam to approximately 180 feet upstream of Steinway Drive 

SUMMARY OF REVIS IONS 

Flood ing Source Effective Flooding Revised Flooding Increases Decre ases 

Sunset Wash Tributa ry Zone X (shaded) Zone AE YES YES 
No BFEs• BFEs YES NONE 

Sunny Cove Wash Zone AE Zone AE YES YES 
Floodway Floodway YES YES 
BFEs BF Es YES YES 

Sunset Wash (Upper Reach) Zone A Zone AE YES YES 
Zone X (shaded) Zone AE YES NONE 
No BFEs BFEs YES NONE 

Sunny Cove Wash (Upper Reacl1) Zone AE Zone AE YES YES 
Floodway Floodway YES YES 
BFEs BFEs YES YES 

• BFEs -Base Flood Elevations 

This determ ination is based on the nood data presently available. The enclosed documents prov1de addilional information regard ing lh1s determinal1on . If you have any 
questions about this document. please contact the FEMA Map Information eXchange (FM IX) toll free at 1-877-336-2627 (1-577-FEMA MAP) or by letter addressed lo the 
LOMC Clearinghouse, 7390 Coca Cola Drive. Suite 20A. Hanover, MD 21076 Additional Information about the NFIP is available on our website at 
http://www fema.gov/nfip. 

- .-, I 
-, 

" L.- .. '\._ // ~ . - -r. ',! / "\...----,. f 

' 
Siamak Esfand1ary, Ph.D., P.E , Program Specialist 
Engineering Management Branch 
Federal Insurance and Mi tiga tion Admmistration 125360 PT202.3KR.1 1 093181 P.H17 102-1-A-C 
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Federal Emergency l\1anagement Agency 
Washington, D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINU ED) 

OTHER COMMUNITIES AFFECTED BY THIS REVISION 

CID Number: 040037 Name: Maricopa County, Arizona 

AFFECTED MAP PANE LS AFFECTED PORTIONS OF THE FLOOD INSURANCE STU DY REPORT 

TYPE. FIRM' NO .. 04013C0235G 
TYPE : FIRM' NO.. 04013C0253H 

DATE: September 30. 2005 
DATE: September 30 , 2005 

DATE OF EFFECTIVE FLOOD INSURANCE STUDY : September 30 . 2005 
PROFILES. 984P- 988P , 988P(a) . AND 988P(b) 
FLOODW.'W DATA TABLE: 5 
SUMMARY OF DISCHARGES TABLE: 3 
STILLWATER ELEVATION TABLE. 6 

This determination is based on I he nood data presently available. The enclosed documen ts provide addi!lonal in fo rmation regardmg lh1s determination . If you have any 
questions abou t this documen t. please contact !he FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (t-877-FEMA M.'\P) or by letter addressed to the 
LOMC Cleannghouse, 7390 Coca Cola Drive SUJte 204. Hanover. MD 21076 Additional Information aboullhe NFIP 1s ava ilable on our website at 
htlp://www.fema.gov/nfip. 

- ,-s ! ~-- · - ·, 

j. · ' ,- i ; ~\.. .. · '"\..-~ -...._/--· 
I 

Siamak Esfand1ary. Ph.D .. P.E., Program Specialist 
Engineering Management Branch 
Federa l Insurance and Mitigation Administration 125360 PT202.BKR. 11 093 1 81 P H17 1 02-1 -A-C 
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Federal Emergency Management Agency 
'vVashmgton, D.C. 20-!72 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

COMM UNITY INFORMATION 

APPLICABLE NFIP REG ULATIO S/CO~I~1Ul\1TY OBLIGATIO~ 

L LOMR-APP 

We have made this determination pursuant to Section 206 ofd1e Flood Disaster Protection Act of 1973 (P.L. 93-234) and in accordance \Vith 
the Nationnl Flood Insurance Act of 1968, as amended (Title XUJ of the Housing and Urban Development Act of 1968. P.L. 90-4-18). 42 
U.S. C. 4001-4128. and 44 CFR Pan 65 _ Pursuant to Section 1361 of the National Flood Insurance Act of 1968, as amended, communities 
participating in the NFIP are required to adopt and enforce floodplain management regulations that meet or exceed NF!P criteria. These 
criteria, including adoption of the FIS report and FIRM, and the modifications made by this LOMR, are the minimum requirements for 
continued NFIP participation and do not supersede more stringent State/Commonwealth or local requirements to which the regulations 
apply. 

We provide the floodway designation to your community as a tool to regulate floodplain development. Therefore, the rloodway revis ion 
we have described in this letter. while: acceptable to us, must also be acceptable to your community and adopted by appropriate community 
action. as spec ified in Paragraph 60.3(d) of the NFIP regulations. 

COi\lMUNlTY REMINDERS 

We ba~ed this determination on the base ( l-percent-annual-cl1ance) flood discharges computed in the submitted hydrologic analysis. 
Future development of projects upstream could cause increased discharges. which could cause increased flood hazards. A comprehens ive 
restudy of your communi ty 's flood haLards would consider the cumulative effects of development on discharges and caul~ therefore. 
indicate that grenter flood hazards exist in this area. 

Your community must regulate all proposed floodplain development and ensure that pe1mits required by Federal and/or 
State/Commonwealth law have been obtained. State/Commonweallh or community officials. based on knowledge of local conditions and 
in the interest of safety, may set higher standards for construction or may limit development in floodplain areas. If your 
State/Commonwealth or communi!) has adopted more restrictive or comprehensive floodplain management criteria, those criteria take 
precedence over the minimum NFIP requirements. 

We wi ll not print and distribute this LOMR to primary users, such as local insurance agents or mo11gage lenders; instead, the community 
will serve as a repository for the new data. \Ve encourage you to disseminate the information in this LOMR by preparing a news release for 
publicarion in your cornmunit)' ·s newspaper that describes the revision and explains how your community will provide the data and help 
interpret the ~FIP maps. In that way, interested persons, such as property owners. insurance agents, and mongage lenders, can benefit 
from the information. 

This determination is based on the flood data presently available. The enclosed documents provide additional informatJon regarding th 1s determ1na lion. If you have any 
quest1ons about th1s document. please contact !he FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMC Cleannghouse, 7390 Coca Cola Dnve. Suite 204 , Hanover. MD 21076 . Add1t1onal lnformation about the NFIP is available on our website at 
hNp://www.fema.gov/nfip. 

-, 

·; f\. /\....---~ / 
I 

Siamak Esfandiary . Ph.D .. P.E .. Program Spectalist 
Engineering Management Branch 
Federal Insurance and Mitigation Admmistrat1on 125360 PT202.BKR .1 t093181 P H17 102-1-A-C 
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Federal E mergen cy Management Agency 
'vV ashington, D. C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

I LOMR-APP 

We have designated a Consultation Co0rdination Officc:r (CCO) to assist your community. The CCO will be the primary liaison between 
your community and FEMA. for information regarding your CCO. please contact: 

Ms. Sally M. Ziolkowski 
Direcror, Mitigation Division 

Federal Emergency Management Agency, Region IX 
1 1 II Broadway Street. Suite 1200 

Oakland, CA 94607-4052 
(510) 627-7175 

STATUS OF THE COMMU ITY NFIP MAPS 

We are processing a revised FlRtvl and FIS report for Maricopa County in our countywide forma t: therefore, we will not physically revise 
and republish the FIRM and F1S report for your communi ty to incorporate the modifications made by this LOMR at this time. Prel iminary 
copies of the countywide FIRM and FIS report, which present information fi·om the effective FIRMs and FIS reports for your community 
and other incorporated commun ities in Maricopa County, were submitted to your comm unity for review on December 2. 20 I 0. 

This determination is based on the flood data presently available . The enclosed documents provide add1lional information regarding this determination. If you have any 
questions about this document. please contact the F~MA Map Information eXchange (FMIX) loti free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to \he 
LOMC Clearinghouse. 7390 Coca Cola Onve . SUite 204 Hanover. MD 21076 . Addltional lnformati01 about the NFlP 1s available on our website at 
http://www.fema.gov/nfip. 

... ' 
{ ' _ .. -· . :'\ ...-''-.-----..... / 
.' :1 - ) 

' . ----
Siamak Esfandiary. Ph.D , P.E .. Program Specialist 
Engineering Management Branch 
Federal Insurance and Millgat10n Adm1mstration 125360 PT202 .BKR.1 1 093181 P.H17 102-1-A-C 
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Federal Emergency Management .i\ gency 
vVashington, D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

PUBLIC NOTIFICATION OF REVISION 

I LOMR-APP 

A notice of changes will be published in the Federal Register. This infonnation also will be published in your local newspaper on or about 
the dates listed below nnd through FEMA's Flood Hazard Mapping website at https:l/www.floodmaps.fema.govifhm/ Scripts/bfe_main.asp. 

LOCAL NEWSPAPER Name: Ari::ona Business Gu::eue 
Dates. April 19, 2012 , and April 26, 2012 

Within 90 days of the second publication in the local newspaper, a citizen may request that we reconsider this detem1ination. Any request 
for reconsideration must be based on scientific or technical data. Therefore, this letter will be effective only after the 90-day appeal period 
bas elapsed and we have resolved any appeals that we receive dur ing th is appeal period. Until th is LO:YIR is effective. the revised fl ood 
hazard detem1inati on information presented in this LOMR may be changed. 

This determinatJon is based on the flood data presently available. The enclosed documents provrde additional informal ron regarding this detennination . If you have any 
questions about this document. please contact the FEMA Map tnformatron eXchange (FMIX) toll free at 1-877-336-2627 (1 -877 -FEMA MAP) or by letter addressed to the 
LOMC Cleannghouse, 7390 Coca Cola Dnve, Swte 204 . Hanover, MD 21076. Additional Information about the NFIP is available on our website at 
hHp.//vNJW.fema.govlnfip. 

..J ,J I; / - - -:t 

\. -<. ; ( \ .. /"\... .. ---·--;// 

1 
Siamak Esfandiary, Ph.D , P.E., Program Specialist 
Engineering Management Branch 
Federal Insurance and Mrtigation Administra~on 125360 PT202 .BKR 11093181 P H17 102-1-A-C 



Fe dera l E1n ergency Management Agency 
Washington, D.C. 10472 

April 10, 2012 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

The Honorable MJ..x W. Wilson 

Chairman. Maricopa County 
Board of Sup<.:rvisors 

30 I West Jefferson. I Oth Floor 
Phoenix, AZ 85003 

Dear Mr. Wilson: 

rN REPLY REFER TO: 
Case o. : 
Community Name: 

Community No.: 
Effective Date of 
This Revis ion : 

ll-09-3 l 8IP 
Maricopa County, AZ 
040037 

August 24, 2012 

The flood Insurance Study report and Flood Insurance Rate Map for your community have been revised by 

this Letter of Map Revision (LOf'...'!R). Please use the enclosed annotated map pane ls revised by this LOMR 
for floodplain managemenT purposes and for all flood insurance policies and renewals issued in your 
community. 

Additional documents are enclosed which provide information regarding this LOMR. Please see the List of 
Enc losures below to determine \\ hich documents are included. Other attachments specific to this request 
may be included as referenced in the Determination Document. If you have any questions regarding 
floodplain management regulations for your community or the National Flood Insurance Program (NFfP) in 
general, please contact the Consultation Coordination Officer for your community. If you have any technical 
questions regarding this LOMR. please contact the Director. Mitigation Division of the Department of 
Homeland Security's Federal Emergency Management Agency (FEMA) in Oakland, California. at 
(5 1 0) 627-7175. or the FEMA Map ln fonnatio n eXchange (FMIX) toll free at 1-877-336-2627 
( I-877-FEi\1A \I!AP). Additional infonnation about the rtP is available on ou r website at 
http ://\., vvw. fema.go v/n fi p. 

Sincerely. 

\.' . ? \'• \ / .-, 
--· ,~.-'(. ·,-:(\/~ / 

! 'j I 

Siamak Esfandiary, Ph.D .. P.E., Program Specialist 
Engineerii1g Management Branch 
Federal Insurance and litigation Administr:ltion 

List of Enclosures: 
letter of Map Revision Determination Document 
Annotated Flood Insurance Rate Map 
Annotated Flood Insurance Study Report 

cc: (see attached I ist) 

For: Luis Rodriguez. P .E .. Chief 
Engineering Managemen t Branch 
Federal Insurance and Mitigation Administration 



The Honorable Kelly Blunt 
Mayor, Town of Wickenburg 

Mr. Timothy S. Phillips , P.E. 

Courtesy Copy List- Maricopa County. AZ 

Chief Engineer and Generall\'lanager 
Flood Control District of Maricopa County 

Mr. Tim Murphy, P.E. 
Mitigation Planning & Technical Programs Manager 
Floodplain Management and Services Division 
Flood Control District of Maricopa County 

Ms. Kelli Sertich, AJCP, CFM 
FMS Division Manger 
Flood Contro l District of Maricopa County 

Ms. Kathryn Gross, CFM 
Chief Hydrologist 
Flood Control District ofMaricopa County 

Mr. Kevin Lavalle 
GIS Anal yst 
Flood Control District of Maricopa County 

Mr. Brian Casson. CFM 
NF!P State Manager 
Arizona Department of Wat<!r Resources 

Mr. Paul W.R. Hoskin, P.E. 
Principal/ Water Resources Director 
Hoskin Ryan Consultants. lncorporation 
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Federal Emergency Management Agency 
Washington, D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT 

I LOMR-APP 

COMMUNITY AND REVISION INFORMATION PROJECT DESCRIPTION BASIS OF REQUEST 

NO PROJECT FLOODWAY 

COMMUNITY 

Maricopa County 
Arizona 

(Unincorporated Areas) 

HYDRAULIC ANALYSIS 
HYDROLOGIC ANALYS IS 
NEW TOPOGRAPHIC DATA 

COMMUNITY NO.: 040037 

IDENTIFIER Wickenburg Area Drainage Study/Planning APPROXIMATE LATITUDE & LONGITUDE: 33.962, -1 12.738 
SOURCE : USGS QUADRANGLE DATUM; NAD 83 

ANNOTATED MAPPING ENCLOSURES ANNOTATED STUDY ENCLOSURES 

TYPE : FIRM" 

TYPE: FIRM" 

NO.: 0<1013C0235G 

NO.: 0<1013C0253H 

DATE : September 30. 2005 DATE OF EFFECTIVE FLOOD INSURANCE STUDY: September 30, 2005 

DATE: September 30, 2005 PROFILES: 984P- 988P. 988P(a). AN D 988P(b) 

FLOODWAY DATA TABLE: 5 

SUMMARY OF DISCHARGES TABLE: 3 

STILLWATER ELEVATION TABLE · 6 

Enclosures refiect changes to nooding sources affected by this revrsion. 
• FIRM -Flood Insurance Rale Map; •• FBFM - Flood Boundary and Floodway Map; -· FHBM - Flood Hazard Boundary Map 

FLOODING SOURCE(S) & REVISED REACH(ES) 

Sunny Cove Wash (Upper Reach) - from the Flood Control Dam to approximately 180 feet upstream of Steinway Drive 

SUMMARY OF REVISIONS 

Flooding Source Effective Flooding Revised Flooding Increases Decreases 

Sunny Cove Wash (Upper Reach) Zone AE Zone AE YES YES 
SFEs " BFEs YES NONE 
Floodway Floodway YES YES 

• BFEs - Base Flood Elevations 

DETERMINATION 
Th is document provides the determination from the Department of Homeland Security's Federal Emergency Management Agency (FEMA) regard1ng 
a request for a Letter of Map Revision (LOMR) fo r the area described above. Using the information submitted, we have determined that a revision to 
the flood hazards depicted in the Flood Insurance Study (FISJ report and/or National Flood Insurance Program (NFIP) map is warranted. Th is 
document revises the effective NFIP map, as indicated in the attached documentation. Please use the enclosed annotated map panels revised by 
this LOMR for floodpla in management purposes and for all flood insurance policies and renewals in your community. 

This determination IS based on the fiood data presently ava ilable. The enclosed documents provrde additional informatron regarding this determinatron . If you have any 
questions about th1s document. please contact the FEMA Map lnformatron eXchange (FMIX) toll free at 1-877-336-2627 ( 1-877-FEMA MAP) or by letter addressed to the 
LOMC Clearinghouse, 7390 Coca Cola Drive. Suite 204. Hanover, MD 21076. Additional Information about the NFIP IS available on our website at 
http :/lwww. fern a .govln frp 

-~ ~ --· -<- -i ·: '! \...--F"~______.,// .- .- ~ 
Siamak Esfandiary, Ph.D .. P.E .. Program Specialis 
Engineenng Management Branch 
Federal insurance and Mitigation Adminis tration 125360 PT202.BKR .11093181 P.H17 102-1-A-C 
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Federal Emergency Management Agency 
\Yashin gt on , D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

OTHER COMMUNITIES AFFECTED BY THIS REVISION 

CID Number: 040056 Name: Town of Wickenburg , Arizona 

AFFECTED MAP PANELS AFFECTED PORTIONS OF THE FLOOD INSURANCE STUDY REPORT 

TYPE. FIRM• NO . 0401 3C0235G 
TYPE. FIRM· NO : 04013C0253H 

DATE: September 30. 2005 
DATE: September 30. 2005 

DATE OF EFFECTIVE FLOOD INSURANCE STUDY: September 30. 2005 
PROFILES. 984P- 988P, 988P(a). AND 988P{b) 
FLOODWAY DATA TABLE: 5 
SUMMARY OF DISCHARGES TABLE. 3 
STILLWATER ELEVATION TABLE. 6 

This determ ination IS based on the nood data eresenlly ava ilable. Tne enclosed documents provide additional information regard1ng this determination. If you have any 
questions about this document, please contacl the FEMA Map lnfonmation eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMC Clearinghouse, 7390 Coca Cola Drive, Suite 204 , Hanover, MD 21076. Additional Information abou t the NFIP is avai lable on our website at 
hhp://www.fema.gov/nfip . 

. ~·--
"") \ ...... -, 

/ • .I /,-"' 

).\~ . <'1 •I ~\ .,..../'-._--..._ )/ 

! 
Siamak Esfandiary, Ph.D .. P.E., Program Special ist 
Engineenng Management Branch 
Federal insurance and Mi ligalion Admmistration 125360 PT202.BKR.1l 093181 P.H1 7 1 02-1-A-C 
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Federal Emergency Man agement Agency 
Washington, D. C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

COMMUNITY INFORMATION 

APPLICABLE i\f!P REGlJLATIO~S/COM:YiuN ITY OBLIGATION 

I LOMR-APP 

We have made this determination pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (P.L. 93-234) and in accordance with 
the National Flood Insurance Act of 1968, as amended (Title Xlll of the Housing and Urban Development Act of 1968, P.L 90-448). 42 
U.S.C. 4001-4128, nnd 44 CFR Part 65 . Pursuant to Section 136 1 of the National Flood fnsurancc Act of 1968. as amended. communities 
participating in the NF!P are required to adopt and enforce floodplain management regulations that meet or exceed NFIP criteriu. The~e 

crite ria, including adoption of the FIS report and FIRM, and the modifications made by this LOMR, are the minimum requirements for 
cont inued NFIP participat ion and do not supersede more stringent State/Commonwealth or local requirements to which the regu lations 
apply. 

We provide the floodway designation to your community as a tool to regulate floodplain development. Therefore. the tloodway revision 
we have described in this lener, while acceptable to us. must also be acceptable to your community and adopted by appropriate community 
action, as specified in Paragraph 60.3(d) of the 1 FIP regulations . 

COMMUNITY REM INDERS 

We based this detennination on the base (! -percen t-annual-chance) fl ood discharges computed in the submitted hydrologic modeL 
Future development of projects upstream could cause increased discharges, which could cause increased flood hazards. A comprehensi ve 
restudy of your community's flood hazards would cons ider the cumulative effects of development on discharges and could, therefore, 
indicate that greater flood hazards exist in this area. 

Your community must regulate all proposed floodplain development and ensure that permits required by Federal and/or 
State/Commonwealth taw have been obtained. State/Commonwealth or community officials. based on knowledge of local conditions and 
in the interest of safety, may set higher standards for construction or may limit development in floodplain areas. lfyour 
State/Commonwealth or community has adopted more restrictive or comprehensive floodplain management criteria. those criteria take 
precedence over the minimum NriP requiremen t:;. 

v..:e will not print and distribute this LOMR to primary users. such as local insurance agents or mongage lenders; instead. the community 
wi ll serve as a repository for tile new d:1ta. \Ve encourage you to disseminate the infom1ation in this LOMR by preparing a news release for 
publi<.:ation in your community's newspaper that describes the revision and explains how your commw1ity will provide the data and help 
interpret the NF!P maps. In that way. interested persons. such as property owners, insumnce <:gents, and mortgage lenders, can benefit 
fi·om the informat ion. 

This determinahon is based on the flood data presently available. The enclosed documents provide additronal mlormatron regarding th is determination. II you have any 
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1 -877-FEMA MAP) or by !etter addressed to th e 
LOMC Clearinghouse . 7390 Coca Cola Drive. Suite 204 , Hanover. MD 21076 Addrtionalln forma lion about lhe NFIP rs available on our website at 
http://www lema.gov/nfip -. ~ -, 

-· ·- \- ./ -,: \ __...- \.......~,_ // 
. j 7 

Siamak Esfandiary , Ph.D .. P E . Program Specialist 
Engrneerrng Management Branch 
Federal Insurance and Mitigation Administration 125360 PT202 .BKR.11093181 P.H1 7 102-1-A-C 
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Federal Emergency l\!Ianagement Agency 
Washington, D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

I LOMR-APP 

We have designated a Consultation Coordination Officer (CCO) to assist your community. The CCO will be the primary lia ison bet,veen 
your community and FEl\tLA.. For information regarding your CCO, please contact: 

Ms. Sally M. Ziolkowski 
Director, Mitigation Division 

Federal Emergency Management Agency, Region IX 
II II Broadway Street, Suite 1200 

Oakland, CA 94607-4052 
(510) 627-7175 

STATUS OF THE COMMU!\"!TY NFIP MAPS 

We are processing a revised Fl RM and FIS report for Mnric.:opa County in our countywide format; therefore, we will not physically revise 
and republish the FIRM and !-"IS report for your community to incorporate the modifications made by this LOMR at this time. Preliminary 
copies of the countywide FIRM and FIS report, which present information from the effective FIRMs and FIS reports for your community 
and other incorporated communities in Maricopa County, were subm itted to your community for review on December 2, 20 I 0. 

This determination is based on th: fiood data presently available. The enclosed documents provide addit1onal information regarding this determination. If you have any 
questions about this document. please contact the FEMA Map In formation eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMC Clearinghouse. 7390 Coca Cola Drive. Suite 204 . Hanover, MD 21076. Add1tionallnformation about the NFIP IS available on our webs1te at 
http://www.fema.gov/nfip. 

) ! -
\. ..•. -<~ ·; _;- \ /"'--.-~- ,_ /'" 
) / 

' ~- ···-

! 
Siamak Esfandiary, Ph.D., P.E., Program Specialist 
Enginecnng Management Branch 
Federal Insurance and Mitigation Administration 12S360 PT202.BKR.11093181 p H17 102-t-A-C 
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Federal Emergency Management Agency 
Washington, D.C. 20472 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

PUBLIC NOTIFICATION OF REVISION 

I LOMR-A?P 

A notice of changes will be published in the Federal Register. This infommtion also will be published in your local newspaper on or about 
the dates listed below and through FEMA 's f-'lood Hazard Mapping website at https://www.flood.maps. fema.gov/fhm/Scripts/bfe_main.asp. 

LOCAL NEWSPAPER Name: Ari::ona Business Ga::elle 
Dales: April 19,2012, and April 26, 2012 

Within 90 days of the second publication in the local newspaper, a citi zen may request that we reconsider this determination. Any request 
for reconsideration must be based on scientific or technical data. Therefore, this letter wil l be effective only after the 90-day appeal period 
has elapsed and we have reso lved any appeals that we receive during this appeal period. Until this LOMR is effective, the revised flood 
hazard detem1ination information presented in th is LOMR may be changed. 

This determination is based on the flood data presently available . The er.closed documents prov1de additJonal information regarding this determmation. If you have any 
questions about this document. please contact the FEMA Map Information eXchange (FMIX) toll free at 1-8 77-336-2627 (1-877 -FEMA MAP I or by letter addressed to tne 
LOMC Clearinghouse, 7390 Coca Cola Drive, Sui e 204. Hanover. MD 21076. Additional Information about the NFIP is availab le on our website at 
http://www.fema.gov/nfip. 

' - .- • ... I ... .. ..,.. ---, 

---- - - '~~ .,c ·; r\.-/'-..---/ 
S1amak Esfand1ary, Ph.D .. P.E .. Program Specialist 
Engineenng Managemenl Branch 
Federal Insurance and Mitigation Admmistration 125360 PT202 .BKR.11 093181 P.H17 102-1-A-C 
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of Maricopa County 

Board of pjrectors 
Fulton Brock, District 1 
Don Stapely, District 2 
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Mary Rose Wilcox, District 5 
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Fax: 602-506-4601 
TI: 602-505-5897 

• 

February 8, 2012 

LOMR Manager 
LOMC Clearinghouse 
7390 Coca Cola Drive, Suite 204 
I Ianovcr, MD 21076 

Subject: \"'\' ickenburg Area Drainage Master Plan: Phase 1 Floodplain Delineation Study IDN, Sunset 
and Sunnycove Washes (FCD Contract FCD2009C030) by Hoskin Ryan ConsUltants, Inc. 

Case No.: 11-09-3181P 

Communities: Town of Wickenburg, Community N o. 040056 
Unincorporated Maricopa County, Community No. 040037 

Flooding Sources: Sunset \Vash, Sunse t Wash Tributary 1 and Sunnycove Wash 

FIRM panels a ffected: 04013C0235G 0401 3C253H 

LOMR Manager: 

\Ve have received your comments da ted N ovember 18, 201 1 and are providing the following responses . A CD 
with supporting documentation is also included with our response. 

Item 1: Our review revealed that the water surface elevation (WSEL) p rofiles that correspond to floods having 

a 10-percent, and 1-perccnt (base flood) chance of being equaled or exceeded in any given year cross each other 

at Cross-section .737 on Sunset Wash. Please revise the existing conditions HEC-RAS hydraulic model to 

properly reflect the WSELs for each flood event. 

Di~trict Response: Regarding the cross-oYer in water surface elevations for cross-sec ti on .737 on Sunset \\ 1ash , 

we have eliminated the cross-over of profr.les for this location. It appears it was a combination of how the 

ineffective flow areas were set and the use of an internal cross-section for the culvert analysis. Once these items 

were adjusted the water surface elevations fell into place. 

Item 2: Our review revealed that the \X'SEL profiles tha t correspond to floods having a 2-percen t, and .2-

• percent chance of being equaled or exceeded in any given year cro~s each other at Cross Sections 0.282 through 



• 
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1.019 on sunset Wash and Cross Sections 0.022, 0.239, and 0.245 on Sunnycove \'\1ash. Please revise the 

existing conditions HEC-RAS hydraulic model to properly reflect the WSELs for each flood event. 

District Response: 

1. Regarding the profile issues along Sunset Wash between .828 and 1.019 (item 2), modifications were 

made that have removed the concerns. 

• The first modification was re-evaluating the discharges being used in the area. Discharges that 

were inirially being introduced at cross-section .925 were shifted upstream and started in cross

section 1.117 this prmrides a better representation of the possible discharges being contributed 

by the watershed for this reach. 

• Multiple attempts were made to try and bring the 500 year elevation up for cross-sections 1.019 

and .925. The challenge faced in this area is that the overbank area is depressed in relation to 

the main channeL The main channel in the area is not overtopped for the one hundred year 

event but the channel will be overtopped during the 500 year event. Due to the depressed area 

located in the left overbank the 500 year flows have a larger area to expand in which results in 

water surface elevations that are lower than the 100-ycar elevation contained in the main 

channel. This was remedied by removing cross-section 1.019 and relocating that cross-section 

just downstream at 1.016. Levee stations were then used to control flows between the main 

channel and overbank area so that the 500 year event water surface elevations would at least be 

at the 100 year elevation or above. 

2. Regarding the profile issues along Sunnycove Wash at .222, .239, and .245, modifications have been 

made that eliminate the profiles crossing. Part of the problem was again an internal cross-section for 

the culvert located at .233 and then the ineffective flow area in the left overbank of .239 was adjusted 

as well. Once these modifications were made the water surface elevations fell into place. 

Item 3: If the submitted topographic work maps entitled, "100-year Floodplain Work Maps" prepared by 

Hoskin-Ryan Consultants, Inc dated November 2011, change as a result of the revisions to the hydraulic model 

requested in Itemsl and 2, please revise the workmaps to show the appropriate changes. 

Di5trict Response: Some revisions were necessary from updating the modeling. Revised work maps ate 

included with this submittal. Also included is a CD containing the revised RAS model and revised floodplain 

lirnits in shape file format. 

If you have any questions, please contact me at (602) 506-4837, or kag@mail.maricopa.gov. 

Si~v---
Kathryn Gross, CFM, M.A. 
Hydrology and Hydraulics Branch 
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Enclosure 
Copy to: Brian Cosson, CFM 

NFIP State Coordinator 
Arizona Department of\Vater Resources 
Office of Dam Safety and Flood Mitigation 
3550 N . Central Ave. 
Phoenix, AZ 85012 

Robert Bezek 
Federal Emergency Management Agency 
Region IX 
1111 Broadway, Suite 1200 
Oakland, CA 94607 

Richard DeStefano 

Town ofWickcnburg 
155 N. Tegner St. Suite A 
Wickenburg, AZ 85390 

Paul Hoskin, P.E. 
Hoskin Ryan Consultants, Inc 
6245 N. 24•h ParJ..·way, Suite 100 
Phoenix, AZ 85016 
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NATIONAL FLOOD INSURANCE P ROGRAM 
FEMA PRODUCTION AND T ECHNICAL SERVICES CoNTR."CTOR 

Ms. Kathryn Gross , CFM 
Chief Hydrologist 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, AZ 85009 

Dear Ms. Gross: 

November 18,2011 

IN REPLY REFER TO: 
CaseNo.: 11-09-3181P 
Communities: Town of Wickenburg and 

Maricopa County, AZ 
Conununity Nos.: 040056 and 040037 

316-AD 

This responds to your submittal dated November 16, 2011, concerning a June 6, 2011 request, that the 
Department of Homeland Security's Federal Emergency Management Agency (FEMA) issue a revision to 
the Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona and Incorporated Areas. Pertinent 
information about the request is listed below. 

Identifier: 

Flooding Source: 

FIRl\1 Panel(s) Atiected: 

Wickenburg Area Drainage Study/Planning 

Sunny Cove Wash, Smmy Cove Wash Upper 
Reach, Sunset Wash, Sunset Wash Upper Reach, 
Sunset Wash Tributary 1 

04013C0310 Land 040 13C0328 L 

The data required to complete our review, which must be submitted wi thin 90 days of the date of this 
letter, are listed on the enclosed summary. 

If we do not rece ive the required data within 90 days, we wil l suspend our processing of your request. 
Any data submitted after 90 days will be treated as an origina l submittal and will be subject to all 
submittal/payment procedures, including the t1at review and processing fee for requests of this type 
established by the eunent fee schedule. A copy of the notice summarizing the current fee schedule, 
which was published in the Federal Register, is available on the FEMA website at 
http ://www.fema.gov/plan/prevent/flun!frm_fees.shtm for your infom1ation. 

FEMA receives a ve1y large volume of requests and cannot maintain inactive requests for an indefinite 
period of time. Therefore, we are unable to grant extensions for the submission of required data/fee for 
revision requests. If a requester is infonned by letter that additional data are required to complete our 
review of a request, the data/fee m ust be submitted within 90 days of the date of the letter. Any fees 
already paid will be f01feited for any request for which the requested data are not received within 90 days . 

LOMC Clearinghouse, 7390 Coca Cola Drive, Suite 204, Hanover, MD 21076 PH: 1-877-FEMA MAP 

BakerAECOM, under contract with the FEDERAL EMERGEN CY MANAGEMENT AGENCY, is a 
Production and Technical Services Contractor for the National Flood Insurance Program 
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If you have general questions about your request, FEMA policy, or the National Flood Insurance 
Program, please call the FEMA Map Information eXchange (FMIX), toll free , at l-877-FEMA MAP 
( l-877-336-2627). If you have specific questions concerning your request, please contact your case 
reviewer, Mr. James Lindsay, by e-mail at JGLindsay@mbaker.com or by telephone at 720-514-1122, or 
the Revisions Coordinator for your request, Mrs. Jaclyn Bloor, CFM, atjbloor@mbaken.:orp.com or at 

(720) 479-3160. 

Enclosures 

cc: Mr. Richard Destefano 
Building Inspector 
Town ofWickenburg 

Mr. Timothy S. Phillips, P.E. 
Chief Engineer & General Manager 
Flood Control District of Maricopa County 

Mr. Paul W.R. Hoskin, P.E . 
Principal!Water Resources Director 
Hoskin Ryan Consultants, Incorporation 

Sincerely, 

Syed Qayum, CFM 
LOMR Technical Manager 
BakerAECOM 
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NATIONAL FLOOD INSURANCE PROGRAM 

Case No. : J l-09-3181P 

FEMA PRODl 'CTio~ A'< D T ECHNICAL S ERVICE~ Co:-~T RACroR 

Summary of Additional Data Required to Suppo1t a 
Letter of Map Revision (LOMR) 

Requester: Ms. Kathryn Gross, CFM 

Communities: Town ofWickcnburg and 
Maricopa County, AZ 

Community Nos. : 040056 and 040037 

The issues listed below must be addressed before we can continue the review of your request. 

l . Our review revealed that the water-surface elevation (WSEL) profiles that correspond to floods 
having a 10-perccnt, and !-percent (base flood) chance of being equaled or exceeded in any given 
year cross each other at Cross Section .737 on Sunset Wash. Please revise the existing conditions 
HEC-IZAS hydraulic model to properly reflect the WSELs for each flood event. 

2. Our review revealed that the WSEL profiles that correspond to floods having a 2-percent, and 0.2-
percent chance of being equaled or exceeded in any given year cross each other at Cross Sections 
0.828 through 1.019 on Sunset Wash and Cross Sections 0.022, 0.239, and 0.245 on Sunny Cove 
Wash. Please revise the existing conditions HEC-RAS hydraulic model to properly ret1ect tbe WSELs 
for each flood event. 

3. lfthe submitted topographic work maps entitled, "100-Year Floodplain Work Maps," 
prepared by Hoskin Ryan Consultants, Inc., dated November 2011 , change as a result of the 
revi sions to the hydraulic model requested in Items 1 and 2, please revise the work maps to 
show the appropriate changes. 

Please send the required data and/or fee directly to us at the address shown at the bottom of this page. For 
identification purposes, please include the case number referenced above on all concspondcnce. 

LOMC Clearinghouse, 7390 Coca Cola Drive, Suite 204, Hanover, MD 21076 PH: 1-877-FEMA MAP 

BakerAECOM, under contract with the FEDERAL EMERGENCY MANAGEMENT AGENCY, is a 
Production and Technical Services Contractor for the National Flood Insurance Program 



• IF~oo<dl Contrro~ District 
of Maricopa County 

Board of Pi rectors 
Fulton Brock, District 1 
Don Stapely, District 2 

Andrew Kunasek, District 3 
Max Wilson, District 4 

Mary Rose Wilcox, District 5 

• 

• 

2801 West Durango Street 
Phoenix, Arizona 85009 
Phone: 602-506-1501 
Fax: 602-505-4501 
TI: 602-505-5897 

October 5, 2011 

LOMR l'v!anager 
LOl'vlC Clearinghouse 
7390 Coca Cola Drive, Suite 204 
Hanover, IvfD 21076 

Subject: \Vickenburg Area Drainage Master Plan: Phase 1 Floodplain Delineation Study IDN, Sunset 
and Sunnycove \\lashes (I'CD Contract I'CD2009C030) by Hoskin Ryan Consultants, Inc. 

Case No.: 11-09-3181P 

Communities: Town of\'Cickenburg, Community No. 040056 
Unincorporated Maricopa County, Community No. 040037 

Flooding Sources: Sunset Wash, Sunset \\lash Tributary 1 and Sunnycove Wash 

FIRlvl panels affec ted: 04013C0235G 04013C253I-l 

LOMR Manager: 

\Ve have received your comments dated August 10, 2011 and are providing the following responset>. A CD 
with supporting documentation is also included with our response. 

Question 1: Submit Duplicate Effective modeL .. to ensure the revised data will be integrated into the effective 

data to provide a continuous FIS model U /S and D /S of the revised reach. 

Di::.trict Response: A duplicate effective model has been included on the CD. It is located in the "comment 1 
duplicate effective" folder. It contains a zip file which contains (1) the effecthrc HEC-2 models for Sunset nnd 
Sunnycovc: wash (\"XIash AD is nll of sunset and the lower reach of Sunnycove and \'<'ash AE is the upper reach 
of Sunnycovc), (2) the duplicate effective RAS models, and (3) an excel spreadsheet of various cross-section 
locations for the effective, duplicate effective, and revised water surface elevations for floodpla in and floodway. 
There are a few idiosyncrasies that restuted dnc to how the effective natural run was performed (used effective 
flow area stationing) that is not picked up by R,\S when it imports. Overall it looks reasonable . 
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Page 2 ofS 

October 5, 2011 

Question 2: Review revealed a possible split flow between XS .547 and .431 on Sunset \Vash. Please. revise the 

model to incorporate a split flow analysis for this area or provide an explanation as to why the area should not 

be modeled as a split flow. 

Di~trict Respon~e: At Mesquite Rd all of tbe flow cannot be contained as the overflow crosses over the top of 
the culvert and some flow continues down Mesquite Rd. A HEC-RAS analysis has been performed for the 
area. As seen in Cross Sections 1055 to 247, the majority of the flow is within the Madison, Mesquite, and 
Fisher Street Roadway Rights-of-Way. Beyond the roadway locations, flow depths are less than half a foot with 
mos t locations reflecting higher grades where structures are located. Cross Section 6 is already within the 
f1oodplain along the main wash. Therefore, the majority of the flow is within the properties which are already 
included in rhe Sunset Wash floodplain . As a result, we believe that no additional floodplain delineation is 
necessary in this location. The supporting documentation for this is included in the [older "conunent 2 split 
flow at Mesquite" on the CD. Please refer to Exhibit 4 for the Split Flow Map as well as the RAS model 
"Sunset\VashF1lowSplit_HEC-RAS". 

Ques tion 3: l3locked obstruction used .in the overbanks of Sunset \Vash Reach #1. If these do not represent 

structures in the floodplain, please remove the obsuuctions and consider revising the ground geometry or using 

the ineffective flow option, as appropriate . 

District Response: The obstructions modeled in Sunset \Vash Reach #1 represent structures located in the 

overbanks. No modifications w the model are necessary. 

Question 4: The submitted existing condition RAS output shows negative surcharges m XS .642 and .693 on 

Sunnycovc \Vash. Revise so no negative surcharges exist or explain why this is not necessary. 

Piscrict :B,esponse: T hese cross-sections fall within the flood pool of Sunnycove Dam. They are not used as 

part of the floodplain/ floodway delineation. These cross-sections were used to start up the RAS model. The 

£loodpL1in delineation limits in tllis area are set by the stage/storage relationship included in the hydrology 

models 

Question 5: It <lppears as though the structures at 0.269, 1.137, and 1.456 have a relatively large skew angle 

compared w the nom-u'll direction of flow of the flooding source. 'Please adjust the bridge dimensions to define 

an equivalent cross section perpendicular to the flow of the flooding source, skew the bridge in the 

bridge/culvert editor of HEC-RAS, or explain whr making this adjustment is not necessary. 

District Response: Tbe bridge/ culvert dimensions do not need to be adjusted in the HEC-RAS model because 
aU three culverts are oricnred parallel to the main flow path. Since all three culverts don't have the capacity to 
convey the flow, shallow flooding occurs in the overbank areas, downstremn of the culverts. As a result, we 
believe thar no modifications are necessary. Please refer to Exhibi1s 1, 2 and 3 for the culvert orientations \\~ th 
1his submittal (located in folder "commen t 5 culverts" on the CD), as well as Appendix C which contains the 
~urH~)' report and includes data for these struct·mes . 
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October 5, 2011 

Question 6: The Special Flood I Iazard Area (SFHA), the area that would be inundated by the base (1-
percentannual-chance) flood, designated Zone AH is subject to shallow flooding, usually in the form of a 
pond, \Vi.th average depths between 1 foot and 3 feet. Please provide calculations for rhe SFHAs 
designated Zone AH on the submitted topographic work map entitled, "100 Year Floodplain Work 
Maps," prepared by Hoskin Ryan Consul tants, Inc., dated June 2011, or revise the desig11ation to 
ZoneAE. 

D istrict Respon~~: The limits of the Zone AH map the ponded water surface elevation behind the dams. TI1e 
limits were determined by stage/storage relationships used in the hydrologic modeling. The District typically 
rrefers to model level pool watet surfaces with hydrologic storage relationships as well as identify their location 
using Zone 1\H to easily .identify where the ponding water surface tics into the hydraulic model water surface. 
H owever, per conversations witb the PTS reviewer we are fine having it be reflected as Zone AEon the FlRJ\.1 
panel. 

Question 7: The gcomctl")' of Cross Section 0.263 on Sunny Cove Wash in the existing conditions HEC-R.>\S 

hydraulic analysis docs not appear to match the ground geometry shown on the above-referenced topographic 

work map. Plea~e provide an explanation for tllis discrepancy, or make the appropriate changes . 

District Response: All the cross sections were cut from the Digital Terrain Model (DTM) data in whicl1 the 

contours unfortunately do no r reflect the flner details, especially near culvert/bridge locations. For this reason, 

field survt~ ys for all the culverts/bridges were conducted. Cross Section 0.263 is located immediately 

downstream of the culvert crossing Kellis Road within Sunnycovc ·wash Reach 1. Refer to Exhibit 1 (included 

in "comment 5 ct.uvetts" folder on the CD) for the cross section location. As a result, this cross section was 

modified to .i.t1corporate the culvert crossing invert of 2100.24. The structure survey data is located on page 82 

of the Phase 1 Survey Report located in Appendix C of the Technical D ata Notebook. 

Question 8: T he base floodplain top widths shown in the existing condition RAS analysis at XS .524 and .178 

on Sunset Wash and .263 on Sunnycove do nor match the floodplain top 'vidd1s shown on the workmap. 

Please provide an explanation for the discrepancies. 

District Response: l n general, for all floodplains and lloodways, the linuts are based on the reported water 
surface f.tations and encroachment stations ptovided in the RAS output. 

o Sunnycove .263 ····- the tor \vldth for .263 is shorter than what is shown on the map. For tl:Us cross

section, the hydraulic m odel d.i d not show flows in the left overbank; lwwever, we anticipate that 

flows overtopping tl1c street at cross-section .279 due to the culvert will be able to flow down the 

street. Cross-section .245 downs tream also reflects tlow o n the road . To be consistent, the two 

floodplains were connected, disregarding the left water surface station shown in cross-section .263. 

o Sunset .524 - Top width 126 feet in the model Fol' tllis cross-section, the majmi ty of the right 

O\'erbank is composed o f an obst.wction representing a h o use. T o be conservative, the floodplain 

limits were drawn on the other side of the obstmction so that tbe presence of the structure does 

not unc.lerestimntc the t1oodplain width . 
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October 5, 2011 

0 Sunse t .178- Top width 388 feet in the model. Floodplain lirrUts are determined by the water 

surface stations. The floodplain lirrUts were also extended to tic into the J-Iassayampa River 

floodplain. The difference in top ·width is related to high g1•ow1d within the cross-section that we 

are including in the floodplain as well as trying to find a logical tic-in to the Hassayampa River. 

Question 9: T he floodway top width shown in the existing conditions HEC-RAS hydraulic analysis at Cross 
Section 0.753 on Sunset \\lash does not match the approximate base floodplain top wid th shown on 
the above-referenced topographic wotk map. Please provide an explanation for this discrepancy, or 
make the appropriate changes. 

District tesponse: The floodway and floodplain limits for tllis cross-section were de te1mined based on the 

water surface stations and floodway encroachment stations. The apparent discrepancy for the floodway results 

from the Hoodway cncroaclunent stopping at the bank stations and the water surface elevation within tbe 

eastern channel (which represents the Hoodway area) is below the bank stations resulti ng in a difference 

between the encroaclunent width of 74 feet versus the floodway top width of 23 fee t. The appatent 

discrepancy rega rding the floodplain top width is the same. The wetted areas (3 separate areas) within the 

floodphlin statio ns match the top width reported as 158.3 ft. The dry areas (2 separate areas) within the 

tloodplain statiom .represent 110.35 ft and when added together total 268.65 ft which matches the entire 

dist<mce represented by the two ·water surface stations on the map. No revisions arc necessary . 

Question 10: from our technical review, it appears as though the base floodplain delineation is not mapped 
correctly on Sunny Co\'e \X'asb at Cross Sections Q_022, 0.159 and 0.194 on the abmre-referenced 
topographic work map . Please pro·vide an explanation for these discrepancies, or make the 
appropriate revisions. 

District Response: For the above mentioned cross-sections, the floodplain lirrUts were determined using the 
water stu-face stations identified in RAS. The floodplain water surface elevation is essentially coincident \Vitb 
the contour data shown on the hard copy floodplain workmaps. Digital contour flies and floodplain lirrUts were 
submitted with the T DN package to help aid in the review. They ate included on the CD "FCD03-66 Contours 
fi-om \\lickenburg Mapping and Phase 1 Floodplains". Cross -sections were cut ftom tbe DTM data associated 
with the mapping product. Verify .159 and .194 to match WSEL stations. No revisions are necessary. 

l( you have any questions, please contact me a t (602) 506-4837, or kag@mail.maricopa..gov. 

Sincerely, 

,r:/ t\ 1 r 
-l -ffi,- :4f/V-\.... /~· -· ; \ N~ vv-

Kathryn Gross, CFM, 1\, . · . 
Hydrology and Hydraulics Branch 

E nclosure 
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Brian Cosson, CFM 
NFIP State Coordinator 
Arizona Department of \Vater Resources 
0 fficc of Dam Safety and Flood Mitigation 
3550 N. Central Ave. 
Phoenix, AZ 85012 

Robert Bezek 
Federal Emergency :Management Agency 
Region IX 
1111 Broadway, Suite 1200 
Oakland, CA 94607 

Richard DeStefano 
Town of\Vickenbutg 
155 N. Tegner St. Suite A 
\Vickenburg, AZ 85390 

Paul Hoskin, P.E. 
Hoskin Ryan Consultants, Inc 
6245 N. 24th Parkway, Suite 100 
Phoenix, 1\Z 85016 



• 

• 

• 

NATIONAL FLOOD INSURANCE PROGRAM 
FEMA PRODUCTION AND T ECHNICAL SERVICES C ONTRACTOR 

Mr. Paul W.R. Hoskin, P.E. 
PrincipaVWatcr Resources Director 
Hoskin Ryan Consultants, Incorporation 
6245 North 24th Parkway, Suite 100 
Phoenix, AZ 85016 

Dear Mr. Hoskin: 

August 10,2011 

IN REPLY REFER TO: 
Case No.: 11 -09-3181P 
Communities: Town of Wickenburg and 

Maricopa County, AZ 
Commtmity Nos.: 040056 and 040037 

316-AD 

This responds to your request dated June 6, 20 11, that the Depariment of Homeland Security's Federal 
Emergency Management Agency (FEMA) issue a revision to the Flood Insurance Rate Map (FIRM) for 
Maricopa Coun ty , Arizona and Incorporated Areas. Pertinent infonnation about the request is listed 
be low. 

Identifier: 

Flooding Source: 

FIRM Panel(s) Affected: 

Wickenburg Area Drainage Study/Planning 

Sunny Cove Wash, Sunny Cove Wash Upper 
Reach, Sunset Wash, Sunset Wash Upper Reach, 
Sunset Wash Tributary 1 

040 13C0310 Land 04013C0328 L 

The data required to complete our rev iew, which must be submitted within 90 days of the date of this 
letter, are listed on the enclosed summary. 

If we do not receive the required data within 90 days, we will suspend our processing of your request. 
Any data submitted after 90 days will be treated as an original submittal and will be subject to all 
submittal/payment procedures, including the flat review and processing fee for requests of this typ e 
established by the cunent fee schedule. A copy of the notice summarizing the current fee schedule, 
which was publ ished in the Federal Register, is available on the FEMA website at 
http ://w>vv,r.fema.gov/plan/prevcnt/fhm/fnn_ fees .shtm for your information. 

FEMA receives a very large volume of requests and cannot maintain inactive requests for an indefin ite 
period of time. Therefore, we are unable to grant extensions for the submiss ion of requi red data/fee for 
revision requests . If a requester is informed by letter that additional data are required to complete our 
review of a request, the data/fcc must be submitted within 90 days of the date of the letter. Any fees 
already paid will be forfeited for any request for which the requested data are not received within 90 days . 

LOM C Clearinghouse, 7390 Coca Cola Drive, Sui te 204, Hanover, MD 21076 PH: 1-877-FEMA MAP 

BakerAECOM, under contract w ith the FEDERAL EMERGENCY MANAGEMENT AGENCY, is a 
Production and Techn ical Services Contractor for the National Flood Insurance Program 
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If you have general questions about your request, FEMA policy, or the National Flood Insurance 
Program, please call the FEMA Map Information eXchange (FMIX), toll free, at 1-877-FEMA MAP 
(1-877-336-2627). If you have specific questions conceming your request, please contact your case 
reviewer, Mr. James Lindsay, by e-mail at JGLindsay@mbaker.com or by telephone at 720-514-1122, or 
the Revisions Coordinator for your request, Mrs . Jaclyn Bloor, CFM, at jbloor@mbakercorp.com or at 

(720) 479-3160. 

Enclosures 

cc: Mr. Richard Destefano 
Building Inspector 
Town ofWickenbmg 

Mr. Timothy S. Phillips , P .E. 
Chief Engineer & General Manager 
Flood Control District of Maricopa County 

Ms. Kathryn Gross, CFM 
Chief Hydrologist 
Flood Control District of Maricopa County 

Sincerely, 

Syed Qayum, CFM 
LOMR Technical Manager 
BakerAECOM 
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NATIONAL FLOOD I NSURANCE PROGRAM 

CaseNo.: l l -09-31 81P 

FEMA PRODVCTIO,\; .·\ N D T t:cHt-: IC \L SloRV IC'I:'S CONT RACJ'OR 

Summary of Additional Data Required to Support a 
Letter of Map Revision (LOMR) 

Requester: Mr. Paul W.R. Hoskin, P.E. 

Communities: Town of Wickenburg and 
Maricopa County, AZ 

Community Nos.: 040056 and 040037 

The issues listed below must be addressed before we can continue the review of your request. 

1. As required on page 10 of the instmctions for the MT-2 application/certification forms (copy 
enclosed), please provide a copy of the duplicate effective model for the revised flooding sources. 
This is required to ensure that the effective model's input data has been transferred correctly to the 
requester 's equipment and to ensure that the revised data will be integrated into the effective data to 
provide a continuous Flood Insurance Study model upstream and downstream of the revised reach. 

2. Our detailed review revealed a possible split tlow between Cross Sections 0.547 and 0.431 on Sunset 
Wash. Please revise the model to incorporate a split flow analysis for this area or provide an 
explanation why this area should not be modeled as a split flow. 

3. The blocked obstruction option was used in the overbanks of Sunset Wash Reach #1. If these areas 
do not represent structures in the floodplain, please remove the obstructions and consider revising the 
ground geometry or using the ineffective flow option, as appropriate. 

4. The submitted existing conditions HEC-RAS hydraulic analysis output shows negative surcharges at 
Cross Sections 0.642 and 0.693 on Sunny Cove Wash. Please revise the t1oodway analysis to 
eliminate all negative surcharges , or explain why this is not necessary. 

5. lt appears as though the structures at 0.269, 1.137, and 1.456 have a relatively large skew angle 
compared to the normal direction of flow of the tlooding source. Please adjust the bridge dimensions 
to define an equivalent cross section perpendicular to the flow of the flooding somce, skew the bridge 
in the bridge/culvert editor of HEC-RAS, or explain why making this adjustment is not necessary. 

6. The Special Flood Hazard Area (SFHA), the area that would be inundated by the base (!-percent
annual-chance) flood, designated Zone AH is subject to shallow flooding, usually in Lbe fonn of a 
pond, with average depths between 1 foot and 3 feet. Please provide calculations for the SFHAs 
designated Zone AH on the submitted topographic work map entitled, "100 Year Floodplain Work 
Maps,' ' prepared by Hoskin Ryan Consultants, Inc., dated June 201 1, or revise the designation to 
Zone A.E. 

7. The geometry of Cross Section 0.263 on Sunny Cove Wash in the existing conditions HEC-RAS 
hydraulic analysis does not appear to match the ground geometry shown on the above-referenced 
topographic work map. Please provide an explanation for this discrepancy, or make the appropriate 
changes. 

LOMC Clearinghouse, 7390 Coca Cola Drive, Suite 204, Hanover, MD 21076 PH: 1-877-FEMA MAP 

BakerAECOM, under contract with the FEDERAL EMERGENCY MANAGEMENT AGENCY, is a 
Production an d Technical Services Contractor for the National Flood Insurance Program 
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8. The base floodplain top widths shown in the existing conditions HEC-RAS hydraulic analysis at 
Cross Sections 0.524 and 0.178 on Sunset Wash and Cross Section 0.263 on Sunny Cove Wash do 
not match the approximate base floodplain top widths shown on the above-referenced topographic 
work map. Please provide an explanation for these discrepancies, or make the appropriate changes. 

9. The floodway lop ''vidth shown in the existing conditions HEC-RAS hydraulic analysis at Cross 
Section 0.753 on Sunset Wash does not match the approximate base floodplain top width shown on 
the above-referenced topographic work map. Please provide an explanation for this discrepancy, or 
make the appropriate changes. 

I 0. From our technical review, it appears as though the base floodplain delineation is not mapped 
correctly on Sunny Cove Wash at Cross Sections 0.022, 0.159 and 0.194 on the above-referenced 
topographic work map. Please provide an explanation for these discrepancies, or make the 
appropriate revisions. 

Please send the required data and/or fee directly to us at the address shown at the bottom of the first page. 
For identification purposes, please include the case number referenced above on all correspondence . 
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of Maricopa County 

Board of Directors 
Fulton Brock, District 1 

Don Stapley, District 2 

Andrew Kunasek, District 3 
Max Wilson, District 4 

Mary Rose Wilcox, District 5 

2801 West Durango Street 
Phoen ix, Arizona 85009 
Phone: 602-506-1501 
Fax: 602-506-4601 
TT: 602-505-5897 

• 
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June 23, 2011 

LOMR Manager 

LOMC Clearinghouse 
7390 Coca Cola Drive, Suite 204 
Hanover, MD 21076 

Subject: Wickenburg Area Drainage Master Plan: Phase 1 Floodplain Delineation Study TDN, 
Sunset and Sunnycove Washes (FCD Contract FCD2009C030) by Hoskin Ryan 
Consultants, Inc. 

Communities : Town of Wickenburg, Community No. 040056 
Unincorporated Maricopa County, Community No. 040037 

Flooding Sources: Sunset Wash, Sunset Wash Tributary 1 and Sunnycove Wash 

FIRM panels affected: 04013C0235G 04013C253H 

LOMR Manager: 

Enclosed is the technical supporting data for the Wickenburg Area Drainage Master Plan: Phase 1 
Floodplain Delineation Study TON, Sunset and Sunnycove Washes. This study includes new hydrology 
and the re-delineation of 3.1 linear miles of Zone j\E floodplain and floodway along Sunset and Sunncove 
Washes and 1.1 linear miles of new Zone AE floodplains without floodways along Sunset Wash and 
Sunset Wash Tributary 1 within the Town of Wickenburg. The study area is located in the northwest 
portion of Maricopa County. 

"l11e results are presented in one Technical Data Notebook. Hydrologic and hydraulic information is 
located in Section 4 and 5. The FE MA forms are located in Section 2. A full-size set of floodplain 
delineation work maps are located at the back of the Notebook. Annotated FJRM panels are located in 
Section 7. Digital versions of the hydrologic and hydraulic analysis are included on the CD in the front 
pocket of the Notebook. 

"n1c digital floodplain limits and topographic contours are included on a CD "FCD03-G6 Contours from 
Wickenburg Mapping and Phase 1 Floodplains". The CD is located in the front pocket of the Notebook 
as well . 
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If you have any questions , please contact me at (602) 506-4837, or kag@mail.maricopa.gov . 

~nco~r 
Kathtyn Gross, CFM, M.A. 
Hydrology and Hydraulics Branch 

Enclosure 

Copy to: Beth N orton 
Engineering Management Section 
I'vliti.gation Division 
Federal Emergency Management Agency 
500 C Street SW 
Washington, D.C. 20472-0001 

Brian Cosson, CFM 
NFIP State Coordinator 
Arizona Department of Water Resources 
Office of Dam Safety and Flood Mitigation 
3550 N. Cemral Ave. 
Phoelli", AZ 85012 

Robert Bezek 
Federal Emergency Management Agency 
Region IX 
1111 Broad\vay, Suite 1200 
Oakland, CA 94607 

Richard DeStefano 
Town of\Vickenburg 
155 N. Tegnet St. Suite A 
Wickenburg, AZ 85390 

Paullloskin, P.E . 
Hoskin Ryan Consultants, Inc 
6245 N. i4'h Parkway, Suite 100 
Phoenix, AZ 8501 6 
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Board of Directors 
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Don Stapley, District 2 

Andrew Kunasek, District 3 
Max Wilson, District 4 

Mary Rose Wilcox, District 5 

2801 West Durango Street 
Phoenix, Arizona 85009 
Phone: 602-506-1501 
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June 23, 2011 

LOMR Manager 
LOMC Clearinghouse 

7390 Coca Cola Drive, Suite 204 
H anover, MD 21076 

Subject: Wickenburg Area Drainage Master Plan: Phase 1 Floodplain Delineation Study TDN, 
Sunset and Sunnycove Washes (FCD Contract FCD2009C030) by Hoskin Ryan 
Consultants, Inc. 

Communities: Town of Wickenburg, Community No. 040056 
Unincorporated Maricopa County, Community No. 040037 

Flooding Sources: Sunset Wash, Sunset Wash Tributary 1 and Sunnycove Wash 

FIRM panels affected: 04013C0235G 04013C253H 

LOMR Manager: 

E nclosed is the technical supporting data for the Wickenburg Area Drainage Master Plan: Phase 1 
Floodplain D elineation Study TD , Sunset and Sunnycove Washes. This study includes new hydrology 
and the re-delineation of 3.1 linear miles of Zone AE floodplain and floodway along Sunset and Sunncove 
Washes and 1.1 linear miles of new Zone AE floodplains without floodways along Sunset Wash and 
Sunset Wash Tributary 1 within the Town of Wickenburg. The study area is located in the northwest 
portion of Maricopa County. 

The results are presented in one Technical Data Notebook. Hydrologic and hydraulic information is 
located in Section 4 and 5. The FEMA forms are located in Section 2. A full-size set of floodplain 
delineation work maps are loca ted at the back of the Notebook. Annotated FIRM panels are located in 
Section 7. Digital versions of the hydrologic and hydraulic analysis are included on the CD in the front 
pocket of the Notebook. 

The digital floodplain limits and topographic contours are included on a CD "FCD03-66 Contours from 
Wickenburg Mapping and Phase 1 Floodplains". The CD is located in the front pocket of the Notebook 
as well. 
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• If you have any questions, please con tact me at (602) 506-4837, or kag@mail.maricopa.gov. 

• 
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Sincerely, 

Kathryn Gross, CFM, M.A. 
H ydrology and Hydraulics Branch 

Enclosure 

Copy to: Beth orton 
Engineering Management Section 
Mitigation Division 
Federal E mergency Management Agency 
500 C Street SW 
Washington, D .C. 20472-0001 

Brian Casson, CFM 
NFIP State Coordinator 
Arizona D epartment of Water Resources 
Office of Dam Safety and Flood Mitigation 
3550 N. Central Ave. 
Phoenix, AZ 85012 

Robert Bezek 
Federal E mergency Management Agency 
Region IX 
1111 Broadway, Suite 1200 
Oakland, CA 94607 

Richard D eStefano 
Town ofWickenburg 
155 N. Tegner St. Suite A 
Wickenburg, AZ 85390 

Paul Hoskin, P.E . 
Hoskin Ryan Consultants, Inc 
6245 N . 24'h Parkway, Suite 100 
Phoenix, AZ 85016 
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Phase 1 Technical Data Notebook Appendix C 

Appendix C: Survey Field Notes 

The Wickenburg Area Drainage Master Study/Plan Phase 1 Survey Report, prepared by Hoskin-Ryan 
Consultants, Inc. is included as Appendix C . 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 C-1 

Wickenburg Area Drainage Master Study/Plan 



Office 
Project 

25 September 201 0 

INPUT 
State Plane, NAD83 

0202 -Arizona Central, Int. Feet 
Vertical- NGVD29 (Vertcon94), U.S. Feet 

Northing/Y: 107 9 600 

Eastlng/X: 44 9500 

Elevation/Z: 213 0 

Convergence: -0 27 41. 77019 

Scale Factor: o . 99 9971842 

Sunset 

OUTPUT 
State Plane, NAD83 

0202 -Arizona Central, Int. Feet 
Vertical- NAVD88, U.S. Feet 

1/2 

Northlng/Y: 1079600. ooo 

Easting/X: 449500. ooo 

Elevatlon/Z: 2132.185 

Convergence: -o 27 41.77019 

ScaleFactor: 0.999971842 

Combined Factor: 0. 999874605 Combined Factor: 0. 999874500 

Remark: 

Grid Shift (Int. ft.): X/Easting = 0.0, Y/Northlng = 0.0 

Northing/Y: 1076670 

Eastlng/X: 450250 

Elevation/Z: 2160 

Convergenc!!: -o 27 36.29383 

Scale Factor: o. 999971412 

Sunny Cove 2/2 

Northing!Y: 1076670. ooo 

Eastlng/X: 450250. ooo 

Elevation/Z: 2162. 188 

Convergence: -o 27 36.29383 

Scale Factor: o. 9999714 1 2 

Combined Factor: 0. 999872743 Combined Factor: 0. 999872639 

Grid Shift (Int. ft.): X/Eastlng = 0.0, Y/Northing = 0.0 

Corpscon v6.0.1, U.S. Army Corps of Engineers 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 - PHASE 1 SURVEY REPORT 

,Prepared for: 
Flood Control District of Marico 
2801 West Durango Street 
Phoenix, AZ 85009 
(602) 506.1501 

• iitby: 
E Hoskin · Ryan Consultants. Inc. 

creative engineering solutions 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

INTRODUCTION 

PHASE 1 SURVEY REPORT 

Hoskin-Ryan Consultants, Inc., (HRC) has been contracted by the Flood Control District of 

Maricopa County (District) to prepare the Wickenburg Area Drainage Master Study/Plan (ADMS/P}. 

The ADMS/P lies within the watershed encompassing and surrounding the Town of Wickenburg in the 

north part of Maricopa County (Figure 1 ). The ADMS portion of the project identifies and quantifies 

known and potential flood hazards in the Wickenburg area, and where future flood control measures 

should be focused. If deemed necessary, the ADMP portion of the project will be initiated to identify 

alternatives and propose solutions to remediate flood hazards. This study is a joint effort between the 

District and the Town of Wickenburg (Town) . 

FIGURE 1 - VICINITY AND 
STUDY AREA 

N 

A 

' -=H=o s=k=i n=· R=-y~=-a n_C,_o-=n suI ta nts . 1nc. 

cra11h1 eng1netr1ng solurtons 

April 2011 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 PHASE 1 SURVEY REPORT 

The study is an update of the Wickenburg Area Drainage Master Study (WADMS), completed 

in 1992. Since the WADMS, there have been advancements in the technology used to identify flood 

hazards, precipitation data has changed, and more recent and accurate digital topography is available. 

Growth, development, and other factors have resulted in changes to drainage patterns in some areas, 

causing potential changes to the flood hazards. 

The ADMS will be completed in three phases (Figure 2). The first phase (Figure 3) identifies 

the current floodplain and flood hazards for Sunset Wash and Sunny Cove Wash. The second phase 

addresses the floodplains that occur within , or in close proximity to, the Town limits. The third phase 

delineates floodplains for selected washes outside of the Town 's jurisdictional limits . 

FIGURE 2 - STUDY PHASES 

Hoskin· Ryan Consultants. Inc. 
Ct!~ttrt tltQIIUtliiiQ JQIIIIIOnJ 

April 2011 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

FIGURE 3- PHASE 1 WATERSHED 

PHASE 1 SURVEY REPORT 

Completion of the ADMS will allow the District and the Town to identify flood risk areas, 

permitting future development to occur in an informed manner. The ADMP (Phase 4) may recommend 

structural facilities, such as channels and basins, or non-structural methods such as development 

codes , for selected areas. 

1.1 Purpose of Report 

The purpose of the Survey Report is to outline the procedures and processes used to collect surveyed 

data for the Wickenburg ADMS/P. Surveyed data collected for this project includes local ground 

control , structures (including bridges, culverts, dams and roadways) and finish floor elevations. Finish 

floor elevation data is provided where structures either are within proposed floodplains or closely 

abound proposed floodplains 

t.. P Hoskin · Ryan Consultants, Inc . 

April 2011 
3 
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1.2 Surveyors Summary and Certification 

1 David P. Forney, as a duly appointed Registered Land Surveyor in the State of Arizona, RLS 

27238, do hereby attest that the survey control network and data collected within said network has 

been executed under my direct supervision and that the information contained herein does not 

represent a Boundary, Property or Right-of-Way survey. 

1.3 Background of Global Positioning System 

The Global Positioning System (GPS) is a worldwide radio navigation system consisting of 

three (3) parts. These three (3) parts are the Space (Satellite Constellation) , Ground (Ground Control 

Stations), and the User (Receivers) , produced by the United States Department of Defense and 

maintained by the United States Air Force. Currently, the GPS constellation consists of 27 (24+3 

constellation) satellites. These satellites orbit the earth along their ephemerides at an interval of 12 

hours. The satellites transmit a code with the precise position of the satellite and a precise time stamp 

of the transmission provided by an onboard atomic clock. The precise ephemeris information is 

uploaded to the satellites by the control segment which monitors the positions of the satellites and 

makes any adjustments in the signals. 

The user segment (receivers) "receive" the signal transmitted from the satellites and using the 

Hoskin · Ryan Consultants. Inc. 
cra~tivt e,g,natriffQ solullons 

April 2011 
4 
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onboard software can triangulate a position with the signal from a minimum of 4 satellites. These 

receivers do not send any signals to the satellites; it is a one-way system. The use of a one-way 

system ensures an unlimited amount of users. Precise geo-referenced location (5mm+/-} can be 

obtained through static collection and post-processing . 

1.4 General Responsibilities and Procedures 

The scope of work includes the collection of survey information required by FEMA, cross 

sections of waterways and detailed structure surveys. These items are spread across an area of 

approximately 80 square miles in Phase 1 & 2 and could grow to encompass as much as 155 square 

miles. This survey encompassed parts of T7N: R6W, R5W, R4W & T8N, R5W. 

Such a large area requires the use of GPS Surveying for data collection. The GPS Control 

Network is based on National Geodetic Survey (NGS) Height Modernization points located throughout 

the study area. These NGS points are Maricopa County Department of Transportation monuments 

located by adjusted GPS observation. These monuments consist of sleeved Stainless Steel rods driven 

to refusal and topped with Aluminum Caps in a well. All the recovered monuments were found in good 

condition. 

Hoskin · Ryan Consultants. Inc. 
cri.Htvt e'tgintttl'lQ solutions 

April 2011 
5 
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2 General Survey Procedures 

2.1 Survey Setup and Execution 

PHASE 1 SURVEY REPORT 

GPS was used to recover monuments that are part of the National Height Modernization 

Survey. The positions have been adjusted to the North American Datum 1983 (NAD83) National Spatial 

Reference System (NSRS) Epoch 2007 (NSRS2007). 

According to the NGS website (REF. 1) "NGS has adopted a realization of NAD 83 called NAD 

83(NSRS2007) for the distribution of coordinates at -70,000 passive geodetic control monuments. 

This realization approximates (but is not, and can never be , equivalent to) the more rigorously defined 

NAD 83(CORS96) realization in which Continuously Operating Reference Station (CORS) coordinates 

are distributed. NAD 83(NSRS2007) was created by adjusting GPS data collected during various 

campaign-style geodetic surveys performed between the mid-1980 · s and 2005. For this adjustment 

• NAD 83(CORS96) positional coordinates for -700 CORS were held fixed (predominantly at the 

2002.0 epoch for the stable North American plate, but also at the 2007.0 epoch in Alaska and western 

CONUS) to obtain consistent positional coordinates for the -70,000 passive marks. Derived NAD 

83(NSRS2007) positional coordinates should be consistent with corresponding NAD 83(CORS96) 

positional coordinates to within the accuracy of the GPS data used in the adjustment and the accuracy 

of the corrections applied to these data for systematic errors, such as refraction . In particular, there 

were no corrections made to the observations for vertical crustal motion when converting from the 

epoch of the GPS survey into the epoch of the adjustment while the NAD 83(CORS96) coordinates do 

reflect motion in all three directions at CORS sites. For this reason alone, there can never be total 

equivalency between NAD 83 (NSRS2007) and NAD 83(CORS96) ". 

Per the NGS Datasheets (Ref. 2) "The orthometric height was detennined by GPS observations 

Hoskin · Ryan Consu ltants. Inc. 
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and a high-resolution GEOID model using precise GPS observation and processing techniques." The 

monument positions were observed using Trimble 5800 receivers and TSC2 data collectors. A 

minimum 1800 epoch ( - 30 minute) static observation was performed at each control point. These 

observation files were uploaded to the NGS Online User Positioning System (OPUS) for confirmation of 

the published data, as well as post processed using Trimble Business Center software version 1.2 as a 

secondary check of the publi shed data for results see Tables 1 & 2. 

TABLE 1: NGS COORDINATES COMPARISON GEODETIC COORDINATES 

NGS to OPUS and Trimble Business Center Point(TBC) r~ .~vu Geodetic Values NAD83(2007) 

Station Latitude cliff 

4LH2!AJ3888 33°51'56.29378" 

OPl:S 33°51'56 .293~" -0.00014" 

TBC 33 °51 '56.293 78" O.OuOOO" 

4MK.6/AJ3623 33°53'21.54287" 

OPUS 33°53 21.5-1-319" 0 .00032" 

TBC 33°53'21.54324" 0 .00037" 

4NIM1/AJ3624 33°54'18.91030" 

OPl:S 33°5-l-'18.91054" o .ooo2-r 

TBC 33°54'1 8.91086" 0 .00056' 

4NJ1/AJ3899 33°56'33.35521" 

OPl:S 33°56'33 .3558_" 0 .00610" 

TBC 33°56'33.35584" 0 .00063" 

4NL1/AJ3628 33°56'57.19438" 

OPuS 33°56'5- .19-t-58" 0 .00020" 

TBC 33°56'57.19460" 0 .00022" 

40 I2/AJ3900 33°58'47.97679" 

OPt:S 33 58'r.9 ........ 1 ..... 0 .00038" 

TBC 33°58'47.97708" 0.00029" 

40K6/AJ3633 33°59'31.89948" 

OPCS 33°59'31 89953" 0 00005" 
TBC 33°59'31.89971 " 0.00023" 

40 M2/AJ3634 33°59'10.85953" 

OPt:S 33°59'1 0.85978" 0 00025" 
TBC 33°59'10.86012" 0 .00059" 

Hoskin · Ryan ConsultantS. Inc. 
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T .:.. .J. diff 

112°37'55.13396" 

112or·55 1343- · 0 000-U" 

112°37'55.13443" 0.00047" 

112°49'13.17594" 

112"-1-9'13 1- 69.2" 0 .00098" 

112°49'13.17630" 0.00036" 

112°55'46.97044" 

11.2°55'-1-6 9..., 13"'" 0 00093" 

112 '55'46.97144" .001" 

112°46'18.53398" 

112C-t.6'18.53549" 0.00151" 

112°46'18.53491" 0.00093" 

112°52'15.37075" 

111°52'1.:.3 168" 0.00093" 

112"52'1 5.37173" 0.00098" 

112°42'12.33193" 

112°-t-.2'1.2.33253" 0 .00060" 

112°42'12.33248" 0.00055" 

112°49'10.89224" 

112°-t-9'10.892- 2" 0.00048" 

112°49'10.89250" 0.00026" 

112°55'50.40357" 

112°55'50.40418" 0.00061" 

112°55'50.40436" 0.00079" 

• EI Hemht(NO 

573_401 

.: - 3 .37-1-

573.375 

780 .021 

- so 01-1-

779 .977 

801.330 

SOl 366 

801.3~ 

694 .622 

694 .606 

694 .585 

786 .053 

786 .026 

786.000 

667 .126 

66- .066 

667 .093 

678.641 

678 .- 18 

678 .642 

722 .801 

722 .835 

722 .809 

diff 

-0.02 .... 

-0.026 

-o.oo-

-0.044 

0 036 

0.014 

-0.016 

-0.037 

-0.027 

-0.053 

-0.06 

-0.033 

0.07 .... 

0.001 

0.03-1-

0.008 
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TABLE 2: NGS COORDINATES COMPARISON STATE PLANE COORDINATES 

As the scope of this survey is not geodetic in nature, all control point positions were held using 

the NGS Datasheets coordinates see Table 1. The GPS control network was calibrated using these 

positions (Figure 5). The data was collected on the Arizona State Plane Coordinate System (AZSPC) 

Central Zone using the NAD83 (NSRS2007) reference frame the Arizona Revised Statutes (ARS) 

prescribed unit of measure, International Feet, and realized to the North American Vertical Datum 1988 

(NAVD88) using GEOID 2009 with an inclined reference plane. All data was output to files for use on 

Geographic Information Systems (GIS) platforms, thus the data was output at AZSPC83 (NSRS2007) 

Grid coordinates elevated to NAVD88 (GEOID09). 

Hoskin · Ryan Consultants. Inc. 
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Translation north: 

Translation east: 

Rotation: 

Origin northing: 

Origin easting: 

Scale factor: 

Vertical shift at origin: 

Slope north: 

Slope east: 

Origin northing: 

Origin easting: 

TABLE 3: NGS DATASHEET COORDINATES 

FIGURE 4: CALIBRATION PARAMETERS 

Horizontal Calibration Parameters 
0.000 ft 

0.000 ft 

0°00'00" 

1070076.294 ft 

430148. 75 ft 

1.0000000000 

Vertical Calibration Parameters 
0.055 ft 

3.024 ppm 

1.035 ppm 

1043247.635 ft 

482866.999 ft 

PHASE 1 SURVEY REPORT 

Combined Factor 

0.99986398 

0.99986366 

0.99988239 

0.99986798 

Residual Differences Between GPS And Known Coordinates 

Summary 
Maximum residual Root Mean Square residuaJ 

Horizontal 0.034 ft 0.019 ft 

Vertical -0.088 ft 0.059 ft 

Three-dimensional 0.092 ft 0.062 ft 

Hosk in · Ryan Consultants. Inc. 
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After the recovery, confirmation and calibration, numerous Geodetic Densification and 

Cadastral Survey (GDACS) control points were checked throughout the Phases 1 & 2 areas. This 

presents some difficulties as the GDACS points were collected before the advent of NSRS2007 or 

GEOID09 which are the standard Horizontal and Vertical Datums for the NGS control points used . In 

Figure 4 the height differentials between GEOID03 and GEOID09 are shown throughout Arizona. In the 

area of the this survey these differences are - -(0.05-0.15)m. The Real Time Kinematic (RTK) 

observations confirm this. Because of the uncertainty of the GEOID differencing , the GDACS control 

points were also observed statically using 900 epoch observations and OPUS- Rapid Static (OPUS-

RS) for post-processing and confirmation as shown in Table 4. 

FIGURE 5: GEOID HEIGHT DIFFERENCE ARIZONA 

Geoid Height Differences (m) 
GEOID03 - GEOID09 

Height Difference 

- .{) .28 --025 

- 0 15-020 

- 010 - 0 15 

0 05 - 0 10 

0 - 0.05 

.{) 05 - 0 

.{) 10 - -0 .05 

.{) 15--0 10 

- .{)20 --0 15 

- .{) 25- -0.20 

- .{)28 --0.25 

' 

0 25 50 100 150 200 250 
Kjto meters 

Plot 0,. Dave Minkel, NGS 

Image taken from: Meyer, Thomas H. and Baron, Robert, "Improving Surveying Accuracy and 
Efficiency in Connecticut: An Accuracy Assessment of GEOID03 and GEOID09'' (2010). 
Department of Natural Resources and the Environment Articles. Paper 12. 
http://digitalcommons. uconn. edu/nrme _articles/12 
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TABLE 4: GDACS COMPARISON 

PHASE 1 SURVEY REPORT 

GDACS(NAD83 1992)(GEOID99) t o OPUS-RS and RTK Comparison AZSPC NAD83(2007) (GEOID09 I FEET 

Station Name Northing_ d i f f to GDACS Easti ng d iffto NGS Elevation d iff to GOACS 

56005-2M 1,092,382.59 443 ,432.80 2276.98 
OPUS 1,092.382.7-t 0.1-+ 4-l3,432.72 -0 09 2.:!76 90 -0.08 
RTK 1,092,382.70 0.10 443,432.63 -0.17 2276.86 -0.12 

56040-1M 1,084.376.67 451 ,309.55 2.08 1. 10 
RTK 1,084.376.75 0.08 451,309.50 -0_05 2,080.95 -0.15 

56016-1 1,089.758.98 440,769.66 2243.42 
OPUS 1 089,759 11 0 13 +-l0.'69 58 -0.08 ::?.243 35 -0.08 
RTK 1,089,759.02 0.04 440,769.51 -0.15 2243.31 -0.12 

56070-1 1,076,557.69 440,734.40 2,300_72 
RTK 1,076,557.79 0.10 440,734.23 -0.16 2,300.64 -0.08 

56092- 1 1 ,071 • .278.46 440,685.22 2.366_20 
RTK 1,071 ,278 .59 0.13 440,685.07 -0.15 2,366.21 0 .00 

56059-Zl 1,079.240.32 435,478.84 2,330.97 
OPUS 1.0'9,2-lO 44 0.11 -t35,478 73 -0.11 2,330.80 -0 .16 
RTK 1,079.240.43 0.11 435,478 .70 -0.14 2,330.87 -0.10 

After mapping checks were performed, field crews surveyed structures and cross sections at 

street and wash intersections. There were estimated to be 70 structures throughout Phases 1-3 . 

Initially HRC has completed surveys of 17 road structures. These surveys were completed in 

accordance with FEMA standards as outlined in Guidelines and Specifications for Flood Hazard 

Mapping Partners Appendix N: Data Capture Guidelines, May 2005 (REF. 3). The process of surveying 

structures consists of setting or observing at least two (2) baseline local control points for each 

structure; From which all measurements for the structure are then made by Total Station and coded 

per the FEMA standards for importation to a GIS file . Along with the electronic data, field sketches were 

produced showing the size , width , depth & skew from the control line of the structure. Other 

information included on the field sketches includes Latitude, Longitude and Elevation of the control 

points, along with crew information and time and date of survey. 

Hoskin · Ryan Consultants. Inc. 
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2.1.1 Equipment Used 

• Trimble RB Dual Channel GPS Receivers 
• Trimble TSC2 Data Collectors v12.42 software 
• Topcon GTSBOOO Robotic Total Stations 
• Fixed Height Tripods 

2.2.2 Software Used 
TSC2 

• Trimble Business Center v1 .2 (TBC V1 .2) 
• Trimble Convert to Rinex 
• AutoCAD Civil 30 2008 w/ Carlson Survey 2011 
• ArcGIS v10 
• NGS Online User Positioning Service (OPUS) 

TBC V1.2 R8 

GTS8000 

2.2 Static Observation Procedures 

The static observations consisted of placing a Trimble R8 rover over the monument using a 2-

Meter fixed height tri-pod and collecting data for a minimum of 1,800 epochs ( -30 Minutes) or 900 

epochs ( -15 minutes) for GDACS checks. This data was stored in the rover memory and extracted as 

a .OAT file. The .OAT file was then converted to a Rinex v1.1 file using Trimble "Convert to Rinex" 

Hoskin · Ryan Consultants. Inc. 
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• 

software. This Rinex file was then uploaded to the NGS OPUS-RS program, the results of which were 

compared to the NGS Datasheets for the monuments. As a secondary check, the static observations 

were post-processed through Trimble Business Center V1 .2 and compared to confirm the NGS 

Datasheet coordinates. 

2.3 Data Collection Procedures 

The Data collection was performed using three (3) techniques: GPS, total station (TS), and 

manual measurement. The GPS portion of the procedure was utilized to establish local control 

monuments for the individual structure surveys. The GPS base station was setup near NGS station 

4NL 1. The survey crew then located existing monumentation such as street centerline monuments or 

property corners , when available, or set temporary local control monumentation (PK nail, 600 nail or 

Hub and Tack) near the identified structure. Once these monuments were identified or established the 

survey crew performed a 3 minute RTK observation on a minimum of two (2) monuments to establish 

a base line for the structure. 

After completing the GPS control procedure, the crews setup the total station on one of the 

collected local control monuments, back sighting the other to orient to the local baseline. Then 

collected and checked into any other local control monumentation, which may have been set for 

alternate observation positions. After all the checks were completed , the survey crew collected the 

cross-sectional information required per the FEMA standards, coding the observations for GIS 

importation. 

The manual measurements were completed for items such as pipe diameters or box culvert 

barrel dimensions and deck thickness. All measurements were sketched on to the field notes per FEMA 

guidelines. All of the electronic data was exported to a delimited text file and imported to an Excel 

Hoskin · Ryan Consu ltants. 1nc. 
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spreadsheet to be formatted to allow seamless importation into ArcGIS. The data was then visually 

checked against the aerial mapping provided by the District as seen in Figure 6. 

FIGURE 6: GIS VISUAL INSPECTION 

• 
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Finish floor elevation surveys were completed for buildings within or close to floodplain areas. 

The procedure for FEMA elevation certification, as outlined in FEMA form 81-31 (REF. 4), was 

implemented for this task. The procedure was performed using a 3 wire level and consisted of 

observations across the front of the building, at the front (typically street side) building corners and 

various offsets dictated by conditions, and at a door threshold tor the finish floor elevation. The notes 

provided were inserted into the floodplain map. 

TABLE 5: FINISH FLOOR ELEVATION SURVEY RESULTS 

lotiO 
Prvperty Information 

APN Owner's Name Addren City 

1 50527054A EDGERTON SUSAN 650 S DESERT CANYON RD WICKENBURG 

2 50527055 JOHNSON ROBERT H/GAIL RAU 640 S DESERT CANYON DR WICKENBURG 

3 50549105A GOHEEN LINDA J 575 W APACHE ST WICKENBURG 

4 50549121A SWEENEY BRADLEY V/VICKI L 85 GRAND ST WICKENBURG 

5 
50549112B KILLORAN PATRICK/SALLY 83 N GRANTST WICKENBURG 

50549112B KILLORAN PATRICK/SALLY 83 N GRANTST WICKENBURG 

6 50549109 PARKER THOMAS 59 LINCOLN ST WICKENBURG 

7 50549111 BURGESS STEVEN C/DEBORAH A 543 W APACHE ST WICKENBURG 

8 50549079 RUSSEUL PAULINE 46 N JACKSON ST WICKENBURG 

9 
50549072B CAMPBEUL SEAN C!GENETA D 138 S JACKSON ST WICKENBURG 

50549072B CAMPBEUL SEAN C/GENETA D 138 S JACKSON ST WICKENBURG 

10 50549070 BJERREGAARD RUSSEUL UKATHLEEN M 331 W CENTER ST WICKENBURG 

11 50551072A BYRNE MICHAEL D 36 S MESQUITE DR WICKENBURG 

12 50551094E ROUBAL BART C 166 S MESQUITE ST WICKENBURG 

13 50551053 ECHEVERRIA SOPHIE B TR 43 S MESQUITE ST WICKENBURG 

14 5055154C MCMILLIN ERIN M 40-1/2 S MESQUITE ST WICKENBURG 

15 
50551055 DOUGLASS KAREN 101 S MESQUITE ST WICKENBURG 

50551055 DOUGLASS KAREN 101 S MESQUITE ST WICKENBURG 

16 50551037A ROOT BIULIE M 16 S HENDERSON ST WICKENBURG 

17 50551101 CARRASCO JOSE A/VICKIE L 139N PARK ST WICKENBURG 

18 50551102 LUPKE SCOTI T/SORRELLS STACY 159 PARKST WICKENBURG 

19 50551105 KERKES MITCHELlJ ILA TR 209 SYLVAN RD WICKENBURG 

20 50551106 ELLIOTI PAULA TR 229 W SYLVAN RD WICKENBURG 

21 50551107 ALLEN LOIS R TR 249 W SYLVAN RD WICKENBURG 

22 50551108 SMITH MICHAEL 269WSYLVAN RD WICKENBURG 

23 50551 122A DOOM DANIEL I./PATRICIA A ETAL 311 SYLVAN RD WICKENBURG 

24 50552029 SIMPSON FAM TRUST/SIMPSON UV TRUST/SIMPSON 501 S TEGNER ST WICKENBURG 

25 50534024 SWHU SHUMWAY CONTRACTING LC 870 AMERICA ST WICKENBURG 

26 50534023 WORTH ANNA MARY 860 AMERICA ST WICKENBURG 

27 50534022 CRISSMAN SAMUEL E I BRENDA L 850 AMERICA ST WICKENBURG 

28 50534037 INTERNATIONAL CH FOURSQUARE GOSPEL B85 W AMERICA ST WICKENBURG 

29 50534039 INTERNTL CHURCH OF THE FOUR SQ GOSPEL B85 W AMERICA ST WICKENBURG 

Hoskin · Ryan Consultants. Inc. 
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Zip Code 

85390 

85390 

85390 

85391 

85392 

85392 

85393 

85300 

85394 

85300 

85300 

85397 

85398 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85300 

85391 

85300 

85300 

85300 

85300 

85300 

fFE 

(It} 

2000..96 

2007.01 

2002..06 

2082.02 

2081.82 

2080.44 

2080.61 

2078.66 

2073.15 

2070.06 

2068.88 

2066.94 

2063.56 

2062.72 

2061.99 

2059.92 

2060.1 

2059.86 

2057.42 

2054.38 

2054.04 

2056.18 

2053.48 

2052.52 

2051.45 

2047.37 

2040.00 

2049.78 

2048.26 

2047.31 

2152.00 

2150.07 
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2.4 Collected Field Data Examples 

2.4.1 Example of Structure Collection File 

237 4,44 7288. 70,1079552.07,2165.83,SST _100EMR 
2375,447288.45,1079552.82,2165.85,SST _100HW 
237 6,44 7288.14,1 079534.84,2165.58,SST _1 OOEUS 
2377,44 7288.11,1079527.05,2165.54,SST _100EUS 
2378,44 7287.93,1079519.09,2165.61,SST _100EUS 
2379,44 7287. 94,1079505.61,2165.83,SST _lOOHW 
2380,44 7287.94,1079519.78,2162.41,SST _lOOINVUS 
2381,44 7287.88,107952 7.45,2162.31,SST _1001 NVUS 
2382,447288.01,1079535.21,2162.40,SST_100INVUS 
2383,44 7250.58,1 079517.14,2163.49,SST _100TOS 
2384,44 7256.19,1079507.72,2163. 73,SST _100CH 
2385,447257.04,1079504.55,2164.08,SST_100CH 
2386,447259.06,1079498.33,2164.48,SST_100TOS 
2387,44 7261.22,1079485.81,2168.14,SST _100TOB 
2388,44 7244.77,10794 78.60,2168.35,SST _100TOB 
2389,44 7239.69,1079486.96,2164.35,SST _1 OOTOS 
2390,44 7236.79,1079490.3 7,2164.63,SST _100CH 
2391,44 7235.93, 1079491.78,2164.08,SST _100CH 
2392,44 7229.31,1079505.40,2164.52,SST _lOOTOS 
2393,44 7287 .96,1079544.90,2165.68,SST _lOOTO B 
2394,44 7277 .06,1079548.62,2166.89,SST _100TO B 
2395,44 7253.01,1079553.61,2180.41,SST _100TO B 
2396,44 7231.60,1079536.80,2180.32,SST _100TO B 
2397,44 7212.57,1079524.83,2180. 71,SST _100TOB 
2398,44 7311. 71,1079528.25,2165.33,SST _100TR 
2399,44 7312.35,10795 56.43,2165.61,SST _100TR 
2400,44 7311.96,1079582.95,2166.46,SST _100TR 
2401,44 7311.62,1079609.95,2168.32,SST _1 OOTR 
2402,44 7311.08,1079504.13,2165.99,SST _100TR 
2403,44 7310.23,10794 77.99,216 7 .35,SST _1 OOTR 
2404,44 7310.05,1079453.06,2169 .1 5,SST _1 OOTR 
2405,44 7333.42,1079511.53,2165.49,SST _100HW 
2406,44 7333.73,1 079560.93,2165.11,SST _1 00 HW 
2407,44 7333.96,1079543.03,2161.94,SST _lOOINVDS 
2408,44 7334.11,1079534.99,2161.82,SST _lOOINVDS 
2409,44 7333.93,10795 27.03,2161.88,SST _100 INVDS 
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2.4.2 Example Field Sketch 
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2.4.3 Finish Floor Elevations 
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PT NUMBER X y z 
2374 447288.7 1079552 2165.83 

2375 447288.5 1079553 2165.85 
2376 447288.1 1079535 2165.58 

2377 447288.1 1079527 2165.54 
2378 447287.9 1079519 2165.61 
2379 447287.9 1079506 2165.83 
2380 447287 .9 1079520 2162.41 

2381 447287 .9 1079527 2162.31 

2382 447288 1079535 2162.4 

2383 447250.6 1079517 2163 .49 

2384 447256.2 1079508 2163 .73 
2385 447257 1079505 2164.08 

2386 447259.1 1079498 2164.48 

2387 447261.2 1079486 2168.14 

2388 447244.8 1079479 2168.35 
2389 447239.7 1079487 2164.35 

2390 447236.8 1079490 2164.63 

2391 447235.9 1079492 2164.08 
2392 447229.3 1079505 2164.52 

2393 447288 1079545 2165.68 
2394 447277.1 1079549 2166.89 

2395 447253 1079554 2180.41 
2396 447231.6 1079537 2180.32 

2397 447212 .6 1079525 2180.71 

2398 447311.7 1079528 2165.33 
2399 447312 .4 1079556 2165.61 
2400 447312 1079583 2166.46 
2401 447311.6 1079610 2168.32 
2402 447311.1 1079504 2165.99 
2403 447310.2 1079478 2167.35 

2404 447310.1 1079453 2169.15 
2405 447333 .4 1079512 2165.49 

2406 447333 .7 1079561 2165.11 

2407 447334 1079543 2161.94 

2408 447334.1 1079535 2161.82 
2409 447333.9 1079527 2161.88 
2008 447330.5 1079478 2167 

2009 447313.4 1079295 2182.38 

2010 447425.1 1079302 2177.57 

2410 447661.2 1079493 2160.61 

Hoskin · Ryan Consultants. Inc . 
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STRUCTURE CODE 
SST_100 EMR 
SST_100 HW 
SST_100 EUS 
SST_100 EUS 
SST_100 EUS 
SST_100 HW 
SST_100 I NV US 
SST_100 I NV US 
SST 100 INVUS 
SST 100 TOS 
SST 100 CH 
SST_100 CH 

SST_100 TOS 
SST_100 TOB 
SST_100 TOB 
SST 100 TOS 

SST 100 CH 
SST 100 CH 
SST_100 TOS 
SST_100 TOB 
SST_100 TOB 
SST_100 TOB 
SST_100 TOB 

SST 100 TOB 

SST 100 TR 
SST_100 TR 
SST_100 TR 
SST_100 TR 
SST 100 TR 
SST_100 TR 
SST 100 TR 

SST 100 HW 

SST_100 HW 

SST 100 INVDS 
SST_100 INVDS 
SST_100 INVDS 
SST 100 SST 100CP1 
SST_100 SST_100CP2 
SST 100 SST_100CP3 

SST 110 SST_110 ERM 
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2411 447653.7 1079496 2158.86 SST_110 ww 
2412 447660.6 1079493 2160.57 SST_llO ww 
2413 447671.8 1079459 2160.6 SST_llO ww 
2414 447659 .5 1079484 2154.17 SST_llO CULUS#11NV 

2415 447661.4 1079479 2154.09 SST_110 CULUS#21NV 

2416 447662.5 1079474 2153 .89 SST_110 CULUS#31NV 

2417 447664.2 1079469 2153.99 SST_110 CULUS#41NV 

2418 447665.8 1079471 2156.8 SST_110 CULUS#51NV 

2419 447667.2 1079466 2156.68 SST 110 CULUS#61NV 

2420 447670 1079464 2160.59 SST 110 HWEUS 

2421 447668.4 1079469 2160.63 SST_llO HWEUS 

2422 447666.2 1079476 2160.51 SST_110 HWEUS 

2423 447664.2 1079482 2160.5 SST_110 HWEUS 

2 4 24 4 47651.2 1079497 2159 .59 SST_110 TOB 

2425 447648.4 1079483 2155.65 SST 110 TOS 

2426 447648.3 1079482 2155.05 SST 110 CH 

2427 447649.1 1079473 2155.63 SST 110 TOS 

2428 447645.7 1079445 2166 SST_110 TOB 

2429 447670.7 1079461 2158.45 SST 110 TOB 

2430 447667 1079476 2159 .22 SST_110 TR 

2431 447661.9 1079500 2160.52 SST 110 TR 

• 2432 447661.8 1079524 2160.92 SST 110 TR 

2433 447661.9 1079547 2161.64 SST 110 TR 

2434 447673 .8 1079453 2159.46 SST 110 TR 

2435 447681.9 1079429 2160.45 SST_110 TR 

2436 447688.8 1079411 2162.02 SST 110 TR 

2437 447715.9 1079448 2152.76 SST_110 CULDS#11NV 

2438 447716.8 1079446 2152 .87 SST 110 CULDS#11NV 

2439 447718.4 1079441 2152.86 SST 110 CULDS#31NV 

2440 447719.7 1079436 2153.22 SST 110 CULDS#41NV 

2441 447708.2 1079444 2155.38 SST 110 CULDS#51NV 

2442 447710.2 1079440 2155.39 SST 110 CULDS#51NV 

2012 447691.2 1079474 2158.24 SST_llO SST_llOCP1 

2013 447710.9 1079385 2161.38 SST_110 SST_ llOCP2 

2444 448000.6 1079510 2150 SST_120 SST_120ERM 

2445 447988.9 1079530 2149 .13 SST 120 CULUS#11NV 

2446 447989.8 1079527 2148.81 SST 120 CULUS#21NV 

2447 447990.9 1079523 2149.09 SST 120 CULUS#31NV 

2448 448003 .1 1079554 2149.53 SST 120 CULUS#41NV 

2449 448004.1 1079553 2152.74 SST 120 HC BEG 

2450 448003 1079557 2152 .79 SST_120 HC 

2451 447999.4 1079556 2152.71 SST_120 HC 

Apri l 2011 
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2452 448000.5 1079552 2152.71 SST 120 HCCLO 

2453 447990.9 1079530 2152.02 SST 120 HWEUS 

2454 447991.4 1079527 2151.86 SST 120 HWEUS 

2455 447992.7 1079523 2151.9 SST_120 HWEUS 

2456 447966.6 1079529 2153.16 SST_120 TOB 

2457 447967.1 1079526 2151 SST 120 TOS 

2458 447971.7 1079513 2150.6 SST_120 TOS 

2459 447973 .2 1079508 2152.69 SST 120 TOB 

2460 447990.2 1079542 2153.11 SST 120 TR 

2461 447994.8 1079528 2152 .02 SST 120 TR 

2462 447996.5 1079523 2151 .66 SST_120 TR 

2463 448001 1079511 2149.98 SST_120 TR 

2464 448027 1079542 2148.56 SST_120 CULDS#11NV 

2465 448027.9 1079539 2148.37 SST_120 CULDS#21NV 

2466 448028.9 1079536 2148.78 SST 120 CULDS#31NV 

2467 448026.8 1079546 2148.61 SST 120 CULDS#41NV 

2468 448018.5 1079551 2153.17 SST 120 REP 

2469 448024.7 1079532 2151.71 SST_120 REP 

2470 447996.4 1079523 2151.67 SST 120 REP 

2471 447990.2 1079542 2153.02 SST_120 REP 

2014 448001.2 1079481 2150.2 SST_120 SST_120CP1 

• 2015 448081.3 1079508 2149.04 SST 120 SST 120CP2 

2473 448280.4 1079643 2143.78 SST 130 SST_130ERM 

2474 448280.3 1079643 2143 .81 SST 130 TOB 

2475 448266 1079639 2143 .94 SST 130 TOB 

2476 448261.2 1079644 2140.61 SST_130 TOS 

2477 448259 1079649 2140.66 SST_130 TOS 

2478 448255.6 1079651 2144.46 SST 130 TOB 

2479 448267.8 1079664 2143 .98 SST_130 TOB 

2480 448272 .8 1079660 2140.01 SST 130 CULUS#11NV 

2481 448276 1079655 2140.21 SST 130 CULUS#21NV 

2482 448279.2 1079649 2140.39 SST_130 CULUS#31NV 

2483 448281.3 1079650 2143 .29 SST_130 HWEUS 

2484 448278.1 1079656 2143 .32 SST_130 HWEUS 

2485 448274.9 1079661 2143 .33 SST 130 HWEUS 

2486 448273.5 1079664 2143 .32 SST 130 REP 

2487 448283.7 1079645 2143.3 SST_130 REP 

2488 448297.5 1079653 2143 SST 130 REP 

2489 448287.4 1079672 2143 .11 SST 130 REP 

2490 448291.1 1079671 2139.86 SST 130 CULDS#11NV 

2491 448294.3 1079665 2139.75 SST_130 CULDS#21NV 

2492 448297.7 1079659 2139.73 SST 130 CULDS#31NV 
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2016 448366.5 1079636 2142.34 SST_130 SST_130CP1 

2017 448662.9 1079657 2136.36 SST 130 SST_130CP2 

3222 448377.6 1079664 2142.07 SST 140 SST 140 ERM 

3223 448360.8 1079664 2142.3 SST 140 BOC 

3224 448360.5 1079668 2142 SST 140 TOB 

3225 448360.5 1079673 2138.93 SST 140 TOS 

3226 448359.8 1079680 2139.04 SST_140 TOS 

3227 448360.3 1079684 2142 .63 SST 140 TOB 

3228 448359.2 1079687 2144.28 SST_140 GR 

3229 448377.3 1079686 2142.37 SST 140 TOB 

3230 448376.4 1079685 2138.99 SST 140 TOS 

3231 448377 1079667 2138.65 SST 140 TOS 

3232 448377 1079664 2142 .05 SST_140 BOC 
3233 448379 .5 1079682 2138.27 SST_140 CULUSliNV 

3234 448379.8 1079676 2138.34 SST_140 CULUS21NV 

3235 448379.8 1079669 2138.66 SST 140 CULUS31NV 

3236 448381.8 1079669 2141.52 SST 140 HWEUS 

3237 448381.4 1079676 2141.58 SST_140 HWEUS 

3238 448381.5 1079682 2141.64 SST 140 HWEUS 

3239 448382.1 1079664 2141.58 SST_140 RD 

3240 448381 .8 1079676 2141.57 SST_140 RD 

• 3241 448381.5 1079685 2141.67 SST 140 RD 

3242 448385.9 1079694 2143 .01 SST 140 RD 

3243 448399 1079691 2142 .76 SST 140 RD1 

3244 448397.4 1079685 2141.5 SST 140 RD1 
3245 448397.6 1079676 2141.45 SST 140 RD1 

3246 448398 1079664 2141 .39 SST 140 RD1 

3247 448398 1079683 2141.45 SST_140 HWEDS 

3248 448398.1 1079676 2141.38 SST_140 HWEDS 

3249 448397 .9 1079669 2141 .41 SST_140 HWEDS 

3250 448400.7 1079683 2138.39 SST 140 CULDS11NV 

3251 448400.8 1079676 2138.01 SST 140 CULDS21NV 

3252 448401.2 1079670 2137.92 SST 140 CULDS31NV 

3253 448462.4 1079664 2140.67 SST_150 SST 150 ERM 

3254 448445.5 1079664 2140.92 SST_150 BOC 

3255 448444.3 1079668 2140.61 SST_150 TOB 

3256 448443.4 1079673 2137.64 SST_150 TOS 

3257 448443.9 1079678 2137.66 SST_150 TOS 

3258 448444.1 1079683 2140.96 SST_150 TOB 

3259 448444.5 1079688 2142.47 SST 150 GR 

3260 448461.9 1079686 2140.42 SST 150 TOB 

3261 448461.3 1079685 2137.54 SST_150 TOS 
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3262 448461.3 1079667 2137 .39 SST 150 TOS 

- 3263 448461.3 1079664 2140.51 SST_150 BOC 

3264 448464.1 1079683 2136.94 SST_150 CULUS11NV 

3265 448464.1 1079676 2137.16 SST 150 CULUS21NV 

3266 448464.1 1079669 2137.13 SST 150 CULUS31NV 

3267 448466.8 1079669 2139.99 SST 150 HWEUS 

3268 448466.6 1079676 2140.02 SST 150 HWEUS 

3269 448466.8 1079683 2140.07 SST_150 HWEUS 

3270 448466.8 1079695 2141.66 SST_150 RD 

3271 448467.2 1079685 2140.14 SST_150 RD 

3272 448467.2 1079676 2140.05 SST_150 RD 

3273 448467.2 1079664 2140.02 SST_150 RD 

3274 448483 .1 1079664 2139.73 SST 150 RD1 

3275 448483 .1 1079676 2139.72 SST 150 RD1 

3276 448483 .1 1079685 2139.76 SST_150 RD1 

3277 448483 .8 1079695 2141.62 SST_150 RD1 

3278 448483.5 1079682 2139 .76 SST_150 HWEDS 

3279 448483.5 1079676 2139.7 SST_150 HWEDS 

3280 448483.5 1079669 2139.74 SST_150 HWEDS 

3281 448485.3 1079669 2136.84 SST 150 CULDS31NV 

3282 448485.1 1079676 2136.68 SST 150 CULDS21NV 

• 3283 448485.1 1079682 2136.71 SST_150 CULDS11NV 

3284 448600.8 1079664 2138.22 SST_160 BOC 

3285 448598.1 1079669 2137.84 SST_160 TOB 

3286 448597.7 1079675 2134.76 SST_160 TOS 

3287 448598.2 1079679 2134.86 SST_160 TOS 

3288 448598.3 1079684 2137.88 SST 160 TOB 

3289 448597.7 1079697 2143 .09 SST 160 GR 

3290 448636.1 1079689 2137.33 SST 160 HW 

3291 448635.8 1079665 2137.33 SST_160 HW 

3292 448628.4 1079665 2137.33 SST 160 HW 

3293 448629 1079665 2137.32 SST_160 GDR 

3294 448636 1079665 2137.34 SST_160 GDR 

3295 448636.4 1079689 2137 .31 SST 160 GDR 

3296 448636 1079683 2137.3 SST 160 HWEUS 

3297 448635.8 1079676 2137.29 SST 160 HWEUS 

3298 448635.9 1079668 2137.3 SST 160 HWEUS 

3299 448635.8 1079684 2133.71 SST_160 CULUS11NV 

3300 448635 .8 1079675 2133.79 SST 160 CULUS21NV 

3301 448635 .6 1079668 2133 .78 SST 160 CULUS31NV 

3302 448670.2 1079708 2136.92 SST_160 TR 

3303 448669 .6 1079684 2136.16 SST_160 TR 
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3304 448669.3 1079660 2136.15 SST_160 TR 

3305 448668.9 1079636 2136.58 SST 160 TR 

3306 448691.5 1079659 2135.73 SST 160 HW 

3307 448691.4 1079698 2135.98 SST 160 HW 

3308 448696.5 1079701 2135.94 SST 160 HW 

3309 448695.9 1079701 2135.95 SST_160 GDR 

3310 448691.3 1079698 2136.01 SST_160 GDR 

3311 448691.5 1079659 2135.77 SST_160 GDR 

3312 448691.4 1079667 2135.68 SST 160 HWEDS 

3313 448691.4 1079675 2135.69 SST 160 HWEDS 

3314 448691.5 1079683 2135.74 SST 160 HWEDS 

3315 448692 1079683 2132.82 SST 160 CULDS11NV 

3316 448691.9 1079675 2132.57 SST_160 CULDS21NV 

3317 448691.9 1079667 2132.62 SST_160 CULDS31NV 

2114 448674 1078889 2152.88 SST_170 SST_170 

2115 448659.9 1079131 2153.27 SST 170 SST_170 

2116 448641.6 1079095 2150.65 SST 170 SST_170 

2117 448680.9 1078989 0 SST 170 SST 170 

2118 448659.9 1079131 2153.27 SST_170 SST 170 

2119 448632.5 1078989 2148.11 SST_170 ERM SST_170 

2120 448632.4 1078990 2148.13 SST_170 HWUS 

• 2121 448632 1078962 2148 SST_170 HWUS 

2122 448632 1078983 2142.89 SST_170 CUL1USINV 

2123 448632 1078976 2142.95 SST 170 CUL2USINV 

2124 448631.8 1078969 2142.94 SST 170 CUL3USINV 

2125 448632 .1 1078969 2148.05 SST 170 HWE3US 

2126 448632 .2 1078976 2148.1 SST_170 HWE2US 

2127 448632.9 1078990 2146.54 SST 170 SPILLWAY 

2128 448637 .1 1078991 2148.09 SST_170 SPILLWAY 

2129 448641.1 1078990 2148.18 SST 170 SPILLWAY 

2130 448641.5 1078996 2148.19 SST 170 SPILLWAY 

213 1 448634.9 1078996 2147.73 SST 170 SPILLWAY 

2132 448626 1078991 2145.93 SST_170 SPILLWAY 

2133 448624.5 1078988 2144.83 SST_170 SPILLWAY 

2134 448632 .1 1078987 2144.01 SST_170 SPILLWAY 

2135 448594.7 1078994 2148.2 SST_170 GRD 

2136 448603 .4 1078984 2147.86 SST 170 TOB 

2137 448612 1078975 2145.6 SST 170 GRD 

2138 448620 1078965 2144.16 SST_170 TOS 

2139 448623 .1 1078960 2143.97 SST_170 CLCH 

2140 448626.9 1078955 2144.23 SST 170 TOS 

2141 448635.7 1078947 2149.9 SST_170 TOB 
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2142 448639.9 1078940 2150.28 SST_170 GRD 

2143 448677.7 1079080 2149.69 SST 170 TOC 

2144 448677.6 1079054 2148.98 SST_170 TOC 

2145 448677.4 1079028 2148.76 SST_170 TOC 

'2146 448677.3 1079002 2148.58 SST 170 TOC 

2147 448677.2 1078998 2148.52 SST_170 TOC 

2148 448677.1 1078994 2148.07 SST_170 TOC 

2149 448677.2 1078990 2148.08 SST_170 TOC 

2150 448677.2 1078986 2148.6 SST 170 TOC 

2151 448677.1 1078976 2148.88 SST 170 TOC 

2152 448677 1078950 2150.01 SST_170 TOC 

2153 448676.8 1078924 2151.41 SST_170 TOC 

2154 448659 .3 1078925 2150.9 SST_170 TR 

2155 448659.8 1078952 2149.58 SST_170 TR 

2156 448660.1 1078978 2148.67 SST_170 TR 

2157 448660.8 1079003 2148.3 SST 170 TR 

2158 448661.1 1079029 2148.37 SST 170 TR 

2159 448661.6 1079055 2148 .8 SST 170 TR 

2160 448662.1 1079080 2149 .6 SST 170 TR 

2161 448641.6 1079081 2149.93 SST_170 TOC 

2162 448641.5 1079056 2149.14 SST_170 TOC 

• 2163 448641.3 1079031 2147.83 SST_170 TOC 

2164 448641.3 1079003 2148.54 SST 170 TOC 

2165 448641.4 1078999 2148.52 SST 170 TOC 

2166 448641.2 1078995 2148 SST 170 TOC 

2167 448641.1 1078991 2148.09 SST_170 TOC 

2168 448641.2 1078986 2148.6 SST_170 TOC 

2169 448641.4 1078979 2148.82 SST 170 TOC 

2170 448641 1078951 2149.64 SST_170 TOC 

2171 448640.9 1078926 2151.11 SST_170 TOC 

2172 448681 .2 1078989 2148.18 SST 170 SPILLWAY 

2173 448693 .6 1078992 2147 SST 170 SPILLWAY 

2174 448691.9 1079001 2146.3 SST 170 SPILLWAY 

2175 448684.8 1078996 2147.81 SST 170 SPILLWAY 

2176 448681.3 1078996 2148.21 SST_170 SPILLWAY 

2177 448688.9 1079020 2147 .07 SST_170 HW 

2178 448689.3 1079047 2146.85 SST_170 HW 

2179 448690 1079041 2145.51 SST_170 CULlDSINV 

2180 448690.1 1079034 2145.73 SST 170 CUL2DSINV 

2181 448690.1 1079026 2145.89 SST 170 CUL3DSINV 

2019 451845.2 1079311 2073.36 SST_200 SST 200CP1 

2020 451893 .2 1079267 2074.06 SST 200 SST 200CP2 
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5000 452086.3 1079553 2069.14 SST_300 ERM SST300 
5001 452044 1079546 2069.6 SST 300 RDCL 

5002 452056.3 1079535 2069.67 SST 300 BOCEUS 

5003 452066.1 1079526 2068.76 SST_300 TOBL 
5004 452067.5 1079525 2067.9 SST_300 GR 
5005 452067.9 1079525 2066.4 SST_300 TOSL 
5006 452070.3 1079522 2066.25 SST_300 CHCL 
5007 452071.4 1079520 2066.38 SST_300 TOSR 
5008 452072.2 1079519 2068.06 SST 300 GR 

5009 452092 .6 1079507 2078.57 SST 300 TOBR 

5010 452105.5 1079495 2078.8 SST 300 GR 
5011 452109.3 1079536 2069.98 SST_300 BOCEUS 
5012 452099.7 1079545 2069.23 SST_300 BOCEUS 
5013 452096.3 1079548 2068.57 SST_300 BOCEUS 

5014 452095 1079549 2068.46 SST_300 BOCEUS PC 
5015 452093 .7 1079550 2068.52 SST 300 BOCEUS 

5016 452090.1 1079552 2069.03 SST_300 BOCEUS 

5017 452082.4 1079554 2069.21 SST_300 BOCEUS POC 

5018 452067 1079548 2069.39 SST_300 BOCEUS PT 

5019 452071.8 1079545 2069.22 SST_300 TOB 
5020 452082 .4 1079550 2069.03 SST_300 TOB 

• 5021 452087 .9 1079550 2068.95 SST_300 TOB 
5022 452092.5 1079546 2068.32 SST 300 TOB 

5023 452097.7 1079542 2069.14 SST 300 TOB 
5024 452097.2 1079536 2069.54 SST 300 TOB 

5025 452093 1079534 2069.18 SST_300 TOB 
5026 452087.8 1079529 2069.32 SST_300 TOB 
5027 452085.4 1079532 2066.13 SST_300 TOS 
5028 452094.1 1079538 2065.77 SST_300 TOS 
5029 452086.9 1079543 2065.75 SST 300 TOS 
5030 452084 1079547 2065.54 SST 300 TOS 

5031 452076 1079543 2066.07 SST_300 TOS 
5032 452087.1 1079546 2065.33 SST_300 INVUS1 

5033 452090.5 1079543 2065.41 SST_300 INVUS2 
5034 452093 .7 1079540 2065.3 SST 300 INVUS3 

5035 452093 .9 1079540 2066.72 SST_300 CULUSCR3 
5036 452090.7 1079543 2066.77 SST_300 CULUSCR2 
5037 452087.1 1079547 2066.71 SST 300 CULUSCR1 

5038 452061.5 1079535 2073.23 SST 300 RAIL 

5039 452073.2 1079546 2073 .38 SST 300 RAIL PC 

5040 452079.9 1079549 2073 .24 SST 300 RAIL POC 
5041 452087 .7 1079550 2073.13 SST_300 RAIL PT 
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5042 452098 1079541 2073 .35 SST_300 RAIL 

- 5043 452103.4 1079535 2074.02 SST_300 RAIL 

5044 452103.5 1079536 2069.98 SST_300 RAILBOT 

5045 452098.1 1079542 2069.22 SST_300 RAILBOT 

5046 452087.8 1079550 2069.01 SST_300 RAIL BOT 

5047 452079.9 1079549 2069.12 SST 300 RAIL BOT 

5048 452073.1 1079546 2069.24 SST 300 RAIL BOT 

5049 452061.5 1079535 2069.1 SST_300 RAIL BOT 

5050 452105.6 1079561 2068.52 SST_300 RDCL 

5051 452129.6 1079540 2070.93 SST_300 RDCL 

5052 452130.5 1079560 2069.02 SST_300 BOCEDS 

5053 452127.2 1079563 2068.84 SST 300 BOCEDS 

5054 452124.2 1079566 2069.01 SST_300 BOCEDS 

5055 452120.6 1079569 2068.74 SST 300 BOCEDS 

5056 452117.4 1079572 2068.02 SST_300 BOCEDS 

5057 452116.3 1079573 2067.94 SST_300 BOCEDS PC 

5058 452112.5 1079577 2068.45 SST_300 BOCEDS 

5059 452109.5 1079585 2068.43 SST_300 BOCEDS POC 

5060 452114.8 1079601 2068.49 SST 300 BOCEDS PT 

5061 452131.1 1079619 2068.39 SST 300 BOCEDS 

5062 452117.8 1079581 2065 SST 300 INVDS1 /. 5063 452120.9 1079578 2064.94 SST_300 INVDS2 

5064 452124.3 1079575 2065.14 SST_300 INVDS3 

5065 452124.1 1079575 2066.54 SST_300 CULDSCR3 

5066 452120.8 1079578 2066.32 SST 300 CULDSCR2 

5067 452117.7 1079581 2066.37 SST 300 CULDSCR1 

2021 452133.5 1079535 2071.14 SST 300 SST 300CP1 

2022 452088.4 1079575 2069.08 SST 300 SST 300CP2 

5068 452641.9 1079771 2062.36 SST_ 400 ERM SST400 

5069 452683 .6 1079787 2061.57 SST 400 TEMP 

5070 452612.1 1079777 2062.06 SST_400 GR 

5071 452619 1079770 2062 .29 SST_400 TOBL 

5072 452623 1079766 2060.4 SST 400 GR 

5073 452626.3 1079762 2059.36 SST 400 GR 

5074 452627.2 1079761 2058.52 SST 400 TOSL 

5075 452628.3 1079759 2058.69 SST 400 GR 

5076 452630 1079757 2058.18 SST_400 CHCL 

5077 452632.1 1079754 2058.04 SST_400 TOSR 

5078 452635 1079753 2059.53 SST 400 GR 

5079 452638.2 1079751 2060.06 SST_400 GR 

5080 452640.2 1079749 2061.12 SST 400 TOBR 

5081 452644.4 1079744 2062.03 SST 400 GR 
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5082 452636 1079771 2060.11 SST 400 ww 
5083 452641.6 1079771 2061.8 SST 400 ww 
5084 452641.7 1079771 2062.34 SST_400 WALL 

5085 452650.5 1079763 2062.29 SST_400 WALL 

5086 452650.6 1079763 2061.81 SST 400 ww 
5087 452650.2 1079758 2060.14 SST 400 ww 
5088 452641.6 1079771 2058.17 SST 400 WWBOT 

5089 452641.6 1079771 2058.17 SST 400 WALLBOT 

5090 452650.4 1079763 2058.2 SST 400 WALLBOT 

5091 452650.4 1079763 2058.2 SST_400 WWBOT 

5092 452651.1 1079764 2061.77 SST_400 CUL 

5093 452642 .3 1079771 2061.81 SST_400 CUL 

5094 452645.9 1079767 2058.07 SST_ 400 CULUSINV 

5095 452646 1079767 2061.07 SST 400 CULUSCRl 

5096 452633 .7 1079774 2061.52 SST 400 TOB 

5097 452639.9 1079767 2058.13 SST 400 TOS 

5098 452645.3 1079762 2058.05 SST_ 400 TOS 

5099 452651.7 1079756 2061.49 SST_ 400 TOB 

5100 452648.7 1079780 2058.49 SST_400 CBINV 

5101 452667.2 1079802 2057.98 SST_400 CBINV 

5102 452679.8 1079800 2061.54 SST 400 CUL 

• 5103 452688.4 1079792 2061.57 SST_400 CUL 

5104 452693.8 1079793 2059.54 SST 400 ww 
5105 452689 1079792 2061.5 SST_400 ww 
5106 452688.9 1079792 2062 .04 SST_400 WALL 

5107 452680.2 1079800 2062 .03 SST_400 WALL 

5108 452684.6 1079789 2061.35 SST 400 WALLBOT 

5109 452688.2 1079791 2060.19 SST_ 400 WALLBOT 

5110 452693.7 1079793 2059.15 SST 400 WALLBOT 

5111 452685.8 1079788 2061.17 SST 400 WALLBOT 

5112 452689.3 1079790 2060.14 SST 400 WALLBOT 

5113 452695 .8 1079792 2059.11 SST 400 WALLBOT 

5114 452696.1 1079791 2060.5 SST_400 WALL 

5115 452692.7 1079790 2061.04 SST_ 400 WALL 

5116 452690.8 1079790 2061.79 SST 400 WALL 

5117 452688.9 1079789 2062 SST 400 WALL 

5118 452686.3 1079787 2061.93 SST 400 WALL 

5119 452665.8 1079763 2062 .09 SST_400 BOCEUS 

5120 452660.2 1079768 2062.2 SST 400 BOCEUS 

5121 452658.5 1079769 2061.75 SST 400 BOCEUS 

5122 452649.6 1079777 2061.76 SST_ 400 BOCEUS 

5123 452648.4 1079778 2062.25 SST 400 BOCEUS 
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5124 452639.7 1079786 2062.29 SST 400 BOCEUS 

5125 452660 1079810 2062.06 SST_400 BOCEDS 

5126 452673 .6 1079798 2061.98 SST_400 BOCEDS 

5127 452675.6 1079797 2061.56 SST_400 BOCEDS 

5128 452684.5 1079789 2061.53 SST_400 BOCEDS 

5129 452686.8 1079787 2062.01 SST_400 BOCEDS 

5130 452697.4 1079777 2061.71 SST 400 BOCEDS 

5131 452684.6 1079796 2055.85 SST 400 CHCL 

5132 452684.6 1079796 2057.75 SST 400 CULDSINV 

5133 452684.6 1079796 2057.75 SST_400 CULDSCR1 

5134 452685.5 1079748 2061.32 SST_400 CS101011 

5135 452700.6 1079794 2063.07 SST_400 WALL 

5136 452717.2 1079812 2063.09 SST_400 WALL 

5137 452718.6 1079810 2063 .14 SST 400 WALL 

5138 452718.7 1079810 2065.08 SST_400 WALL 

5139 452734.9 1079828 2065.15 SST 400 WALL 

5140 452737.1 1079826 2065.14 SST_400 WALL 

5141 452737.1 1079826 2065.15 SST_400 BC 

5142 452757 1079848 2064.83 SST_400 BC 

5143 452755.5 1079847 2060.02 SST_400 BF 

5144 452755.1 1079846 2054.98 SST 400 TOSR 

• 5145 452748.2 1079851 2055.21 SST 400 TOSL 

5146 452717.8 1079829 2054.55 SST_400 TOS 

5147 452721.2 1079825 2055.47 SST 400 TOS 

5148 452693.2 1079794 2055.7 SST_400 WWBOT 

5149 452681.3 1079804 2055 .73 SST 400 WWBOT 

5150 452681.9 1079806 2057.56 SST 400 INV121NCSP 

5151 452681.9 1079806 2055.49 SST 400 INV241NCP 

5152 452697.3 1079793 2058.82 SST 400 WALLBOT 

5153 452696.5 1079792 2058.83 SST 400 WALLBOT 

5154 452696.4 1079793 2060.36 SST 400 WALL 

5155 452697.5 1079793 2060.56 SST_400 WALL 

5156 452711 1079780 2060.97 SST_400 WALL 

5157 452713.4 1079778 2060.3 SST_400 WALL 

5158 452725.3 1079767 2060.35 SST 400 WALL 

5159 452725.1 1079767 2059.63 SST_400 WALLBOT 

5160 452726.2 1079768 2059.59 SST 400 WALLBOT 

5161 452713 .9 1079779 2060.55 SST 400 WALL 

5162 452714.4 1079779 2060.59 SST 400 WALL 

5163 452714.7 1079779 2060.25 SST 400 WALL 

5164 452726.4 1079768 2060.23 SST_400 WALL 

5165 452704.5 1079750 2061.11 SST_400 RDCL 
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5166 452686.8 1079765 2061.46 SST 400 RDCL 

5167 452671.4 1079779 2061.7 SST 400 RDCL 

5168 452662.5 1079787 2061.71 SST_400 RDCL 

5169 452648.4 1079800 2061.89 SST_400 RDCL 

5170 452632.2 1079814 2062 .13 SST_400 RDCL 

2023 452617.8 1079809 2062 SST 400 SST_400CP1 

2024 452685.4 1079748 2061.34 SST 400 SST 400CP2 

2100 440689 1073486 2329.39 SUN 100 ERM 

2101 440679.9 1073494 2327.02 SUN 100 ww 
2102 440688.3 1073486 2329.35 SUN_100 ww 
2103 440688.2 1073483 2329.38 SUN_100 HWEUS 

2104 440688.1 1073476 2329.36 SUN_100 HWEUS 

2105 440687.7 1073469 2329.32 SUN_100 HWEUS 

2106 440687.7 1073461 2329.32 SUN 100 HWEUS 

2107 440687.5 1073453 2329.33 SUN 100 HWEUS 

2108 440687.4 1073450 2329.32 SUN 100 HWW 

2109 440682.7 1073437 2327.18 SUN_100 HWW 

2110 440682 .6 1073438 2322.89 SUN_100 TOS 

2111 440673 .6 1073426 2323.49 SUN_100 TOS 

2112 440669.3 1073411 2323.57 SUN_100 TOS 

2113 440670.7 1073390 2324.5 SUN 100 TOS 

• 2114 440669.8 1073365 2324.3 SUN 100 TOS 

2115 440671.1 1073341 2324.6 SUN 100 TOS 

2116 440664.6 1073341 2324.65 SUN_100 TOS 

2117 440662 .7 1073363 2324.52 SUN_ lOO TOS 

2118 440661.3 1073389 2324.43 SUN_100 TOS 

2119 440656.8 1073411 2324.36 SUN 100 TOS 

2120 440658.8 1073466 2324.05 SUN 100 TOS 

2121 440670.8 1073483 2323.4 SUN 100 TOS 

2122 440683 .4 1073490 2322.91 SUN 100 TOS 

2123 440691.5 1073479 2323.53 SUN_100 I NV US 

2124 440691.3 1073471 2323.56 SUN_100 I NV US 

2125 440691.1 1073464 2323.56 SUN 100 INVUS 

2126 440691 1073457 2323.51 SUN_100 INVUS 

2127 440690.8 1073449 2323.53 SUN_100 INVUS 

2128 440692.7 1073482 2329.39 SUN_100 TOB 

2129 440692.3 1073499 2329.73 SUN 100 TOB 

2130 440691.8 1073514 2329.88 SUN 100 TOB 

2131 440668.7 1073516 2328.12 SUN_100 TOB 

2132 440653.6 1073517 2328.61 SUN 100 TOB 

2133 440646.4 1073513 2328.83 SUN_100 TOB 

2134 440639.1 1073507 2329.75 SUN_100 TOB 
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2135 440637 .1 1073494 2329.59 SUN_100 TOB 

2136 440635.3 1073461 2328.91 SUN_100 TOB 

2137 440639.5 1073416 2329.27 SUN_100 TOB 

2138 440643.9 1073403 2329.26 SUN_100 TOB 

2139 440644.1 1073380 2329.45 SUN 100 TOB 

2140 440645.7 1073355 2329.67 SUN 100 TOB 

2141 440645.7 1073326 2331.7 SUN 100 TOB 

2142 440690.1 1073323 2329.77 SUN_100 TOB 

2143 440689.8 1073349 2329.56 SUN_100 TOB 

2144 440690.6 1073372 2329.36 SUN_100 TOB 

2145 440692.4 1073402 2329.51 SUN_100 TOB 

2146 440691.9 1073445 2329.12 SUN 100 TOB 

2147 440714.5 1073464 2329.43 SUN 100 TR 

2148 440714.2 1073439 2329.25 SUN 100 TR 

2149 440713 .8 1073413 2329.28 SUN_100 TR 
2150 440713.5 1073387 2329.47 SUN_100 TR 

2151 440714.9 1073490 2329.71 SUN_100 TR 

2152 440715.3 1073516 2330.14 SUN 100 TR 

2153 440715.5 1073542 2330.71 SUN 100 TR 

2154 440755.4 1073487 2325.48 SUN 100 ww 
2155 440741.4 1073482 2329.32 SUN_100 ww 

• 2156 440740.5 1073445 2329.32 SUN 100 ww 
2157 440755.1 1073439 2325.4 SUN_100 ww 
2158 440755.2 1073440 2322.64 SUN_100 CONC 

2159 440740.9 1073445 2322 .66 SUN_100 CONC 

2160 440741.8 1073482 2322.64 SUN 100 CONC 

2161 440755.6 1073487 2322 .71 SUN 100 CONC 

2162 440741.5 1073479 2323 .28 SUN_100 INVDS 

2163 440741.5 1073471 2323 .38 SUN 100 INVDS 

2164 440741.2 1073464 2323 .24 SUN_100 INVDS 

2165 440741 1073456 2323 .28 SUN_100 INVDS 

2166 440740.8 1073449 2323 .3 SUN_100 INVDS 

2000 440727.4 1073386 2329 .02 SUN 100 SUN_100CP1 

2001 440727.5 1073501 2329.44 SUN 100 SUN_100CP2 

2167 448616.4 1076652 2186.91 SUN 200 ERM 

2168 448616.1 1076652 2186.9 SUN 200 HWUS 

2169 448616 1076644 2186.88 SUN_200 EUS 

2170 448615.9 1076634 2186.88 SUN 200 EUS 

2171 448615.8 1076624 2186.91 SUN_200 EUS 

2172 448615.6 1076616 2186.86 SUN_200 HWUS 

2173 448615.9 1076625 2181.21 SUN_200 INVUS 

2174 448615.7 1076635 2181.29 SUN 200 INVUS 
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2175 448615 .8 1076645 2181.22 SUN_200 INVUS 

• 2176 448625.6 1076597 2188.95 SUN_200 TOB 

2177 448615.4 1076605 2183.99 SUN_200 TOS 

2178 448610.3 1076611 2183.4 SUN_200 CH 

2179 448608.6 1076612 2182.59 SUN_200 CH 

2180 448602.2 1076623 2182.55 SUN_200 CH 

2181 448628.1 1076653 2187.38 SUN_200 TCS 

2182 448625.7 1076653 2187.14 SUN_200 TCS 

2183 448616.8 1076651 2185.59 SUN_200 TCS 

2184 448610 1076651 2182.8 SUN_ 200 TCS 

2185 448613.1 1076654 2184.33 SUN_200 TCS 

2186 448615.9 1076656 2185.28 SUN 200 TCS 

2187 448618.9 1076657 2185.96 SUN_200 TCS 

2188 448625.6 1076659 2187.12 SUN 200 TCS 

2189 448628.1 1076660 2187.28 SUN_ 200 TCS 

2190 448628.4 1076659 2186.97 SUN_ 200 FCS 

2191 448625.6 1076658 2186.67 SUN_ 200 FCS 

2192 448618.7 1076657 2185.66 SUN_200 FCS 

2193 448615.8 1076656 2184.93 SUN_200 FCS 

2194 448613 .4 1076654 2184.07 SUN 200 FCS 

2195 448610.3 1076650 2182 .73 SUN 200 FCS 

• 2196 448615.6 1076648 2182 .82 SUN 200 FCS 

2197 448616 1076652 2183 .96 SUN_200 FCS 

2198 448616.9 1076653 2185.1 SUN_200 FCS 

2199 448628.3 1076655 2186.97 SUN_200 FCS 

2200 448668.9 1076697 2187.28 SUN 200 TCS 

2201 448669.1 1076691 2187 .1 SUN 200 TCS 

2202 448668.9 1076692 2186.87 SUN 200 FCS 

2203 448668.9 1076694 2186.85 SUN 200 FCS 

2204 448647.3 1076676 2187.1 SUN_200 TR 

2205 448647.7 1076700 2187.65 SUN_200 TR 

2206 448647 .4 1076725 2189.03 SUN 200 TR 

2207 448647.4 1076750 2190.97 SUN_200 TR 

2208 448645 .9 1076650 2187.29 SUN 200 TR 

2209 448645.3 1076625 2187.87 SUN_200 TR 

2210 448644.9 1076600 2188.74 SUN 200 TR 

2211 448628.1 1076600 2189 SUN_200 BC 

2212 448628.3 1076624 2188.06 SUN_200 BC 

2213 448628.4 1076651 2187.45 SUN_200 BC 

2214 448628.5 1076655 2186.98 SUN_200 BC 

2215 448628.4 1076659 2186.95 SUN_200 BC 

2216 448628.5 1076663 2187.38 SUN_200 BC 
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2217 448628.5 1076682 2187.62 SUN_200 BC 

• 2218 448628.8 1076709 2188.44 SUN 200 BC 

2219 448628.9 1076750 2191.33 SUN 200 BC 

2220 448613.3 1076676 2183.24 SUN 200 TOS 

2221 448614 1076713 2183.87 SUN_200 TOS 

2222 448723.8 1076794 2189 SUN_200 SET NAIL 

2223 448600 1076624 2183.43 SUN_200 CH 

2224 448570.8 1076647 2184.39 SUN_200 CH 

2225 448544.7 1076666 2184.42 SUN_200 TOS 

2226 448521.2 1076679 2193.92 SUN_200 TOB 

2227 448492.8 1076655 2191.88 SUN 200 TOB 

2228 448516.7 1076631 2184.66 SUN 200 TOS 

2229 448542.7 1076594 2185.07 5UN_200 CH 

2230 448563.9 1076566 2185.12 SUN 200 CH 

2231 448566.3 1076565 2183.57 SUN_200 CH 

2232 448580.6 1076558 2183.58 SUN_200 CH 

2233 448583.6 1076556 2184.92 SUN 200 CH 

2234 448606.4 1076540 2185.14 SUN 200 TOS 

2235 448622.3 1076534 2192 .32 SUN 200 TOB 

2236 448676.3 1076699 2186 SUN 200 TCS 

2237 448677 1076693 2185.05 SUN_200 TCS 

• 2238 448680.7 1076695 2183.59 SUN_200 TCS 

2239 448683 .6 1076697 2182.54 SUN_200 TCS 

2240 448683 .1 1076698 2182 SUN 200 FCS 

2241 448680.6 1076696 2183 .06 SUN 200 FCS 

2242 448677.2 1076694 2184.39 SUN 200 FCS 

2243 448676.3 1076696 2184.24 SUN_200 FCS 

2244 448677.1 1076697 2183 .36 SUN_200 FCS 

2245 448677 1076699 2182 .27 SUN 200 FCS 

2246 448676.9 1076698 2186.52 SUN_200 HWDS 

2247 448677 1076733 2186.41 SUN 200 HWDS 

2248 448676.7 1076724 2179.67 SUN 200 INVDS 

2249 448676.8 1076715 2180.03 SUN 200 INVDS 

2250 448676.8 1076705 2180.31 SUN_200 INVDS 

2002 448630.8 1076605 2188.54 SUN_200 sun_200cp1 

2003 448665.1 1076751 2191.33 SUN_200 sun_200cp2 

2251 448619 1077072 2191.44 SUN 300 ERM 

2252 448618.8 1077072 2191.44 SUN_300 HW 

2253 448618.2 1077065 2191.41 SUN 300 HW 

2254 448618.1 1077068 2187.58 SUN 300 INVUS 

2255 448613 .1 1077075 2190.89 SUN 300 TCS 

2256 448618.4 1077077 2192 .43 SUN 300 TCS 
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2257 448630.1 1077085 2196.07 SUN_300 TCS 

• 2258 448630.1 1077078 2195.87 SUN_300 TCS 

2259 448623 .2 1077075 2193.91 SUN_300 TCS 

2260 448619 1077072 2191.67 SUN_300 TCS 

2261 448618.3 1077071 2189.56 SUN_300 FCS 

2262 448618.5 1077073 2191.11 SUN_300 FCS 

2263 448630.3 1077080 2195.6 SUN_300 FCS 

2264 448630.5 1077083 2195.59 SUN 300 FCS 

2265 448621.4 1077078 2192.94 SUN_300 FCS 

2266 448613.9 1077073 2190.35 SUN_300 FCS 

2267 448569.1 1077058 2195.2 SUN_300 TOB 

2268 448574.1 1077048 2190.43 SUN_300 TOS 

2269 448576.9 1077042 2190.28 SUN_300 CH 

2270 448577.4 1077041 2190 SUN 300 CH 

2271 448578 1077040 2189.99 SUN 300 CH 

2272 448578.9 1077039 2190.35 SUN_300 CH 

2273 448579.7 1077037 2190.57 SUN_300 TOS 

2274 448584.9 1077022 2199.41 SUN_300 TOB 

2275 448608.2 1077035 2198.62 SUN_300 TOB 

2276 448603.5 1077050 2189.84 SUN_300 TOS 

2277 448603.3 1077051 2189.68 SUN 300 CH 

• 2278 448602.9 1077052 2189.28 SUN_300 CH 

2279 448602.5 1077052 2189.2 SUN_300 CH 

2280 448602.1 1077053 2189.62 SUN_300 CH 

2281 448598.5 1077063 2189.93 SUN_300 TOS 

2282 448593.5 1077076 2195.29 SUN_300 TOB 

2283 448611.9 1077073 2189.77 SUN_300 TOS 

2284 448617 .7 1077065 2188.49 SUN 300 TOS 

2285 448625.2 1077091 2196.12 SUN 300 TOB 

2286 448626.4 1077066 2196.43 SUN_300 TOB 

2287 448623.5 1077042 2197.6 SUN_300 TOB 

2288 448618.4 1077069 2191.44 SUN_300 EUS 

2289 448630.6 1077068 2196.35 SUN_300 BC 

2290 448630.6 1077090 2196.23 SUN_300 BC 

2291 448630.8 1077118 2197.66 SUN 300 BC 

2292 448631.1 1077145 2200 SUN 300 BC 

2293 448630.7 1077088 2196.18 SUN 300 BC 

2294 448630.6 1077083 2195.59 SUN_300 BC 

2295 448630.6 1077080 2195.6 SUN 300 BC 

2296 448630.6 1077075 2196.11 SUN 300 BC 

2297 448630.3 1077043 2197.41 SUN_300 BC 

2298 448630.3 1077017 2199.53 SUN_300 BC 
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2299 448630.2 1076993 2201.28 SUN_300 BC • 2300 448647.1 1076993 2201.05 SUN 300 TR 

2301 448647 .6 1077016 2199.32 SUN 300 TR 

2302 448647.1 1077043 2197.41 SUN 300 TR 

2303 448647.7 1077068 2196.21 SUN 300 TR 

2304 448649.3 1077093 2196.27 SUN_300 TR 

2305 448649.1 1077120 2197.59 SUN_300 TR 

2306 448649 1077143 2199.65 SUN 300 TR 

2307 448671.3 1077077 2195.94 SUN_300 TCS 

2308 448673.9 1077079 2195.24 SUN 300 TCS 

2309 448681.1 1077077 2191.51 SUN 300 TCS 

2310 448682.2 1077083 2191.5 SUN 300 TCS 

2311 448671.1 1077084 2196.01 SUN_300 TCS 

2312 448671.2 1077083 2195.87 SUN 300 FCS 

2313 448682.4 1077082 2191.25 SUN_300 FCS 

2314 448681.2 1077077 2191.21 SUN_300 FCS 

2315 448674.1 1077079 2194.7 SUN_300 FCS 

2316 448670.9 1077078 2195.71 SUN 300 FCS 

2317 448685.1 1077059 2183 .83 SUN 300 INVDS 

2318 448685.5 1077064 2187.6 SUN_300 HW 

2319 448684.4 1077056 2187.47 SUN 300 HW 

• 2004 448666.6 1077036 2198.22 SUN_300 SUN_300CP1 

2005 448649.2 1077136 2198.99 SUN_300 SUN_300CP2 

2320 448630.2 1078425 2161.48 SUN 400 ERM 

2321 448630.1 1078425 2161.46 SUN_ 400 HW 

2322 448629.9 1078421 2161.47 SUN 400 EUS 

2323 448629.8 1078421 2153.97 SUN_ 400 I NV US 

2324 448629.6 1078417 2161.44 SUN 400 HW 

2325 448634.2 1078399 2165.08 SUN_400 TOB 

2326 448623 .3 1078417 2155.57 SUN_ 400 TOS 

2327 448622.2 1078421 2155.39 SUN 400 TOS 

2328 448634.3 1078369 2163 .8 SUN 400 TOB 

2329 448621 1078385 2157.18 SUN 400 TOS 

2330 448612 .8 1078393 2156.3 SUN 400 CH 

2331 448611.6 1078394 2155.84 SUN_ 400 CH 

2332 448610.5 1078394 2155.87 SUN_ 400 CH 

2333 448609.3 1078395 2156.56 SUN_ 400 CH 

2334 448600.4 1078401 2156.63 SUN_ 400 CH 

2335 448595.1 1078408 2156.25 SUN_ 400 TOS 

2336 448636.7 1078424 2166.06 SUN 400 TOB 

2337 448633.7 1078438 2166.95 SUN 400 TOB 

2338 448608.6 1078459 2179.68 SUN_ 400 TOB 
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2339 448558.2 1078445 2185.65 SUN_400 TOB • 2340 448638.2 1078421 2166.1 SUN_ 400 BC 

2341 448637.9 1078397 2165.05 SUN_ 400 BC 

2342 448637 .8 1078373 2164.09 SUN 400 BC 

2343 448637.8 1078348 2163.16 SUN 400 BC 

2344 448637.7 1078333 2162.91 SUN 400 BC 

2345 448637.5 1078328 2162.43 SUN_400 BC 

2346 448637 .4 1078325 2162.51 SUN_400 BC 

2347 448637.5 1078320 2163 SUN_400 BC 

2348 448636.9 1078323 2162.85 SUN_ 400 TCS 

2349 448629.6 1078326 2161.91 SUN 400 TCS 

2350 448624.3 1078327 2160.94 SUN 400 TCS 

2351 448620.3 1078330 2159.91 SUN 400 TCS 

2352 448621.4 1078331 2159.49 SUN 400 FCS 

2353 448625.5 1078328 2160.6 SUN_400 FCS 

2354 448637.3 1078325 2162.5 SUN_400 FCS 

2355 448637.2 1078328 2162.47 SUN_ 400 FCS 

2356 448631.2 1078330 2161.62 SUN 400 FCS 

2357 448625.3 1078333 2159.62 SUN 400 FCS 

2358 448626.2 1078334 2159.99 SUN 400 TCS 

2359 448630.6 1078331 2161.71 SUN_400 TCS 

• 2360 448636.9 1078331 2162.84 SUN_400 TCS 

2361 448655.9 1078347 2162.93 SUN_ 400 TR 

2362 448656.2 1078372 2163 .69 SUN 400 TR 

2363 448656.1 1078397 2164.84 SUN_400 TR 

2364 448655.8 1078421 2165.99 SUN 400 TR 

2365 448656.5 1078448 2167.2 SUN_400 TR 

2366 448656.5 1078473 2168.35 SUN_400 TR 

2367 448657.2 1078499 2169.27 SUN_400 TR 

2368 448638.7 1078489 2169.28 SUN_400 BC 

2369 448638.5 1078468 2168.43 SUN_ 400 BC 

2370 448638.5 1078445 2167.29 SUN 400 BC 

2371 448686 1078405 2161.39 SUN 400 HW 

2372 448685 .9 1078401 2153.41 SUN 400 INVDS 

2373 448686 1078397 2161.4 SUN 400 HW 

2006 448725.6 1078360 2158.83 SUN_400 SUN 400CP1 

2007 448635.3 1078364 2163.81 SUN_400 SUN 400CP2 

6182 451376 1077917 2102 .48 SUN_500 SUN 500ERM 

6183 451357.7 1077907 2101.9 SUN 500 GR 

6184 451364.6 1077904 2101.94 SUN 500 TOBL 

6185 451371 .5 1077899 2099.79 SUN 500 TOSL 

6186 451375 1077898 2099.94 SUN 500 GR 
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6187 451378.3 1077897 2099.68 SUN_500 CHCL • 6188 451382.4 1077895 2100.03 SUN 500 TOSR 

6189 451397.4 1077894 2109.07 SUN 500 TOBR 

6190 451376.5 1077907 2099.08 SUN_500 CSPUSINV1 201N 

6191 451382 .4 1077907 2099.17 SUN_500 CSPUSINV2 201N 

6192 451382 .7 1077967 2098.4 SUN 500 CSPDSINV2 

6193 451377 1077968 2098.39 SUN_500 CSPDSINV1 

6194 451404.8 1077957 2103.07 SUN_500 BOCEDS 

6195 451380.9 1077957 2102.45 SUN 500 BOCEDS 

6196 451349.5 1077957 2101.89 SUN 500 BOCEDS 

6197 451349.7 1077940 2101.87 SUN 500 RDCL 

6198 451379 1077938 2102.39 SUN_500 RDCL 

6199 451404.8 1077938 2103.04 SUN_500 RDCL 

6200 451405 .7 1077917 2103 .14 SUN 5 00 BOCEUS 

6201 451378.6 1077917 2102 .53 SUN_SOO BOCEUS 

6202 451349.5 1077917 2101.96 SUN 500 BOCEUS 

6203 451289 1077763 2108.57 SUN_500 ERM SUN 500 

6204 451241.5 1077779 2109.41 SUN_500 GR 

6205 451243.3 1077771 2108.99 SUN_500 TOBL 

6206 451250.4 1077751 2103 .23 SUN_500 TOSL 

6207 451252 1077747 2102.65 SUN_500 GR 

• 6208 451252.5 1077746 2102.47 SUN 500 CHCL 

6209 451253.3 1077743 2102 .85 SUN 500 GR 

6210 451258 1077730 2103.5 SUN 500 GR 

6211 451261.3 1077720 2105.39 SUN_500 TOSR 

6212 451266.5 1077706 2114 SUN_500 TOBR 

6213 451266.2 1077691 2114.8 SUN_500 GR 

6214 451287.3 1077724 2112 .28 SUN_500 BOCEUS 

6215 451288.8 1077763 2108.61 SUN_500 BOCEUS 

6216 451290 1077804 2105.4 SUN 500 BOCEUS 

6217 451308.8 1077806 2104.72 SUN 500 RDCL 

6218 451307.1 1077768 2107.51 SUN 500 RDCL 

6219 451305.4 1077722 2111.73 SUN 500 RDCL 

6220 451323 .4 1077721 2111.96 SUN_500 BOCEDS 

6221 451325.1 1077762 2108.09 SUN_500 BOCEDS 

6222 451326.3 1077797 2105.34 SUN_500 BOCEDS 

6223 451269.7 1077750 2101.58 SUN_500 CSPUSINV 241N 

6224 451334.4 1077795 2100.37 SUN_500 CSPDSINV 

2055 451308.2 1077792 2105.61 SUN 500 SUN_500CP1 

2056 451294.6 1077958 2102 .68 SUN_500 SUN 500CP2 

6182 451376 1077917 4214.32 SUN_510 ERM SUN 510 

6183 451357.7 1077907 

• 
4213.74 SUN_510 GR 
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• 6184 451364.6 1077904 4213.78 SUN_510 TOBL 

6185 451371.5 1077899 4211.62 SUN_510 TOSL 

6186 451375 1077898 4211.78 SUN 510 GR 

6187 451378.3 1077897 4211.52 SUN 510 CHCL 

6188 451382.4 1077895 4211.87 SUN 510 TOSR 

6189 451397.4 1077894 4220.91 SUN 510 TOBR 

6190 451376.4 1077907 4210.92 SUN 510 CSPUSINV1201N 

6191 451382.3 1077907 4211.01 SUN_510 CSPUSINV2 201N 

6192 451382.7 1077967 4210.23 SUN_510 CSPDSINV2 

6193 451376.9 1077968 4210.22 SUN_510 CSPDSINV1 

6194 451404.7 1077957 4214.91 SUN_510 BOCEDS 

6195 451380.9 1077957 4214.29 SUN 510 BOCEDS 

6196 451349.5 1077957 4213.73 SUN_510 BOCEDS 

6197 451349.7 1077940 4213.71 SUN 510 RDCL 

6198 451379 1077938 4214.22 SUN_510 RDCL 

6199 451404.8 1077938 4214.87 SUN 510 RDCL 

6200 451405 .7 1077917 4214.97 SUN_510 BOCEUS 

6201 451378.6 1077917 4214.37 SUN 510 BOCEUS 

6202 451349.5 1077917 4213 .79 SUN 510 BOCEUS 

415 454013.53 1079601.49 2040.11 SST 500 SST_ 400 CP1 

416 454118.44 1079674.71 2038.80 SST_500 SST_ 400 CP2 

• 417 454018.34 1079660.15 2050.22 SST_500 SST_400 ERM 

418 453992 .80 1079704.21 2052.44 SST 500 TOB 

419 453994.63 1079705.53 2053 .37 SST_500 RAIL 

420 453998.78 1079708.25 2053 .36 SST_500 RAIL 

421 454000.62 1079709.69 2052.51 SST 500 TOB 

422 454029.67 1079671.05 2050.82 SST 500 TOB 

423 454016.28 1079666.36 2050.86 SST_500 TOB 

424 454038.45 1079632.80 2051.36 SST_500 GR 

425 454041.82 1079635.59 2052.49 SST_500 RAIL 

426 454045.92 1079638.36 2052 .49 SST_500 RAIL 

427 454049.41 1079640.95 2051.39 SST_500 GR 

428 454070.56 1079609.66 2050.10 SST 500 TOB 

429 454059.32 1079601.91 2050.33 SST 500 TOB 

430 454094.19 1079553.15 2050.68 SST_500 TOB 

431 454096.69 1079554.38 2051.39 SST_500 RAIL 

432 454100.68 1079557 .33 2051.35 SST 500 RAIL 

433 454103.19 1079558.59 2050.20 SST_500 TOB 

434 454059.05 1079601.73 2050.94 SST_500 TWHDWL 

435 454057.45 1079603.08 2049.51 SST_500 BWHDWL 

436 454057.03 1079601.30 2049.26 SST 500 BOTGDR 

437 454056.65 1079600.90 2052.51 SST 500 GDR 
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• 438 454016.24 1079660.45 2053.42 SST_500 GDR 

439 454017.47 1079659.82 2050.10 SST_500 BOTGDR 

440 454017.04 1079663.20 2049.71 SST_500 BWHDWL 

441 454017.20 1079663.21 2051.80 SST_500 TWHDWL 

442 454029.97 1079670.95 2051.71 SST_500 TWHDWL 

443 454030.12 1079671.03 2050.56 SST 500 BWHDWL 

444 454031.74 1079670.92 2050.17 SST_500 BOTGDR 

445 454031.72 1079671.08 2053 .26 SST_500 GDR 

446 454071.81 1079611.56 2052.39 SST_500 GDR 

447 454071.76 1079611.44 2049.15 SST_500 BOTGDR 

448 454070.97 1079610.21 2049.50 SST 500 BWHDWL 

449 454070.89 1079610.17 2050.73 SST 500 TWHDWL 

450 454052.15 1079607.45 2048.27 SST 500 BOTDECK 

451 454044.35 1079619.13 2048.52 SST 500 BOTDECK 

452 454036.52 1079630.99 2048.70 SST_SOO BOTDECK 

453 454028.64 1079642.75 2048.88 SST_500 BOTDECK 

454 454020.81 1079653.97 2048.97 SST_500 BOTDECK 

455 454036.57 1079664.71 2048.99 SST 500 BOTDECK 

456 454044.31 1079653.30 2048.85 SST 500 BOTDECK 

457 454052 .28 1079641.70 2048.75 SST 500 BOTDECK 

458 454060.13 1079629.96 2048.54 SST_500 BOTDECK 

• 459 454067.90 1079618.43 2048.30 SST_500 BOTDECK 

460 454075.31 1079615.42 2047.00 SST_500 DSRIGHTABUTMENT 

461 454075.31 1079615.49 2044.75 SST_500 GRD 

462 454052.43 1079599.51 2046.95 SST 500 USRIGHTABUTMENT 

463 454052.40 1079599.66 2045.96 SST 500 GRD 

464 454013.54 1079657.67 2045.29 SST_500 GRD 

465 454013 .21 1079657.64 2047.91 SST_500 USLEFTABUTMENT 

466 454036.22 1079673.33 2047.88 SST_500 DSLEFTABUTMENT 

467 454036.22 1079673.31 2045.58 SST_500 GDR 

468 454022.25 1079645.94 2040.55 SST_500 TOS 

469 454028.01 1079636.16 2039.71 SST_500 CH 

470 454030.05 1079631.73 2038.81 SST 500 CH 

471 454033 .25 1079626.99 2039.13 SST 500 CHCL 

472 454037.07 1079621.23 2038.98 SST_500 CH 

473 454042.57 1079613.62 2039 .97 SST_500 TOS 

474 454049.85 1079614.92 2039.42 SST_500 PIER 

475 454061.42 1079622.92 2039.12 SST_500 PIER 

476 454054.11 1079634.81 2039.43 SST_500 PIER 

477 454041.91 1079626.66 2039.12 SST_500 PIER 

478 454034.01 1079638.08 2039.10 SST_500 PIER 

479 454045.98 1079646.36 2039.18 SST 500 PIER 
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480 454038.63 1079657.40 2039.78 • 481 454026.37 1079649.11 2039.97 

482 454019.10 1079659.36 2043.22 

483 454030.10 1079668.49 2044.98 

484 454068.27 1079611.42 2044.24 

485 454057.98 1079604.44 2045.08 

486 454080.90 1079653.33 2038.58 

487 454044.39 1079636.21 2038.79 

488 453968.21 1079641.07 2041.45 

489 453977.43 1079628.99 2040.57 

490 453987.89 1079615.20 2039.46 

491 453990.31 1079610.44 2039.31 

492 453993.42 1079605.59 2039.73 

493 454002 .82 1079590.21 2041 .18 

494 454010.58 1079574.61 2041 .39 

495 454020.61 1079653.97 2043 .03 

496 454028.72 1079642 .98 2040.03 

497 454036.63 1079631.34 2038.99 

498 454044.77 1079619.39 2039.40 

499 454052.13 1079607.44 2043 .63 

500 454059.86 1079629.89 2039 .30 

• 501 454052.34 1079641.57 2038.73 

502 454044.67 1079653.44 2039.75 

• 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

Benchmark 10: Elev: 2149.87 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 3 TYPE CMP LENGTH 40.0' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

GPS Lat: GPS Long: 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

GPS Lat: GPS Lat: 

View to East, Upstream of Culvert 

• 
View to North, from Culvert Crossing 

• 
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10: SST 120 

RS: 0.213 

GPS Lat: 

View to West, Downstream of Culvert 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

Benchmark 10: Elev: 2143.66 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 3 TYPE CMP LENGTH 21.0' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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• 

Wash Name: 

Location: 

• 

• 

GPS Lat: 

A.¥ 
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Sunset Wash Tributary 

America Street and Private Driveway 

GPS Long: 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

GPS Lat: GPS Long: 

• 
View to North, from Culvert Crossing 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

Benchmark ID: Elev: 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH PIER(S) 

CULVERT NUM# 3 TYPE CMP LENGTH 21.0' SIZE 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

GPS Lat: GPS Long: 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

GPS Lat: GPS Long: 

• 
View to North, from Culvert Crossing 
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Wash Name: Sunset Wash Tributary 

Location: America Street and Private Driveway 

Benchmark 10: Elev: 2145.55 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 3 TYPE CMP LENGTH 21 .0' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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F.C.D. Contract No. 2009-C030 

FIGURE 7: SURVEYED STRUCTURE 
LOCATION MAP 
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PHASE 1 
SURVEYED STRUCTURES 

1-640 S DESERT CANYON RD 
2-650 DESERT CANYON RD 

3-85 GRAND ST 
4-83 N GRANT ST 

5-23616 N 185THAVE 
6-46 N JACKSON ST 
7-46 N JACKSON ST 

8-P 0 BOX 1595 
9-869 PHILLIPS ST 

10-166 S MESQUITE ST 
11-P 0 BOX 546 

12-101 S MESQUITE ST 
13-P 0 BOX 1117 
14-139 PARK ST 
15-159 PARK ST 

16-269 SYLVAN RD 
17-2084 MEADOW BROOK RD 

18-545 N JACKSON 
19-P 0 BOX 896 

20-501 S TEGNER ST 
21-P 0 BOX 3223 

22-BOX 1859 
23-139 S JACKSON ST 

24-PO BOX 375 
25-P 0 BOX 1394 
26-PO BOX 893 

27 -PO BOX 1360 
28-PO BOX 1193 

29-715 KELLIS RD 
30-PO BOX 132 

31-83 N GRANT ST 
32-101 S MESQUITE ST 

Hoskin· Ryan Consultants. 1nc. 

8245 N. 24th PartlwayflOO Ptooenix, AZ 150111 
Office: (1102) 252.13114 Fax: (502) 252.11315 

DISTRICT 

WICKENBURG 
AREA DRAINAGE MASTER STUDY I PLAN 

F.C.D. Contract No. 2009-C030 

FIGURE 8: FINISH FLOOR ELEVATION CHECK 
LOCATION MAP 
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Appendix 0: Hydrologic Analysis Supporting Documentation 

D.1 Precipitation Data 

D.2 Physical Parameter Calculations 

D.3 Hydrograph Routing Data 

D.4 Reservoir Routing Data 

D.5 Flow Splits and Diversions Data 

D.6 Hydrologic Calculations 

D.7 Verification 
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Appendix D 

0.1 PRECIPITATION DATA 
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Flood Control District of Maricopa County 
Drainage Design Management System 

RAINFALL DATA 
Project Reference: WICKENBURG EX 6HR 

.~:ge 
1 

Method Duration 2 Year 5 Year 10Year 25 Year SO Year 

• 

• 

DEFAULT NOAA14 5 MIN 0.318 0.432 0.516 0.630 0.715 
NOAA14 10MIN 0.484 0.657 0.786 0.959 1.088 
NOAA14 15 MIN 0.601 0.815 0.974 1.1 89 1.349 
NOAA14 30MIN 0.809 1.098 1.312 1.601 1.817 
NOAA14 1 HOUR 1.001 1.358 1.624 1.981 2.249 
NOAA14 2 HOUR 1.11 8 1.500 1.791 2.184 2.485 
NOAA14 3 HOUR 1.179 1.555 1.854 2.274 2.609 
NOAA14 6 HOUR 1.417 1.825 2.146 2.598 2.949 
NOAA14 12 HOUR 1.664 2.11 9 2.478 2.969 3.354 
NOAA14 24 HOUR 1.932 2.464 2.890 3.481 3.940 

The 6-hour duration NOAA 14 precipitation for the 2-, 5-. 10-, 25-, 50- and 1 00-year events.D 
Extracted from DDMSW version 4.6.0 . 

1/25/2011 

100 Year 

0.801 
1.220 
1.512 
2.036 
2.520 
2.802 
2.958 
3.319 
3.746 
4.422 

(stAanMuld.rpt) 



Flood Control District of Maricopa County 
Drainage Design Management System 

RAINFALL DATA 
Project Reference: WICKENBURG EX 24HR 

.~Dage 1 

Method Durat ion 2 Year 5 Year 10 Year 25 Year 50 Year 

• 

• 

DEFAULT NOAA14 5 MIN 0.318 0.432 0.516 0.630 0.715 
NOAA14 10 MIN 0.484 0.657 0.786 0.959 1.088 
NOAA14 15 MIN 0.601 0.815 0.974 1.1 89 1.349 
NOAA14 30 MIN 0.809 1.098 1.312 1.601 1.817 
NOAA14 1 HOUR 1.001 1.358 1.624 1.981 2.249 
NOAA14 2HOUR 1.118 1.500 1.791 2.1 84 2.485 
NOAA14 3 HOUR 1.t79 1.555 1.854 2.274 2.609 
NOAA14 6HOUR 1.417 1.825 2.146 2.598 2.949 
NOAA14 12 HOUR 1.664 2.119 2.478 2.969 3.354 
NOAA14 24 HOUR 1.932 2.464 2.890 3.481 3.940 

The 24-hour duration NOAA 14 precipitation for the 2-, 5-, 10-, 25-, 50- and 100-year events.o 
Extracted from DDMSW version 4.6.0 . 

1/25/2011 

100 Year 

0.801 
1.220 
1.512 
2.036 
2.520 
2.802 
2.958 
3.319 
3.746 
4.422 

(siAanMulti.rpt) 
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from "Precipitation-Frequency Atlas 14, Volume I, Ye.-.ion 4 
G.M Bonnin, D Martin, B Lin, T. Parzybok. M.Yel1ll. and D. Riley 

OAA, ruional Weather Servi ce, Sil\•er Spring. Maryland. 2006 

E><tractcd: Sun Jan 16 20 11 

Confidence Limits I[ Seasonality ][ Related Info ][ GIS data ][MaPS][ Docs I[ Return to State Map 

Precipitation Frequency Estimates (inches) 

• These preclpllation frequency estimates are based on a oart!a! duration series ARIIs the Average Recurrence Interval. 
Please refer Ill NOAA Ad as 14 Document for morn inbmation. NOTE: Fonnalting forces estimates near zero to appear as zero. 

0 
0 
The 250-year precipitations were interpolated as 3.76 inches for 6-hour duration and 4. 98 inches for [ 
24-hour duration. 

~lo.97l~~lz.4&11J .o7l~l3.39ll3.7oll4.o9ll4. s41!4 .n ll5.28 lls . 9s ll6.4sl~~~~ 
~~~l2.osllz .so!IJ . 46II3 .62 I~~I4.ssi~l5.36l l s .92 II 6 .6JIIml~~~l 12 .98j 
~~~lz.32 l~l3.86 ll4.o2 114 . 28 ll4.62lls .o6l~ls.9sll6 .ss ll 7 .34 ll 7.97lls .99 lll o . 7s ll 12 .89 j~ 
~~~~~l4.35 ll4.6o l~ls.Jolls .741!6.49 ll6 .s2 117 .49l~ls .9sll9 .9o l~~~~s .s9 J 
~~~~~~~~~~~~~~~~~~~ 

• The upper bound of the confidence Interval a190o/o confidence level Is the value whoch So/, ot the simulated quantile values tor a given frequerq are grelter than. 
~ These precipitation frequerq estimates are based on a Mal Watjon series ARI is the Average Recurrence Interval. 

Please refer to NOAA Atlas 14 Coctment tor more inlormation. NOTE: Forrnalling preventS estimates near zero to appear as zero. 

II 
* Lower bound of the 90% confidence interval 

Precipitation Frequency Estimates (inches) I 
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• 

- These precipitation frequency estimales are based on a oartia! dy@ijon maxjma series ARI is the Average Recurrence lnterv<t 

Please refer to NOAA AHas 14 ())cumenl for more inlormalion. NOTE: Formatting prevents estimates near zero to appear as zero. 
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Related Information 

Maps & Aerials 

• Click here to see topographic maps and aerial photographs available for this location from Microsoft Re earch Maps 

Watershed/Streamflow Information 

• 

• 

Click here to see watershed and streamflow information available fo r this location from the U.S. Environmental Protection Agency's site 

Climate Data Sources 

National Climatic Data Center (NCDC) database 
Locate NCDC climate stations within: 

+/-30 minutes ) or [ +/-1 degree ] of this location. Digital ASCII data can be obta ined directly from CDC. 

Note: Precipitationfi"equency results are based on analysis of precipitation data from a variety of sources, but largely NCDC. The 
fo llowing links provide general information about observing sites in the area, regardless ofiftlreu· data was used in this study. For 
detailed information about the stations used in this study, please refer to the matching documentation available at the P F Document 
page 

Natural Resources Conservation Service's (NRCS) SNOTEL dataset 
At present there are more than 700 NO TEL sites typically located in the mountainous reg ions of the We stem U.S. that report daily 
and/or hourly precipitation, air temperture, snow water equivalent and snow depth data. 

US Department of Commerce 
National Oceanic and Atmospheric Adminis tration 
National Weather Service 
Office of Hydrologic Develooment 
1325 East West Highway 
S1lver Spring , MD 20910 
Questions?: HDSC.questions@noaa .gov 

Disclaimer 
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Appendix D 

0.2 PHYSICAL PARAMETER CALCULATIONS 

Wickenburg Area Drainage Master Study/Plan 
0-3 



• • • Sub-basin Parameters Flood Control District of Maricopa County 
Drainage Design Management System 

Number of pages : 1 
SUB BASINS 

Page 1 Project Reference: WICKENBURG EX 6HR 1/25/2011 

Sub Basin Parameters Rainfall Losses 
Area ID Area Length Slope S-Graph Lea Lag Velocity Kn lA DTHETA PSIF XKSAT RTIMP 

(sqmi) (mi) (ft/mi) (mi) (min) (f/s) (in) (in) (inlhr) (%) 

Major Basin ID: 01 

SN1 0.601 2.38 101 .3 MOUNTAIN 1.14 29.80 7.04 0.034 0.19 0.39 6.00 0.19 18 
SN2 0.255 1.58 126.5 Mountain 0.80 21.40 6.53 0.034 0.20 0.40 6.00 0.18 7 
SN3 0.223 1.27 96.3 Mountain 0.51 14.40 7.79 0.028 0.22 0.35 5.20 0.29 39 
SC1 0.562 1.67 104.0 Mountain 0.73 24.40 6.01 0.038 0.18 0.34 6.60 0.16 9 
SC2 0.100 0.63 129.1 Mountain 0.28 10.30 5.35 0.035 0.20 0.37 6.60 0.15 8 
SC3 0.197 1.15 108.7 Mountain 0.56 18.00 5.62 0.036 0.19 0.37 6.40 0.16 7 
SC4 0.384 2.00 107.3 Mountain 1.06 29.20 6.03 0.037 0.20 0.35 7.00 0.12 22 
SC5 0.150 0.90 198.4 Mountain 0.49 15.50 5.13 0.040 0.21 0.38 6.40 0.15 30 
SC6 0.114 0.66 187.1 Mountain 0.33 10.50 5.56 0.035 0.25 0.38 6.40 0.16 13 

• Non default value (stSubBasSG.rpt) 



Sub-basin Land Use 

II' age Number of pages: 2 

. Sub Land Use Code 
Basin 

Major Basin ID: 01 

SC1 

SC2 

SC3 

SC4 

• SC5 

SC6 

SN1 

• SN2 

111 
511 
551 
720 
731 
910 
940 

111 
731 
910 
940 

111 
551 
720 
731 
910 
940 

111 
552 
910 
940 

111 
552 
940 

111 
131 
151 
533 
552 
910 
940 

111 
131 
172 
173 
210 
311 
410 
531 
532 
533 
551 
731 
910 
920 
930 
940 

111 
131 

Flood Control District of Maricopa County 
Drainage Design Management System 

LAND USE 
Project Reference: WICKENBURG EX 6HR 

Area 
(sqmi) 

0.051 
0.068 
0.003 
0.101 
0.062 
0.009 
0.269 

Area 
(%) 

9.1 
12.1 
0.5 

17.9 
11 .0 

1.7 
47.8 

0.563 100.1 

0.079 
0.001 
0.01 1 
0.009 

0.101 

0.123 
0.001 
0.014 
0.012 
0.010 
0.037 

0.197 

0.181 
0.001 
0.014 
0.188 

0.384 

0.006 
0.012 
0.132 

78.6 
1.4 

10.6 
9.4 

100.0 

62.7 
0.7 
7.2 
5.9 
5.0 

18.6 

100.1 

47.3 
0.2 
3.6 

48.9 

100.0 

4.1 
7.7 

88.1 

0.150 99.9 

0.036 
0.006 
0.017 
0.002 
0.046 
0.005 
0.001 

32.0 
4.9 

15.3 
1.7 

40.6 
4.7 
0.8 

0.114 100.0 

0.405 
0.016 
0.001 
0.007 
0.032 
0.002 
0.001 
0.001 
0.012 
0.009 
0.002 
O.D18 
0.037 
0.000 
0.011 
0.048 

0.601 

0.196 
0.007 

67.4 
2.6 
0.2 
1.1 
5.3 
0.4 
0.1 
0.1 
2.0 
1.4 
0.3 
2.9 
6.2 
0.1 
1.8 
8.0 

99.9 

76.8 
2.7 

• Non default value 

initial Loss 
(lA) 

0.20 
0.20 
0.10 
0.10 
0.20 
0.20 
0.20 

0.20 
0.20 
0.20 
0.20 

0.20 
0.10 
0.10 
0.20 
0.20 
0.20 

0.20 
0.30 
0.20 
0.20 

0.20 
0.30 
0.20 

0.20 
0.30 
0.25 
0.10 
0 .30 
0.20 
0.20 

0.20 
0.30 
0.10 
0.25 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.20 
0.20 
0.20 
0.20 
0.20 

0.20 
0.30 

Percent 
Impervious 

(RTIMP) 

5 
20 
20 

5 
0 
0 
0 

5 
0 
0 
0 

5 
20 

5 
0 
0 
0 

5 
10 
0 
0 

5 
10 
0 

5 
20 
30 
80 
10 
0 
0 

5 
20 
80 
10 
80 
80 
80 
80 
40 
80 
20 
0 
0 

50 
0 
0 

5 
20 

Vegetation 
Cover 

(%) 

30.0 
40.0 
25.0 
90.0 
30.0 
30.0 
25.0 

30.0 
30.0 
30.0 
25.0 

30.0 
25.0 
90.0 
30.0 
30.0 
25.0 

30.0 
30.0 
30.0 
25.0 

30.0 
30.0 
25.0 

30.0 
35.0 
30.0 
75.0 
30.0 
30.0 
25.0 

30.0 
35.0 
50.0 
50.0 
65.0 
50.0 
75.0 
75.0 
40.0 
75.0 
25.0 
30.0 
30.0 
30.0 
25.0 
25.0 

30.0 
35.0 

DTHETA 

DRY 
DRY 
DRY 
NORMAL 
DRY 
DRY 
DRY 

DRY 
DRY 
DRY 
DRY 

DRY 
DRY 
NORMAL 
DRY 
DRY 
DRY 

DRY 
DRY 
DRY 
DRY 

DRY 
DRY 
DRY 

DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

DRY 
DRY 
DRY 
DRY 
NORMAL 
DRY 
NORMAL 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

DRY 
DRY 

1/25/2011 

Kn 

0.035 
0.035 
0.030 
0.030 
0.050 
0.030 
0.040 

0.035 
0.050 
0.030 
0.040 

0.035 
0.030 
0.030 
0.050 
0.030 
0.040 

0 .035 
0.040 
0 .030 
0.040 

0.035 
0 .040 
0.040 

0.035 
0.030 
0.025 
0.020 
0.040 
0.030 
0.040 

0.035 
0.030 
0.020 
0.035 
0.020 
0.020 
0.020 
0.020 
0.025 
0.020 
0.030 
0.050 
0.030 
0.020 
0.025 
0.040 

0.035 
0.030 

(o!UJDataSG.rpl) 



Flood Control District of Maricopa County 
Drainage Design Management System 

LAND USE 
Project Reference: WICKENBURG EX 6HR 

.~age 1/25/2011 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn 
Basin (sqmi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 

SN2 151 0.008 3.3 0.25 30 30.0 DRY 0.025 
210 0.001 0.4 0.10 80 65.0 NORMAL 0.020 
410 0.000 0.2 0.10 80 75.0 NORMAL 0.020 
533 0.002 0.7 0.10 80 75.0 DRY 0.020 
552 0.001 0.4 0.30 10 30.0 DRY 0.040 
711 0.002 0.6 0.25 5 90.0 NORMAL 0.035 
731 0.000 0.20 0 30.0 DRY 0.050 
910 0.023 8.9 0.20 0 30.0 DRY 0.030 
920 0 .001 0.2 0.20 50 30.0 DRY 0.020 
940 0.015 6.0 0.20 0 25.0 DRY 0.040 

0.255 100.2 

SN3 111 0.003 1.5 0.20 5 30.0 DRY 0.035 
131 0.022 9.9 0.30 20 35.0 DRY 0.030 
151 0.098 44.1 0.25 30 30.0 DRY 0.025 
171 0.004 1.8 0.25 45 50.0 DRY 0.025 
172 0.009 4.2 0.10 80 50.0 DRY 0.020 
210 0.026 11.7 0.10 80 65.0 NORMAL 0.020 
311 0.007 3.2 0.10 80 50.0 DRY 0.020 
410 0.005 2.0 0.10 80 75.0 NORMAL 0.020 
512 0.003 1.4 0.1 0 80 30.0 DRY 0.020 
521 0.004 1.6 0.29 45 50.0 NORMAL 0.025 
531 0.003 1.5 0.10 80 75.0 DRY 0.020 
533 0.007 3.1 0.10 80 75.0 DRY 0.020 
541 0.001 0.4 0. 10 80 50.0 DRY 0.020 
550 0.000 0.1 0.1 0 80 75.0 NORMAL 0.020 

• 711 0.003 1.5 0.25 5 90.0 NORMAL 0.035 
750 0.007 3.2 0.50 0 85.0 NORMAL 0.100 
910 0.006 2.5 0.20 0 30.0 DRY 0.030 
920 0.002 0.7 0.20 50 30.0 DRY 0.020 
940 0.013 5.7 0.20 0 25.0 DRY 0.040 

0.223 100.1 

• 
* Non default value (ot!JJDa1aSO. rpl) 



• 

• 

• 

New Categories Added to Default Land Use Table of DDMSW 

New categories were added to the default land use table of the DDMSW program in order to 

adjust parameters in line with observations from the aerial photographs as follows: 

• Add six new categories to the Residential group: Category 111 for Rural Residential, 

Category 131 for Large Lot Residential , Category 151 for Small Lot Residential, 

Categories 171 , 172 and 173 for Medium Density Residential. The Medium Density 

Residential varies dramatically in impervious coverage; therefore, Categories 171, 172 

and 173 were created for the Medium Density Residential. lA, RTIMP, vegetation 

cover, Dtheta and Kn for these categories were adjusted by examining the aerial 

photographs. 

• 

• 

Add Category 311 to the Industrial group. Based on observations of the aerial 

photographs, the vegetation cover of Category 311 was set as 50% in comparison 

with 75% for the existing Category 310. 

Add Category 511 and 512 to the Tourist group. Category 511 was setup specifically 

for the golf resort, Caballeros Inn and Ranch. Category 512 was created for hotels and 

motels in this area. 

• Add seven new categories to the Institutional group. Category 521 was created for 

schools. The impervious coverage was found to vary dramatically for medical 

institutions and nursing homes, therefore, Categories 531 and 532 were created to 

reflect impervious coverage. Category 533 was created for the religious institutions. 

Category 541 was created specifically for the cemetery located at Madison Street and 



• 

• 

• 

• 

Yavapai Street. Categories 551 and 552 were added for public facilities with different 

lA and RTIMP. 

Add six new categories to the Open Space group. Category 711 was created for parks 

with dense vegetation cover. Category 731 was added for passive open space, 

including the reservoir area upstream of dams. Categories 91 0, 920, and 930 were 

created for planned, but currently undeveloped residential, commercial and 

employment generating parcels. Category 940 was added for vacant land as shown in 

the existing land use database . 



Land Use Category Flood Control District of Maricopa County 
Drainage Design Management System 

Number of pages: 2 
Agency: FCDMC · LAND USE DEFAULTS 

Page Project Reference: WICKENBURG EX 6HR 1/25/201 1 

. Code Description Initial Percent Vegetation Moisture Hydraulic 
Abstraction Impervious Cover Deficit Efficiency 

lA RTIMP DTHETA Kn 

Agriculture 
750 Agriculture 0.50 85.0 OR MAL 0.100 

Commercial 

200 General Commercial (Commercial where no detail available) 0.10 80 60.0 OR MAL 0.020 

220 Neighborhood Commercial (50,000 to 100,000 sq. ft.) 0.10 80 65.0 OR MAL 0.020 

230 Community Commercial (100,000 to 500,000 sq. ft.) 0.10 80 75.0 OR MAL 0.020 

240 Regional Commercial (500,000 to 1 ,000,000 sq. ft .) 0.10 80 65.0 OR MAL 0.020 

250 Super-Regional Commercial (>= 1 ,000,000 sq . ft .) 0.10 80 70.0 OR MAL 0.020 

210 Specialty Commercial (< =50,000 sq. ft .) 0.10 80 65.0 OR MAL 0.020 

Industrial 

300 General Industrial (Industrial where no detail available) 0.15 55 60.0 OR MAL 0.020 

310 Warehouse/Distribution Centers 0.10 80 75.0 OR MAL 0.020 

311 Warehouse/Distribution Centers 0.10 80 50.0 DRY 0.020 

320 Industrial 0.15 55 60.0 OR MAL 0.020 

Institutional 

521 Educational 0.29 45 50.0 OR MAL 0.025 

531 Medical/Nursing Home 0.10 80 75.0 DRY 0.020 

532 MedicaVNursing Home 0.15 40 40.0 DRY 0.025 

533 Religious Institutions 0.10 80 75.0 DRY 0.020 

520 Educational (Schools and universities) 0.29 45 80.0 OR MAL 0.020 

530 Institutional (Includes hospitals and churches) 0.10 80 75.0 OR MAL 0.020 

550 Public Facil ities (comm centers , libraries, sub-stations) 0.10 80 75.0 OR MAL 0.020 

551 Public Facilities (comm centers, libraries. sub-stations) 0.10 20 25.0 DRY 0.030 

552 Public Facilities (comm centers, libraries. sub-stations) 0.30 10 30.0 DRY 0.040 

• Office 
400 Office General (Office where no detail available) 0.10 80 75.0 OR MAL 0.020 

420 Office Mid Rise (5-12 stories) 0.10 80 75.0 OR MAL 0.020 

430 Office High Rise ( 13 stories or more) 0.10 80 75.0 OR MAL 0.020 

810 Business Park (enclosed Industrial , office or retail) 0.10 80 75.0 OR MAL 0.020 

410 Office Low Rise (1-4 stories) 0.10 80 75.0 OR MAL 0.020 

Open Space 

711 Active Open Space 0.25 5 90.0 OR MAL 0.035 

910 Developing Residential - Vacant 0.20 30.0 DRY 0.030 

920 Developing Commercial - Vacant 0.20 50 30.0 DRY 0.020 

930 Developing Employment Generating - Vacant 0.20 25.0 DRY 0.025 

540 Cemeteries 0.10 5 90.0 OR MAL 0.020 

541 Cemeteries 0.10 80 50.0 DRY 0.020 

700 General Open Space (Open space where no detail available) 0.10 5 90.0 OR MAL 0.030 

710 Active Open Space (Includes parks) 0.10 5 90.0 OR MAL 0.030 

730 Passive Open Space (Includes mountain preserves and washes) 0 .1 0 90.0 OR MAL 0.050 

731 Passive Open Space (Includes mountain preserves and washes) 0.20 30.0 DRY 0.050 

740 Water 0 .00 0.0 WET 0.030 

900 Vacant (Existing land use database only) 0.35 25.0 DRY 0.025 

940 Vacant (Existing land use database only) 0.20 25.0 DRY 0.040 

720 Golf courses 0.10 5 90.0 OR MAL 0.030 

Other 

560 Special Events (stadiums, sports complexes and fairgrounds) 0.10 80 75.0 OR MAL 0.020 

Other Employment 

570 Other Employment - low (Proving grounds and land fills} 0.10 80 75.0 OR MAL 0.020 

580 Other Employment - medium 0.10 80 75.0 OR MAL 0.020 

• 590 Other Employment - high 0.10 80 75.0 OR MAL 0.020 

Residential 

120 Estate Residential (1/5 du per acre to 1 du per acre) 0.30 5 30.0 OR MAL 0.020 

{sll.uDoliSG.rpt) 



Flood Control District of Maricopa County 
Drainage Design Management System 

Agency: FCDMC • LAND USE DEFAULTS 
Page 2 Project Reference: WICKENBURG EX 6HR 1/25/201 1 

. Code 
Description Initial Percent Vegetation Moisture Hydraulic 

Abstraction Impervious Cover Deflclt Efficiency 
lA AT IMP DTHETA Kn 

140 Medium Lot Residential • Single Family (2-4 du per acre) 0.25 30 50.0 OR MAL 0.020 

150 Small Lot Residential · Single Family (4-6 duper acre) 0.25 30 50.0 OR MAL 0.020 

151 Small Lot Residential- Single Family (4-6 duper acre) 0.25 30 30.0 DAY 0.025 

170 Medium Density Residential - Muli Family (5-10 duper acre) 0.25 45 50.0 OR MAL 0.020 

171 Medium Density Residential • Muli Family (5-1 0 du per acre) 0.25 45 50.0 DAY 0.025 

172 Medium Density Residential - Mull Family (5-1 0 du per acre) 0.10 80 50.0 DAY 0.020 

173 Medium Density Residential • Muli Family (5-1 0 du per acre) 0.25 10 50.0 DAY 0.035 

180 High Density Residential - Multi Family (10-15 duper acre) 0.25 45 50.0 OR MAL 0.020 

190 Very High Density Residential . Multi Family (>1 5 duper ac) 0.25 45 50.0 OR MAL 0.020 

110 Rural Residential (<= 1/5 duper acre) 0.30 5 30.0 ORMAL 0.020 

111 Rural Residential (<= 1/5 duper acre) 0.20 5 30.0 DRY 0.035 

130 Large Lot Residential - Single Family {1 ·2 duper acre) 0.30 15 50.0 OR MAL 0.020 

131 Large Lot Residential · Single Family (1-2 duper acre) 0.30 20 35.0 DRY 0.030 

160 Very Small Lot Residential · Single Family (>6 du per acre) 0.25 40 50.0 OR MAL 0.020 

Tourist 

510 Tourist and Visitor Accommodations (Hotels , motels, resorts) 0.10 80 75.0 OR MAL 0.020 

511 Golf Course Resort 0.20 20 40.0 DRY 0.035 

512 Hotels and Motels 0.10 80 30.0 DRY 0.020 

Transportation 

600 General Transportation (where no detail available) 0.10 80 75.0 OR MAL 0.020 

610 Transportation (railways, transit centers , freeways) 0.10 80 75.0 OR MAL 0.020 

620 Airports (Includes public use airports) 0.15 55 60.0 OR MAL 0.020 

630 General Transportation 0.10 80 75.0 OR MAL 0.020 

• 

• 
(stiJ.JOeftSG.rpt) 



Sub-basin Soil Flood Control District of Maricopa County 
Drainage Design Management System 

SOILS 
Page 1 Number of pages: 1 Project Reference: WICKENBURG EX SHR 1/25/2011 

. AreaiD Book Map Unit SoiiiD Area Area XKSAT Rock Effective 

Number (sq ml) (%) Percent Rock (%) 

(%) 

Major Basin ID: 01 

SC1 645 24 64524 0.032 5.70 0.02 100 

645 38 64538 0.395 70.30 0.13 100 

645 73 64573 0.092 16.40 0.09 30.00 100 

645 94 64594 0.040 7.20 0.33 100 

645 97 64597 0.003 0.50 0.07 100 

SC2 645 38 64538 0.086 85.50 0.13 100 
645 73 64573 0.015 14.50 0.09 30.00 100 

SC3 645 38 64538 0.177 89.90 0.13 100 
645 73 64573 0.020 10.10 0.09 30.00 100 

SC4 645 38 64538 0.129 33.50 0.13 100 

645 73 64573 0.255 66.50 0.09 30.00 100 

scs 645 38 64538 0.074 49.30 0.13 100 
645 73 64573 0.007 4.90 0.09 30.00 100 
645 105 645105 0.069 45.80 0.14 60.00 100 

scs 645 38 64538 0.1 14 100.00 0.13 100 

SN1 645 7 6457 0.020 3.40 0.62 100 
645 38 64538 0.333 55.30 0.1 3 100 

645 73 64573 0.142 23.70 0.09 30.00 100 

645 94 64594 0.106 17.60 0.33 100 

SN2 645 7 6457 0.009 3.60 0.62 100 
645 38 64538 0.217 85.00 0.13 100 
645 94 64594 0.029 11 .30 0.33 100 

SN3 645 7 6457 0.029 12.90 0.62 100 

• 645 38 64538 0.117 52.50 0.13 100 

645 54 64554 0.077 34.40 0.29 100 
645 94 64594 0.000 0.10 0.33 100 

• 
• Non default value (otSIDataCIA.rpt) 
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Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix D 

0.3 HYDROGRAPH ROUTING DATA 

Wickenburg Area Drainage Master Study/Plan 
0-4 



• Pipeline Kinematic Routing 

Page 1 

Route ID Shape 

KINEMATIC WAVE 

Major Basin 01 

RSCC7 PIPE 

RSNC7 PIPE 

Length 
(ft) 

5 ,691 .00 

5 ,047.00 

• Flood Control District of Maricopa County 
Drainage Design Management System 

HEC-1 ROUTING DATA 
Project Reference: WICKENBURG EX SHR 

Slope Manning's Diameter 
(in) 

Height 
(ft) 

Width Side Slope 
(ft/ft) N 

0.0163 

0.0143 

0.013 

0.013 

18 

18 

(ft) (h/v) 

• 
1/25/2011 

(stHeclRLrpt) 



• • • Channel Normal Depth Routing Flood Control District of Maricopa County 
Drainage Design Management System 

HEC-1 ROUTING DATA 

Project Reference: WICKENBURG EX GHR 
Page 2 

Route ID LOB N Chan N ROBN Length Slope Max 1. 4. 5. 6. 7. 8. 
(ft) (ftlft) Elev (ft) 

2. 3. 

NORMAL DEPTH 

Major Basin 01 

RC2DA 0.062 0.035 0.062 10,737.00 0.0145 2,206.00 X: 900.00 926.00 986.00 990.00 1,010.00 1,014 .00 1,074.00 1,100.00 
M Y: 2,206 .00 2,205.00 2,202.00 2,200.00 2,200.00 2,202.00 2,205.00 2,206.00 

RC6C7 0.069 0.036 0.069 3,551 .80 0.0122 2,057.00 X: 900.00 950.00 963.00 993.00 1,008.00 1,038.00 1,050.00 1,100.00 
Y: 2,057.00 2,056.00 2,056.00 2,050.00 2,050.00 2,056.00 2,056.00 2,057.00 

RSC1C 0.057 0.033 0.057 2,545.60 0.0150 2,316.00 X: 900.00 950.00 990.00 993.00 1,008.00 1,011 .00 1,051 .00 1,100.00 
1 Y: 2,316.00 2,315.00 2,311 .00 2,310.00 2,310.00 2,311.00 2,315.00 2,316.00 

RSCC4 0.055 0,035 0.055 2,688.70 0.0347 2,106.00 X: 900.00 960.00 990.00 998.00 1,002.00 1,010.00 1,012.00 1,013.00 
Y: 2,106.00 2,105.00 2,102.00 2,100.00 2,100.00 2,102.00 2,108.00 2,108.00 

RSNC5 0.064 0.035 0.064 2,142.50 0.0169 2,097.00 X: 900.00 950.00 977.00 995.00 1,005.00 1,023.00 1,050.00 1,100.00 
Y: 2,097.00 2,096.00 2,096.00 2,090.00 2,090.00 2,096.00 2,096.00 2,097.00 

RSC1 C1 is from the Location #13 of the Field Reconnaissance Notes. The typical cross-section is characterized by a trapezoidal channel of 
15' bottom width , 1' deep with 3:1 side slope, and the overbank area slopes 10:1. 

RC2DAM is from the Location #11 of the Field Reconnaissance Notes. The typical cross-section is characterized by a trapezoidal channel of 
20' bottom width , 2' deep with 2:1 side slope, and the overbank area slopes 20:1. 

RSCC4 is from the Location #8 of the Field Reconnaissance Notes. The typical cross-section is characterized by a trapezoidal channel of 4' 
bottom width, 2' deep with 4:1 side slope, and the overbank area slopes 10:1 on one side, wall on another side. 

RSNC5 is from the Location # 7 of the Field Reconnaissance Notes. The typical cross-section is characterized by a trapezoidal channel of 1 0' 
bottom width, 6' deep with 3:1 side slope. 

RC6C7 is from the Location #2 of the Field Reconnaissance Notes. The typical cross-section is characterized by a trapezoidal channel of 15' 
bottom width, 6' deep with 5:1 side slope. 

a 

1/25/2011 

(SIHec1Rt.rpt) 



Wickenburg ADMS 
• Normal Steps Verification (1 00-year 6-hour event) 

Time step= 

RSClCl 

HEC-1 Record 

RS 

RC 
RX 
RY 

3 min 

2 FLOW 

0.057 0.033 

900 950 

2316 2315 

Normal Depth Calculation 

Q= 1006 cfs 
Normal V= 

Celerity= 

Travel Time= 

Steps= 

Match the HEC-1 card 

5.78 fps 

9.63 fps 

264 s 
1.5 

• RC2DAM 
HEC-1 Record 

• 

RS 7 FLOW 

RC 0.062 

RX 900 

RY 2206 

Normal Depth Calculation 

Q= 1322 cfs 
Normal V= 4.90 fps 

Celerity= 8.17 fps 

Travel Time= 

Steps= 

Match the HEC-1 card 

RSCC4 

HEC-1 Record 

1315 s 

7.3 

0.035 

926 

2205 

RS 1 FLOW 

RC 0 .055 0.035 

RX 900 960 

RY 2106 2105 

0.057 

990 

2311 

2546 

993 

2310 

from HEC-1 output 

Round to 2 

0.062 10737 

986 990 

2202 2200 

from HEC-1 output 

Round to 7 

0.055 2689 

990 998 

2102 2100 

0.015 
1008 

2310 

0.0145 

1010 
2200 

0.0347 

1002 

2100 

2316 

1011 

2311 

2206 

1014 

2202 

2106 

1010 

2102 

1051 

2315 

1074 

2205 

1012 

2108 

1100 

2316 

1100 

2206 

1013 

2108 



Normal Depth Calculation 

Q= 

. NormaiV= 
Celerity= 

Trave l Time= 

Steps= 

N/ A 

N/ A 

N/ A 

N/A 

Match the HEC-1 card 

RSNCS 
HEC-1 Record 

0 cfs 

fps 
fps 

s 

RS 1 FLOW 

RC 0.064 
RX 900 

RY 2097 

Normal Depth Calculation 

Q= 0 cfs 
fps 

fps 

s 

Norma l V= N/A 

Ce lerity= N/A 
Travel Time= N/A 

• Steps= ~/A 

Match the HEC-1 card 

RC6C7 
HEC-1 Record 

0.035 
950 

2096 

RS 2 FLOW 

• 

RC 0.069 
RX 900 
RY 2057 

Normal Depth Calculation 

Q= 770 cfs 
Normal V= 7.52 fps 

Celerity= 12.53 fps 

Travel Time= 

Steps= 

Match the HEC-1 card 

283 s 
1.6 

0.036 
950 

2056 

from HEC-1 output 

Assume 1 

0.064 2143 0.0169 2097 
977 995 1005 1023 1050 1100 

2096 2090 2090 2096 2096 2097 

from HEC-1 output 

Assume 1 

0.069 3552 0.0122 2057 
963 993 1008 1038 1050 1100 

2056 2050 2050 2056 2056 2057 

from HEC-1 output 

Round to 2 



• 

• 
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Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix D 

0.4 RESERVOIR ROUTING DATA 

Wickenburg Area Drainage Master Study/Plan 
D-5 



sites 

•
1*~********************•************** ******~*********************************** 

SITES XEQ 01/13/2011 WATER RESOURCE SITE ANALYSIS COMPUTER PROGRAM 
VER 2005 . 1 . 3 (USER MANUAL - DATED OCTOBER 2007) 
TIME 08 :49 : 32 

• 

• 

************************** 80-80 LIST OF INPUT DATA *********************** **** 

SITES 01/01/ 2005Sunny sunnycove FRS 1. 35 I8 
SAVMOV 0 101 
SAVMOV 101 1 
STRUCTURE sunny sunnycove 

2140 2 0 
2150 4 0 
2160 8 0 
2170 15 0 
2173 17 1597 
2178 22 7612 

ENDTABLE 
WSDATA 5C 1 80 1.35 .70 
STORM 24 
POOLDATA ELEV 2148 2148 TC 
PSINLET ELEV 0. 7 15 2169 . 5 . 67 .67 
PSDATA 1 291 30 . 013 2127 
GRAPHICS I 
GO , STORM QLR TYPE 2 4.2 2169.5 
SAVMOV 2 101 1 sunny 
END JOB 

******************************************************************************* 

1SrTES ------------- -------------------------------------------------- - - ------- -
XEQ 01/ 13/ 2011 sunnycove FRS WSID• sunny 
VER 2005 .1. 3 sunnycove SUBW= 1 
TIME 08 : 49 : 32 SITE Sunny PASS• 1 PART• 1 

**************************** 
CLIMATE AREA - NOT DEFINED 

BASIC DATA ********************************* 
DESIGN CLASS C 

STORM DISTRIBUTION ..... 24 HOUR TYPE II RAINFALL DISTRIBUTION 

PREOP . - STORM RF DURATION RF TABLE 
4 . 20 24 . 00 TYPE2 

WSDATA - CN DA- SM TC/ L -/H 
80 . 00 1. 35 0 . 70 0.00 

SITEDATA- PERM POOL CREST PS FP SED VALLEY FL 
0 . 00 2148.00 2148 .00 0.00 

BASE FLOW INITIAL EL EXTRA VOL SITE TYPE 
0 . 00 0.00 0 . 00 SIMULATION 

PSDATA - NO . COND COND L DIA/ W - / H 
1.00 291 .00 30 . 00 0.00 

PS N KE WEIR L TW EL 
0 .013 0 . 70 15 . 00 2127 .00 

2ND STG ORF H ORF L START AUX . 
2169 . 50 0 . 67 0 . 67 2169 . 50 

ASCRESTS - AUX.1 AUX.2 AUX.3 AUX .4 
0 . 00 0 . 00 0 . 00 0 .00 

AUX .DATA - REF . NO . RETARD . Ci TIE STATION INLET LENGTH 
0 0 . 00 0.00 0 

AUX. DATA - INLET N SIDE SLOPE EXIT N EXIT SLOPE 
0 . 000 0 .00 0 . 000 0 .000 

BTM WIDTH - BW1 BW2 BW3 BW4 
0 . 00 0 . 00 0 .00 0 .00 

QRF 
0 .00 

378? 
NO 

AUX . 5 
0 . 00 

ACTUAL AUX? 
NO 

BW5 
0 . 00 

1SITES - - - -- ------------------- ------------------ -- -----------------------------
XEQ 01/ 13/ 2011 sunnycove FRS WSID= Sunny 
VER 2005 .1. 3 sunnycove SUBW• 1 
TIME 08 : 49 ; 32 SITE • Sunny PASS~ 1 PART• 2 

•••-~r• WARNING - ELEVATION OF FULL PIPE FLOW (2171 . 33) EQUALS OR EXCEEDS 
GIVEN CREST ELEVATION ON STRUCTURE TABLE (2170.00) . 
PS RATING NOT COMPUTED, PASS STOPPED. 

CREST PS 2148.00 FT 22 .4 ACFT 3 . 60 AC 0 . 0 CFS 

SED ACCUM 2148.00 FT 22 .4 ACFT 3 . 60 AC 0 . 0 CFS 

2ND STAGE 2169 . 50 FT 197.6 ACFT 14 . 65 AC 9 . 9 CFS 

AUX . CREST 2170.00 FT 205 .0 ACFT 15 . 00 AC 28 . 2 CFS 

PS STORAGE 182 . 6 ACFT, BETWEEN AUX . CREST AND SED . ACCUM ELEVATIONS . 

START ELEV 2169 . 50 FT 197 . 6 ACFT 14 . 65 AC 9 . 9 CFS 

STORM HYD 

PEAK • 

o- 24.00 HR 
TC• 0 . 70 HR 

P= 4 . 20 IN 
CN= 80 . 00 

1358 . 7 CFS , AT 12 . 4 HRS . 

Q• 2 . 21 IN DA: 
VOL• 159.0 ACFT 

***** MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2140 . 00) . 

1. 35 SM 

Page 1 



MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2140.00). 

• •••• MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTIN E IS BELOW 
ARRAY LIMIT(2140 . 00) . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2140.00) . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2140. 00) . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2140.00) . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2140 . 00). 

RATING TABLE DEVELOPED , SITE - Sunny: 
WITH PS AND AUX . GIVEN - NO ASOATA RECORD GIVEN . 

MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2148 . 00) . 

••••• MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2148.00). 

••••• MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTI NE IS BELOW 
ARRAY LIMIT(2148 . 00) . 

••••* MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTINE IS BE LOW 
ARRAY LIMIT(2148 .00) . 

••••• MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BE LOW 
ARRAY LIMIT ( 2148 .00) . • ..... MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2148 . 00) . 

•**** MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2148 . 00) . 

RATING TABLE NUMBER 2 
ELEV . Q- TOTAL 
FEET CFS 

1 2148 .00 0.00 
2 2148.13 0 .10 

Q-PS 
CFS 
0.00 
0.10 
0 . 28 

Q-AUX. 
CFS 
0.00 
0 .00 
0.00 

VOLUME 
AC-FT 
22. 40 
22. 87 
23 . 34 

AREA 
ACRE 

3 .60 
3.63 
3 .65 

s i tes 

3 2148 . 26 0 . 28 

4 2148 . 39 
5 2155 . 43 
6 2162 .46 
7 2169 . 50 
8 2170.11 
9 2170 . 72 

0. 51 
5 . 75 
8.12 
9.94 

0 . 51 
5 . 75 
8.12 
9 . 94 

0.00 
0 .00 
0.00 
0 .00 
0.00 
0 .00 

TRANSITION TO 
23. 82 
57.60 

111 . 83 
197.59 
206 . 64 
215.94 

ORIFICE FLOW, ELEV = 2148.39 FT 
3 . 68 

10 2171 . 33 
11 2173.55 
12 2175 . 78 
13 2178 .00 
14 0 .00 
15 0 .00 
16 0 .00 
17 0 . 00 
18 0 .00 
19 0.00 
20 0 .00 

32 .17 
72 . 71 

125 .16 
128 . 33 
131 . 36 
134.32 

0 . 00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 
0.00 

32 .17 
72.71 

125.16 
128 . 33 
131 . 36 
134.32 

0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0.00 
0.00 

0 .00 
0.00 
0.00 
0.00 
0 . 00 
0.00 
0.00 
0 . 00 
0 . 00 
0.00 
0.00 

FULL CONDUIT 
225 .49 
262 . 52 
304.03 
350 . 49 

0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 

FULL CONDUIT 

6 .17 
9 . 72 

14 . 65 
15 .07 
15 . 48 

FLOW, ELEV - 2171 . 33 FT 
15 . 88 
17 . 55 
19 .7 8 
22.00 

2 .00 
2 .00 
2.00 
2.00 
2 .00 
2 .00 
2 .00 

FLOW , ELEV = 2171 . 33 FT 

ROUTING OF STORM HYDROGRAPH STARTS AT ELEVATION 2169 . 50 

ROUTED 
RESULTS 
STORM HYO 

BTM WIDTH MAX ELEV 
FT FT 

0 . 0 2174.65 

VOL-MAX AREA-MAX 
ACFT AC 
282 . 4 18 .7 

AUX .-HP 
FT 
0 .00 

MESSAGE - ROUTING ONLY: NO AUXILIARY SPILLWAY ANALYSIS 

PEAK - CFS 
DISCHARGE = 

Q-PS 
129 . 8 

Q-AUX. 
0 . 0 

Q-TOT. 
129.8 

VOL-AUX. 
ACFT 

0.0 

-------------------------------------------------------------------------------
Inflow Hyd 1 PSH-Peak = 129 . 78 CFS at 14 . 20 h rs . , Location Point 

HYOOUT 1 Sunny 

lSITES .... JOB NO. 1 COMPLETE . 
-------------------------------------------------------------------------------

• sunny sunnycove FRS 
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shes 

• 0 SUBWATERSHEO(S) ANALYZED . 

1 STRUCTURE(S) ANAL VZEO . 

• 

• 

1 HYOROGRAPHS ROUTED AT LOWEST SITE . 

0 TRIALS TO OBTAIN BOTTOM WIDTH FOR SPECIFI ED STRESS OR VELOCITY. 

SITES ..... COMPUTATIONS COMPLETE 

1 SUMMARY TABLE 1 SITES VERSION 2005.1 . 3 
---------------- DATED 01/01/2005 

WATERSHED IO RUN DATE RUN TIME 
------------
sunny 01/13/ 2011 08 : 49 : 32 

>» SITE SUBWS SUBWS OA CURVE TC TOTAL OA TYPE STRUC «< 
IO IO (SQ MI) NO . ( HRS) (SQ MI) DESIGN CLASS 

Sunny 1 1. 35 80 . 0 . 70 1. 35 TR60 c 

PASS OIA. / AUX.CREST BTM . MAX . MAX . EMB. INTEGR .* EXIT• TYPE 
NO . WIDTH ELEV WIDTH HP ELEV VOL. DIST. VEL . 

(IN/FT) (FT) (FT) (FT) ( FT) (CY) ( FT) (FT/SEC) 

1 30 . 0 2170.0 0.0 4 . 7 2174. 6 o. o. 

INTEGRITY DIST . AND EXIT VE L. VALUES ARE BASED ON THE ROUTED 
HYDRDGRAPH SHOWN UN DER TYPE HYD. 

SITES ... . .. . SUMMARY TABLE 1 COMPLETED . 

NRCS SITES VERSION 2005 .1. 3 ,01/01/2005 
sunny FILES 

INPUT • h :\kenr\pro~ects\wickenburg\sunnycove\Sites .o 2c 
OUTPUT - h: \ kenr\ pro)ects\ wi ckenburg\Sunnycove\ Si tes .OUT 

DATED 01/ 13/2 011 08 : 49:32 

0.0 

HYO 

---------
STORM HYD 

FILE GEN . • h:\kenr \ projects \ wickenburg\ Sunnycove\Sites . DEC DATED 01/13/ 2011 08 : 49 : 32 

OPTION "L" 

OPTION " p" 

OPTION "E" 

GRAPHICS FILES GENERATED 

• h:\kenr\ pro jects\wickenburg\ Sunnycove\ Sites.ORG DATED 01/ 13/ 2011 08 : 49 : 32 

- h: \ kenr\ projects\ wickenburg\ Sunnycove\ Sites.DHY DATED 01/ 13/ 2011 08:49 : 32 

• h:\kenr\ proj ects\ wi ckenburg\ Sunnycove\ Sites . DEM DATED 01/ 13/ 2011 08 :49 : 32 
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Sites 

•
*************************************•················~······················· 
ITES XEQ 01/04/2011 WATER RESOURCE SITE ANALYSIS COMPUTER PROGRAM 

VER 2005 . 1.3 (USER MANUAL - DATED OCTOBER 2007) 
TIME 10 :00 :41 

• 

• 

.........................• 80-80 LIST OF INPUT DATA *************************** 

SITES 01/01/2005Sunset sunset 0 . 6 I8 
SAVMOV 0 101 
SAVMOV 101 1 1 

* sunset FRS 
STRUCTURE sunse sunset FRS 

2115 0 0 
2120 2 . 5 0 
2125 5 0 
2130 9 0 
2131 10 0 
2132 11 116 
2135 12. 5 928 
2140 15 3132 
2141 16 3668 

ENDTABLE 
WSDATA 55 su 82 0 . 6 . 3 
STORM 24 
POOLOATA ELEV 2120 2120 TC 
PSINLET ELEV . 7 15 2131 .75 .75 
PSDATA 1 184 30 0.013 2107 
GRAPHICS I 
GO,STORM QLR TYPE2 4.2 2131 
SAVMOV 2 101 1 sunse 
ENDJOB 

1SITES XEQ 01/ 04/ 2011 ------------- COMMENT PAGE -------- -------------- - - -------
VER 2005 .1.3 sunset WSID - sunset 

Sunset FRS 

1SITES ------------------------------------------ - ------------------------------
XEQ 01/ 04/2011 sunset WSID= sunset 
VER 2005 . 1. 3 Sunset FRS SUBW= SU 
TIME 10:00 :41 SITE • Sunse PAS5- 1 PART= 1 

BASIC DATA 
CLIMATE AREA - NOT DEFINED DESIGN CLASS S • USER DEFINED 

STORM DISTRIBUTION .. ... 24 HOUR TYPE 

PRECIP . - STORM RF DURATION 
4 . 20 24.00 

WSDATA - CN DA-SM 
82.00 0 . 60 

SITEDATA- PERM POOL CREST PS 
0 . 00 2120.00 

BASE FLOW INITIAL EL 
0 . 00 0 . 00 

PSDATA - NO. COND COND L 
1.00 184.00 

PS N KE 
0.013 0 . 70 

2ND STG ORF H 
2131.00 0 .7 5 

ASCRESTS - AUX . 1 AUX.2 
0.00 0 . 00 

AUX. DATA - REF . NO . RETARD. Ci 
0 0 . 00 

AUX . DATA - INLET N SIDE SLOPE 
0.000 0.00 

BTM WIDTH - BW1 BW2 
0 . 00 0 . 00 

II RAIN FALL DISTRIBUTION 

RF TABLE 
TYPE2 

TC/ L -/H 
0. 30 0.00 

FP SED VALLEY FL 
2120 .00 0.00 

EXTRA VOL SITE TYPE 
0 . 00 SIMULATION 

DIA/ W -/H 
30.00 0.00 

WEIR L TW EL 
15.00 2107.00 

ORF L START AUX . 
0.75 2131.00 

AUX.3 AUX .4 
0 . 00 0.00 

TIE STATION INLET LENGTH 
0.00 0 

EXIT N EXIT SLOPE 
0 . 000 0 . 000 

BW3 BW4 
0.00 0.00 

QRF 
0 . 00 

3787 
NO 

AUX . 5 
0 . 00 

ACTUAL AUX7 
NO 

BWS 
0 . 00 

!SITES ------------------------------------------- ----------- -------- -----------
XEQ 01/ 04/ 2011 sunset WSID• sunset 
VER 2005 .1.3 Sunset FRS SUBW= SU 
TIME 10 :00 :41 SITE = Sunse PASS• 1 PART• 2 

*•*** WARNING- ELEVATION OF FULL PIPE FLOW (2132.65) EQUALS OR EXCEEDS 
GIVEN CREST ELEVATION ON STRUCTURE TABLE (2131 . 00). 
PS RATING NOT COMPUTED, PASS STOPPED . 

CREST PS 2120 . 00 FT 6 .2 ACFT 2 . 50 AC 0 . 0 CFS 

SED ACCUM 2120.00 FT 6.2 ACFT 2 . 50 AC 0.0 CFS 

2ND STAGE 2131.00 FT 69.5 ACFT 10 . 00 AC 8 . 8 CFS 

AUX. CREST 2131.00 FT 69 . 5 ACFT 10 . 00 AC 8 . 8 CFS 

PS STORAGE 63 . 2 ACFT, BETWEEN AUX . CREST AND SED . ACCUM ELEVATIONS . 
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•

START ELEV 

STORM HYD 

2131. 00 FT 

D• 24 . 00 HR 
TC• 0 . 30 HR 

69 . 5 ACFT 

P= 4 . 20 IN 
CN= 82.00 

10 . 00 AC 
sius 

8.8 CFS 

Q- 2. 3 7 IN OA= 0. 60 SM 
VOL• 76 . 0 ACFT 

PEAK • 1051 .2 CFS , AT 12. 1 HRS . 

* **** MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2115.00) . 

***** MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2115.00) . 

***** MESSAGE - INPUT ( 0 .00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2115.00). 

***** MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LI MIT (2 115 . 00) . 

***** MESSAGE - I NPUT ( 0 .00) TO INTERPO LATION ROUTINE IS BELOW 
ARRAY LI MIT ( 2115.00) . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2115 . 00) . 

***** MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LI MIT (2115 . 00). 

RATING TABLE DEVELOPED, SITE = Sunse : 
WITH PS AND AUX. GIVEN - NO ASDATA RECORD GIVEN . 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BE LOW 
ARRAY LIMIT (2120 . 00). 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT (2120 . 00). 

••••• MESSAGE - INPUT( 0 .00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT ( 2120 . 00) . 

• ***** MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2120 . 00). 

• 

***** MESSAGE - INPUT( 0.00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT( 2120.00). 

***** MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BE LOW 
ARRAY LIMIT (2120 . 00). 

sunset 

MESSAGE - INPUT( 0 . 00) TO INTERPOLATION ROUTINE IS BELOW 
ARRAY LIMIT(2120 . 00). 

NUMBER 2 
Q- AUX . VOLUME 

CFS AC-FT 
0 . 00 6 . 25 
0 . 00 6 . 62 
0 . 00 7 . 00 

AREA 
ACRE 

2. 50 
2. 57 
2 . 65 

RATING TABLE 
ELEV . 
FEET 

1 2120 . 00 
2 2120 . 15 
3 2120 . 29 

4 2120 . 44 
5 2123.96 
6 2127.48 
7 2131.00 
8 2131.55 
9 2132 .10 

Q- TOTAL 
CFS 
0 .00 
0 .13 
0.3 7 

0 .67 
5.12 
7 . 21 
8 .82 

Q- PS 
CFS 
0 . 00 
0 . 13 
0 . 37 

0 . 67 
5 .12 
7 . 21 
8. 82 

0 . 00 
0 . 00 
0.00 
0.00 
0 . 00 
0.00 

TRANSITION TO 
7. 39 

20 . 06 
39 . 85 
69 . 50 
75 .16 
81.11 

ORIFICE FLOW, ELEV = 2120.44 FT 
2 . 7Z 

10 2132 . 65 
11 2135 . 43 
12 2138 . 22 
13 2141.00 
14 o.oo 
15 0 .00 
16 0.00 
17 0 .00 
18 0.00 
19 0.00 
20 0.00 

28 . 04 
62 . 99 

108.18 
113.93 
119 . 37 
124 . 58 

0 . 00 
0.00 
0 . 00 
0.00 
0.00 
0.00 
0 . 00 

28.04 
62 . 99 

108 . 18 
113 . 93 
119 . 37 
124 . 58 

0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0.00 
0 . 00 

0.00 
0.00 
0.00 
0 . 00 
0.00 
0 . 00 
o.oo 
0 . 00 
0 . 00 
0 . 00 
0 . 00 

FUL L CONDUIT 
87 . 27 

120 . 73 
158 .05 
199 . 50 

0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 

FULL CONOUIT 

4 . 48 
6 . 98 

10 . 00 
10.55 
11.05 

FLOW, ELEV • 2132 . 65 FT 
11.33 
12. 7Z 
14 .11 
16 .00 

0.00 
0.00 
0.00 
0 . 00 
0 .00 
0 . 00 
0 . 00 

FLOW , ELEV • 2132. 65 FT 

ROUTING OF STORM HYDROGRAPH STARTS AT ELEVATION 2131. 00 

ROUTED 
RESULTS 
STORM HYO 

BTM WIDTH 
FT 

0.0 

MAX ELEV 
FT 

2134 . 17 

VOL-MAX 
ACFT 
105.0 

AREA-MAX 
AC 

12 . 1 

AUX . -HP 
FT 
0 . 00 

MESSAGE - ROUTING ONLY: NO AUXILIARY SPILLWAY ANALYSIS 

PEAK - CFS 
DISCHARGE • 

Q- PS 
111 .2 

Q-AUX. 
0.0 

Q-TOT . 
111 . 2 

VOL-AUX. 
ACFT 

0.0 
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• 

• 

lSITES .... JOB NO . 1 COMPLETE . 

1 

-------------------------------------------------------------------------------
sunset Sunset 

0 SUBWATERSHED(S) ANALYZED. 

1 STRUCTURE($) ANALVZED. 

1 HYOROGRAPHS ROUTED AT LOWEST SITE . 

0 TRIALS TO OBTAIN BOTTOM WIDTH FOR SPECIFIED STRESS OR VELOCITY . 

SITES . .. .. COMPUTATIONS COMPLETE 

SUMMARY TABLE 1 SITES VERSION 2005 . 1 .3 
---------------- DATED 01/01/2005 

WATERSHED ID RUN DATE RUN TIME 
------------
Sunset 01/ 04 / 2011 10:00 :41 

>» SITE SUBWS SUBWS DA CURVE TC TOTAL DA TYPE STRUC <« 
ID ID (SQ MI) NO . (H RS) (SQ MI) DESIGN CLASS 

sunse su 0 . 60 82 . 0.30 0 . 60 TR60 s 

PASS DIA. / AUX .CREST BTM . MAX. MAX . EMB . INTEGR .* EXIT* TYPE 
NO . WI DTH ELEV WIDTH HP ELEV VOL. DIST. VEL. HYO 

(IN/ FT) (FT) (FT) (FT) (FT) (CY) ( FT) (FT/ SEC) 
---------

1 30 .0 2131.0 0 . 0 3.2 2134.2 0 . 0. 0 . 0 STORM HYD 

* INTEGRITY DIST . AND EXIT VEL . VALUES ARE BASED ON THE ROUTED 
HYDROGRAPH SHOWN UNDER TYPE HYD . 

SITES . ...... SUM'AARY TABLE 1 COMPLETED. 

NRCS SITES VERSION 2005 .1 . 3 ,01/ 01/2005 
Sunset FILES 

INPUT • H: \ kenr\ projects \ wickenburg\ Sunset \ Sites. o2c 
OUTPUT • H:\kenr \ proJects\ wi ckenburg\ Sunset\ Sites . OUT 

DATED 01/ 04/ 2011 10 :00:41 

FILE GEN . ~ H: \ ken r \ projects\ wickenburg\ Sunset\ Si tes . OEC DATED 01/ 04/ 2011 10 :00 :41 

GRAPHICS FILES GENERATED 

OPTION " L" 

OPTION " p" 

OPTION "E" 

= H: \ kenr\projects\wickenburg\ Sunset\ Sites.DRG DATED 01/ 04/2011 10:00:41 

• H:\ kenr\ projects \ wickenburg\ Sunset\ Sites.DHY DATED 01/ 04/2011 10:00:41 

• H:\kenr\ projects\ wickenburg\ Sunset\ Sites . DEM DATED 01/ 04 / 2011 10:00 :41 
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• 
Dam Storage Routing 

Page 1 

Storage Basin 10: 

Elevation Top of Dam: 

Length of Dam: 

Discharge Coefficient 

Weir Coefficient: 

Storage Bas in ID: 

Elevation Top of Dam: 

Length of Dam: 

Discharge Coefficient: 

Weir Coefficient: 

OAMSC 

-NA

·NA

-NA-

-NA-

DAMSN 

·NA· 
-NA-

-NA· 

-NA-

Volume (ac-ft) 

Discharge (cfs) 

Elevation (ft) 

Volume (ac-ft) 

Discharge (cfs) 
Eleviltion (ft) 

Peak Volume (ac-ft) 
Peak Stage (ft) 

Volume (ac·ft) 

Discharge (cfs) 

Elevation (ft) 

Volume (ac·ft) 

Oischarge(cfs) 
Elevation (ft) 

Peak Volume (ac·ft) 
Peak Stage (ft) 

• • 
Flood Control District of Maricopa County 
Drainage Design Management System 

HEC-1 STORAGE FACILITIES 

Project Reference: WICKENBURG EX 6HR 1125/2011 
---

1 l 1 i .5. ~ l .II. i .1Q 
19.28 26.94 36.47 47.89 61 .20 76.51 93.90 113.47 135.29 159.65 

2 3 5 6 7 7 8 9 9 

2,150.2 2,152.2 2,154 .. 2 2,156.2 2,158.2 2,160.2 2,162.2 2.164.2 2,166.2 2,168.2 

11 ll ll .1i. ll .1§. ll 1ll .li ~ 
186.80 216.92 225.15 233.39 241 .63 250.19 286.77 326.84 368.00 

10 28 162 393 674 979 2.635 4,906 7,746 
2,170.2 2,172.2 2,172.7 2,173.2 2,173.7 2,174.2 2,176.2 2,178.2 2,180.2 

llll.ilr. .5...:Wr. .1.Q..Yn( n..Yur. .5.!l..fiic. ~ DDMSW incorrectly interpolated. The 0 
-= 

2 1
: : ·: : 2. ;:H! 

2 
;::·;;-= peak stage is 2166.61 ft for the 0 

___________ 2-_...::: 1 DO-year 6-hour event. See next page. 

1 l 1 i .5. ~ l .II. i .1Q 
10.81 19.04 29.27 35.33 41 .59 48.64 55.86 63.77 71.84 80.53 

3 5 6 6 7 7 8 8 9 

2,122.2 2.124.2 2.126.2 2,127.2 2,128.2 2,129.2 2.130.2 2,131.2 2,132.2 2,133.2 

11 ll ll .1i. 1.5. .1§. ll 1.11. .li ~ 
89.37 98.87 108.56 119.00 129.68 141 .27 153.09 165.82 178.79 192.72 

173 437 714 1,041 1,412 1,822 2,267 2,746 3,255 3,793 

2,134.2 2.135.2 2,136.2 2,137.2 2,138.2 2,139.2 2,140.2 2,141 .2 2,142.2 2,143.2 

l...Yw. llll! ~ ll..Y.w. .arm ~ DDMSW incorrectly interpolated. The D 
: 2 1;:·;: 2. ,;e.:: 2 1:;:!: : peak stage is 2130.99 tt for the 0 

1 DO-year 6-hour event. See next page. 

(WiK 1S 120.rpl) 



• ,A. Math Functions l c::Jj @I 
~ 

Fi:le Edit Display Help 

~~ ~ ~ ~~ . 
Selected Data Set /NKI)AMSCjSrAf;£/19NOV 191D/YJN// .... . 
Arithmetic I Genera! I Troe Ftndions I Hyd"ologic I Smoothing I Statistics I 
Type: Basic. • 

-
Number of Vaid Valles: 2000 

Number of Mssing Values: 0 - ---
Last Valid Value: 2160.7~3 at ~V1910 , 15: 57 

~Vakle: 2130.0 at 19NOV1910, 12:00 

Mean Value: 2162.4595 

l 2166.611J at 
--Maximun Vak.le: 19NOV1910, 19:36 

Acrumulated Amount: 432'1919.0 

Standard Deviation: 6.566256 -- - --
Skew Coefficent: -4.117852 - ~ -
Data Type: INST-VAL 

• Units: FEET 

Sunnycove Dam Rood Pool Elevation = 2166.61 feet 
for the 1 00-year 6-hour event 

r·c-~;npute-1 

ComputeC~~ 

• 



• 

• 

• 

Math Functions 

File Edit Display Help 

lill ~ I b4 ~ 
~---------------------------------------

Selected Data Set 'IK/D~/SfAGE/l!!K)VJ910f::M.Nl/ ___ 

Tme fLndions 

Type: Basic 

Number of Vaid VakJes: 

Number of~ Values: 

Last Va6d Vakle: 

Minllrum Vab.Je: 

Mean Vak.Je: 

Maximum Value: 

Accumulated AmOUlt 

Standard De-viation: 

Skew Coefficent; 

Data Type: 

Units: 

2000 

0 

2124.2615 at 

2113. 5 at 

4253810.5 

3.2657328 

-2.1069474 

INST-VAL 

23NOV1910, 15:57 

19NOV1910, 12:00 

19NOVJ910, 18:24 

Sunset Dam Flood Pool Elevation= 2130.99 feet 
for the 1 00-year 6-hour event 

Corlllute Complete 



• Sunnycove Dom Volume 
Volume in blue is Interpolated. 

Elevation 
{ft) Accu Volume 

(cubic ft) 
2136 2058.102276 
2137 

2138 17435.16572 
2139 
2140 56176.74263 
2141 
2142 124053.9239 
2143 

2144 228036.8922 
2145 
2146 368624.4665 
2147 

2148 558936.3553 
2149 

2150 807490.8262 
2151 

2152 1132822.595 
2153 

2154 1539581.336 
2155 

2156 2028780.384 
2157 
2158 2600114.73 
2159 
2160 3258066.646 
2161 
2162 400584 7.193 
2163 

2164 4848936.66 
2165 

2166 5788534.949 
2167 
2168 6837325.128 
2169 
2170 8007327.548 
2171 

2172 9305506.221 
2173 

2174 10740445.36 
2175 

2176 12318960.01 

2177 

2178 14048092.55 
2179 

2180 15939070.44 

• Sunnycove Reservoir Volumes Measured from the 2004 Aerial Mapping and Recent FCD Survey • 
2004 Wickenburg 2-foot mapping 

5area (aq ft ) 
Accu Vo lume (ac- Surface Area 

ft) (Ac) 

Elevation 
FCD Survey 

(ft) 
Volume Volume 

(CY) (ac-ft) 
4180.265991 0.05 0.10 2136 0 0 

0.22 2137 0.00 
12672.01078 0.40 0.29 2138 0 0 

0.84 2139 0.12 
25763.12036 1.29 0.59 2140 384 0.24 

2 07 2141 0.75 
43915.96676 2.85 1.01 2142 2025 1.26 

4 04 2143 2.30 
61815.45146 5.24 1.42 2144 5397 3.35 

6.85 2145 4.88 
83130 .68102 8.46 1.91 2146 10353 6.42 I 

10.65 2147 8.56 
111254.2617 12.83 2.55 2148 17252 10.69 

15.68 2149 13.60 
146104.5036 18.54 3.35 2150 26639 16.51 

22.27 2151 20.16 

188706.1604 26.01 4.33 2152 3842S 23.82 
30.67 2153 28.35 

231235.9384 35.34 5.31 2154 53047 32.88 

40.96 2155 38.35 
275712.8449 46.57 6.33 2156 70701 43.82 

53.13 2157 S0.24 

319919.411 59.69 7.34 21S8 91397 S6.65 

67.24 2159 64.05 

367855.7983 74.79 8.44 2160 115257 71.44 

83.38 2161 79.85 
416962.6602 91.96 9.57 2162 142385 88.26 

101.64 2163 97.79 

468783.9499 111 .32 10.76 2164 173148 107.32 

122.10 2165 117.9S 

522435.9806 132.89 11.99 2166 207423 128.57 

144.92 2167 140.36 

586012.2661 156.96 13.45 2168 245479 1S2.16 

170.39 2169 165.21 " 

651214.7945 183.82 14.95 2170 287594 178.26 

198.72 2171 192.70 

722941.9183 213.63 16.60 2172 334188 207.14 

230.10 2173 222.92 

795627.7625 246.57 18.27 2174 38S099 238.70 

264.69 2175 255 .43 

874815.0889 282.80 20.08 2176 439086 272.16 

302.65 

957847.2774 322.50 21.99 

344.21 

1043986.579 365.91 23.97 



• • • 
The volume obtained from the 2004 aerial mapping was used for the dam storage routing. 

Sunnycove Reservoir Volume - 2004 Mapping vs. Recent Survey 
300.00 

250.00 - 2004 Mappin __ ___ 7/ 

~ 
- Recent Survey 

u 200.00 .!i 
Cl.l 
E 
:I 150.00 0 
> 
Cl.l 
110 ., 

100.00 ... 
0 
~ 

50.00 

0.00 

2130 2135 2140 2145 2150 2155 2160 2165 2170 2175 2180 
Elevation (ft) 



• • • sunset Dam volume Sunset Reservoir Volumes Measured from the 2004 Aerial Mapping and Recent FCD Survey 
Volume in blue is interpolated 

2004 Wickenburg 2-foot mapping FCD Survey 

Elevation Accumulated Volume 
Sarea (sq ft) 

Accu Volume Surface Area 

(ft) (cubic ft) (ac-ft) (A c) 
Elevation Volume Volume 

(ft) (CY) (ac-ft) 

2116 438.878065 905.577567 0.01 0.02 2116 10 0.01 
2117 0.50 2117 0.52 
2118 42928.43424 45917.12896 0.99 1.05 2118 1661 1.03 
2119 2.64 2119 2.76 
2120 186757.3189 99008.57242 4.29 2.27 2120 7230 4.48 
2121 7.15 2121 7.41 
2122 435801.7965 151568.9365 10.00 3.48 2122 16668 10.33 
2123 14.02 2123 14.33 
2124 785804.7639 198952.9121 18.04 4.57 2124 29559 18.32 
2125 23.05 2125 23 .39 

2126 1222304.908 241191.8293 28.06 5.54 2126 45915 28.46 
2127 34 .12 2127 34.56 
2128 1750125.494 289449.2403 40.18 6.64 2128 65598 40.66 
2129 47 .23 2129 47.72 

2130 2364350.658 330594.8089 54.28 7.59 2130 88378 54.78 

2131 62 .19 2131 62 .65 

2132 3053748.162 365854.0966 70.10 8.40 ~132 113781 70.53 

2133 78 .79 

2134 3810443.778 401884.2194 87.48 9.23 I 

2135 96.97 
2136 4637625.759 437208.2764 106.47 10.04 
2137 116.91 

2138 5547944.641 487075.6351 127.36 11.18 

2139 138.95 

2140 6557776.361 540813.7622 150.55 12.42 

2141 163.28 

2142 7666906.15 590523.7792 176.01 13.56 

2143 189.93 

2144 8879928.44 650009.7082 203.86 14.92 

2145 219.19 

2146 10216268.96 705293.346 234.53 16.19 



• • 
Two results are almost identical. The val ume obtained from the 2004 aerial mapping was selected for the dam storage routing . 

80.00 
Sunset Re servoi ~ Volume - 2004 Mappin_g_ vs. Recent Survey _ 

-

70.00 -

60.00 

~ 
u 

..!!. 50 .00 
Ql 

E 
:::s 40.00 0 
> 
Ql 

~ 30.00 -
~ 

20.00 - -

10.00 -- --- ---

0 .00 

2114 2116 

-

-·-- -- -

-

--

-- - - -

-
2118 

:-:- 2004 Mapping 

- Recent Survey 

2120 2122 2124 

Elevation (ft) 
2126 2128 2130 2132 

• 

2134 



• 

• 

• 

Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix D 
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• • • Dam Stage-Discharge Curve from SITES models - Provided by FCDMC 

The Values below Reflect '88 Vertical Datum and PS Rating determined using SITES (NRCS) 

Sunnycove 

SE 2150.2 2152.2 2154.2 2156.2 2158.2 2160.2 2162.2 2164.2 2166.2 2168.2 

SE 2170.2 2172.2 2172.7 2173.2 2173.7 2174.2 2176.2 2178.2 2180.2 

SQ 0 1.7 3.2 4.7 5.9 6.6 7.3 8 8.5 9 

SQ 9.6 28 162 393 674 979 2635 4906 7746 

The Values below Reflect '88 Vertical Datum and PS Rating determined using SITES (NRCS) 

Sunset 

SE 2122.2 2124.2 2126.2 2127.2 2128.2 2129.2 2130.2 2131.2 2132.2 2133.2 

SE 2134.2 2135.2 2136.2 2137.2 2138.2 2139.2 2140.2 2141.2 2142.2 2143.2 

SQ 0 2.6 5.1 5.7 6.3 6.9 7.4 7.9 8.4 8.8 

SQ 173 437 714 1041 1412 1822 2267 2746 3255 3793 



Wickenburg ADMS Dam Diversions - Pipeline System Capacity 
Dam Pipeline Capacity 

• Note: Only pipe friction was considered to determine the pipe capacity. Head/ass at inlet, outlet and transition were not considered. 
Hazen-Williams Equation was used to calculate the headless IH r = 4 .72Q t.ss c - l.ss n -4.87 L I 

( 
H Jo.s4 

Q = 0.432 CD 2
'
63 --t 

Hfls friction headloss in ft 
a is discharge in cfs 
C is roughness coefficiet, 130 for concrete pipe 
0 is the pipe diameter in ft 
L is the pipe length in ft 

Pipeline Capacity 
General Info 
Sunset release manhole crest, H 1 = 
Sunny Cove release manhole crest, H2= 
Downstream manhole crest. H3 = 
Pipeline from Sunset to the joint 
Pipe diameter= 
Pipe length= 
Pipe slope= 
Flow rate, Q1 = 
Friction headloss, Hf1 = 

2118.2ft 
2140.2 ft 
2040.7 ft 

1.5 ft 
2162 ft 
0.015 fVft 

17.1 cfs 
33.17 ft 

Variant 

• 

Pipeline from Sunny Cove to the joint 
Pipe diameter= 1.5 ft 

2806 ft 
0.019 fVft 

19.5 cfs 
55.16 ft 

• 

Pipe length= 
Pipe slope= 
Flow rate, Q2 = 
Friction headloss, Hf2= 
Pipeline from the joint to the outlet 
Pipe diameter= 
Pipe length= 
Pipe slope= 
Flow rate, Q1 +02= 
Friction headloss, Hf3 = 
Headlou 
Water head for Sunset, H1-H3 = 
Friction headloss for Sunset, Hf1 + Hf3 = 
Water head for Sunny Cove, H2-H3= 
Friction headloss for Sunny Cove, Hf2+Hf3= 

2 ft 
2863 ft 

0.0137 ft/ft 
36.6 cfs 

44.34 ft 

77.5 ft 
ft 
ft 
ft 

Variant 

=H1-H3 

=H2-H3 

The pipeline system capacities are 17.1 cfs for Sunset Dam and 19.5 cfs for Sunnycove 0 
Dam. The excess flow will be re leased by the manholes immediate downstream of two 0 
dams . 



• Pipeline Cap. Calculation with Formulas • A 8 c 0 E F 
1 Wickenburg ADMS 
2 Dam Pipeline Capacity - -
3 -- ~~ - ~- - - - ~ ---
26 Note: Onlv pipo friction was consldored ro dotormino 1110 pipe CilPiiCiiY. Heafl/oss at inlet. outlet and ltansition were 110t considorofl. 
28 Hazen-WiUiams EquaUon was used to calculate the headloss 

-· -E. FT./' 4 . 72 Q I . tL5 C' - 1 . H .5 _D - 4 . 1::17 L I 
J2. -

- - --,1!, 
2 . 6 ~ c ~./" ) () . !5 4 

- ~ --
~ Q 0.432 C:.D - - - - - - ------ -2! -
34 
35 HI Is friction headloss in ft --------- ------36 Q Is dlscharae In cis 
37 C Is roughness coefflclel, 130 for concrete pipe -·----- -38 0 Is the pipe diameter in ft 

~---39 L Is the pjp-e length In ft ----
~ 
~ 
42 Pipeline Capacity --- ------43 Gener~l Info - -Sunset release manhole crest. HI - 2118.2 --- -- ---

II 44 ---- ----45 Sunny Cove release manhole crest, H2 = 2140.2 II 
46 Downstream manhole crest, H3 • 2040.7 II 
47 Pipeline lrom Sunset lo lhe jofnl - ----- - --
48 Pi~e diameter = 1.5 II 
49 Pipe length= 2162 II --so Pipe slope = 0.01 5 !Vtt - -51 Flow rate, Q1 .. ·- 17.0831882065063 CIS Variant - --52 Friction headloss, Hf1 = - 4, 72* (851 A 1.85)/(130 A 1.85)/(848 A 4,87) *849 II 
53 Pfi1elfne lrom Sunnr Co~ lo lhe /0/nl 
54 Pipe diameter= 1.5 II - - -- ----55 Pi~e len 11th= 2806 n 
56 Pipe slope• 0.01 9 !Vft 
57 Flow rate, 02= . - 19.5338329852203 ~s Variant 
58 Friction headloss, Hf2= - a4,72*(857 A 1.85)/(130 A 1.85)/(854 A 4,87)*855 II - -
59 PfDelfne from lhe Jofnl lo tile oulle l 
60 Pipe diameter • 2 It ---- ~-

61 Pipe length= 2863 ft 
Phie sloile · 0.0137 !VII 

---62 - -- --
63 Flow rate. 01 +02• = 851+857 CIS -it ---64 Friction headloss, Hf3• • 4, 72* (863 A 1.85)1(130 A 1.85}/(860 A 4,87) * 861 
65 Headlo., 

Water head lor Sunset, H1·H3a · 844·846 
- II 66 ---

~ Friction headloss lor Sunset, H11 +HI3 II .,ffl ·f/3 
68 Water head lor Sunny Cove, H2·H3 "' · 845·846 ft 

~ 

69 Friction headloss lor Sunny Cove. HI2+H13 = II H2·H3 



• 
PRINCIPAL SPILLWAY 
CREST=2133.2' 

SUNSET 

9"X9" ORIFICE 
AT 2122.2' 

INVERT=2106.95' 

RELEASE MANHOLE 
CREST=2118.2' 
(ESTIMATED 
FROM AS-BUILT) 

30"PIPE 184LF S=0.0039 FTIFT 

·~ Ql) 

~ 
>. ., 
~ 

t:l. 
en 
-;;; 
t:l. 

PRINCIPAL SPILLWAY 
CREST=2171. 7' 

8"X8" ORIFICE 
AT 2150.2' 

SUNNY COVE 

INVE.RT=2128. 7' 

INVERT=2106.2' 

RELEASE MANHOLE 
CREST=2140.2' 
(ESTIMATED 
FROM AS-BUILT) 

<.> 
~ 

·;:: 
a. 
/ 
0 .... 

't:l 
>. 
:c 

30"PIPE 290LF S=0.011 FTIFT 

:::: 
" "' ., 

..c:: 
a. 
.!. 
0 
/ 
en 
::E 
0 
< 
Ql) .... 
::1 

.D 
~ 

" .¥ 
.2 
jll:: 

C') 
0 
9 
0 -/ 

Hoskin• Ryan Consultants ei~ 
~0 •---------------------
~~ ----------------------

creative engineering solutions 

~ ~ 6245 N. 24th Parkway Suite #1 00 Phoenix, Arizona 85016 
t; ~ Office: (602) 252-8384 Fax: (602) 252-8385 www.hosklnryan.com 

INVERT=2126.2' 

18"PIPE, 2162LF, S=0.015FTIFT 
(PIPE SIZE VARIES FROM 15" TO 18", 
SLOPE VARIES FROM 0.0098 TO 0.0197) 

Q1+Q2 

18"PIPE, 2806LF, S=0.019FTIFT 

JOINT 
INV=2071.69' 

(PIPE SIZE VARIES FROM 15" TO 18", 
SLOPE VARIES FROM 0.0156 TO 0.0255) 

* ELEVATIONS ON DATUM NAVD88 
ASSUME TWO DAMS RELEASE AT THE SAME TIME 
AND FLOWS COMBINED AT THE JOINT 

OUTLET 
CREST=2040. 7' 
(ESTIMATED 
FROM AS- BUlL T) 

INV=2032.33' 

24"PIPE, 2863LF, S=0.0137FTIFT 
(PIPE SIZE. VARIES FROM 21" TO 27", 
SLOPE VARIES FROM 0.0019 TO 0.0374) 

WICKENBURG ADMSIP 
PHASE I 

PIPELINE SCHEMATIC MAP 
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10Y6H 

•

***************************************** 
* * * FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 * 

*************************************** 
* • 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER * 

609 SECOND STREET 

1 

• 

1 

• 

* VERSION 4.1 * 
* DAVIS, CALIFORNIA 95616 * 
* RUN DATE 12APR11 TIME 16 :05:34 (916) 756-1104 * 

*************************************** 

X X )()()()()()()( xxxxx X 
X X X X X XX 
X X X X X 
)()()()()()()( xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X )()()()()()()( xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS , HEC1DB , AND HEC1KW . 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE IN PUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81 . THI S IS THE FORTRAN7 7 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS :WRITE STAGE FREQUENCY, 
DSS : READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINBMATXC WAVE: NEW FINI TE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

LINE 

52 
53 
54 
55 
56 
57 
58 
59 

HEC-1 INPUT 

ID ..•...• 1 .•.•••• 2 •••••• • 3 ..•. ••. 4 .•••• .• 5 ••.. .•. 6 ... • . •. 7 •• ... .• 8 .. .. ..• 9 ..•. . . 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
IO 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
IT 
IN 

Flood control District of Maricopa County 
Project Name : Wi ckenburg Area Drainage Master Study/ Plan 
contract FCD 2009C030 
Hoskin Ryan consultants, Inc. 

Phase I Hydrology Model 
Phase I s tudy area includes tributary watersheds of Sunset and 
sunnycove washes . sunnycove tributary sub basins include : scl, sc2 
sc3 , SC4, scS and SC6. Sunnset tributary sub basins include : SN1 , 
SN2 and SN3. 
Total drainage a rea is 2. 59 square miles. 
TWo flood retardi ng structures were constructed within Phase I 
study area , Sunset and sunnycove Dams. A pipeline system was 
constructed and connected to the primary spillways to release 
Dam Reservoirs to Hassayampa River . 
The compacity of the pipeline system is 19 . 5 cfs for sunnycove Dam 
and 17.1 cfs for sunset Dam. Excess flow will be released at the 
release manholes immediate downstream of two dams or through the 
emergency spillways. 

10 Year 6 Hour Exi sting condition 
Model prepared with DDMSW version 4 . 6.0 

Rainfall : NOAA 14 
Area-Depth: the default reduction factor in DDMSW was selected 
Rainfall Loss: Gr een-Ampt Equation 

unit Hydrograph: s-Graph (Mountain) 
soil : Latest soil map from NRCS was used , fi l e provided by FCDMC 
Land use : MAG 2009 land use file was used, provided by FCDMC 
channel Routing: Cross-section geometries and Manning s n were 
based on field observation. 
Sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aenal Mapplng . 

File Name: 10Y6H . DAT 
Date : 01/17/2011 

3 19NOV10 1200 
15 

2000 

IO 
*DIAGRAM . 5 

JD 2.146 0.0001 
PC 0 . 000 0 . 008 0 . 016 0. 025 0 . 033 0 . 041 0 . 050 0.058 0 . 066 
PC 0 . 087 0.099 0 .118 0.138 0 . 216 0.377 0 . 834 0 . 911 0 . 931 
PC 0 . 962 0 . 972 0 . 983 0. 991 1.000 
JD 2.133 0 . 5000 
PC 0.000 0 .008 0 . 016 0.025 0 . 033 0 . 041 0 . 050 0 . 058 0.066 
PC 0 . 087 0 . 099 0 .118 0. 138 0 . 216 0.377 0 . 834 0 . 911 0 . 931 
PC 0 . 962 0 . 972 0 . 983 0. 991 1.000 
JD 2 . 092 2.8 
PC 0 . 000 0 . 009 0 . 016 0 . 025 0.034 0. 042 0 . 051 0.059 0.068 
PC 0.088 0 .101 0 .121 0.164 o. 253 0. 451 0 . 694 0 . 836 0.900 
PC 0.950 0.963 0.975 0.988 1.000 
* 

HEC-1 INPUT 

0.074 
0.950 

0 . 074 
0 . 950 

0.077 
0 . 938 

ID .•...•. 1 .... . .. 2 ... . .. . 3 . . ... . . 4 .. ..... 5 • ...... 6 ..... . . 7 ...... • 8 . . . . .. . 9 .... . . 10 

KK SCl BASIN 
BA 0 . 562 
LG 0.18 0 . 34 6. 60 0 . 16 9 
UI 0 78 96 259 414 528 621 843 714 504 
UI 442 390 345 301 253 204 184 168 136 110 
UI 97 85 74 59 59 38 38 38 34 15 
UI 15 15 15 15 15 15 15 15 0 0 
UI 0 0 0 0 0 0 0 0 0 0 
* 
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• 

1 

• 

1 

• 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 

84 
85 
86 

87 
88 
89 
90 
91 

LINE 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

108 
109 
110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

LINE 

132 
133 
134 

KK RSC1C1 ROUTE 
RS 2 FLOW 

10Y6H 

RC 0. 057 0 .033 0.057 2546 0 .0150 2316 . 00 
RX 900 . 00 950 . 00 990.00 993.00 1008 . 00 1011.00 1051 .00 1100.00 
RY 2316 . 0 2315 . 00 2311 . 00 2310.00 2310.00 2311.00 2315 . 00 2316.00 .. 
KK SC2 
BA 0.100 
LG 0.20 
UI 0 
UI 26 
UI 0 
UI 0 
UI 0 .. 

BASIN 

0 . 37 
46 
17 

0 
0 
0 

6 . 60 
173 

13 
0 
0 
0 

0 .15 
306 

6 
0 
0 
0 

8 
236 

6 
0 
0 
0 

162 
6 
0 
0 
0 

116 
0 
0 
0 
0 

79 
0 
0 
0 
0 

55 
0 
0 
0 
0 

KK 
KM 
HC 

C1 COMBINE 
To~a l ~ri butary a rea of 0 . 6627 squa re miles for sub Basin sc1 and SC2 . 

2 0 . 6627 
* 
KK SC3 
BA 0 .197 
LG 0.19 
UI 0 
UI 135 
UI 18 
UI 0 
UI 0 . 

BASI N 

0.37 
37 

103 
13 

0 
0 

6 . 40 
85 
87 

7 
0 
0 

0.16 
186 

73 
7 
0 
0 

7 
261 

55 
7 
0 
0 

350 
45 

7 
0 
0 

352 
39 

7 
0 
0 

228 
28 

7 
0 
0 

194 
25 

0 
0 
0 

38 
0 
0 
0 
0 

163 
18 

0 
0 
0 

KK 
KM 
HC 

C2 COMBINE 
Total tributary area of 0.8597 square miles for sub Basin SC1, sc2 and SC3 . 

2 0.8597 .. 
KK RC2DAM ROUTE 
RS 7 FLOW 
RC 0 .062 0.035 0 . 062 10737 0 .0145 2206 . 00 
RX 900.00 926 . 00 986 . 00 990.00 1010 . 00 1014.00 1074.00 1100.00 
RY 2206.0 2205.00 2202 . 00 2200 . 00 2200.00 2202 . 00 2205.00 2206 . 00 .. 

HEC-1 INPUT 

ID . ..... . 1 .. .. .. . 2 .. .. . . . 3 .. . .... 4 .. . .... 5 .. . ... . 6 . . ... .. 7 .. .. . .. 8 .. .. ... 9 . . . .. . 10 

KK SC4 
BA 0 . 384 
LG 0 . 20 
UI 0 
UI 325 
UI 98 
UI 22 
UI 8 .. 
KK SC5 
BA 0 .150 
LG 0 . 21 
UI 0 
UI 82 
UI 6 
UI 0 
UI 0 .. 

BASIN 

0. 35 
44 

274 
85 
22 

8 

BASIN 

0. 38 
33 
70 

6 
0 
0 

7. 00 
44 

250 
73 
22 

8 

6 . 40 
97 
50 

6 
0 
0 

0 .12 
107 
224 

57 
22 

8 

0 . 15 
196 

39 
6 
0 
0 

22 
183 
203 

55 
12 

8 

30 
266 

32 
0 
0 
0 

259 
181 

48 
8 
0 

338 
25 

0 
0 
0 

307 
160 

45 
8 
0 

208 
18 

0 
0 
0 

348 
136 

34 
8 
0 

170 
16 

0 
0 
0 

441 
114 

34 
8 
0 

139 
13 

0 
0 
0 

KK 
KM 
KM 
HC 

C3 COMBINE 
Total tributary area of 1.3934 square miles for sub Basin sc1, sc2 , SC3, 
sc4 and sc5. 

3 1 . 3934 
" 
KK DAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest eleva~ion is 
KM 2172 . 20 feet (NAYD88). 
KM The stage-discharge rating curve is based on SITES model results, provided 
KM by FCDMC . 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safety standards . 
KO 3 

498 
106 

30 
8 
0 

109 
6 
0 
0 
0 

RS 1 STOR 
sv 0 19 . 28 26 . 94 36.47 47.89 61.20 76 . 51 93.90 113.47 135 . 29 
sv 159 . 65 186 . 80 216.92 225.15 233.39 241.63 250.19 286.77 326 . 84 368 . 00 
SQ 0 0 1.7 3 . 2 4 . 7 5. 9 6 . 6 7 . 3 8 . 0 8 . 5 
SQ 9.0 9 .6 28 . 0 162 393 674 979 2635 4906 7746 
SE 2130 2150 . 20 2152 . 20 2154 . 20 2156 . 20 2158.20 2160 . 20 2162.20 2164 . 20 2166.20 
SE 2168.2 2170 . 20 2172 . 20 2172.70 2173 . 20 2173 . 70 2174 . 20 2176.20 2178.20 2180 . 20 .. 
KK DIVSC DIVERT 
KM The downstream pipeline has a maximum capacity of 19.5 cfs. 
DT DTSC 0 . 0 19.5 
DI 0 . 0 19 . 5 4000 . 0 
DQ 0 . 0 19 . 5 19 . 5 .. 

HEC-1 INPUT 

ID . . . . . . . 1 . . . .. .. 2 . .... . . 3 . . .. ... 4 . . . .. . . 5 .. . . ... 6 . . . .. .. 7 . . . .... 8 . . . .... 9 .... . . 10 

KK RSCC4 
RS 1 
RC 0 . 055 

ROUTE 
FLOW 

0.035 0 . 055 2689 0 .0347 2106 . 00 
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135 
136 

137 
138 
139 
140 
141 
142 
143 
144 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 

155 
156 
157 
158 
159 
160 
161 
162 

163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

LINE 

178 
179 
180 
181 
182 

183 
184 
185 
186 
187 

188 
189 
190 
191 
192 
193 
194 
195 

196 
197 
198 
199 
200 
201 
202 
203 
204 

205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

215 
216 

10Y6H 
RX 900.00 960.00 990 . 00 998 . 00 1002.00 1010.00 1012.00 1013.00 
RY 2106 . 0 2105.00 2102 .00 2100.00 2100.00 2102 . 00 2108.00 2108 . 00 
* 
KK SC6 
BA 0.114 
LG 0.25 
UI 0 
UI 31 
UI 0 
UI 0 
UI 0 
* 

BASIN 

0.38 
50 
21 

0 
0 
0 

6.40 
189 

18 
0 
0 
0 

0.16 
331 

7 
0 
0 
0 

13 
281 

7 
0 
0 
0 

186 
7 
0 
0 
0 

135 
7 
0 
0 
0 

91 
0 
0 
0 
0 

66 
0 
0 
0 
0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* 

C4 COMBINE 
Given ~hat no surface flow released from Sunnycove oam duri ng the 10-, 
50-, 100- and 250-year 6-hour events, ~he ~o~al ~ributary area for C4 
only incl udes sub Basin sc6, i.e. 0 .114 square miles. 
Given ~hat the surface flow released from sunnycove Dam durin9 the 
500-year 6-hour event lags behind the local flow from sub Bas1n SC6 
and is not additive to the dominating local peak flow, the total 
tributary area for C4 only includes sub Basin SC6, i.e. 0 .114 square 
miles. 

2 0 .114 

KK SN1 
BA 0 .601 
LG 0 . 19 
UI 0 
UI 524 
UI 156 
UI 39 
UI 13 .. 

BASIN 

0 . 39 
68 

432 
142 

33 
13 

6 . 00 
68 

391 
113 

33 
13 

0.19 
159 
353 

98 
33 
13 

18 
272 
321 

87 
33 
13 

387 
285 

77 
13 
13 

462 
257 

74 
13 

0 

527 
221 

59 
13 

0 

645 
185 

52 
13 

0 

KK DAMSN STORAGE 
KM According to ~he as-built plan, ~he emergency spillway cres~ elevation is 
I<M 2133.20 feet (NAVD88). 
KM The stage-discharge rating curve is based on SITES model results, provided 
KM by FCDMC. 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safe~y standards. 
KO 3 

44 
0 
0 
0 
0 

797 
166 

52 
13 

0 

RS 1 STDR 
sv 0 10.81 19.04 29.27 35 . 33 41.59 48.64 55 . 86 63 . 77 80 . 53 
sv 89.37 98.87 108.56 119 .00 129.68 141 . 27 153.09 165.82 178 . 79 192.72 
SQ 0 0 2.60 5.10 5.70 6 . 30 6.90 7.40 7.90 8 . 80 
SQ 173 437 714 1041 1412 1822 2267 2746 3255 3793 
SE 2113.5 2122.20 2124.20 2126.20 2127.20 2128.20 2129.20 2130.20 2131.20 2133 . 20 
SE 2134.2 2135.20 2136.20 2137.20 2138.20 2139.20 2140.20 2141 . 20 2142 . 20 2143.20 .. 

HEC-1 INPUT 

ID . . . .. . . 1 . . .. ... 2 .... ... 3 . . ... . . 4 .. , .... 5 . . .. ... 6 . ... . .. 7 . .. .... 8 ..... .. 9 ... .. . 10 

KK DIVSN DIVERT 
KM The downstream pipeline has a maximum capacity of 17.1 cfs. 
DT DTSN 0.0 17.1 
DI 0.0 17 .1 1500 .0 
DQ 0 . 0 17.1 17 .1 
* 
KK RSNC5 ROUTE 
RS 1 FLOW 
RC 0.064 0 .035 
RX 900.00 950 . 00 
RY 2097 .0 2096.00 .. 

0.064 2143 0.0169 2097 . 00 
977 . 00 995 . 00 1005 . 00 1023.00 1050.00 1100.00 

2096.00 2090.00 2090.00 2096.00 2096.00 2097.00 

KK SN2 
BA 0.255 
LG 0. 20 
UI 0 
UI 194 
UI 31 
UI 8 
UI 0 
* 

BASIN 

0 . 40 
40 

167 
31 
8 
0 

6.00 
67 

140 
20 
8 
0 

0 .18 
157 
112 

20 
0 
0 

7 
248 

96 
20 
0 
0 

303 
87 
12 
0 
0 

401 
68 

8 
0 
0 

391 
53 
8 
0 
0 

259 
47 

8 
0 
0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 

C5 COMBINE 
Given that no surface flow released from sunse~ Dam during the 10-, 50-, 
100- and 250-year 6-hour events, the total tribu~ary area for C5 only 
includes sub Basin SN2, i.e. 0 . 255 square miles . 
Given that the surface flow released from sunset Dam during ~he 500-year 
6-hour event lags behind the local flow from sub Basin SN2 and is not 
additive to the dominating local peak flow, the total tributary area 

* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC .. 

for cs only includes sub Basin SN2, i . e . 0 . 255 square miles . 
2 0.255 

C6 COMBINE 
Given tha~ no surface flow released from sunnycove/Sunset Dams during 
the 10-, 50-, 100- and 250-year events, the to~al tributary area for c6 
only includes sub Basin sc6 and SN2, i.e. 0 . 369 square miles. 
Given that ~he surface flow released from sunnycove/ Sunset Dams during 
the 500-year 6-hour event lags behind ~he local flows from sub Basin SC6 
and SN2 and is no~ addi~ive to ~he domina~ing local peak flow, ~he total 
~ributary area for c6 only includes sub Basin SC6 and SN2, i.e. 0 . 369 
square miles. 

2 0 . 369 

KK RC6C7 ROUTE 
RS 2 FLOW 

Page 3 

224 
43 

8 
0 
0 
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• 1 

1 

• INPUT LINE 

NO. 

52 

60 

65 

73 

76 

84 

87 

92 

100 

108 

112 

129 
127 

132 

137 

145 

155 • 163 

217 
218 
219 

10Y6H 
RC 0 . 069 0.036 0.069 3552 0 .0122 2057.00 
~ 900.00 950.00 963 .00 993.00 1008.00 1038 .00 1050.00 1100 .00 
RY 2057.0 2056.00 2056.00 2050 .00 2050 .00 2056 .00 2056.00 2057 .00 
" HEC- 1 INPUT 

LINE ID ..... .. 1. , .... . 2 .. , .... 3 . . ... .. 4 .. . ... . 5 .... . . . 6 ....... 7 . . .. . . . 8 ... .. .. 9 ...... 10 

220 KK RTSCRETRIEVE 
221 OR OTSC 

* 
222 
223 

KK RSCC7 ROUTE 
KM Kinematic wave was selected for the routing through the pipeline , no attenuat 

224 RK 5691 0 .0163 0 .013 CIRC 1 . 500 
* 

225 KK RTSNRETRIEVE 
226 DR DTSN 

* 
227 
228 

KK RSNC7 ROUTE 
KM Ki nematic wave was selected for the routi ng through the pipeline , no attenuat 

229 RK 5047 0 .0143 0.013 CIRC 1 . 500 

230 
231 
232 
233 
234 
235 
236 
237 

238 
239 
240 
241 
242 
243 
244 
245 
246 
247 

248 

* 
KK 
BA 
LG 
UI 
ur 
UI 
UI 
UI 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* zz 

SN3 BASIN 
0.223 
0.22 o. 35 5 . 20 0.29 39 

0 52 174 338 476 469 303 247 195 
U7 87 64 52 40 28 26 16 10 
10 10 10 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

C7 COMBINE 
Given that no surface flow released from sunnycove/Sunset Dams during 
the 10-, 50-

1 
100- and 250-year 6-hour events, the total tributary area 

for c7 only 1ncludes sub Basin sc6, SN2 and SN3, i.e . 0.5913 square miles . 
Given that the surface flow released from sunnycove/Sunset Dams during 
the 500-year 6-hour event lags behind the local flows from sub Basin sc6 , 
SN2 and SN3 and is not addit1ve to the dominating local peak flow, the 
total tributary area for C7 only includes sub Bas1n SC6, SN2 and SN3, 
i . e. 0 . 5913 square miles. 

4 0 . 5913 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(--->) DIVERSION OR PUMP FLOW (V) ROUTING 

(.) CONNECTOR 

SC1 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

v 
v 

RSC1C1 

SC2 

. . 
C1 ........ .. .. 

SC3 

ci . .... . .... . : 
v 
v 

RC2DAM 

SC4 

scs 

c3 . . . . ....... : . . .... . .. . . : 
v 
v 

DAMSC 

.-------> DTSC 
DIVSC 

v 
v 

RSCC4 

SC6 

. . 
C4 ... ... . . . ..• 

SNl 
v 
v 

DAMSN 
Page 4 

142 
10 
0 
0 
0 
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• 180 
178 

183 

188 

196 

205 

215 

221 
220 

222 

226 
225 

227 

230 

238 

.-------> DTSN 
DIVSN 

v 
v 

RSNCS 

SN2 

. . 
cs .. . . .. ..... . 

c6 ... . ...... . : 
v 
v 

RC6C7 

.<------- DTSC 
RTSC 

v 
v 

RSCC7 

.<------ - DTSN 
RTSN 

v 
v 

RSNC7 

SN3 

• • 0 0 

C7 . ..... . .. . . . .... . ... . .... . . . . . ..... . 

10Y6H 

(n*n) RUNOFF ALSO COMPUTED AT THIS LOCATION 
1***************************************** *************************************** 

• 

• 

* 
* 

FLOOD HYDROGRAPH PACKAGE 
JUN 1998 

VERSION 4.1 

RUN DATE 12APR11 TIME 

(HEC-1) 

16 :05 : 34 

* 

* 
* 

* 
********************** ******~*** ********* 

39 IO 

IT 

OUTPUT CONTROL 
IPRNT 
I PLOT 
QSCAL 

Flood control District of Mari copa county 
Project Name: wickenburg Area Drainage Master study/Plan 
contract FCD 2009C030 
Hoskin Ryan consultants, Inc. 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of sunset and 
sunnycove washes. sunnycove tributary sub basins i nclude : sc1 , sc2 
sc3, sc4, scs and sc6. sunnset tributary sub basins include: SN1, 
SN2 and SN3 . 
Total drainage area is 2.59 square mi les . 
TWO flood retarding structures were constructed withi n Phase I 
study area, sunset and sunnycove Dams . A pipeline system was 
constructed and connected to the primary spillways to release 
Dam Reservoi rs to Hassayampa River . 
The compacity of the pipeline system is 19.5 cfs for sunnycove Dam 
and 17 .1 cfs for sunset Dam. Excess flow will be released at the 
release manholes immediate downstream of two dams or through the 
emergency spillways . 

10 Year 6 Hour Exi sting condition 
Model prepared wi th DDMSW version 4 . 6 .0 

Rainfall : NOAA 14 . 
Area-oepth : the default reduction factor in DDMSW was selected 
Rainfall Loss: Green-Ampt Equation 
unit Hydrograph: S-Graph (Mountain) 

Soi l: Latest soi l map from NRCS was used , file provided by FCDMC 
Land use: MAG 2009 land use fi l e was used, provided by FCDMC 
Channel Routing: Cross-section geometries and Manning s n were 
based on f i eld observation. 
Sto~age Rou~ing : Dam storage volumes were based on 2004 Wickenburg 
Aen al Mapp1 ng. 

File Name: 10Y6H .DAT 
Date : 01/17/2011 

VARIABLES 
5 
0 

0 . 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMIN 

IDATE 

DATA 
3 

19NOV10 
1200 
2000 

23 NOV10 
1557 

19 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 

I TIME 
NQ 

NDDATE 
NDTIME 
I CENT 

STARTI NG TIME 
NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

Page 5 

U. S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 



• 
40 JD 

41 PI 

44 JD 

45 PI 

48 JD 

• 49 PI 

112 KK 

119 KO 

120 RS 

121 sv 

123 SQ 

125 SE 

*** 

• 

10Y6H 
COMPUTATION INTERVAL . 05 HOURS 

TOTAL TIME BASE 99 . 95 HO URS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH , ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

INDEX STORM NO. 1 
STRM 2 .15 PRECIPITATION DEPTH 
TRDA . 00 TRANSPOSITION DRAI NAGE AREA 

PRECI PITATION PATTERN 
. 00 .00 .00 .00 .00 
. 00 .00 .00 . 00 . 00 
.00 . 00 .00 . 00 . 00 
. 00 .00 .00 . 00 . 00 
.00 . 00 .00 . 00 .00 
. 00 . 00 .00 . 00 .00 
.00 . 00 .00 .00 . 00 
. 03 . 03 .03 . 03 . 03 
.02 .02 .02 . 02 .02 
. 00 . 00 . 00 . 00 . 00 
. 00 .00 .00 .00 . 00 
. 00 . 00 . 00 . 00 .oo 

INDEX STORM NO . 
STRM 2 . 13 PRECIPITATION DEPTH 
TRDA .so TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
. DO .00 . DO . DO . 00 
. 00 . 00 . 00 . 00 .DO 
.00 . 00 . 00 . 00 .00 
. 00 .00 . 00 .00 .00 
. 00 . 00 . 00 . 00 .00 
. 00 .00 .00 . DO .00 
.00 .00 . 00 . 00 . 00 
.03 .03 . 03 . 03 .03 
. 02 .02 . 02 . 02 . 02 
. 00 . 00 .00 .00 . 00 
.00 .00 .00 .00 .00 
. 00 .00 .00 .00 . 00 

INDEX STORM NO. 
STRM 2 . 09 PRECI PITATION DEPTH 
TRDA 2 .80 TRANSPOSI TION DRAINAGE AR EA 

PRECI PITATI ON PATTERN 
. 00 . 00 .00 .00 . 00 
. 00 . 00 .00 . 00 .00 
. 00 . 00 .00 . 00 .00 
.00 . 00 .00 .00 . 00 
.00 . 00 .00 . 00 . 00 
. 00 .00 .00 . 00 . 00 
.01 . 01 .01 . 01 . 01 
.04 . 04 .04 .04 . 04 
. 03 .03 .03 . 03 .03 
. 01 . 01 .01 . 01 . 01 
.00 . 00 .00 .00 . 00 
. 00 . 00 . 00 .00 . 00 

**** R1\ -Ir 1\* * **** 

* 
* 

DAMSC * 
* 

STORAGE 

************** 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
! PLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTI NG DATA 

STORAGE ROUTING 

PRINT CONTRO L 
PLOT CONTRO L 
HYDROGRAPH PLOT SCALE 

NSTPS 
I TYP 

RSVRIC 
X 

1 NUMBER OF SUBREACHES 

STORAGE 

DISCHARGE 

ELEVATION 

STOR TYPE OF I NI TIAL CONDITION 
.00 INITIAL CONDITI ON 
. 00 WORKING RAND D COEFFICI ENT 

.0 19.3 26 . 9 36 . 5 
159.6 186 . 8 216 . 9 22 5 . 1 

0 . o. 2. 3 . 
9. 10 . 28 . 162. 

2130 .00 2150 . 20 2152 . 20 2154.20 
2168 . 20 2170 . 20 2172 . 20 2172.70 

*** 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITI ON AREA . 0 SQ MI 

. 00 

.00 

. 00 

. 00 

.oo 

. 00 

. 02 

.09 

. 00 

. 00 

. 00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.02 

.09 

.00 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.02 

. 05 

. 01 

.00 

.00 

. 00 

47. 9 
233 . 4 

5 . 
393. 

2156 . 20 
2173.20 

*** 
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.00 .oo . 00 .00 

. 00 .oo . 00 .00 

. 00 .00 . 00 . 00 

. 00 .00 . 00 .00 

. 00 . 00 . 00 .00 

.00 . 00 . 00 .00 

. 02 . 02 . 02 .02 

.09 . 09 . 09 . 09 

. 00 . 00 . 00 .00 

. 00 . 00 . 00 .00 

. 00 . DO . 00 .00 

.00 . 00 . 00 .00 

.00 .00 . 00 . 00 

.00 . DO . 00 . 00 

. 00 . DO . 00 . 00 

. 00 . 00 . 00 . 00 

.00 .oo . 00 .00 

. 00 .oo . 00 . 00 

.02 .02 .02 . 02 

.09 . 09 . 09 .09 

. 00 . 00 .00 .00 

.00 . 00 .00 .00 

. 00 . 00 .00 .00 

. 00 .00 . 00 .00 

.00 . 00 . 00 .00 

. 00 . 00 . 00 .00 

. 00 . 00 .00 .00 

.00 .00 . 00 . 00 

.00 . 00 . 00 .00 

. 00 .00 .00 . 00 

.02 . 02 . 02 .02 

.05 .05 . 05 .05 

. 01 . 01 . 01 .01 

. 00 .00 .00 . 00 

.00 .00 . 00 .00 

. 00 . 00 .00 . 00 

61.2 76 . 5 93. 9 113 . 5 135 . 3 
241.6 250 . 2 286 . 8 326 . 8 368.0 

6. 7 . 7 . 8. 9 . 
674. 979. 2635. 4906 . 7746 . 

2158.20 2160.20 2162.20 2164 . 20 2166 . 20 
2173.70 2174 . 20 2176 . 20 2178 . 20 2180 . 20 



10Y6H 

• PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

(CFS) (HR) 
(CFS) 

+ 7 . 7.40 7 . 6 . 6. 5 . 
(INCHES~ . 044 .173 .463 . 567 

(AC-FT 3. 13 . 34. 42 . 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95 - HR 

+ (AC-FT) (HR) 
79. 7.55 78 . 74. 62. 55. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (FEET) (HR) 
2160 .48 7. so 2160.38 2159.83 2158 . 26 2156.40 

CUMULATIVE AREA - 1. 39 SQ MI 

... *** *** 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA . 5 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (CFS) (HR) 
(CFS) 

+ 7 . 7.40 7 . 6. 6 . 5. 
(INCHES) .044 .172 .459 . 561 

(AC-FT) 3 . 13. 34 . 42. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (AC-FT) (HR) 
78. 7.55 77. 73 . 62. 54 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (FEET) (HR) 
2160 . 38 7. 55 2160 . 29 2159.73 2158 .16 2156 . 31 

CUMULATIVE AREA = 1. 39 SQ MI 

... . .. ... ... 
HYOROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 2 . 8 SQ MI 

. + 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

(CFS) (HR) 
(CFS) 

+ 6. 7. so 6. 6. 5. 4. 
(INCHES) .040 . 153 .382 .457 

(AC-FT) 3 . 11. 28 . 34. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
72- HR 99.95- HR 

• 

6-HR 24-HR 
+ (AC- FT) (HR) 

64. 7.70 63. 59. 50. 44. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72 - HR 99.95-HR 

+ (FEET) (HR) 
2158 . 57 7 . 70 2158.48 2157 . 93 2156.44 2154.74 

CUMULATIVE AREA = 1. 39 SQ MI ... . .. ... 
INTERPOLATED HYOROGRAPH AT DAMSC 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 99.95-HR 

+ (CFS) (HR) 
(CFS) 

+ 6 . 7 . 50 6 . 6 . 5. 4. 
(INCHES~ .042 .160 .413 .499 

(AC-FT 3. 12. 31. 37. 

CUMULATIVE AREA = 1.39 SQ MI 

~·· *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

163 KK 

170 KO 

DAMSN * . 
************** 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
!PLOT 0 
QSCAL 0 . 

HYOROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYOROGRAPH PLOT SCALE 
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10Y6H 

. 171 RS STORAGE ROLITING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVRIC .00 INITIAL CONDITION 

X .00 WORKING R AND D COEFFICIENT 

172 sv STORAGE . 0 10 . 8 19.0 29 . 3 35 . 3 41.6 48 . 6 55.9 63 . 8 80 . 5 
89 . 4 98 . 9 108 . 6 119 . 0 129.7 141.3 153 . 1 165.8 178 .8 192 . 7 

174 SQ DISCHARGE 0. o. 3 . s. 6 . 6. 7 . 7 . 8. 9. 
173. 437. 714 . 1041. 1412 . 1822. 2267 . 2746. 3255. 3793. 

176 SE ELEVATION 2113 . 50 2122 . 20 2124.20 2126 . 20 2127 . 20 2128 . 20 2129 . 20 2130.20 2131.20 2133 . 20 
2134.20 2135 . 20 2136.20 2137 . 20 2138 . 20 2139 . 20 2140 . 20 2141.20 2142 . 20 2143 . 20 ... ... "** *** 

HYORDGRAPH AT STATION DAMSN 
TRANSPOSITION AREA .0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99. 95 - HR 

+ (CFS) (HR) 
(CFS) 

+ 5. 6.25 5. 5 . 3. 3. 
(INCHES~ . 083 . 296 . 592 .649 

(AC-FT 3 . 9. 19. 21. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (AC-FT) (HR) 
33 . 6.30 32. 28. 22. 19 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (FEET) (HR) 
2126.78 6 . 30 2126 . 63 2126.02 2124 . 70 2123.83 

CUMULATIVE AREA = .60 SQ MI 

*** *** ... 
HYOROGRAPH AT STATION DAMSN 

TRANSPOSITION AREA . 5 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

• (CFS) (HR) 
(CFS) 

5. 6.25 5 . 5. 3. 2 . 
(INCHES) .082 . 293 . 585 .640 

(AC-FT) 3. 9. 19. 21. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (AC-FT) (HR) 
32 . 6 . 30 32. 28 . 22. 19 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72- HR 99.95 - HR 

+ (FEET) (HR) 
2126 . 73 6.30 2126 . 58 2125.97 2124.67 2123 . 80 

CUMULATIVE AREA = .60 SQ MI 

**" *** 

HYDRDGRAPH AT STATION DAMSN 
TRANSPOSITION AREA 2 . 8 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

+ (CFS) (HR) 
(CFS) 

+ 4 . 6 . 50 4 . 4. 2. 2 . 
(INCHES~ .065 . 220 . 422 . 459 

(AC-FT 2. 7. 14 . 15 . 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (AC-FT) (HR) 
26 . 6. 50 25. 23. 18. 16. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6- HR 24- HR 72-HR 99.95-HR 

+ (FEET) (HR) 
2125 . 59 6. 50 2125 .46 2124.97 2123 . 96 2123 . 24 

CUMULATIVE AREA = . 60 SQ MI 

**" *** 

INTERPOLATED HYDROGRAPH AT DAMSN 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95-HR e: (CFS) (HR) 

(CFS) 
5 . 6. 35 5 . 5. 3 . 2. 
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• 1 

OPERATION 
+ 

HYOROGRAPH AT 
+ 

ROUTED TO 
+ 

HYOROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYOROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

HYOROGRAPH AT 
+ 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
+ 

DIVERSION TO 
+ 

HYDROGRAPH AT 

e: ROUTED TO 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

DIVERSION TO 
+ 

HYOROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

COMBINED AT 
+ 

COMBINED AT 
+ 

ROUTED TO 
+ ' 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 

4 COMBINED AT 

(INCHES) 
(AC-FT) 

. 081 
3. 

.286 
9. 

10Y6H 
. 567 . 621 
18 . 20 . 

CUMULATIVE AREA = . 60 SQ MI 

STATION 

SCl 

RSC1C1 

SC2 

Cl 

SC3 

C2 

RC2DAM 

SC4 

scs 

C3 

DAMSC 

DTSC 

DIVSC 

RSCC4 

SC6 

C4 

SNl 

DAMSN 

DTSN 

DIVSN 

RSNCS 

SN2 

cs 

C6 

RC6C7 

RTSC 

RSCC7 

RTSN 

RSNc7 

SN3 

C7 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

549 . 4.25 59. 15. 5 . 

527 . 4 . 35 59. 15. 5 . 

166 . 4.10 10 . 3 . 1. 

554 . 4.30 68. 17 . 6. 

235 . 4.15 20. 5. 2. 

690. 4.25 85 . 21. 7. 

616. 4.60 85. 21. 7. 

378. 4 . 30 so. 13 . 4. 

217 . 4.15 20. 5. 2. 

831. 4.45 143. 36 . 12 . 

6 . 7 . 50 6. 6 . 5. 

6. 7.50 6. 6. 5. 

o. .00 0. 0 . 0 . 

0. .00 0. 0. 0. 

186. 4 .10 12 . 3. 1. 

186. 4 .10 12 . 3 . 1. 

499. 4. 30 66 . 16 . 5. 

5. 6.35 5 . 5. 3 . 

s. 6.35 5. 5. 3. 

o. .00 0. 0. 0. 

o. .00 o. 0 . 0. 

264. 4. 20 25. 6 . 2. 

264. 4.20 25. 6 . 2. 

419. 4.15 37. 9 . 3 . 

361. 4. 30 37. 9. 3. 

6 . 7. 50 6. 6. 5. 

6. 7 .60 6 . 6 . 5. 

5 . 6. 35 5 . 5. 3. 

5. 6.40 s. 5 . 3. 

322 . 4. 15 30. 8 . 3. 

599. 4 .20 72 . 26. 14 . 
Page 9 

BASIN 
AREA 

.56 

.56 

.10 

.66 

.20 

.86 

. 86 

. 38 

. 15 

1. 39 

l. 39 

1. 39 

1. 39 

1.39 

.11 

.11 

. 60 

. 60 

. 60 

.60 

. 60 

. 25 

.25 

. 37 

. 37 

1.39 

1. 39 

. 60 

. 60 

.22 

. 59 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



• 
CONTINUITY 

ISTAQ ELEMENT DT 

(MIN) 

10Y6H 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

PEAK TIME TO VOLUME DT PEAK TIME TO 
PEAK PEAK 

(CFS) (IN) (MIN) (CFS) (MIN) 

FOR STORM c 1 STORM AREA (SQ MI) = 

(MIN) 

. 00 
460.22 .57 3. 00 6 . 70 459 . 00 RSCC7 MANE 3 . 00 6 . 70 

SUMMARY (AC-FT) - INFLOW= . 4212E+02 EXCESS= .0000E+00 OUTFLOW= . 4207E+02 BASIN STORAGE~ 

FOR STORM = 2 STORM AREA (SQ MI) ~ . 50 
RSCC7 MANE 3 . 00 6 . 66 460.70 . 56 3.00 6 . 66 459 . 00 

CONTINUITY SUMMARY (AC-FT) - INFLOWc . 4172E+02 EXCESS= . 0000E+00 OUTFLOW= .4169E+02 BASIN STORAGE= 

FOR STORM = 3 STORM AREA (SQ MI) = 2.80 
RSCC7 MANE 3.00 6.03 469 .07 .46 3.00 6.03 468 . 00 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 3397E+02 EXCESS= . 0000E+00 OUTFLOW= .3394E+02 BASIN STORAGE= 

FOR STORM = 1 STORM AREA (SQ MI) = . 00 
RSNC7 MANE 3.00 5.45 384.19 .65 3.00 5 . 45 384.00 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2079E+02 EXCESS= . 0000E+00 OUTFLOW= . 2078E+02 BASIN STORAGE= 

FOR STORM = 2 STORM AREA (SQ MI) = .so 
RSNC7 MANE 3 . 00 5.42 384.58 . 64 3.00 5 . 42 384.00 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 2052E+02 EXCESS= .0000E+00 OUTFLOW= . 2051E+02 BASIN STORAGE= 

FOR STORM = 3 STORM AREA (SQ MI) = 2 . 80 
RSNC7 MANE 3 . 00 4 . 34 399 . 39 .46 3. 00 4 . 34 399 . 00 

VOLUME 

(IN) 

. 57 

. 3657E- 01 PERCENT ERROR= . 0 

. 56 

. 3610E- 01 PERCENT ERRORe .0 

. 46 

. 2767E- 01 PERCENT ERROR= .0 

, 65 

. 9133E- 02 PERCENT ERROR= .0 

. 64 

.9008E-02 PERCENT ERROR= . 0 

. 46 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 1471E+02 EXCESS= .0000E+00 OUTFLOW= .147lE+02 BASIN STORAGE= .6572E- 02 PERCENT ERROR= . 0 

~ ~*~ NORMAL END OF HEC-1 *** 

~ Page 10 



50Y6H 

•

***************************************** 
* * * FLOOD HYOROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 * 

* 
* 
* 

U.S . ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

1 

• 

1 

• 

* VERSION 4 . 1 * 
RUN DATE 12APR11 TIME 16:04:45 

***************************************** 

X X xxxxxxx )()()()()( X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X )()()()()( X 
X X X X X 
X X X X X X 
X X xxxxxxx )()()()()( XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE . 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION , DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
K'INEMA TIC WAVE : NEW FINITE DIFFERENCE ALGORITHM . 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

LINE 

52 
53 
54 
55 
56 
57 
58 
59 

HEC-1 INPUT 

ID . . .. ... 1 . . . . ... 2 ..... .. 3 . . . .. . . 4 .. .... . 5 . . ... .. 6 .. . . ... 7 . . . .. .. 8 .. ... .. 9 .. .... 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
IT 
IN 

Flood con~rol ois~ric~ of Maricopa coun~y 
Projec~ Name: Wickenburg Area Drainage Mas~er S~udy/Plan 
con~rac~ FCD 2009C030 
Hoskin Ryan consultan~s. Inc. 

Phase I Hydrology Model 
Phase I s~udy area includes ~ributary wa~ersheds of sunse~ and 
sunnycove washes. Sunnycove ~ributary sub basins include: sc1 , sc2 
sc3, SC4, sc5 and sc6. sunnset tribu~ary sub basins include: SN1, 
SN2 and SN3. 
To~al drainage area is 2.59 square miles. 
TWo flood re~arding s~ruc~ures were cons~ruc~ed wi~hin Phase I 
s~udy area, sunse~ and sunnycove cams. A pi peline system was 
cons~ruc~ed and connec~ed ~o ~he primary spillways ~o release 
Dam Reservoirs ~o Hassayampa River. 
The compaci~y of ~he pipeline sys~em is 19.5 cfs for sunnycove Dam 
and 17.1 cfs for Sunse~ Dam. Excess flow will be released a~ ~he 
release manholes immedia~e downs~ream of ~wo dams or through ~he 
emergency spillways. 

SO Year 6 Hour Existing condi~ion 
Model prepared wi~h DDMSW version 4.6.0 

Rainfall: NOAA 14 
Area-oep~h: ~he defaul~ reduc~ion factor in DDMSW was selected 
Rainfall Loss : Green-Ampt Equation 

Unit Hydrograph: S-Graph (Mountain) 
soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use: MAG 2009 land use file was used, provided b¥ FCDMC 
channel Routing: Cross-section geometries and Manning s n were 
based on field observation . 
sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aenal Mapplng. 

File Name : 50Y6H.DAT 
Date: 01/17/ 2011 

3 19NOV10 
15 

1200 2000 

IO 
*DIAGRAM 

5 

* 
JD 2.949 0.0001 
PC 0.000 0.008 0 . 016 0.025 0 . 033 0.041 0 .050 0.058 0.066 
PC 0.087 0.099 0.118 0.138 0 . 216 0.377 0.834 0.911 0.931 
PC 0.962 0.972 0.983 0 . 991 1.000 
JD 2.931 0. 5000 
PC 0.000 0.008 0 . 016 0 . 025 0.033 0.041 0.050 0 . 058 0.066 
PC 0.087 0 . 099 0.118 0.138 0.216 0.377 0 . 834 o. 911 0 . 931 
PC 0 . 962 0 . 972 0.983 0 .991 1.000 
JD 2.875 2.8 
PC 0.000 0.009 0.016 0 . 025 0.034 0.042 0 . 051 0.059 0 . 068 
PC 0.088 0.101 0.121 0 .164 0 . 253 0.451 0 . 694 0.836 0 . 900 
PC 0 . 950 0 . 963 0.975 0 . 988 1.000 
" HEC-1 INPUT 

0.074 
0.950 

0 . 074 
0 . 950 

0 . 077 
0 . 938 

ID . . ... .. 1. . . . . . . 2 . .. .... 3 ... ... . 4 . .. . .. . 5 . .... .. 6 .. . .... 7 . . . .. . . 8 . .. .. .. 9 ..... . 10 

KK SC1 BASIN 
BA 0 . 562 
LG 0.18 0.34 6 . 60 0.16 9 
UI 0 78 96 259 414 528 621 843 714 504 
UI 442 390 345 301 253 204 184 168 136 110 
UI 97 85 74 59 59 38 38 38 34 15 
UI 15 15 15 15 15 15 15 15 0 0 
UI 0 0 0 0 0 0 0 0 0 0 
* 

Page 1 

PAGE 1 

PAGE 

* 
" " 
* 



• 

1 

• 

1 

• 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 

84 
85 
86 

87 
88 
89 
90 
91 

LINE 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

108 
109 
110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

LINE 

132 
133 
134 

KK RSC1C1 ROUTE 
RS 2 FLOW 

50Y6H 

RC 0.057 0 .033 0.057 2546 0.0150 2316 . 00 
RX 900 . 00 950. 00 990 . 00 993.00 1008.00 1011 . 00 1051 . 00 1100 . 00 
RY 2316 . 0 2315 . 00 2311 . 00 2310.00 2310 .00 2311 .00 2315 . 00 2316 . 00 

" 
KK SC2 
BA 0. 100 
LG 0. 20 
UI 0 
UI 26 
UI 0 
UI 0 
UI 0 
* 

BASIN 

0 . 37 
46 
17 

0 
0 
0 

6 . 60 
173 

13 
0 
0 
0 

0 .15 
306 

6 
0 
0 
0 

8 
236 

6 
0 
0 
0 

162 
6 
0 
0 
0 

116 
0 
0 
0 
0 

79 
0 
0 
0 
0 

55 
0 
0 
0 
0 

KK 
KM 
HC 

C1 COMBINE 
Tota1 tributary area of 0.6627 square mi 1es for sub Basin sc1 and sc2. 

2 0 . 6627 
" 
KK SC3 
BA 0 . 197 
LG 0 . 19 
UI 0 
UI 135 
UI 18 
UI 0 
UI 0 . 

BASIN 

0 . 37 
37 

103 
13 

0 
0 

6.40 
85 
87 

7 
0 
0 

0 .16 
186 

73 
7 
0 
0 

7 
261 

55 
7 
0 
0 

350 
45 

7 
0 
0 

352 
39 

7 
0 
0 

228 
28 

7 
0 
0 

194 
25 

0 
0 
0 

38 
0 
0 
0 
0 

163 
18 
0 
0 
0 

KK 
KM 
HC 

C2 COMBINE 
Total tributary area of 0.8597 square mi les for sub Basi n scl, sc2 and sc3. 

2 0.8597 
" 
KK RC2DAM ROUTE 
RS 7 FLOW 
RC 0 . 062 0.035 0 . 062 10737 0 . 0145 2206 . 00 
RX 900.00 926 . 00 986 . 00 990.00 1010.00 1014.00 1074 . 00 1100 . 00 
RY 2206.0 2205.00 2202.00 2200 . 00 2200.00 2202.00 2205.00 2206.00 

" HEC-1 INPUT 

ID . . . .. .. 1 . . ... . . 2 .•• . . , . 3 ...... . 4 . . . . ... 5 . ... .. . 6 .. .. . . . 7 ... . . .. 8 . .•• .. . 9 .... .. 10 

KK SC4 
BA 0.384 
LG 0.20 
UI 0 
UI 325 
UI 98 
UI 22 
UI 8 
* 
KK scs 
BA 0.150 
LG 0 . 21 
UI 0 
UI 82 
UI 6 
UI 0 
UI 0 
" 

BASIN 

0.35 
44 

274 
85 
22 

8 

BASIN 

0.38 
33 
70 

6 
0 
0 

7 . 00 
44 

250 
73 
22 

8 

6.40 
97 
50 

6 
0 
0 

0 .12 
107 
224 

57 
22 

8 

0.15 
196 

39 
6 
0 
0 

22 
183 
203 

55 
12 

8 

30 
266 

32 
0 
0 
0 

259 
181 

48 
8 
0 

338 
25 
0 
0 
0 

307 
160 

45 
8 
0 

208 
18 

0 
0 
0 

348 
136 

34 
8 
0 

170 
16 

0 
0 
0 

441 
114 

34 
8 
0 

139 
13 

0 
0 
0 

KK 
KM 
KM 
HC 

C3 COMBINE 
Total tributary area of 1.3934 square miles for sub Basin sc1, sc2 , sc3 , 
SC4 and scs . 

3 1.3934 
* 
KK DAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest elevation is 
KM 2172 . 20 feet (NAV088). 
KM The stage-discharge rating curve is based on SITES model results, provided 
KM by FCDMC. 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safety standards . 
KO 3 

498 
106 

30 
8 
0 

109 
6 
0 
0 
0 

RS 1 STOR 
SV 0 19 . 28 26 . 94 36.47 47 . 89 61.20 76.51 93.90 113.47 135.29 
SV 159 . 65 186 . 80 216 . 92 225 .15 233.39 241 . 63 250.19 286 . 77 326.84 368 . 00 
SQ 0 0 1.7 3. 2 4.7 5 . 9 6 . 6 7.3 8.0 8 . 5 
SQ 9.0 9 . 6 28.0 162 393 674 979 2635 4906 7746 
SE 2130 2150 . 20 2152.20 2154 . 20 2156.20 2158 . 20 2160.20 2162 . 20 2164.20 2166 . 20 
SE 2168.2 2170.20 2172.20 2172.70 2173. 20 2173.70 2174 . 20 2176 . 20 2178.20 2180.20 

" 
KK 
KM 
DT 
DI 
DQ 
" 

DIVSC DIVERT 
The downstream 

DTSC 0.0 
0.0 19.5 
0.0 19 . 5 

pipeline has a maximum capacity of 19 . 5 cfs . 
19 . 5 

4000 .0 
19 . 5 

HEC-1 INPUT 

ID . . . . ... 1 . . . . .. . 2 ...... . 3 . ..... . 4 ..... . . 5 ....... 6 . ..... . 7 . ...... 8 ... . ... 9 .. .. .. 10 

KK RSCC4 
RS 1 
RC 0 . 055 

ROUTE 
FLOW 

0.035 0 .055 2689 0 .0347 2106 . 00 
Page 2 
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• 

• 

135 
136 

137 
138 
139 
140 
141 
142 
143 
144 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 

155 
156 
157 
158 
159 
160 
161 
162 

163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

LINE 

178 
179 
180 
181 
182 

183 
184 
185 
186 
187 

188 
189 
190 
191 
192 
193 
194 
195 

196 
197 
198 
199 
200 
201 
202 
203 
204 

205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

215 
216 

50Y6H 
RX 900 . 00 960 . 00 990 . 00 998 . 00 1002 . 00 1010 . 00 1012. 00 1013 . 00 
RY 2106 . 0 2105.00 2102 . 00 2100.00 2100.00 2102.00 2108 . 00 2108 . 00 
* 
KK SC6 
BA 0.114 
LG 0 . 25 
UI 0 
UI 31 
UI 0 
VI 0 
UI 0 
* 

BASIN 

0. 38 
50 
21 

0 
0 
0 

C4 COMBINE 

6. 40 
189 

18 
0 
0 
0 

0.16 
331 

7 
0 
0 
0 

13 
281 

7 
0 
0 
0 

186 
7 
0 
0 
0 

135 
7 
0 
0 
0 

91 
0 
0 
0 
0 

66 
0 
0 
0 
0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 

Given that no surface f low released from Sunnycove Dam duri ng the 10-, 
50-, 100- and 250- year 6-hour events, the total tributary area for C4 
only includes sub Basin sc6, i.e. 0.114 square miles . 
Given that the surface flow released from sunnycove Dam durin9 the 
500-year 6-hour event l ags behind the local flow from sub Bas1n sc6 
and is not additive to the dominati ng local peak flow, the total 
tributary area fo r C4 only includes sub Basin sc6, i.e . 0 .114 square 
miles . 

2 0 .114 
* 
KK SN1 
BA 0 . 601 
LG 0 . 19 
UI 0 
UI 524 
UI 156 
UI 39 
UI 13 
* 

BASIN 

0 . 39 
68 

432 
142 

33 
13 

KK OAMSN STORAGE 

6.00 
68 

391 
113 

33 
13 

0.19 
159 
353 
98 
33 
13 

18 
272 
321 
87 
33 
13 

387 
285 

77 
13 
13 

462 
257 

74 
13 

0 

527 
221 

59 
13 

0 

645 
185 

52 
13 

0 

KM According to the as-built plan , the emergency spillway crest elevation is 
KM 2133.20 f eet (NAV088) . 
KM The stage- discharge rating curve is based on SITES model results, provi ded 
KM by FCDMC. 
KM The dam storage routing i s for FEMA floodplain delineati on purposes , not 
KM appl i cable for NRCS dam safety standards. 
KD 3 
RS 1 STDR 

44 
0 
0 
0 
0 

797 
166 

52 
13 

0 

SV 0 
sv 89.37 

10.81 19 . 04 29 . 27 35.33 41 . 59 48 . 64 55.86 63.77 80 . 53 
98.87 108 . 56 119.00 129.68 141 . 27 153.09 165.82 178 .79 192.72 

SQ 0 
SQ 173 
SE 2113.5 
SE 2134.2 
* 

0 2 .60 5 .10 5.70 6.30 6.90 7 . 40 7.90 8 . 80 
437 714 1041 1412 1822 2267 2746 3255 3793 

2122.20 2124. 20 2126.20 2127 . 20 2128.20 2129 . 20 2130.20 2131 . 20 2133 . 20 
2135 .20 2136 . 20 2137 . 20 2138.20 2139 . 20 2140.20 2141 . 20 2142 . 20 2143 .20 

HEC-1 INPUT 

ID .. . .... 1 . .. . .. . 2 .. .. . . . 3 . . . . .. . 4 ....... 5 ..... . . 6 . . . . ... 7 ..... . . 8 . . . .... 9 ..... . 10 

KK DIVSN DIVERT 
KM The downstream pipeline has a maximum capacity of 17 . 1 cfs . 
DT DTSN 0 . 0 17 .1 
DI 0 . 0 17.1 1500 . 0 
DQ 0.0 17.1 17 .1 
* 
KK RSNC5 ROUTE 
RS 1 FLOW 
RC 0.064 0 .035 0 . 064 2143 0 .0169 2097.00 
RX 900.00 950 . 00 977. 00 995 . 00 1005 . 00 1023.00 1050 . 00 1100 . 00 
RY 2097.0 2096 . 00 2096. 00 2090.00 2090 . 00 2096 . 00 2096 . 00 2097 . 00 
* 
KK SN2 
BA 0 . 255 
LG 0 . 20 
UI 0 
UI 194 
UI 31 
UI 8 
UI 0 
* 

BASIN 

0 . 40 
40 

167 
31 
8 
0 

C5 COMBINE 

6.00 
67 

140 
20 

8 
0 

0 .18 
157 
112 

20 
0 
0 

7 
248 

96 
20 
0 
0 

303 
87 
12 

0 
0 

401 
68 
8 
0 
0 

391 
53 

8 
0 
0 

259 
47 

8 
0 
0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 

Given that no surf ace flow released from sunset Dam during the 10-, 50-, 
100- and 250-year 6-hour events, the total tributary area for cs only 
includes sub Basin SN2, i . e. 0.255 square miles . 
Given that the surface flow released from Sunset Dam during the 500-year 
6- hour event lags behind the local flow from sub Basin SN2 and is not 
additive to the dominating local peak flow, the total tributary area 

* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
" 

for cS only includes sub Basi n SN2, i . e . 0.255 square miles. 
2 0.255 

C6 COMBINE 
Given that no surf ace flow released from sunnycove/ Sunset Dams duri ng 
the 10-, 50-, 100- and 250-year events, the total tributary area for C6 
only includes sub Basin sc6 and SN2, i . e. 0.369 square miles . 
Given that the su r face flow released from sunnycove/ Sunset Dams during 
the 500-year 6-hour event lags behind the local flows f rom sub Basi n SC6 
and SN2 and is not additive to the dominating local peak flow, the total 
tributary area fo r C6 only includes sub Basin sc6 and SN2, i.e. 0 . 369 
square miles. 

2 0. 369 

KK RC6C7 ROUTE 
RS 2 FLOW 

Page 3 

224 
43 

8 
0 
0 
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• 

1 

• INPl!T LINE 

NO . 

52 

60 

65 

73 

76 

84 

87 

92 

100 

108 

112 

129 
127 

132 

137 

145 

155 

• 163 

217 
218 
219 

50Y6H 
RC 0 . 069 0.036 0.069 3552 0.0122 2057.00 
RX 900 . 00 950.00 963 . 00 993.00 1008 . 00 1038.00 1050 . 00 1100 . 00 
RY 2057.0 2056 . 00 2056 . 00 2050 . 00 2050.00 2056 . 00 2056.00 2057.00 
* HEC-1 INPUT 

LIN E ID .... , .. 1. ... ... 2 . . . .... 3 ....... 4 ... . .. . 5 .... . .. 6 . .... .. 7 ...... . 8 ....... 9 ... .. . 10 

220 
221 

KK 
DR 
* 

RTSCRETRIEVE 
DTSC 

222 
223 

KK 
KM 
RK 

RSCC7 ROUTE 
Kinematic wave was selected for the routi ng through the pipeline , no attenuat 

5691 0.0163 0.013 CIRC 1.500 224 

225 
226 

* 
KK 
DR 
* 

RTSNRETRIEVE 
DTSN 

227 
228 

KK 
KM 
RK 
* 

RSNC7 ROUTE 
Kinematic wave was selected for the routing through the pipeline, no attenuat 

229 

230 
231 
232 
233 
234 
235 
236 
237 

238 
239 
240 
241 
242 
243 
244 
245 
246 
247 

248 

KK 
BA 
LG 
UI 
UI 
UI 
UI 
UI 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* zz 

5047 0.0143 0 .013 CIRC 1.500 

SN3 BASIN 
0 . 223 
0.22 o. 35 5.20 0.29 39 

0 52 174 338 476 469 303 247 195 
117 87 64 52 40 28 26 16 10 

10 10 10 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

C7 COMBINE 
Given that no surface flow released from sunnycove/ sunset Dams during 
the 10- , 50-

1 
100- and 250-year 6-hour events, the total tributary area 

for C7 only 1ncludes sub Basin sc6, SN2 and SN3, i.e. 0.5913 square miles. 
Given that the surface flow released from sunnycove/sunset Dams during 
the 500-year 6-hour event la~s behind the local flows from Sub Basin S(6, 
SN2 and SN3 and is not addit1ve to the dominatin~ local peak flow, the 
total tributary area for C7 only includes sub Bas1n SC6, SN2 and SN3, 
i.e. 0 . 5913 square miles. 

4 0.5913 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(--->) DIVERSION OR PUMP FLOW (V) RDl!TING 

( .) CONNECTOR 

SCI 

(<- --) RETURN OF DIVERTED OR PUMPED FLOW 

v 
v 

RSClCl 

SC2 

ci .... .... .. . : 

SC3 

ci ..... .. . . .. : 
v 
v 

RC2DAM 

SC4 

SC5 

. . . 
c3 ....... .. . . . ..... .. .... . 
v 
v 

DAMSC 

.-------> DTSC 
DIVSC 

v 
v 

RSCC4 

SC6 

. . 
C4 .. ..... . . . . . 

SN1 
v 
v 

DAMSN 
Page 4 

142 
10 

0 
0 
0 
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50Y6H 

• 180 
178 

.-------> DTSN 
DIVSN 

v 
v 

183 RSNC5 

188 SN2 

. . 
196 C5 ..... . . .. . . . 

205 c6 .... . .. . . .. : 
v 
v 

215 RC6C7 

221 .<------- DTSC 
220 RTSC 

v 
v 

222 RSCC7 

226 .<------- DTSN 
225 RTSN 

v 
v 

227 RSNC7 

230 SN3 

. . . . 
238 C7 .... . ........ . ...... . ........ .. ... . . 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
! ***************************************** *************************************** 

• • 

• 

• 

. . 

. 
• 

FLOOD HYDROGRAPH PACKAGE (HEC- 1) 

RUN DATE 

39 IO 

IT 

JUN 1998 
VERSION 4.1 . 

• 
12APR11 TIME 16 :04 :45 . 

OUTPUT CONTROL 
IPRNT 
I PLOT 
QSCAL 

• 

Flood control District of Maricopa county 
Project Name : Wickenburg Area Drainage Master Study/ Plan 
contract FCD 2009C030 
Hoskin Ryan Consultants, Inc. 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of sunset and 
sunnycove washes . sunnycove tributary sub basins i nclude: sc1, sc2 
sc3, sc4, scs and sc6. sunnset tributary sub basins i nclude : SN1, 
SN2 and SN3. 
Total drainage area is 2.59 square miles . 
TWO flood retarding structures were constructed within Phase I 
study area, sunset and Sunnycove Dams. A pipeline system was 
constructed and connected to the primary spillways to release 
Dam Reservoirs to Hassayampa River. 
The compacity of the pipeline system is 19 . 5 cfs for sunnycove Dam 
and 17 .1 cfs for sunset Dam . Excess flow will be released at the 
release manholes immediate downstream of two dams or through the 
emergency spillways. 

50 Year 6 Hour EXisting condition 
R~~~~!1 ~~e~~~d1~th DDMSW version 4.6 .0 
Area-Depth: the defau l t reduction factor in DDMSW was selected 
Rainfall Loss: Green-Ampt Equation 
unit Hydrograph : s-Graph (Mountain) 

soil: Latest soil map from NRCS was used , file provided by FCDMC 
Land use: MAG 2009 land use file was used , provided by FCDMC 
channel Routing: Cross-section geometries and Manning s n were 
based on field observation. 
Sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aen al Mappl ng . 

File Name: 50Y6H .DAT 
Date : 01/17/2011 

VARIABLES 
5 
0 

0 . 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMIN 

DATA 
3 

19NOV10 
1200 
2000 

23NOV10 
1557 

19 

MI NUTES IN COMPUTATION INTERVAL 
STARTING DATE I DATE 

ITIME 
NQ 

NDDATE 
NDTIME 
I CENT 

STARTING TIME 
NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

Page 5 

U.S . ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS , CALIFORNIA 95616 

(916) 756-1104 

• . 
• 



• 

• 

• 

SOY6H 
COMPUTATION INTERVAL . OS HOURS 

TOTAL TIME BAS E 99.9S HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH I NCHES 
LENGTH , ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAH RENHEIT 

40 JD INDEX STORM NO . 1 
STRM 2 . 9S PRECIPITATION DEPTH 
TRDA .00 TRANSPOSITION DRAINAGE AREA 

41 PI PRECIPITATION PAITERN 
.00 .00 . 00 . 00 . 00 . 00 .00 . 00 . 00 . 00 
.00 .00 .00 . 00 . 00 . 00 .00 . 00 . 00 .00 
.00 . 00 . 00 . 00 . 00 . 00 .00 .00 . 00 .00 
. 00 . 00 .00 .00 .00 . 00 . 00 . 00 . 00 .00 
.00 . 00 .00 . 00 . 00 .00 .00 .00 . 00 .00 
.00 .00 .00 . 00 . 00 . 00 .00 .00 . 00 . 00 
. 00 . 00 .00 . 00 . 00 .02 . 02 . 02 .02 .02 
. 03 . 03 .03 . 03 . 03 . 09 . 09 . 09 . 09 . 09 
. 02 .02 . 02 . 02 . 02 .00 . 00 . 00 . 00 . 00 
. 00 .00 .00 .00 . 00 .00 .00 .oo . 00 . 00 
. 00 .00 .00 .00 . 00 .00 .00 .oo . 00 .00 
.00 . 00 .00 . 00 .00 .00 .00 . 00 . 00 . 00 

44 JO INDEX STORM NO. 
STRM 2.93 PRECIPI TATION DEPTH 
TRDA .so TRANSPOSI TION DRAINAGE AREA 

4S PI PRECIPITATION PAITERN 
. 00 .oo . 00 . 00 .00 . 00 .00 . 00 . 00 .00 
.00 .00 .00 . 00 .00 . 00 .00 . 00 . 00 .00 
. 00 . 00 . 00 . 00 .00 . 00 .00 . 00 .00 . 00 
.00 .00 .00 . 00 .00 .00 . 00 .oo .00 .00 
. 00 .00 . 00 . 00 . 00 .00 .00 . 00 .00 .00 
. 00 .00 . 00 .00 .00 . 00 . 00 . 00 . 00 . 00 
.00 .00 . 00 .00 . 00 .02 . 02 . 02 .02 . 02 
. 03 .03 . 03 . 03 . 03 .09 . 09 . 09 .09 .09 
. 02 .02 .02 . 02 . 02 .00 .00 . 00 . 00 .00 
. 00 .00 .00 . 00 . 00 .00 .oo .oo . 00 . 00 
. 00 .00 .00 .00 .00 .00 . 00 . 00 . 00 .00 
. 00 .00 .00 . 00 .00 .00 .00 . 00 . 00 .00 

48 J D INDEX STORM NO. 3 
STRM 2 . 88 PRECIPI TATION DEPTH 
TRDA 2 . 80 TRANSPOSITION DRAI NAGE AREA 

49 PI PRECI PITATI ON PAITERN 
. 00 . 00 . 00 . 00 . 00 . 00 .00 .oo .00 . 00 
. 00 . 00 . 00 . 00 . 00 .00 .00 .oo .00 .00 
. 00 . 00 .00 .00 .00 . 00 .00 . 00 .00 .00 
.00 . 00 .00 . 00 .00 .00 .00 . 00 . 00 .00 
. 00 . 00 .00 . 00 .00 .00 .00 . 00 . 00 .00 
.00 . 00 .00 . 00 . 00 .00 .00 .00 . 00 .00 
.01 . 01 .01 . 01 .01 . 02 .02 .02 . 02 .02 
. 04 .04 . 04 . 04 .04 .OS .OS . 05 . OS .OS 
.03 .03 .03 . 03 . 03 .01 .01 .01 . 01 . 01 
. 01 . 01 .01 . 01 . 01 .00 . 00 .oo .00 . 00 
. 00 .00 . 00 . 00 . 00 .00 .00 .oo .00 .00 
.00 .00 .00 .00 . 00 .00 .00 . 00 .00 . 00 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

112 KK 

119 KO 

120 RS 

121 SV 

123 SQ 

125 SE 

W************* 
* * DAM SC * 

* * ************** 

STORAGE 

OUTPUT CONTROL VARI ABLES 
I PRNT 3 
IPLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

1 NUMBER OF SUBREACHES 
STORAGE RO UTING 

NSTPS 
I TYP 

RSVRI C 
STOR TYPE OF I NITIAL CONDITION 

.00 INITIAL CONDITI ON 
X . 00 WORKING R AND D COEFFI CIENT 

STORAGE . 0 19 . 3 26.9 36. S 
159 .6 186 . 8 216 . 9 225.1 

DISCHARGE o. 0 . 2 . 3 . 
9. 10 . 28 . 162 . 

ELEVATION 2130.00 2150 .20 21S2 . 20 2154.20 
2168 . 20 2170 . 20 2172.20 2172 . 70 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITION AREA .0 SQ MI 

47 . 9 
233.4 

5 . 
393. 

2156 .20 
2173 . 20 

... 
Page 6 

61.2 76.S 93.9 113.5 135 . 3 
241.6 250 . 2 286. 8 326 . 8 368. 0 

6 . 7 . 7. 8 . 9. 
674. 979 . 263 5 . 4906. 7746 . 

21S8 . 20 2160 . 20 2162 . 20 2164 . 20 2166 .20 
2173 .70 2174 . 20 2176 . 20 2178 .20 2180 . 20 



• 
+ 

+ 

+ 

+ 

PEAK FLOW 

(CFS) 

8. 

PEAK STORAGE 

(AC-FT) 
128 . 

PEAK STAGE 

(FEET) 
2165 . 54 

... 
PEAK FLOW 

(CFS) 

8 . 

PEAK STORAGE 

+ (AC-FT) 
127 . 

PEAK STAGE 

+ (FEET) 
2165 . 44 

*** 

. + 

PEAK FLOW 

(CFS) 

+ 8. 

PEAK STORAGE 

+ (AC-FT) 
111. 

PEAK STAGE 

+ (FEET) 
2163 . 93 

*** 

PEAK FLOW 

+ (CFS) 

+ 8. 

TIME 

(HR) 

7.25 

TIME 

(HR) 
7.50 

TIME 

(HR) 
7.50 

TIME 

(HR) 

7 . 25 

TIME 

(HR) 
7 .so 
TIME 

(HR) 
7.50 

TIME 

(HR) 

7 . 55 

TIME 

(HR) 
7 . 65 

TIME 

(HR) 
7.70 

TIME 

(HR) 

7.55 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

8. 
. 055 

4. 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

8. 8. 
.218 .618 
16 . 46 . 

50Y6H 

99 . 95-HR 

7. 
.792 
59 . 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

127. 

6-HR 

2165.45 

CUMULATIVE AREA c 

*** 

122. 106. 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

2164.94 

1.39 SQ MI 

... 
2163.44 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITION AREA . 5 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
8. 8. 8 . 

(INCHES~ . 055 . 218 .615 
(AC- FT 4. 16. 46. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72 - HR 

126 . 120. 105 . 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

2165.35 2164.84 2163.33 

CUMULATIVE AREA ~ 1.39 SQ MI 

... *** 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 2 . 8 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) a. 8. 7. 
(INCHES~ .053 . 205 . 573 

(AC- FT 4. 15 . 43. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

110 . 105 . 91. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

2163 . 84 2163.31 2161.78 

CUMULATIVE AREA = 1. 39 SQ MI 

*** *** 

INTERPOLATED HYDROGRAPH AT DAMSC 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
8 . 8 . 7 . 

(INCHES) . 054 .210 .590 
(AC- FT) 4 . 16 . 44. 

CUMULATIVE AREA = 1. 39 SQ MI 

95. 

99 . 95-HR 

2161.37 

. .. 
99.95-HR 

7 . 
.788 

59 . 

99 . 95-HR 

94. 

99.95-HR 

2161.27 

**" 

99 . 95-HR 

7 . 
. 731 
54 . 

99 . 95 - HR 

81. 

99.95 - HR 

2159.78 

99. 95- HR 

7. 
.754 
56 . 

************** 

163 KK 

170 KO 

• 
DAMSN * . 

************** 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
!PLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 
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• 171 RS 

172 SV 

174 SQ 

176 SE 

*** 

PEAK FLOW 

+ (CFS) 

+ 7 . 

PEAK STORAGE 

+ (AC-FT) 
54 . 

PEAK STAGE 

+ (FEET) 
2129 . 91 

PEAK FLOW 

e: (CFS) 

7. 

PEAK STORAGE 

+ (AC-FT) 
53. 

PEAK STAGE 

+ (FEET) 
2129 . 84 

PEAK FLOW 

+ (CFS) 

+ 7. 

PEAK STORAGE 

+ (AC-FT) 
46. 

PEAK STAGE 

+ (FEET) 
2128 . 79 

PEAK FLOW 

e: (CFS) 

7. 

50Y6H 

STORAGE ROl}TING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 
STOR TYPE OF INITIAL CONDITION 

.00 INITIAL CONDITION 
X .00 WORKING RAND D COEFFICIENT 

STORAGE . 0 10 . 8 19.0 29 . 3 
89 . 4 98 . 9 108.6 119 . 0 

DISCHARGE 0. 0 . 3 . 5. 
714. 1041. 173 . 437 . 

ELEVATION 2113 . so 2122 . 20 2124.20 2U6.20 
2137.20 

TIME 

(HR) 

6 . 25 

TIME 

(HR) 
6 . 35 

TIME 

(HR) 
6 . 35 

TIME 

(HR) 

6 . 25 

2134 . 20 2135 . 20 2136 . 20 

*** 

*** *** 

HYDROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA .0 SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
7. 7 . 6 . 

(INCHES) .111 .421 1.037 
(AC- FT) 4 . 14. 33 . 

MAXIMUM AVERAGE STORAGE 
6 - HR 24 - HR 72-HR 

53 . 48 . 36 . 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

2129.75 2129.07 2127.27 

CUMULATIVE AREA = .60 SQ MI 

*** 

HYOROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA . 5 SQ MI 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

7. 
. 110 

4 . 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

7. 
.419 
13. 

6. 
1.029 

33. 

MAXIMUM AVERAGE STORAGE 

35.3 
129.7 

6 . 
1412. 

2127.20 
2138.20 

*** 

99 . 95- HR 

5 . 
1.195 

38. 

99.95-HR 

31. 

99.95-HR 

2126.00 

99.95-HR 

5 . 
1.184 

38. 

TIME 
6- HR 24- HR 72-HR 99 . 95-HR 

(HR) 
6 . 35 

TIME 

(HR) 
6 . 35 

TIME 

(HR) 

6.45 

TIME 

(HR) 
6.50 

TIME 

(HR) 
6 . 50 

TIME 

( HR) 

6 . 35 

52 . 

6- HR 

2129 . 68 

CUMULATIVE AREA = 

47. 36. 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

2129.01 

.60 SQ MI 

*** 

2127.21 

HYDROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA 2.8 SQ MI 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

7. 
.102 

3 . 

6-HR 

45. 

6-HR 

2128 . 64 

CUMULATIVE AREA = ... 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

6. 5. 
. 382 . 887 
12 . 28 . 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 

40. 30. 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

2127.98 

.60 SQ MI 

2126.29 

INTERPOLATED HYOROGRAPH AT DAMSN 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72 - HR 

(CFS) 
7. 7. s. 

31. 

99 . 95-HR 

2125.95 

**" 

99 . 95-HR 

4. 
. 999 
32. 

99 . 95-HR 

26. 

99.95-HR 

2125 .16 

99 . 95 - HR 

s. 
Page 8 

41.6 48.6 55.9 63 . 8 80 . 5 
141.3 153 . 1 165 . 8 178 . 8 192.7 

6 . 7 . 7 . B. 9. 
1822 . 2267 . 2746 . 3255. 3793 . 

2128 . 20 2129 . 20 2130.20 2131.20 2133 .20 
2139 . 20 2140.20 2141.20 2142 . 20 2143 . 20 



• 1 

OPERATION 
+ 

HYDROGRAPH AT 
+ 

ROl!TED TO 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROl!TED TD 
+ 

HYDRDGRAPH AT 
+ 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

ROl!TED TO 
+ 

DrvERSION TO 
+ 

HYDROGRAPH AT 

e: ROl!TED TO 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

ROl!TED TO 
+ 

DIVERSION TO 
+ 

HYDROGRAPH AT 
+ 

ROl!TED TO 
+ 

HYDROGRAPH AT 
+ 

COMBINED AT 
+ 

COMBINED AT 
+ 

ROl!TED TO 
+ 

HYDROGRAPH AT 
+ 

ROl!TED TO 
+ 

HYDROGRAPH AT 
+ 

ROl!TED TO 
+ 

HYDROGRAPH AT 
+ 

4 COMBINED AT 

(INCHES) . 110 
(AC-FT) 4 . 

CUMULATIVE AREA = 

.415 
13. 

. 60 SQ MI 

1.014 
32. 

50Y6H 

RUNOFF SUMMARY 

1.164 
37 . 

FLOW IN CUBIC FEET PER SECOND 
TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
STATION FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

sc1 863. 4 . 25 99 . 25. 8. 

RSC1C1 834 . 4 . 35 99 . 25 . 8 . 

SC2 250 . 4 .10 18 . 4. 1. 

C1 893 . 4 . 30 115 . 29 . 10. 

sc3 367 . 4 . 15 34 . 9 . 3 . 

C2 1124 . 4 . 25 144 . 36 . 12. 

RC2DAM 993 . 4 . 65 144 . 36 . 12. 

SC4 574. 4 . 30 78 . 20 . 7. 

scs 324. 4.15 31. 8 . 3. 

c3 1316 . 4 . 45 239. 60. 20. 

DAMSC 8. 7.55 8. 8. 7. 

DTSC 8 . 7 . 55 8 . 8. 7. 

DIVSC 0. .00 o. 0 . 0. 

RSCC4 o. .00 o. 0. 0 . 

SC6 282 . 4 .10 20. 5. 2 . 

C4 282. 4.10 20 . 5. 2. 

SN1 793. 4 . 30 108 . 27 . 9. 

DAMSN 7. 6. 35 7. 7 . 5. 

DTSN 7. 6.35 7. 7 . 5. 

DIVSN 0 . .00 0. 0 . 0. 

RSNCS o. .00 0 . o. 0. 

SN2 421. 4. 20 43 . 11. 4. 

C5 421. 4.20 43. 11. 4. 

C6 660. 4 .15 63 . 16. 5 . 

RC6C7 597. 4 . 25 63. 16. 5. 

RTSC 8. 7. 55 8. 8 . 7 . 

RSCC7 8. 7 . 65 8 . 8 . 7 . 

RTSN 7 . 6.35 7 . 7 . 5. 

RSNC7 7 . 6.45 7. 7. 5. 

SN3 483 . 4 .15 46 . 12 . 4. 

C7 975. 4. 20 116. 40 . 22. 
Page 9 

BASIN 
AREA 

. 56 

.56 

. 10 

. 66 

. 20 

. 86 

.86 

.38 

.15 

1. 39 

1.39 

1.39 

1.39 

1.39 

.11 

.11 

.60 

.60 

. 60 

. 60 

.60 

.25 

.25 

. 37 

. 37 

1. 39 

1. 39 

. 60 

. 60 

. 22 

.59 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



• ISTAQ ELEMENT DT 

(MIN) 

SOY6H 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

PEAK TIME TO VOLUME DT PEAK TIME TO 
PEAK PEAK 

(CFS) (IN) (MIN) (CFS) (MIN) 

FOR STORM ~ 1 STORM AREA (SQ MI) = 

( MIN) 

.00 
458.43 . 79 3 . 00 8 . 34 459.00 RSCC7 MANE 3.00 8.34 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5885E+02 EXCESS= . 0000E+00 OUTFLOW= .5879E+02 BASIN STORAGE= 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSCC7 MANE 3 . 00 8 . 31 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .S858E+02 

FOR STORM = 3 STORM AREA (SQ MI) = 
RSCC7 MANE 3.00 7 . 91 

CONTINUITY SUMMARY (AC-FT) - INFLOW~ . S434E+02 

FOR STORM = 1 STORM AREA (SQ MI) = 
RSNC7 MANE 3 .00 7 . 25 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .3830E+02 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSNC7 MANE 3 . 00 7.22 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .3794E+02 

FOR STORM ~ 3 STORM AREA (SQ MI) = 
RSNC7 MANE 3 . 00 6.65 

.so 
458.64 . 79 3.00 8 . 31 

EXCESS= . 0000E+00 OUTFLOW= .5852E+02 BASIN 

2 . 80 
468 . 24 .73 

EXCESS= .0000E+00 OUTFLOW= 

.00 
388.00 1.19 

EXCESS= . OOOOE+OO OUTFLOW= 

.50 
388.19 1 . 18 

EXCESS= .0000E+00 OUTFLOW= 

2 . 80 
397.85 1.00 

3.00 7 . 91 

.5430E+02 BASIN 

3.00 7.25 

. 3827E+02 BASIN 

3.00 7 . 22 

. 3791E+02 BASIN 

3.00 6.65 

459.00 

STORAGE= 

468 .00 

STORAGE= 

387 .00 

STORAGE= 

387.00 

STORAGE= 

396.00 

VOLUME 

(IN) 

. 79 

.5916E-01 PERCENT ERROR= . 0 

.79 

.5888E-01 PERCENT ERROR= . 0 

. 73 

. 5402E-01 PERCENT ERROR= . 0 

1.19 

.2102E-01 PERCENT ERROR= . 0 

1.18 

. 2068E-01 PERCENT ERROR= . 0 

1.00 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 3203E+02 EXCESS= .0000E+00 OUTFLOW= .3201E+02 BASIN STORAGE= .1577E-01 PERCENT ERROR= .0 

• Page 10 



100Y6H 

•

1***************************************** 
* * 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

*************************************** 
* 

1 

• 

1 

• 

JUN 1998 * 
* VERSION 4.1 * 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS , CALIFORNIA 95616 

(916) 756-1104 * ' * 
RUN DATE 13APR11 TIME 09:19:22 

X X xxxxxxx 
X X X 
X X X 
xxxxxxx xxxx 
X X X 
X X X 
X X xxxxxxx 

xxxxx 
X X 
X 
X xxxxx 
X 
X X 
xxxxx 

X 
XX 

X 
X 
X 
X 

XXX 

* 
* 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEClGS , HEC1DB, AND HEClKW . 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE . 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN7 7 VERSION 
NEW OPTIONS : DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY , 
DSS:REAO TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

LINE 

52 
53 
54 
55 
56 
57 
58 
59 

HEC-1 INPUT 

ID ..... . . 1 .. , .. .. 2 . ... ... 3 ...... . 4 ....... 5 ..... .. 6 ... . . .. 7 ..... . . 8 ..... ,, 9 .. . ,, . 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
IT 
IN 

Flood control District of Maricopa county 
Project Name: Wic kenburg Area Drainage Master study/Plan 
contract FCO 2009C030 
Hoskin Ryan consultants, Inc. 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of sunset and 
sunnycove washes . sunnycove tributary sub basins include: scl, sc2 
SC3, SC4, SC5 and sc6. sunnset tributary sub basins include: SNl, 
SN2 and SN3. 
Total drainage area is 2 . 59 square miles . 
TWo flood retarding structures were constructed within Phase I 
study area, sunset and sunnycove Dams . A pi~eline system was 
constructed and connected to the primary spillways to release 
cam Reservoirs to Hassayampa River. 
The compacity of t he pipeline system is 19.5 cfs for sunnycove Dam 
and 17 . 1 cfs for sunset Dam. Excess flow will be released at the 
release manholes immediate downstream of the dams or through the 
emergency spillways. 

100 Year 6 Hour Existing Condition 
Model prepared with DDMSW version 4.6.0 

Rainfall : NOAA 14 
Area-Depth : the default reduction factor in DDMSW was selected 
Rainfall Loss: Green-Ampt Equation 

unit Hydrograph: s-Graph (Mountain) 
soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use: MAG 2009 land use file was used, provided by FCDMC 
channel Routing : Cross-section geometries and Manning s n were 
based on field observation . 
sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aenal Mapp1ng. 

File Name: 100Y6H.DAT 
Date: 01/17/2011 

3 19NDV10 1200 
15 

2000 

IO 
*DIAGRAM 

5 

* JD 3. 319 0.0001 
PC 0.000 0.008 0.016 0.025 0 . 033 0 . 041 0.050 0.058 0.066 
PC 0 . 087 0.099 0 . 118 0.138 0.216 0 . 377 0.834 0.911 0 . 931 
PC 0.962 0 . 972 0 .983 0.991 1.000 
JD 3.299 0.5000 
PC 0 . 000 0.008 0 . 016 0.025 0.033 0 . 041 0 . 050 0.058 0 .066 
PC 0.087 0.099 0 . 118 0 . 138 0 . 216 0 . 377 0.834 0.911 0 . 931 
PC 0.962 0.972 0.983 0 . 991 1.000 
JD 3.236 2.8 
PC 0.000 0.009 0.016 0.025 0 . 034 0.042 0 .051 0.059 0.068 
PC 0.088 0.101 0.121 0 .164 0 . 253 0.451 0 . 694 0 . 836 0 . 900 
PC 0.950 0 . 963 0.975 0 .988 1.000 
* 

HEC-1 INPUT 

0.074 
0.950 

0 . 074 
0.950 

0 . 077 
0 . 938 

ID . ..... . 1. . .... . 2 ....... 3 . . . .... 4 .. ..... 5 . . .... . 6 ...... . 7 . . •.... 8 .... ... 9 .... • . 10 

KK SCl BASIN 
BA 0. 562 
LG 0.18 0. 34 6.60 0.16 9 
UI 0 78 96 259 414 528 621 843 714 504 
UI 442 390 345 301 253 204 184 168 136 110 
UI 97 85 74 59 59 38 38 38 34 15 
UI 15 15 15 15 15 15 15 15 0 0 
UI 0 0 0 0 0 0 0 0 0 0 
* 
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• 

1 

• 

1 

• 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 

84 
85 
86 

87 
88 
89 
90 
91 

LINE 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

108 
109 
110 
111 
112 

113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 
130 
131 
132 

LI NE 

133 
134 

KK RSC1C1 
RS 2 
RC 0 . 057 
RX 900 . 00 
RY 2316 .0 
* 
KK SC2 
BA 0 . 100 
LG 0 . 20 
UI 0 
UI 26 
UI 0 
UI 0 
UI 0 
" 

ROUTE 
FLOW 

0 . 033 
950 . 00 

2315 .00 

BASIN 

0 .37 
46 
17 

0 
0 
0 

C1 COMBINE 

100Y6H 

0 .057 2546 0.0150 2316 . 00 
990.00 993 . 00 1008.00 1011 . 00 1051.00 1100.00 

2311 . 00 2310 . 00 2310 . 00 2311.00 2315 . 00 2316 .00 

6 . 60 
173 

13 
0 
0 
0 

0 .15 
306 

6 
0 
0 
0 

8 
236 

6 
0 
0 
0 

162 
6 
0 
0 
0 

116 
0 
0 
0 
0 

79 
0 
0 
0 
0 

55 
0 
0 
0 
0 

KK 
KM 
HC 

Total tributary a r ea of 0.6627 square miles for sub Bas i n SC1 a nd sc2 . 
2 0 . 6627 

* 
KK SC3 
BA 0 .197 
LG 0 . 19 
UI 0 
UI 135 
UI 18 
UI 0 
UI 0 
* 

BASI N 

0. 37 
37 

103 
13 

0 
0 

C2 COMBINE 

6 . 40 
85 
87 

7 
0 
0 

0.16 
186 

73 
7 
0 
0 

7 
261 

55 
7 
0 
0 

350 
45 

7 
0 
0 

352 
39 

7 
0 
0 

228 
28 

7 
0 
0 

194 
25 

0 
0 
0 

38 
0 
0 
0 
0 

163 
18 

0 
0 
0 

KK 
KM 
HC 

Total tributary a r ea of 0 . 8597 square miles for sub Basin sc1, sc2 and sc3. 
2 0 . 8597 .. 

KK RC2DAM ROUTE 
RS 7 FLOW 
RC 0 . 062 0.035 0. 062 10737 0 .0145 2206.00 
RX 900.00 926 . 00 986 . 00 990.00 1010.00 1014.00 1074.00 1100.00 
RY 2206.0 2205.00 2202 . 00 2200 . 00 2200.00 2202 . 00 2205 . 00 2206 . 00 
" HEC-1 INPUT 

ID., .. . . . 1 . . .. .. . 2 . ... ... 3 . ... . .. 4 ... ... . 5 . . ... . . 6 . . .... . 7 .. . , . .. 8 . .. ... . 9 . ... .. 10 

KK SC4 
BA 0 . 384 
LG 0 . 20 
UI 0 
UI 325 
UI 98 
UI 22 
UI 8 • 
KK SC5 
BA 0.150 
LG 0. 21 
UI 0 
Ul 82 
UI 6 
UI 0 
UI 0 .. 

BASIN 

0.35 
44 

274 
85 
22 

8 

BASIN 

0 . 38 
33 
70 

6 
0 
0 

KK C3 COMBINE 

7 .00 
44 

250 
73 
22 

8 

6 . 40 
97 
50 

6 
0 
0 

0. 12 
107 
224 

57 
22 
8 

0 .15 
196 

39 
6 
0 
0 

22 
183 
203 

55 
12 

8 

30 
266 

32 
0 
0 
0 

259 
181 

48 
8 
0 

338 
25 
0 
0 
0 

307 
160 

45 
8 
0 

208 
18 

0 
0 
0 

348 
136 

34 
8 
0 

170 
16 
0 
0 
0 

441 
114 

34 
8 
0 

139 
13 

0 
0 
0 

KM Total tributary a rea of 1 . 3934 square miles for sub Basin sc1, sc2, SC3, 
KM SC4 and SCS. 
Z!N A=WK B=C3 C=FLOW 
HC 3 1.3934 
" 
KK DAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest elevation is 
KM 2172.20 feet (NAVD88). 
KM The stage-discharge rating curve is based on SITES model results , provided 
KM by FCOMC . 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safety standards . 
KO 3 
RS 1 STOR 

498 
106 

30 
8 
0 

109 
6 
0 
0 
0 

sv 0 19 . 28 26 . 94 36 . 47 47 . 89 61 . 20 76 . 51 93 . 90 113 . 47 135 . 29 
sv 159 . 65 186.80 216.92 225.15 233 . 39 241 . 63 250 . 19 286.77 326.84 368 . 00 
SQ 0 0 1. 7 3 . 2 4 . 7 5 . 9 6 . 6 7 . 3 8 . 0 8.5 
SQ 9.0 9.6 28.0 162 393 674 979 2635 4906 7746 
SE 2130 2150 . 20 2152 . 20 2154 . 20 2156 . 20 2158 . 20 2160 . 20 2162 . 20 2164 . 20 2166.20 
SE 2168 . 2 2170.20 2172 . 20 2172 . 70 2173 . 20 2173.70 2174.20 2176.20 2178 .20 2180. 20 
" 
KK DIVSC DIVERT 
KM The downstream pipeline has a maximum capacity of 19 . 5 cfs . 
DT DTSC 0 .0 19.5 
DI 0.0 19 . 5 4000 .0 
DQ 0 . 0 19 . 5 19. 5 .. 

HEC-1 INPUT 

ID .... .. . 1. . ..... 2 ....... 3 . ..... . 4 ....... 5 .. ... .. 6 . ...... 7 .... . .. 8 ..•.• . . 9 .• .. .. 10 

KK RSCC4 ROUTE 
RS 1 FLOW 
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• 135 
136 
137 

138 
139 
140 
141 
142 
143 
144 
145 

146 
147 
148 
149 
150 
151 
152 
153 
154 
155 

156 
157 
158 
159 
].60 
161 
162 
163 
164 

165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 

LINE 

179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
189 

190 
191 
192 
193 
194 
19S 
196 
197 

198 
199 
200 
201 
202 
203 
204 
205. 
206 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 

100Y6H 
RC 0. 055 0.035 0 .055 2689 0.0347 2106 . 00 
RX 900.00 960 .00 990.00 998 . 00 1002.00 1010.00 1012 . 00 1013 . 00 
RY 2106 . 0 210S .00 2102 . 00 2100 . 00 2100.00 2102.00 2108.00 2108 . 00 
* 
KK 
BA 
LG 
UI 
UI 
UI 
VI 
UI .. 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* 

SC6 
0.114 
0.25 

0 
31 
0 
0 
0 

BASIN 

0.38 
so 
21 
0 
0 
0 

C4 COMBINE 

6 . 40 
189 

18 
0 
0 
0 

0.16 
331 

7 
0 
0 
0 

13 
281 

7 
0 
0 
0 

186 
7 
0 
0 
0 

135 
7 
0 
0 
0 

91 
0 
0 
0 
0 

66 
0 
0 
0 
0 

Given that no surface flow released from Sunnycove Dam during the 10-, 
SO-, 100- and 2SO-year 6-hour events, the total tributary area for c4 
only includes sub Basin sc6, i . e. 0 .114 square miles . 
Given that the surf ace flow released from sunnycove Dam durin~ the 
500-year 6-hour event lags behind the local flow from sub sas1n sc6 
and i s not additive to the dominating local peak flow, the total 
tributary area for C4 only includes sub Basin sc6, i .e . 0. 114 square 
miles. 

2 0 .114 

KK SN1 BASIN 
ZW A=WK B=SN1 C=FLOW 
BA 0.601 
LG 0 . 19 0.39 6 . 00 
ur 0 68 68 
Ul 524 432 391 
UI 156 142 113 
UI 39 33 33 
UI 13 13 13 
* 

DAMSN STORAGE 

0 . 19 
1S9 
353 
98 
33 
13 

18 
272 
32l. 
87 
33 
l3 

387 
265 

77 
13 . 
l3 

462 
257 

74 
13 

0 

527 
22]. 

59 
13 

0 

645 
l.85 

52 
13 

0 

According to the as-built plan, the emergency spillway crest elevati on is 
2133.20 feet (NAVD88) . 
The stage-discharge rating curve is based on SITES model results , provided 
by FCOMC . 
The dam storage routing is for FEMA floodplain delineation purposes, not 
applicable for NRCS dam safety standards. 

3 
1 STOR 

44 
0 
0 
0 
0 

797 
].66 

52 
13 

0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KO 
RS 
sv 
SV 
SQ 
SQ 
SE 

0 10 .81 19 . 04 29.27 35.33 41.59 48.64 55.86 63.77 80.53 
89.37 98.87 108 . 56 119.00 129.68 141.27 153.09 165 . 82 178.79 192 . 72 

0 0 2.60 5.10 5.70 6.30 6.90 7 . 40 7.90 8.80 
173 437 714 1041 1412 1822 2267 2746 3255 3793 

2113.5 2122 . 20 2124.20 2126.20 2127.20 2128.20 2129.20 2130.20 2131 . 20 2133 . 20 
HEC-1 INPUT 

ID . . . . .. . 1 ... ... . 2 ... . .. . 3 . . .. .. . 4 . .. . . . . 5 . .. . .. . 6 . . . .. . . 7 .. . ... . 8 .. ..... 9 . ... . . 10 

SE 2134.2 2135 . 20 2136 . 20 2137 . 20 2138.20 2139.20 2140.20 2141 . 20 2142 . 20 2143 .20 . 
KK DIVSN DIVERT 
KM The downstream pipeline has a maximum capacity of 17 . 1 cfs. 
DT DTSN 0 .0 17.1 
DI 0 . 0 17 . 1 1500.0 
DQ 0.0 17.1 17 .1 
* 
KK RSNCS ROUTE 
RS 1 FLOW 
RC 0.064 0 .035 0.064 2143 0.0169 2097.00 
RX 900.00 950.00 977.00 995.00 1005.00 1023 . 00 1050.00 1100 . 00 
RY 2097 .0 2096.00 2096 . 00 2090 . 00 2090 . 00 2096 . 00 2096 . 00 2097 . 00 
* 
KK SN2 
BA 0 . 255 
LG 0 . 20 

BASIN 

UI 0 
0.40 

40 
167 

31 
8 
0 

6. 00 
67 

140 
20 
8 
0 

0 .18 
157 
112 

20 
0 
0 

7 
248 

96 
20 
0 
0 

303 
87 
12 
0 
0 

401 391 259 224 
UI 194 68 

8 
0 
0 

53 
8 
0 
0 

47 
8 
0 
0 

UI 31 
UI 8 
UI 0 
" 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
" 

CS COMBINE 
Given that no surface flow released from sunset Dam during the 10-, 50-, 
100- and 250-year 6-hour events, the total tributary area for C5 only 
includes sub Basin SN2, i . e. 0.2S5 square miles . 
Given that the surface flow released from sunset Dam during the 500-year 
6-hour event lags behind the local flow from Sub Basin SN2 and is not 
additive to the dominating local peak flow, the total tributary area 
for c5 only includes Sub Basin SN2, i . e. 0.25S square miles. 

2 0 . 255 

C6 COMBINE 
Given that no surface flow released from sunnycove( sunset Dams during 
the 10-, 50-, 100- and 250-year events, the total tri butary area for c6 
only includes sub Basin sc6 and SN2, i.e . 0.369 square miles . 
Given that the surface flow released from sunnycove/ Sunset Dams during 
the 500-year 6-hour event lags behind the local flows from sub Basin sc6 
and SN2 and is not additive to the dominating local peak flow, the total 
tributary area for C6 only includes sub Basin sc6 and SN2, i . e. 0.369 
square miles . 

2 0 . 369 

HEC-1 INPUT 
Page 

43 
8 
0 
0 
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• 

1 

• INPlJT 
LINE 

NO . 

52 

60 

65 

73 

76 

84 

87 

92 

100 

108 

113 

130 
128 

133 

138 

146 

• 156 

100Y6H 

LINE ID ... ...• 1. .. . . . . 2 ..... .. 3 ... ... . 4 . . .. . .. 5 .. .. ... 6 ... . .. . 7 .. ..... 8 ... .. .. 9 . ..... 10 

217 
218 
219 
220 
221 

222 
223 

KK RC6C7 ROlJTE 
RS 2 FLOW 
RC 0.069 0 . 036 0.069 3552 0.0122 2057.00 
RX 900 . 00 950.00 963.00 993.00 1008.00 1038 . 00 1050.00 1100.00 
RY 2057.0 2056.00 2056 . 00 2050.00 2050 . 00 2056 . 00 2056.00 2057 . 00 
* 
KK 
DR 
* 

RTSCRETRIEVE 
DTSC 

224 
225 

KK 
KM 
RK 

RSCC7 ROUTE 
Kinema~ic wave was selec~ed for the routing through the pipeline, no attenuat 
5691 0.0163 0.013 CIRC 1.500 226 

227 
228 

* 
KK 
DR 
* 

RTSNRETRIEVE 
DTSN 

229 
230 

KK 
KM 
RK 
* 

RSNC7 ROUTE 
Kinematic wave was selected for the routing through the pipeline, no attenuat 

231 

232 
233 
234 
235 
236 
237 
238 
239 

240 
241 
242 
243 
244 
245 
246 
247 
248 
249 

250 

KK 
BA 
LG 
UI 
UI 
UI 
UI 
UI . 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* zz 

5047 0.0143 0 . 013 CIRC 1 . 500 

SN3 BASIN 
0.223 

0 . 22 0 . 35 5. 20 0 .29 39 
0 52 174 338 476 469 303 247 ~95 

117 87 64 52 40 28 26 16 10 
10 10 10 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

C7 COMBINE 
Given that no surface flow released from sunnycove/Sunset Dams during 
the 10-, 50-

1 
100- and 250-year 6-hour events, the total tributary area 

for c7 only 1ncludes sub Basin sc6, SN2 and SN3, i . e. 0.5913 square miles . 
Given that the surface flow released from sunnycove/sunset Dams during 
the 500-year 6- hour event lags behind the local flows from sub Basin sc6, 
SN2 and SN3 and is not addit1ve to the dominating local peak flow, the 
total tributary area for C7 only includes sub Bas1n sc6, SN2 and SN3, 
i.e. 0.5913 square miles. 

4 0.5913 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(--->) DIVERSION OR PUMP FLOW (V) ROlJTING 

(.) CONNECTOR 

sc1 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

v 
v 

RSC1C1 

SC2 

ci . . .... . .. .. : 

SC3 

. . 
C2 .... .. .....• 
v 
v 

RC2DAM 

SC4 

scs 

c3 . ....... . .. : .... ....... : 
v 
v 

DAMSC 

.-------> DTSC 
DIVSC 

v 
v 

RSCC4 

SC6 

. . 
C4 ..... .. ... . . 

SN1 
v 

Page 4 

142 
10 

0 
0 
0 



100Y6H 

• 165 

182 

v 
DAMSN 

.-------> DTSN 

• 

• 

180 

185 

190 

198 

207 

217 

223 
222 

224 

228 
227 

229 

232 

240 

DIVSN 
v 
v 

RSNCS 

SN2 

. . 
cs . . .. . ...... . 

. . 
C6 ... ... . . .. . . 
v 
v 

RC6C7 

.<------- DTSC 
RTSC 

v 
v 

RSCC7 

.<------- DTSN 
RTSN 

v 
v 

RSNC7 

SN3 

0 0 0 • 

Cl ..... .. . .. .• • .... ... .... . . · · · · · · · · · • 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
1***************************************** *************************************** 
• • 
* • 
* 
* . 
* 

FLOOD HYDROGRAPH PACKAGE (HEC-1) • 

RUN DATE 

39 IO 

IT 

JUN 1998 • 
VERSION 4.1 

13APR11 TIME 09:19:22 . 

OUTPUT CONTROL 
IPRNT 
I PLOT 
QSCAL 

* 

Flood control District of Maricopa county 
Project Name: wickenburg Area Drainage Master Study/Plan 
contract FCD 2009C030 
Hoskin Ryan Consultants, Inc. 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of sunset and 
sunnycove washes . sunnycove tributary sub basins include: SC1, sc2 
sc3, SC4 , sc5 and sc6. sunnset tributary sub basins include: SN1, 
SN2 and SN3. 
Total drainage area is 2.59 square miles. 
TWo flood retarding structures were constructed within Phase I 
study area, sunset and sunnycove Dams. A pipeline system was 
constructed and connected to the primary spillways to release 
Dam Reservoirs to Hassayampa River. 
The compacity of the pipeline system is 19.5 cfs for sunnycove Dam 
and 17 .1 cfs for sunset oam . Excess flow will be released at the 
release manholes immediate downstream of the dams or through the 
emergency spillways. 

100 Year 6 Hour Existing Condition 
R~~~~!l~~e~;~d1~th DDMSW version 4 .6.0 
Area-Depth: the default reduction factor i n DDMSW was selected 
Rainfall Loss: Green-Ampt Equation 
unit Hydrograph : S-Graph (Mountain) 

soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use : MAG 2009 land use file was used, provided b¥ FCDMC 
channel Routing : cross-section geometries and Manning s n were 
based on field observation . 
storage Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aenal Mapp1ng . 

File Name: 100Y6H.DAT 
Date: 01/17/2011 

VARIABLES 
5 
0 

0. 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMIN 

IOATE 
!TIME 

DATA 
3 

19NOV10 
1200 
2000 

23NOV10 
1557 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 
STARTING TIME 

NQ 
NDDATE 
NDTIME 

NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 

Page 5 
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• 

• 

• 

100Y6H 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .OS HOURS 
TOTAL TIME BASE 99.9S HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE - FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

40 JD INDEX STORM NO. 1 
STRM 3 . 32 PRECIPITATION DEPTH 
TRDA . 00 TRANSPOSITION DRAINAGE AREA 

41 PI PRECIPITATION PATTERN 
. 00 . 00 .00 .00 .00 
. 00 .00 . 00 .00 .00 
. 00 .00 .00 . 00 . 00 
. 00 .00 .00 . 00 .00 
.oo .00 .00 . 00 .00 
.00 .00 .00 . 00 . 00 
. 00 .00 .00 . 00 .00 
. 03 .03 .03 . 03 .03 
.02 .02 . 02 .02 .02 
.00 .00 .00 . 00 .00 
.00 .00 .00 . 00 . 00 
. 00 . 00 . 00 . 00 . 00 

44 JD INDEX STORM NO. 2 
STRM 3.30 PRECIPITATION DEPTH 
TRDA . so TRANSPOSITION DRAINAGE AREA 

4S PI PRECIPITATION PATTERN 
.00 .00 .00 . 00 . 00 
. 00 .00 .00 . 00 .00 
.00 .00 .00 . 00 .00 
.00 .00 .00 .00 .00 
. 00 .oo . 00 .00 .00 
.00 .00 .00 .00 .00 
. 00 .00 .00 . 00 . 00 
.03 .03 .03 .03 .03 
.02 .02 .02 .02 .02 
. 00 .00 .00 . 00 .00 
. 00 . 00 .00 . 00 .00 
. 00 . 00 .00 .00 .00 

48 JD INDEX STORM NO. 
STRM 3 . 24 PRECIPITATION DEPTH 
TRDA 2.80 TRANSPOSITION DRAINAGE AREA 

49 PI PRECIPITATION PATTERN 
.00 . 00 . 00 .00 .00 
. 00 . 00 . 00 . 00 . 00 
. 00 . 00 .00 . 00 .00 
.00 .00 .00 .00 .00 
.00 .00 . 00 .00 . 00 
.00 .00 . 00 .00 .00 
. 01 .01 .01 .01 . 01 
. 04 .04 .04 . 04 .04 
. 03 .03 .03 . 03 .03 
.01 .01 .01 . 01 .01 
. 00 . 00 . 00 . 00 .00 
.00 .OD .00 .00 . 00 

-----DSS---ZOPEN: New File opened, File : DAMROUTING .DSS 
uni~ : 71; oss version : 6-JG 

-----DSS---ZWRITE Uni~ 71; Vers. 1: /WK/C3/FLDW/19NOV1910/3MIN// 
-----DSS---ZWRITE Unit 71; Vers . 1: / WK/ C3/F LOW/20NOV1910/ 3MIN// 
-----DSS---ZWRITE Unit 71; Vers. 1 : / WK/ C3/FLOW/21NOV1910/ 3MIN// 
-----DSS---ZWRITE Uni~ 71; vers . 1 : /WK/C3/FLOW/22NOV1910/3MIN// 
-----DSS---ZWRITE Unit 71; Vers . 1 : /WK/C3/FLOW/2 3NOV1910/ 3MIN// 

113 KK 

120 KO 

121 RS 

122 SV 

124 SQ 

126 SE 

*"************ 
* 

DAMSC * 
" *************ir 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
!PLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

STORAGE ROUTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 

X 

STORAGE 

DISCHARGE 

ELEVATION 

STOR TYPE OF INITIAL CONDITION 
. 00 INITIAL CONDITION 
. 00 WORKING R AND D COEFFICIENT 

. 0 19 . 3 26.9 36 . 5 
159.6 186 . 8 216.9 225.1 

0 . 0. 2. 3 . 
9 . 10 . 28. 162. 

2130.00 2150 . 20 2152 . 20 2154.20 
Page 

. 00 

.00 

.00 

.00 

.00 

.00 

.02 

.09 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

. 00 

.00 

.02 

.09 

.00 

.00 

. 00 

. 00 

.00 

.00 

. 00 

.00 

.00 

.00 

.02 

.OS 

.01 

.00 

. 00 

. 00 

47.9 
233.4 

s. 
393 . 

2156 .20 
6 

.00 .00 .00 .00 

.00 .00 . 00 .00 

.00 .00 .00 .00 

.00 .00 .00 .00 

.00 . 00 . 00 . 00 

.00 .00 . 00 . 00 

. 02 .02 .02 .02 

. 09 .09 . 09 .09 

.00 . 00 .00 .00 

.00 .00 . 00 .00 

. 00 .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 . 00 

. 00 .00 . 00 .00 

.00 .00 .00 .00 

. 00 . 00 .00 . 00 

.00 .00 . 00 . 00 

.00 .00 . 00 .00 

.02 .02 . 02 .02 

.09 .09 .09 .09 

.00 . 00 .00 .00 

.00 .00 .00 . 00 

.00 . 00 . 00 .00 

.00 .00 . 00 .00 

. 00 . 00 .00 .00 

.00 . 00 .00 .00 

.00 .00 . 00 . 00 

. 00 .00 . 00 .00 

. 00 .00 .00 .00 

. 00 .00 .00 .00 

. 02 .02 .02 .02 

.OS .OS .OS .OS 

.01 .01 .01 . 01 

.00 .00 .00 .00 

. 00 .00 . 00 .00 

.00 . 00 .00 .00 

61.2 76.5 93.9 113.5 135.3 
241.6 250.2 286.8 326.8 368.0 

6. 7. 7 . 8. 9 . 
674. 979 . 2635. 4906 . 7746. 

2158 . 20 2160 .20 2162.20 2164 . 20 2166 .20 



• 
PEAK FLOW TIME 

+ (CFS) (HR) 

+ 9. 7.4S 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
151. 7.50 

PEAK STAGE TIME 

+ (FEET) (HR) 
2167 . 48 7. 50 

*** 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 9 . 7.45 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
150 . 7. so 

PEAK STAGE TIME 

+ (FEET) (HR) 

• 2167.38 7.SO 

*** 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 8. 7 . 55 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
134 . 7.70 

PEAK STAGE TIME 

+ (FEET) (HR) 
2166 .08 7.6S 

*** 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 9. 7. so 

-----oss---ZWRITE unit 
---- -OSS---ZWRITE Unit 
----- OSS---ZWRITE Unit 
-----DSS---ZWRITE Unit 
-----DSS---ZWRITE Unit 

100Y6H 
2168 . 20 2170 . 20 2172 . 20 2172 . 70 2173.20 2173 . 70 2174 . 20 2176.20 2178 . 20 2180 . 20 . .. 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITION AREA . 0 SQ MI 

6-HR 

(CFS) 
9 . 

.059 
4. 

(INCHES~ 
(AC-FT 

6-HR 

150 . 

6-HR 

2167.39 

CUMULATIVE AREA = 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

9 . 8. 
.232 . 666 
17. 49. 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 

144 . 128 . 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

2166.91 

1.39 SQ MI 

216S.46 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITION AREA . S SQ MI 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
9 . 9 . 8 . 

(INCHES~ . OS9 .231 .663 
(AC-FT 4. 17. 49. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

149 . 143. 127 . 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

2167.29 2166.81 216S.36 

CUMULATIVE AREA = 1.39 SQ MI 

""* .... *** 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 2.8 SQ MI 

MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 

(CFS) 
8 . 8 . 8. 

(INCHES~ .056 .222 . 631 
(AC-FT 4. 16. 47 . 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

133. 127. 112 . 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

2165 . 98 2165.47 2163.98 

CUMULATIVE AREA = 1. 39 SQ MI 

INTERPOLATED HYOROGRAPH AT DAMSC 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
9 . 8 . 8 . 

(INCHES~ .OS7 . 226 .644 
(AC-FT 4 . 17. 48. 

CUMULATIVE AREA = 1.39 SQ MI 

71; vers. 
71; vers. 

~t: ~:~~: 
71: Vers . 

1: 
1 : 
1: 
1: 
1: 

/WK/SN1/ FLOW/ 19NOV1910/3MIN// 
/WK/SN1/FLOW/20NOV1910/3MIN// 
/WK/SN1/FLOW/21NOV1910/3MIN// 
/WK/SN1/FLOW/22NOV1910/3MIN// 
/WK/SN1/ FLOW/23NOV1910/ 3MIN// 

99.95-HR 

8 . 
. 859 
64. 

99.9S-HR 

115 . 

99.95-HR 

2163.35 

99.9S-HR 

8 . 
.856 
64. 

99.95-HR 

114. 

99 . 9S-HR 

2163.24 

... 

99.95-HR 

7. 
.811 
60. 

99.95-HR 

100. 

99.9S-HR 

2161.92 

*"* 

99.95-HR 

7. 
.829 
62. 

• 
*** ~ ·· *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Page 7 



• 165 KK 

172 KO 

173 RS 

174 sv 

176 SQ 

178 SE 

*** 

PEAK FLOW 

+ (CFS) 

+ 8. 

PEAK STORAGE 

+ (AC-FT) 
63. 

PEAK STAGE 

. + 
(FEET) 

2131.16 

"** 

PEAK FLOW 

+ (CFS) 

+ 8 . 

PEAK STORAGE 

+ (AC-FT) 
63 . 

PEAK STAGE 

+ (FEET) 
2131.09 

*** 

PEAK FLOW 

+ (CFS) 

+ 7. 

PEAK STORAGE 

+ (AC-FT) 
55. 

PEAK STAGE 

. + 
(FEET) 

2130.09 

100Y6H 

*"'******"'***** 
* " * DAMSN * 
" " *****P******** 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
!PLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDRDGRAPH PLOT SCALE 

STORAGE ROUTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 

X 

STORAGE 

STOR TYPE OF INITIAL CONDITION 
.00 INITIAL CONDITION 
. 00 WORKING R AND D COEFFICIENT 

.0 10 . 8 19.0 29 . 3 
89.4 98.9 108.6 119 . 0 

DISCHARGE 0. 0 . 3. 5 . . 
173. 437. 714. 1041. 

ELEVATION 2113 . 50 2122 .20 2124.20 2126 .20 
2134 . 20 2135.20 2136 . 20 2137.20 

HYDROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA .0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(HR) 
(CFS) 

6. 35 8. 7. 6. 
(INCHES~ . 121 .461 1.189 

(AC-FT 4. 15 . 38. 

TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

(HR) 
6.35 62. 57. 44. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72 - HR 

(HR) 
6.35 2130 . 99 2130.32 2128.46 

CUMULATIVE AREA = .60 SQ MI 

*** *** 

HYDROGRAPH AT STATION OAMSN 
TRANSPOSITION AREA . 5 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(HR) 
(CFS) 

6.35 8 . 7. 6. 
(INCHES) . 120 .459 1.182 

(AC-FT) 4. 15. 38. 

TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

(HR) 
6.35 62. 56 . 44 . 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

(HR) 
6 . 35 2130.93 2130.25 2128.39 

CUMULATIVE AREA = .60 SQ MI 

*** **" 

HYDROGRAPH AT STATION OAMSN 
TRANSPOSITION AREA 2 . 8 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(HR) 
(CFS) 

6.45 7 . 7 . 6. 
(INCHES) . 112 . 427 1.061 

(AC-FT) 4. 14. 34. 

TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

(HR) 
6. 55 54 . 49 . 37. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

(HR) 
6. 55 2129.93 2129.25 2127.45 

35 . 3 
129.7 

6 . 
1412. 

2127.20 
2138 . 20 

99.95-HR 

5. 
1.408 

45 . 

99.95 - HR 

37. 

99.95-HR 

2127.06 

99.95-HR 

5 . 
1.397 

45 . 

99.95 - HR 

37 . 

99 . 95-HR 

2127.00 

99.95-HR 

5. 
1. 228 

39 . 

99.95-HR 

32 . 

99.95-HR 

2126.17 
Page 8 

41.6 48 . 6 55 . 9 63 .8 80 . 5 
141.3 153.1 165.8 178.8 192.7 

6 . 7 . 7. 8 . 9 . 
1822 . 2267. 2746. 3255 . 3793 . 

2128 .20 2129 . 20 2130 . 20 2131.20 2133 . 20 
2139 . 20 2140 . 20 2141.20 2142 . 20 2143 . 20 



• 
+ 

+ 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

PEAK FLOW TIME 

(CFS) 

8. 

(HR) 

6 . 30 

OPERATION 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

COMBINED AT 

COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

100Y6H 

CUMULATIVE AREA s .60 SQ MI 

*** *** *** 

INTERPOLATED HYDROGRAPH AT DAMSN 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

8. 
. 119 

4. 

CUMULATIVE AREA = 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

7 . 
.456 
15 . 

. 60 SQ MI 

6 . 
1.169 

37 . 

99.95-HR 

5 . 
1. 379 

44 . 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME. IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
STATION FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

sc1 1006. 4.25 117. 29 . 10. 

RSC1C1 974. 4 . 35 117. 29 . 10 . 

SC2 288 . 4 .10 21. 5. 2 . 

Cl 1048 . 4 .30 136 . 34. 11. 

SC3 427 . 4 .15 40. 10 . 3. 

C2 1322. 4 .25 172. 43 . 14. 

RC2DAM 1168 . 4 .65 172 . 43 . 14. 

SC4 663 . 4. 30 91. 23 . 8 . 

SC5 372. 4. 15 36 . 9. 3. 

C3 1542 . 4 . 55 286 . 72. 24 . 

DAMSC 9. 7 . 50 9. 8. 8. 

DTSC 9 . 7 .50 9. 8. 8. 

DIVSC o. . 00 0. 0. 0. 

RSCC4 0. .00 0 . 0 . 0. 

SC6 326 . 4. 10 24. 6 . 2. 

C4 326 . 4. 10 24. 6 . 2. 

SN1 927 . 4. 30 128 . 32 . 11. 

DAMSN 8. 6.30 8 . 7 . 6. 

DTSN 8. 6. 30 8 . 7 . 6. 

DIVSN 0 . .00 0 . 0 . 0. 

RSNC5 0. .00 o. 0. 0. 

SN2 493. 4 .20 51. 13 . 4. 

C5 493. 4. 20 51. 13 . 4. 

C6 770. 4 .15 75. 19 . 6. 

RC6C7 704 . 4.25 75 . 19. 6. 

RTSC 9. 7 . 50 9. 8 . 8. 

Page 9 

BASIN 
AREA 

. 56 

. 56 

.10 

. 66 

. 20 

. 86 

. 86 

. 38 

. 15 

1. 39 

1. 39 

1. 39 

1.39 

1.39 

. 11 

.11 

. 60 

. 60 

. 60 

.60 

. 60 

. 25 

. 25 

. 37 

. 37 

1.39 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



100Y6H 

• ROUTED TO 
RSCC7 9. 7 . 60 9 . 8. 8. 1. 39 

HYDROGRAPH AT 
+ RTSN 8 . 6.30 8. 7. 6. . 60 

ROUTED TO 
+ RSNC7 8 . 6.40 8. 7 . 6 . .60 

HYDROGRAPH AT 
+ SN3 557 . 4.15 54. 14. 5. .22 

4 COMBINED AT 
+ c7 1146 . 4 . 20 136. 46 . 25 . .59 
1 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
DIRECT RUNOFF WITHOUT BASE FLOW) 

• 

( FLOW IS 

ISTAQ ELEMENT DT PEAK 

(MIN) (CFS ) 

FOR STORM = 1 STORM AREA (SQ MI) = 
RSCC7 MANE 3 . 00 8 . 82 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 6386E+02 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSCC7 MANE 3 . 00 B. 79 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 6361E+02 

FOR STORM = 3 STORM AREA (SQ MI) = 
RSCC7 MANE 3 . 00 8 . 47 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 6025E+02 

FOR STORM = 1 STORM AREA (SQ MI) = 
RSNC7 MANE 2. 97 7 . 88 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 4513E+02 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSNC7 MANE 2.97 7.85 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 4478E+02 

FOR STORM = 3 STORM AREA (SQ MI) = 
RSNC7 MANE 2.99 7.35 

INTERPOLATED TO 
COMPUTATION INTERVAL 

TIME TO VOLUME DT PEAK 
PEAK 

(MIN) ( IN) (MIN) (CFS) 

. 00 
459 . 77 . 86 3 .00 8.82 

EXCESS= . 0000E+00 OUTFLOW= . 6379E+02 BASIN 

.50 
458 .22 . 86 3 . 00 8 . 79 

EXCESS= .0000E+00 OUTFLOW= . 6354E+02 BASIN 

2 . 80 
467.44 . 81 3 . 00 8 . 47 

EXCESS= . 0000E+00 OUTFLOW= . 6020E+02 BASIN 

. 00 
388.59 1.41 3. 00 7 . 88 

EXCESS= .0000E+00 OUTFLOW= .4509E+02 BASIN 

.so 
388.75 1.40 3 . 00 7 . 85 

EXCESS= . 0000E+00 OUTFLOW= . 4475E+02 BASIN 

2 . 80 
398 .16 1. 23 3 . 00 7 . 35 

TIME TO 
PEAK 

(MIN) 

459. 00 

STORAGE= 

459 .00 

STORAGE= 

468 . 00 

STORAGE= 

387 . 00 

STORAGE= 

387 . 00 

STORAGE= 

399 . 00 

VOLUME 

(I N) 

. 86 

. 6465E-01 PERCENT ERROR= . 0 

.85 

. 6822E-01 PERCENT ERROR= .o 

. 81 

. 6072E-01 PERCENT ERROR= .0 

1.41 

. 2857E-01 PERCENT ERROR= . 0 

1.40 

.2820E- 01 PERCENT ERROR= . 0 

1.23 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 3935E+02 EXCESS= .0000E+00 OUTFLOW= .3933E+02 BASIN STORAGE= . 2209E-01 PERCENT ERROR= . 0 

*** NORMAL END OF HEC-1 ••• 

-----DSS-- -ZCLOSE Unit: 71 1 File: DAMROUTING.DSS 
Pointer Utilizat1on : . 25 
Number of Records : 10 
File size: 32.2 Kbytes 
Percent Inactive: . 0 

• Page 10 



100Y24H 

•
··~·························h************ * • 
* FLOOD HYOROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 * 

*************************************** 
* . 

• 
U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS , CALIFORNIA 95616 

(916) 756-1104 

1 

• 

1 

• 

* VERSION 4.1 * 
• • 
* RUN DATE 12APR11 TIME 16:06:26 * 
***************************************** 

X X xxxx:xxx xxxxx X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X xxxx:xxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEel ( JAN 73), HEC1GS, HEClDB , AND HEC1KW. 

THE DEFINITIONS OF VARIABLES - RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION , DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE :GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE : NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE ID ....... 1. ...... 2 ....... 3 .... ... 4 ..... .. 5 ..... . . 6 . ... ... 7 ..... . . 8 ... .. .. 9 .. .. .. 10 

1 ID Flood control District of Maricopa county 
2 ID Project Name: wickenburg Area Drainage Master Study/Plan 
3 ID Contract FCO 2009C030 
4 ID Hoskin Ryan consultants, Inc . 
5 ID 
6 ID Phase I Hydrology Model 
7 ID Phase I study area includes tributary watersheds of Sunset and 
8 ID sunnycove washes . sunnycove tributary sub basins include: sc1, sc2 
9 ID sc3, SC4, scs and sc6. sunnset tributary sub basins include: SN1, 

10 ID SN2 and SN3 . 
11 ID Total drainage area is 2 . 59 square miles . 
12 ID TWo flood retardi ng structures were constructed within Phase I 
13 ID study area, sunset and sunnycove Dams. A pi~eline system was 
14 ID constructed and connected to the primary spi lways to release 
15 I D Dam Reservoirs to Hassayampa River. 
16 ID The compacity of the pipeline system is 19.5 cfs for sunnycove Dam 
17 ID and 17.1 cfs for Sunset Dam . Excess flow will be released at the 
18 ID release manholes immediate downstream of two dams or through the 
19 ID emergency spillways. 
20 ID 
21 ID 100 Year 24 Hour Existing condition 
22 ID Model prepared with DDMSW version 4.6.0 
23 ID Rainfall : NOAA 14 
24 ID Area-oe~th: the default reduction factor in DDMSW was selected 
25 ID Rainfal Loss: Green-Ampt Equation 
26 ID unit Hydrograph : s-Graph (Mountain) 
27 ID soil: Latest soil map from NRCS was used, file provided by FCDMC 
28 ID Land use : MAG 2009 land use file was used, provided by FCDMC 
29 ID channel Routing: Cross-section geometries and Manning s n were 
30 ID based on field observation. 
31 ID Sto~a~e Rou~ing : Dam storage volumes were based on 2004 wickenburg 
32 ID Ae n a Mappl ng . 
33 ID 
34 ID File Name : 100Y24H. OAT 
35 ID Date : 01/ 17/2011 
36 ID 
37 IT 3 19NOV10 1200 2000 
38 IN 15 
39 IO 5 

*DIAGRAM 
* 

40 JD 4.422 0 .0001 
41 PC 0.000 0 .002 0 . 005 0.008 0.011 0.014 0.017 0 . 020 0 . 023 0 . 026 
42 PC 0 . 029 0 . 032 0 . 035 0 . 038 0 . 041 0 .044 0 . 048 0 . 052 0.056 0 . 060 
43 PC 0.064 0 . 068 0 . 072 0 .076 0.080 0 . 085 0.090 0.095 0 . 100 0.105 
44 PC 0 . 110 0.115 0 .120 0.126 0.133 0 .140 0.147 0.155 0.163 0.172 
45 PC 0.181 0 .191 0 . 203 0.218 0.236 0.257 0.283 0 . 387 0 . 663 0 . 707 
46 PC 0 . 735 0 . 758 o. 776 0.791 0 . 804 0.815 0 . 825 0.834 0 . 842 0 . 849 
47 PC 0 . 856 0.863 0.869 0.875 0 .881 0.887 0 . 893 0 . 898 0 . 903 0.908 
48 PC 0.913 0 . 918 0 . 922 0.926 0.930 0 . 934 0 . 938 0.942 0 . 946 0 . 950 
49 PC 0 . 953 0 . 956 0 . 959 0.962 0 . 965 0.968 0.971 0 . 974 0 . 977 0.980 
50 PC 0 . 983 0.986 0 . 989 0. 992 0.995 0.998 1.000 
51 JD 4 .289 5 .0 
52 JD 4.201 10 . 0 . 

HEC-1 INPUT PAGE 2 

LINE ID ....... 1. ...... 2 ... . . . . 3 ....... 4 ....... 5 . .... . . 6 ....... 7 ..... . . 8 .... ... 9 . ..... 10 

53 KK scl BASIN 
54 BA 0.562 
55 LG 0 . 18 0 . 34 6 . 60 0.16 9 
56 UI 0 78 96 259 414 528 621 843 714 504 
57 UI 442 390 345 301 253 204 184 168 136 110 
58 UI 97 85 74 59 59 38 38 38 34 15 
59 UI 15 15 15 15 15 15 15 15 0 0 
60 UI 0 0 0 0 0 0 0 0 0 0 
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• 

1 

• 

1 

• 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 
71 
72 
73 

74 
75 
76 

77 
78 
79 
80 
81 
82 
83 
84 

85 
86 
87 

88 
89 
90 
91 
92 

LINE 

93 
94 
95 
96 
97 
98 
99 

100 

101 
102 
103 
104 
105 
106 
107 
108 

109 
110 
111 
112 

113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 
130 
131 
132 

LINE 

133 
134 

KK RSC1C1 ROUTE 
RS 2 FLOW 

100Y24H 

RC 0.057 0 .033 0 . 057 2546 0 . 0150 2316 . 00 
RX 900 . 00 950.00 990 . 00 993.00 1008.00 1011.00 1051.00 1100.00 
RY 2316 . 0 2315 . 00 2311 . 00 2310 . 00 2310.00 2311.00 2315.00 2316 . 00 

" 
KK SC2 
BA 0.100 
LG 0.20 
UI 0 
UI 26 
UI 0 
UI 0 
UI 0 
~ 

BASIN 

0. 37 
46 
17 

0 
0 
0 

6 . 60 
173 

13 
0 
0 
0 

0.15 
306 

6 
0 
0 
0 

8 
236 

6 
0 
0 
0 

162 
6 
0 
0 
0 

116 
0 
0 
0 
0 

79 
0 
0 
0 
0 

55 
0 
0 
0 
0 

KK 
KM 
HC 

Cl COMBINE 
Total tributary a rea of 0.6627 square miles for sub Basin SC1 and sc2 . 

2 0.6627 . 
KK SC3 
BA 0 .197 
LG 0.19 
UI 0 
UI 135 
UI 18 
UI 0 
UI 0 . 

BASIN 

0. 37 
37 

103 
13 
0 
0 

6.40 
85 
87 

7 
0 
0 

0.16 
186 

73 
7 
0 
0 

7 
261 

55 
7 
0 
0 

350 
45 

7 
0 
0 

352 
39 

7 
0 
0 

228 
28 

7 
0 
0 

194 
25 
0 
0 
0 

38 
0 
0 
0 
0 

163 
18 

0 
0 
0 

KK 
KM 
HC 
~ 

C2 COMBINE 
Total tributary a rea of 0 . 8597 square miles for sub Basin sc1, SC2 and SC3 . 

2 0 .8597 

KK RC2DAM ROUTE 
RS 7 FLOW 
RC 0.062 0 . 035 0.062 10737 0 . 0145 2206.00 
RX 900 . 00 926.00 986 . 00 990.00 1010.00 1014 . 00 1074.00 1100.00 
RY 2206.0 2205 . 00 2202.00 2200.00 2200.00 2202 . 00 2205 . 00 2206.00 . 

HEC-1 INPUT 

ID ..... . . 1. . .. .. . 2 .. ... .. 3 ..... .. 4 .... ... 5 ... ... . 6 .. .... . 7 .. . ... . 8 ... .... 9 ..... . 10 

KK sc4 
BA 0. 384 
LG 0.20 
UI 0 
UI 325 
UI 98 
UI 22 
UI 8 
• 
KK SC5 
BA 0.150 
LG 0.21 
UI 0 
UI 82 
UI 6 
UI 0 
UI 0 . 

BASIN 

0 . 35 
44 

274 
85 
22 

8 

BASIN 

0 . 38 
33 
70 
6 
0 
0 

7.00 
44 

250 
73 
22 
8 

6 . 40 
97 
50 

6 
0 
0 

0 .12 
107 
224 

57 
22 

8 

0 . 15 
196 

39 
6 
0 
0 

22 
183 
203 

55 
12 

8 

30 
266 

32 
0 
0 
0 

259 
181 
48 

8 
0 

338 
25 
0 
0 
0 

307 
160 

45 
8 
0 

208 
18 

0 
0 
0 

348 
136 

34 
8 
0 

170 
16 

0 
0 
0 

441 
114 

34 
8 
0 

139 
13 

0 
0 
0 

KK 
KM 
KM 
HC 
• 

C3 COMBINE 
Total tributary area of 1.3934 square miles for sub Basin sc1, sc2, sc3, 
sc4 and SC5. 

3 1. 3934 

KK OAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest elevation is 
KM 2172.20 feet (NAV088). 
KM The stage-discharge rating curve is based on SITES model results, provided 
KM by FCOMC. 
KM The dam storage routing is for FEMA floodplain delineation purposes , not 
KM applicable for NRCS dam safety standards . 
KO 3 

498 
106 

30 
8 
0 

109 
6 
0 
0 
0 

RS 1 STOR 
SV 0 19.28 26 . 94 36.47 47.89 61.20 76 . 51 93.90 113 . 47 135.29 
SV 159.65 186.80 216.92 225.15 233.39 241.63 250.19 286.77 326.84 368.00 
SQ 0 0 1.7 3.2 4 . 7 5.9 6 . 6 7.3 8 . 0 8 . 5 
SQ 9 .0 9.6 28 . 0 162 393 674 979 2635 4906 7746 
SE 2130 2150.20 2152.20 2154.20 2156.20 2158 . 20 2160.20 2162.20 2164.20 2166.20 
SE 2168 . 2 2170.20 2172.20 2172.70 2173.20 2173.70 2174.20 2176.20 2178.20 2180 .20 . 
KK DIVSC DIVERT 
KM The downstream pipeline has a maximum capacity of 19.5 cfs. 
DT OTSC 0.0 19.5 
DI 0 .0 19 . 5 4000 . 0 
~ o.o 19 . 5 19 . 5 

HEC-1 INPUT 

ID ....... 1 .. . .. . . 2 .. ..... 3 ... .... 4 . .. .... 5 .. ..... 6 ... ... . 7 . .. .. . . 8 .. . .. . . 9 .. . ... 10 

KK RSCC4 ROUTE 
RS 1 FLOW 
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• 

1 

• 

1 

• 

135 
136 
137 

138 
139 
140 
141 
142 
143 
144 
145 

146 
147 
148 
149 
150 

151 
152 
153 
154 
155 
156 
157 
158 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 

LINE 

174 
175 
176 
177 
178 

179 
180 
181 
182 
183 

184 
185 
186 
187 
188 
189 
190 
191 

192 
193 
194 
195 
196 

197 
198 
199 
200 
201 

202 
203 
204 
205 
206 

207 
208 

LINE 

100Y24H 
RC 0.055 0.035 0 .055 2689 0.0347 2106 . 00 
RX 900.00 960 . 00 990.00 998.00 1002.00 1010.00 1012 . 00 1013.00 
RY 2106.0 2105 . 00 2102 . 00 2100.00 2100.00 2102.00 2108 . 00 2108.00 

" 
KK SC6 
BA 0 .114 
LG 0 . 25 
UI 0 
UI 31 
UI 0 
UI 0 
UI 0 
* 

BASIN 

0 . 38 
50 
21 

0 
0 
0 

KK C4 COMBINE 

6.40 
189 

18 
0 
0 
0 

0 .16 
331 

7 
0 
0 
0 

13 
281 

7 
0 
0 
0 

186 
7 
0 
0 
0 

135 
7 
0 
0 
0 

91 
0 
0 
0 
0 

66 
0 
0 
0 
0 

44 
0 
0 
0 
0 

KM Given •ha• no surface flow released from sunnycove Dam during •he 10-, 50-
KM 100-, 250- and 500-year 24-hour even•s. •he •otal •ribu•ary area for C4 only 
KM includes sub Basin sc6, i . e. 0.114 square miles. 
HC 2 0 .114 
" 
KK SN1 
BA 0. 601 
LG 0 .19 
UI 0 
UI 524 
UI 156 
UI 39 
UI 13 
" 

BASIN 

0 . 39 
68 

432 
142 

33 
13 

6 .00 
68 

391 
113 

33 
13 

0. 19 
159 
353 

98 
33 
13 

18 
272 
321 
87 
33 
13 

387 
285 

77 
13 
13 

462 
257 

74 
13 

0 

527 
221 

59 
13 

0 

645 
185 

52 
13 

0 

KK OAMSN STORAGE 
KM According •o •he as-built plan, the emergency spillway crest elevation is 
KM 2133.20 feet (NAV088). 
KM The stage-discharge rating curve is based on SITES model results, provided 
KM by FCDMC. 
KM The dam s•orage routing is for FEMA floodplain delineation purposes , not 
KM applicable for NRCS dam safety standards . 
KO 3 

797 
166 

52 
13 

0 

RS 1 STOR 
SV 0 10.81 19.04 29.27 35 . 33 41.59 48.64 55.86 63.77 80 .53 
sv 89.37 98.87 108 . 56 119.00 129 . 68 141.27 153 . 09 165.82 178 . 79 192.72 
SQ 0 0 2 . 60 5.10 5. 70 6.30 6 . 90 7.40 7.90 8 .80 
SQ 173 437 714 1041 1412 1822 2267 2746 3255 3793 
SE 2113.5 2122.20 2124.20 2126.20 2127.20 2128.20 2129.20 2130 . 20 2131.20 2133.20 
SE 2134 .2 2135 .20 2136 . 20 2137.20 2138.20 2139.20 2140.20 2141.20 2142.20 2143.20 

" HEC-1 INPUT 

IO .. , .... 1. .. 00 • • 2 .. oo ••• 3 . ... .. .4oo ••••• 5 oo . oo •• 6 ....... 7 oo oo • •• 800 ....• 9 . .. oo .10 

KK 
KM 
DT 
DI 
DQ 
" 

DIVSN DIVERT 
The downstream 

DTSN 0.0 
0.0 17 .1 
0 . 0 17.1 

pipeline has a maximum capacity of 17.1 cfs. 
17.1 

1500.0 
17. 1 

KK RSNCS ROUTE 
RS 1 FLOW 
RC 0 . 064 0 . 035 0.064 2143 0.0169 2097.00 
RX 900.00 950.00 977.00 995.00 1005 . 00 1023.00 1050.00 1100.00 
RY 2097.0 2096.00 2096.00 2090.00 2090.00 2096 . 00 2096.00 2097.00 

" 
KK SN2 
BA 0 . 255 

BASIN 

LG 0.20 
UI 0 

0 . 40 
40 

167 
31 
8 
0 

6.00 
67 

140 
20 

8 
0 

0 .18 
157 
112 

20 
0 
0 

7 
248 
96 
20 
0 
0 

303 
87 
12 

0 
0 

401 391 259 224 
UI 194 
UI 31 
UI 8 
UI 0 
* 

68 
8 
0 
0 

53 
8 
0 
0 

47 
8 
0 
0 

KK C5 COMBINE 
KM Given that no surface flow released from Sunset Dam during the 10- , 50-, 
KM 100- 250- and 500-year 24-hour events, the total tributary area for C5 only 
KM includes sub Basin SN2, i . e. 0.255 square miles. 
HC 2 0 . 255 
* 

43 
8 
0 
0 

KK C6 COMBINE 
KM Given tha• no surface flow released from sunnycove/ Sunset Dams during •he 10-
KM so- , 100-, 250- and 500-year 24-hour events, the total tributary area for c6 
KM only includes sub Basin SC6 and SN2, i.e. 0.369 square miles. 
HC 2 0 . 369 
* 
KK RC6C7 ROUTE 
RS 2 FLOW 
RC 0.069 0.036 0 . 069 3552 0 .0122 2057 .00 
RX 900.00 950 . 00 963 . 00 993.00 1008.00 1038 . 00 1050.00 1100 . 00 
RY 2057.0 2056.00 2056 . 00 2050.00 2050 . 00 2056 . 00 2056.00 2057.00 
" 
KK 
DR 
" 

RTSCRETRIEVE 
DTSC 

HEC-1 INPUT 

ID . .. .. .. 1 ....... 2 . .. ... . 3 ... . ... 4 ... .. . . 5 ....... 6 ....... 7 ... . ... 8 ....... 9 ...... 10 
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• 

1 

INPLIT 
LINE 

NO. 

53 

61 

66 

74 

77 

• 85 

88 

93 

101 

109 

113 

130 
128 

133 

138 

146 

151 

159 

176 
174 

179 

184 

192 

• 197 

100Y24H 
209 KK 
210 KM 

RSCC7 ROLITE 
Kinematic wave was selected for the routing through the pipeline, no attenuat 

211 RK 
* 

212 KK 
213 DR 

* 

5691 0 . 0163 0.013 CIRC 1.500 

RTSNRETRIEVE 
DTSN 

RSNC7 ROLITE 214 KK 
215 KM Kinematic wave was selected for the routing through the pipeline, no attenuat 
216 RK 5047 0 . 0143 0 . 013 CIRC 1 . 500 

* 
217 KK SN3 BASIN 
218 BA 0.223 
219 LG 
220 UI 
221 UI 
222 UI 
223 UI 
224 UI 

0 . 22 0.35 5. 20 0. 29 39 
0 52 174 338 476 469 303 247 195 

117 87 64 52 40 28 26 16 10 
10 10 10 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

* 
225 KK 
226 KM 
227 KM 
228 KM 

C7 COMBINE 
Given that no surface flow released from sunnycove/Sunset Dams during 
50-, 100-, 250- and 500-year 24-hour events, the total tributary area 
only includes sub Basin SC6, SN2 and SN3, i.e . 0.5913 square miles. 

229 HC 4 0.5913 
* 

230 zz 
SCHEMATIC DIAGRAM OF STREAM NETWORK 

(--->) DIVERSION OR PUMP FLOW (V) ROUTING 

(.) CONNECTOR 

SCl 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

v 
v 

RSC1C1 

SC2 

. . 
Cl. . .. . .. .. .. . 

SC3 

. . 
C2 .. . . ... .. . . • 
v 
v 

RC2DAM 

SC4 

SC5 

c3 ..........• : .......... . : 
v 
v 

DAMSC 

.-------> DTSC 
DIVSC 

v 
v 

RSCC4 

SC6 

. . 
C4 ........... . 

SN1 
v 
v 

DAMSN 

.-------> DTSN 
DIVSN 

v 
v 

RSNCS 

SN2 

. . 
C5 .......• . ... 

c6 ... . .... . . . : 
v 
v 

Page 4 

142 
10 

0 
0 
0 

the 10-
for C7 



100Y24H 

• 202 

208 
207 

RC6C7 

.<------- DTSC 
RTSC 

v 
v 

209 RSCC7 

213 .<------- DTSN 
212 RTSN 

v 
v 

214 RSNC7 

217 SN3 

. . . . 
225 C7 .... . . . . . ....... .. .... .. .. . .. .. . ... . 

( ***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
!***************************************** 
* * 

*************************************** 
* * 

• 

• 

* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * 
* JUN 1998 • * VERSION 4.1 

* RUN DATE 12APR11 TIME 16:06 : 26 

39 IO 

IT 

40 JD 

41 PI 

Flood control District of Maricopa county 
Project Name: Wickenburg Area Drainage Master 
contract FCD 2009C030 
Hoskin Ryan Consultants, Inc. 

study/Plan 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of Sunset and 
sunnycove washes. sunnycove tributary sub basins include: sc1, sc2 
sc3, sc4, sc5 and sc6. sunnset tributary sub basins include: SN1, 
SN2 and SN3. 
Total drainage area is 2.59 square miles. 
TWo flood retarding structures were constructed within Phase I 
study area, sunset and sunnycove Dams. A pipeline system was 
constructed and connected to the primary spillways to release 
Dam Reservoirs to Hassayampa River . 
The compacity of the pipeline system is 19.5 cfs for sunnycove Dam 
and 17.1 cfs for Sunset Dam . Excess flow will be released at the 
release manholes immediate downstream of two dams or through the 
emergency spillways. 

100 Year 24 Hour Existing Condition 
R~~~~!l~~e~~!!d1~i th DDMSW version 4 . 6.0 
Area-Depth : the default reduction factor in DDMSW was selected 
Rainfall Loss: Green-Ampt Equation 
unit Hydrograph: s-Graph (Mountain) 

soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use: MAG 2009 land use file was used, provided by FCDMC 
channel Routing: cross-section geometries and Manning s n were 
based on field observation . 
Sto~age Rou~ing: Dam storage volumes were based on 2004 Wickenburg 
Aen al Mappl ng. 

File Name: 100Y24H.DAT 
Date: 01/ 17/2011 

OUTPUT CONTROL VARIABLES 
IPRNT 5 
IPLOT 0 
QSCAL 0. 

DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMIN 

I DATE 
3 

19NOV10 
1200 
2000 

23NOV10 
1557 

19 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 

I TIME STARTING TIME 
NQ 

NDDATE 
NDTIME 
!CENT 

NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

COMPUTATION INTERVAL 
TOTAL TIME BASE 

.05 HOURS 
99 . 95 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
FLOW 
STORAGE VOLUME 
SURFACE AREA 
TEMPERATURE 

INDEX STORM NO . 1 

SQUARE MILES 
INCHES 
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

STRM 4.42 PRECIPITATION DEPTH 
TRDA . 00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.00 . 00 .00 .00 .00 

Page 
.00 .00 .00 

U.S . ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95 616 

(916) 756-1104 

.00 .00 

* 
* 



100Y24H 

• .00 .00 .00 .00 .00 .oo .00 . 00 .00 .00 
.00 .00 .00 . 00 .00 .00 .00 .00 .00 .00 
.oo .00 .00 . 00 . 00 .00 .00 . 00 .00 .00 
. 00 .00 .00 . 00 .00 .00 .00 .00 .00 .00 
.oo . 00 .00 . 00 .00 .00 .00 .00 .00 .00 
. 00 . 00 . 00 .00 . 00 .00 .00 . 00 .oo .oo 
.oo .00 .00 . 00 .00 .00 .00 .00 . 00 .00 
.00 .00 .00 .00 .00 .00 .00 . 00 .00 . 00 
. 00 . 00 .00 . 00 . 00 .oo .00 . 00 . 00 . 00 
.00 .00 .00 .00 .00 .00 . 00 . 00 .00 .00 
.00 . 00 .00 . 00 . 00 .00 .00 .00 .00 . 00 
.00 .00 .00 .00 . 00 .00 . 00 . 00 .00 .00 
.00 .00 .00 . 00 .00 . 00 .00 .00 .00 .00 
. 00 . 00 .00 . 00 .00 .00 .00 . 00 . 00 .00 
.00 .00 .00 . 00 .00 .00 .00 .00 . 00 .00 
.oo .00 .00 . 00 .00 .00 .00 .00 . 00 .00 
.00 .00 . 00 .00 .00 .oo .00 . 00 . 00 .00 
. 00 .00 .00 . 00 .00 .00 .00 . 00 .00 .00 
.oo .00 .00 . 00 .00 . 00 .00 .00 . 00 .00 
.oo .00 .00 .00 .00 .00 . 00 .00 . 00 .00 
. 00 .00 .00 . 00 . 00 .oo . 00 .00 .00 .00 
.oo . 00 .00 . 00 . 00 .01 . 01 .01 .01 .01 
. 02 .02 . 02 . 02 . 02 . 06 .06 . 06 .06 .06 
. 01 .01 .01 .01 . 01 . 01 .01 . 01 .01 .01 
. 00 .00 .00 .00 .00 .00 . 00 . 00 .00 .00 
.00 .00 .00 .00 . 00 .00 .00 . 00 .00 .00 
.00 .00 .00 .00 . 00 . 00 .00 . 00 . 00 .00 
.00 .00 .00 .00 .00 .00 .00 .00 .oo .00 
. 00 .00 .00 .00 .00 . 00 .00 .00 .00 . 00 
.oo .00 .00 .00 .00 .00 .00 .00 .00 . 00 
.oo . 00 .00 .00 . 00 .oo . 00 . 00 .00 .00 
.00 . 00 .00 .00 . 00 .00 . 00 .00 .00 .00 
. 00 .00 .00 . 00 . 00 .00 . 00 . 00 . 00 .00 
. 00 . 00 .00 . 00 . 00 .oo . 00 . 00 . 00 .00 
.00 .00 .00 .00 .00 .00 . 00 .00 . 00 .00 
. 00 .00 .00 .00 .00 .00 . 00 .00 .00 .00 
. 00 . 00 . 00 . 00 .00 .00 .00 .00 .00 .00 
.00 . 00 .00 .00 . 00 .00 .00 . 00 .00 .00 
.00 .00 .00 .00 .00 .oo . 00 .00 .00 .00 
.oo .00 .00 .oo .00 .00 .00 . 00 .00 .00 
.oo .00 .00 .00 .00 .oo .00 .00 . 00 .00 
.00 .00 . 00 . 00 . 00 .00 .00 . 00 . 00 .00 
. 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
. 00 .00 .00 . 00 .00 .oo . 00 .00 . 00 . 00 
. 00 .00 .00 .00 . 00 .00 .00 .00 .00 .00 
. 00 .00 .00 .oo .00 .00 .00 .00 . 00 .00 
.oo .00 .00 .00 .00 .oo .00 .00 . 00 .00 

51 JD INDEX STORM NO. 
STRM 4.29 PRECIPITATION DEPTH 
TRDA 5. 00 TRANSPOSITION DRAINAGE AREA 

• 0 PI PRECIPITATION PATTERN 
.00 . 00 . 00 . 00 . 00 . 00 .00 . 00 .00 .00 
.oo .00 . 00 .00 .00 . 00 .00 . 00 .00 .00 
.oo . 00 . 00 .00 . 00 .00 . 00 . 00 . 00 .00 
. 00 .00 . 00 . 00 . 00 .oo .00 .00 .00 . 00 
. 00 .00 . 00 .00 .00 .oo .00 .00 . 00 .00 
. 00 . 00 . 00 . 00 .00 . 00 .00 .00 .00 .00 
.00 .00 .00 .00 .00 .00 .00 .00 . 00 .00 
.oo .00 .00 . 00 . 00 .00 .00 .00 .00 . 00 
. 00 .00 .00 . 00 .00 .00 . 00 .00 . 00 .00 
. 00 .00 .00 .00 .00 .00 .00 . 00 .00 . 00 
. 00 .00 .00 . 00 .00 .oo .00 .00 .00 .00 
. 00 .00 . 00 .00 .00 .oo .00 .00 .00 .00 
. 00 .00 .00 . 00 .00 .oo .00 . 00 .00 .00 
.oo . 00 . 00 . 00 . 00 .00 .00 .00 . 00 .00 
.00 .00 . 00 .00 . 00 . 00 .00 . 00 .00 .00 
.oo .00 . 00 .00 . 00 . 00 . 00 .00 .00 .00 
.oo .00 . 00 . 00 . 00 .00 .00 .00 .00 .00 
.oo .00 .00 . 00 .00 .00 .00 .00 .00 .00 
.oo .00 . 00 . 00 .00 .00 .00 .00 .00 .00 
.oo .00 . 00 .00 . 00 .00 .00 .00 .00 .00 
. 00 .00 . 00 . 00 . 00 .00 .00 .00 .00 .00 
.00 .00 .00 .00 .00 .00 .00 . 00 . 00 . 00 
.00 . 00 .00 .00 .00 . 01 .01 .01 .01 . 01 
.02 .02 .02 . 02 .02 . 06 .06 . 06 . 06 .06 
.01 . 01 .01 .01 . 01 .01 .01 .01 .01 .01 
.00 .00 .00 .00 .00 .00 .00 .00 . 00 . 00 
.00 .00 .00 .00 . 00 .00 .00 . 00 . 00 . 00 
. 00 .00 . 00 .00 .00 .00 .00 .00 . 00 .00 
. 00 .00 .00 .00 . 00 . 00 .00 . 00 . 00 . 00 
.oo .00 .00 .00 . 00 . 00 .00 .00 . 00 .00 
.00 . 00 .00 . 00 .00 . 00 .00 .00 .00 .00 
.00 .00 .00 . 00 . 00 .00 . 00 . 00 .00 .00 
.00 .00 .00 .00 . 00 . 00 . 00 .00 . 00 .00 
. 00 .00 . 00 .00 .00 .00 . 00 .00 .00 . 00 
. 00 .00 .00 .00 . 00 .00 .00 . 00 .00 . 00 
.00 .00 .00 .00 . 00 .00 . 00 .00 .00 . 00 
.00 . 00 .00 . 00 .00 . 00 . 00 . 00 .00 . 00 
.oo .00 .00 . 00 . 00 . 00 . 00 .00 .00 . 00 
.oo .00 .00 .00 . 00 . 00 . 00 .00 .00 .00 
.00 .00 .00 .00 . 00 .oo . 00 . 00 .00 .00 
.oo .00 .00 .00 . 00 .00 .00 . 00 .00 .00 
.oo .00 .00 .00 . 00 .oo .00 . 00 . 00 .00 
.oo .00 .00 . 00 . 00 .oo .00 . 00 .00 . 00 
.oo .00 .00 . 00 .00 . 00 .00 .00 . 00 . 00 
.oo .00 .00 . 00 . 00 .00 .00 . 00 .00 . 00 
.00 .00 . 00 . 00 . 00 .00 .00 .00 .00 .00 
.00 .00 .00 . 00 . 00 .oo .00 . 00 . 00 . 00 
.00 .00 .00 . 00 . 00 . 00 .00 .00 .00 .00 

52 JD INDEX STORM NO . 

• STRM 4 . 20 PRECIPITATION DEPTH 
TRDA 10.00 TRANSPOSITION DRAINAGE AREA 
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100Y24H 

• 0 PI PRECIPITATION PATIERN 
. 00 .00 .00 . 00 .00 .00 .00 .00 . 00 .00 
.00 . 00 .00 .00 .00 . 00 . 00 .00 . 00 .00 
. 00 .00 .00 .00 .00 . 00 .00 . 00 . 00 .00 
. 00 .00 . 00 . 00 .00 .00 .00 .00 . 00 .00 
.00 . 00 .00 .00 . 00 .00 .00 .00 .00 .00 
.00 . 00 .00 . 00 .00 . 00 .00 .00 . 00 .00 
.00 .00 . 00 .00 .oo .00 .00 . 00 .00 .00 
.00 .00 . 00 . 00 .00 . 00 .00 . 00 .00 .00 
.00 .00 . 00 . 00 .00 . 00 . 00 . 00 .00 .00 
. 00 .00 .00 . 00 .00 . 00 . 00 . 00 . 00 .00 
.00 .00 .00 .00 . 00 .00 . 00 . 00 .00 .00 
. 00 .00 .00 . 00 .00 .00 .00 .00 .00 .00 
.00 . 00 .00 . 00 . 00 .00 . 00 .00 . 00 . 00 
. 00 . 00 .00 .00 .00 .00 .00 . 00 . 00 .00 
.oo . 00 .00 .00 .00 .oo . 00 . 00 .00 .00 
.00 . 00 . 00 .00 . 00 .oo . 00 .00 . 00 . 00 
. 00 .00 . 00 . 00 .00 .00 .00 .00 . 00 .00 
.00 .00 .00 .00 . 00 .00 .00 .00 . 00 .00 
.00 .00 .00 .00 . 00 .00 .00 .00 . 00 .00 
.00 . 00 .00 .00 . 00 .00 . 00 .00 . 00 .00 
. 00 . 00 . 00 .00 .00 . 00 .00 .00 .00 .00 
. 00 .00 .00 . 00 .00 . 00 .00 .oo .00 .00 
. 00 .00 .00 .00 .00 .01 .01 . 01 . 01 .01 
. 02 .02 .02 . 02 . 02 .06 .06 . 06 . 06 .06 
. 01 .01 .01 . 01 .01 .01 .01 . 01 .01 .01 
. 00 . 00 .00 .00 .00 .00 . 00 .00 .00 . 00 
. 00 . 00 . 00 . 00 .00 .00 . 00 .00 .00 . 00 
.00 .00 .00 . 00 . 00 .00 .00 .00 . 00 . 00 
.00 . 00 . 00 . 00 . 00 . 00 .00 . 00 .00 . 00 
.00 . 00 .00 .00 .00 .00 . 00 .00 .00 . 00 
. 00 . 00 .00 . 00 .00 . 00 .00 .00 . 00 . 00 
. 00 .00 .00 .00 .00 .00 .00 .oo . 00 .oo 
.00 . 00 . 00 .00 .00 .00 .00 . 00 . 00 .00 
. 00 .00 . 00 . 00 .00 .00 .00 . 00 .00 .00 
.oo .00 .00 . 00 .00 . 00 .00 .00 . 00 .00 
. 00 .00 . 00 . 00 .00 . 00 .00 .00 .00 .00 
. 00 .00 .00 .00 . 00 .00 .00 .00 .00 .00 
.00 . 00 .00 . 00 . 00 .00 .00 . 00 .00 .00 
.00 .00 .00 .00 . 00 .00 . 00 . 00 . 00 .00 
.00 .00 .00 .00 .00 .00 . 00 .00 .00 .00 
. 00 .00 .00 .00 .00 .00 .00 .00 . 00 .00 
.00 . 00 .00 .00 . 00 .00 .00 .00 . 00 . 00 
.00 . 00 . 00 . 00 . 00 . 00 . 00 .00 . 00 . 00 
.00 .00 . 00 .00 . 00 .00 .00 .00 .00 . 00 
.00 . 00 . 00 . 00 . 00 .00 .00 .00 .00 . 00 
.00 .00 . 00 . 00 . 00 .00 .00 . 00 . 00 . 00 
.00 . 00 . 00 .00 . 00 .00 .00 .00 .00 . 00 
.00 .00 . 00 .00 . 00 .00 .00 .00 .00 . 00 

• •••••••••••••••••••••••••••••• ••••••••••••••••••••• ••••••••• *** ••••••••••••••• •••••••••••• •••••• ••• 

*'ft1'r'A'trW*it* 'h 1rtr1f1r 

113 KK 

·120 KO 

121 RS 

122 SV 

124 SQ 

126 SE 

PEAK FLOW 

+ (CFS) 

+ 9 . 

PEAK STORAGE 

+ (AC-FT) 
140 . 

. + 
PEAK STAGE 

(FEET) 

DAMSC * . 
1r1r1f1f********** 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
IPLOT 0 
QSCAL 0. 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

STORAGE ROUTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 

X 

STORAGE 

DISCHARGE 

ELEVATION 

... 

STOR TYPE OF INITIAL CONDITION 
.00 INITIAL CONDITION 
.00 WORKING RAND 0 COEFFICIENT 

. 0 19. 3 26.9 36 . 5 
159.6 186. 8 216.9 225 .1 

0. 0 . 2. 3. 
9 . 10 . 28. 162. 

2130 . 00 2150 .20 2152 .20 2154.20 
2168 . 20 2170.20 2172 . 20 2172 .70 

*"* 

*"* ... 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA . 0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 

(HR) 
(CFS) 

19 . 65 9. 9 . 8 . 
(INCHES) . 057 .228 . 654 

(AC-FT) 4 . 17. 49 . 

TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72- HR 

(HR) 
20.15 140 . 137. 122. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

47.9 
233.4 

5. 
393. 

2156 . 20 
2173 . 20 

. .. 
99.95 - HR 

7. 
.781 
58 . 

99.95-HR 

103. 

99 . 95-HR 
(HR) 

Page 7 

61.2 76 .5 93 . 9 113.5 135 . 3 
241.6 250.2 286.8 326.8 368.0 

6 . 7. 7. 8. 9 . 
674 . 979. 2635. 4906. 7746 . 

2158 .20 2160 . 20 2162.20 2164.20 2166 . 20 
2173.70 2174.20 2176 .20 2178.20 2180 . 20 



• 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

. + 

+ 

+ 

• 

100Y24H 
2166 . 57 20.15 2166.56 2166.31 2164 . 95 2160.75 

CUMULATIVE AREA= 1. 39 SQ MI 

*** .... .... ..... 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 5 . 0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95-HR 

(CFS) (HR) 
(CFS) 

8. 19.65 8. 8. 8. 7. 
(INCHES) .056 .224 . 642 .766 

(AC-FT) 4. 17 . 48. 57. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

(AC-FT) (HR) 
134. 20 .10 134. 131. 116. 98 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

(FEET) (HR) 
2166 .08 20.15 2166 . 06 2165.80 2164.43 2160.27 

CUMULATIVE AREA = 1.39 SQ MI 

... *** ..... 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 10.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95-HR 

(CFS) (HR) 
(CFS) 

8 . 19.90 8. 8. 8. 7. 
(INCHES~ .056 .222 .634 .755 

(AC-FT 4. 16. 47. 56. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

(AC-FT) (HR) 
130. 20.05 130. 127. 113 . 95 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

(FEET) (HR) 
2165.73 20 . 05 2165.72 2165.45 2164.08 2159 . 95 

CUMULATIVE AREA = 1.39 SQ MI 

...... . ... 
INTERPOLATED HYDROGRAPH AT DAMSC 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24- HR 72-HR 99.95-HR 

(CFS) (HR) 
(CFS) 

8. 19.65 8. 8. 8 . 7. 
(INCHES) . 057 .225 . 644 . 767 

(AC-FT) 4. 17. 48. 57 . 

CUMULATIVE AREA = 1. 39 SQ MI 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ••• *** *** *** *** *** *** 

159 KK 

166 KO 

167 RS 

168 sv 

170 SQ 

172 SE 

************** 

DAMSN STORAGE 

************** 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
IPLOT 0 
QSCAL 0 . 

HYDROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

STORAGE ROUTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 

X 

STORAGE 

DISCHARGE 

ELEVATION 

STOR TYPE OF INITIAL CONDITION 
.00 INITIAL CONDITION 
.00 WORKING RAND D COEFFICIENT 

.0 10.8 19 . 0 29.3 
89.4 98 . 9 108 .6 119 . 0 

0. 0 . 3. 5 . 
173. 437 . 714 . 1041. 

2113 . 50 2122 . 20 2124.20 2126 . 20 
2134.20 2135.20 2136.20 2137.20 

Page 

35.3 41.6 48 . 6 55 . 9 63 . 8 80.5 
129 . 7 141.3 153.1 165.8 178 . 8 192 . 7 

6. 6. 7 . 7. 8. 9. 
1412. 1822. 2267. 2746. 3255. 3793. 

2127 . 20 2128.20 2129.20 2130.20 2131 . 20 2133.20 
2138 . 20 2139 . 20 2140.20 2141.20 2142.20 2143.20 

B 
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• *** 

*** 
..... *** 

HYDROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA . 0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

+ (CFS) (HR) 
(CFS) 

+ 8 . 15 . 75 8. 7. 6 . 5. 
(INCHES) . 117 .454 1.175 1. 328 

(AC-FT) 4 . 15. 38 . 43. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (AC-FT) (HR) 
58. 16 . 30 58 . 55 . 43. 35. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (FEET) (HR) 
2130.52 16.15 2130.50 2130.08 2128 . 32 2126 . 24 

CUMULATIVE AREA = .60 SQ MI 

.... .... .. ... ..... .... 
HYDROGRAPH AT STATION DAMSN 

TRANSPOSITION AREA 5 . 0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99. 95-HR 

+ (CFS) (HR) 
(CFS) 

+ 7. 15.70 7. 7 . 6. 5. 
(INCHES) . 114 . 445 1.138 1.280 
(AC-FT) 4 . 14. 36 . 41. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (AC-FT) (HR) 
56 . 16.10 56. 53. 41. 33 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (FEET) (HR) 
2130.22 16 . 05 2130.20 2129 . 77 2128.02 2125.98 

• CUMULATIVE AREA= .60 SQ MI 

*** 
.... . ... 

HYDROGRAPH AT STATION DAMSN 
TRANSPOSITION AREA 10.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72- HR 99.95-HR 

+ (CFS) (HR) 
(CFS) 

+ 7. 15.80 7. 7 . 6. 5. 
(INCHES) .113 . 438 1.114 1. 248 
(AC-FT) 4. 14 . 36. 40. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (AC-FT) (HR) 
54. 16.05 54. 51. 40. 32 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99. 95-HR 

+ (FEET) (HR) 
. 2130.01 16.05 2129.99 2129.57 2127.82 2125.81 

CUMULATIVE AREA = .60 SQ MI ... *** *** *** ... 
INTERPOLATED HYDROGRAPH AT OAMSN 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

+ (CFS) (HR) 
(CFS) 

+ 7 . 15.70 7 . 7. 6. 5. 
(INCHES) .115 . 446 1 .145 1.289 

(AC-FT) 4. 14. 37. 41. 

CUMULATIVE AREA = .60 SQ MI 

1 
RUNOFF SUw.IARY 

FLOW IN CUBIC FEET PER SECOND 
TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

. + 

HYDROGRAPH AT 
SC1 834 . 12 . 25 99 . 27 . 9. .56 

Page 9 
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• ROUTED TO 

HYDROGRAPH AT 

RSC1C1 804 . 12 . 35 99 . 27 . 9. . 56 

• 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
1 

SC2 

2 COMBINED AT 
C1 

HYDROGRAPH AT 
SC3 

2 COMBINED AT 
C2 

ROUTED TO 
RC2DAM 

HYDROGRAPH AT 
SC4 

HYDROGRAPH AT 
scs 

3 COMBINED AT 
C3 

ROUTED TO 
DAMSC 

OIVERS:ION TO 
DTSC 

HYDROGRAPH AT 
DJ:VSC 

ROUTED TO 
RSCC4 

HYDROGRAPH AT 
SC6 

2 COMBINED AT 
C4 

HYOROGRAPH AT 
SN1 

ROUTED TO 
DAMSN 

DIVERSION TO 
DTSN 

HYDROGRAPH AT 
DIVSN 

ROUTED TO 
RSNCS 

HYDROGRAPH AT 
SN2 

COMBINED AT 
cs 

COMBINED AT 
C6 

ROUTED TO 
RC6C7 

HYDROGRAPH AT 
RTSC 

ROUTED TO 
RSCC7 

HYDROGRAPH AT 
RTSN 

ROUTED TO 
RSNC7 

HYDROGRAPH AT 
SN3 

4 COMBINED AT 
C7 

ISTAQ ELEMENT DT 

(MIN) 

233. 12 .10 18 . 5 . 2. .10 

891. 12 . 30 117 . 31. 10. .66 

347 . 12 .15 34 . 9 . 3. . 20 

1192 . 12 . 25 150. 40. 13. .86 

1041. 12 . 60 150. 40 . 13. . 86 

535. 12 . 30 79 . 23 . 8 . . 38 

300 . 12.15 32. 9. 3 . . 15 

1454. 12 . 45 260. 72 . 24. 1. 39 

8 . 19.65 8. 8. 8. 1 . 39 

8. 19.65 s. 8 . B . 1.. 3 9 

o. .00 0. 0 . 0 . 1. 39 

o. . 00 0. 0. 0 . 1 . 39 

263 . 12.10 21 . 6. 2. . 11 

263. 12 .10 21. 6. 2 . .11 

777 . 12 . 30 111. 31. 10. . 60 

7 . 15 . 70 7. 7. 6. .60 

7. 15.70 7. 7. 6. .60 

o. . 00 0 . o. 0. . 60 

o. . 00 0. 0 . 0. . 60 

401. 12 . 20 42 . 11. 4. .25 

401. 12 . 20 42 . 11. 4 . .25 

624. 12 .15 63 . 17. 6. .37 

568 . 12 . 25 63 . 17. 6. . 37 

8 . 19 . 65 8 . 8. 8 . 1. 39 

8 . 19 . 75 8. 8 . 8. 1.39 

7 . 15 . 70 7. 7 . 6 . . 60 

7 . 16.20 7 . 7 . 6. . 60 

445 . 12. 15 48 . 15. 5 . .22 

953. 12. 20 121. 43 . 24. . 59 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

PEAK TIME TO VOLUME DT PEAK TIME TO 
PEAK PEAK 

(CFS) (IN) (MIN) (CFS) (MIN) 

FOR STORM ~ 1 STORM AREA (SQ MI) = 
RSCC7 MANE 3. 00 8. 59 

(MIN) 

. 00 
1218.55 . 78 3.00 8 . 59 1221.00 

VOLUME 

(IN) 

. 78 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 5804E+02 EXCESS= .0000E+00 OUTFLOW= . 5798E+02 BASIN STORAGE= .6799E-01 PERCENT ERROR= 

Page 10 
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100Y24H 

• FOR STORM= 2 STORM AREA (SQ MI) = 5 . 00 
RSCC7 MANE 3 . 00 8.47 1215 . 41 . 76 3 . 00 8.47 1215 . 00 .76 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 5689E+02 EXCESS= . 0000E+00 OUTFLOW= . 5682E+02 BASI N STORAGE= . 6335E-01 PERCENT ERROR= . 0 

FOR STORM = 3 STORM AREA (SQ MI) = 10 . 00 
RSCC7 MANE 3 . 00 8.38 1213.30 . 75 3.00 8. 38 1215 .00 .75 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5611E+02 EXCESS= . 0000E+00 OUTFLOW= .5605E+02 BASIN STORAGE= . 6593E- 01 PERCENT ERROR= . 0 

FOR STORM = 1 STORM AREA (SQ MI) = 
RSNC7 MANE 3.00 7 . 56 

.00 
987 . 61 1.33 3 . 00 7. 56 987 . 00 1 . 33 

CONTINUITY SUMMARY (AC- FT) - INFLOW= .4255E+02 EXCESS= . 0000E+00 OUTFLOW= . 4253E+02 BASIN STORAGE= . 3191E-01 PERCENT ERROR= . 0 

FOR STORM = 2 STORM AREA (SQ MI) = 5 . 00 
RSNC7 MANE 2 . 90 7 . 41 979 . 89 1 . 28 3 . 00 7 . 41 981. 00 1. 28 

CONTINUITY SUMMARY (AC-FT) - IN FLOW= . 4102E+02 EXCESS= .0000E+00 OUTFLOW= .4099E+02 BASIN STORAGE= . 2997E-01 PERCENT ERROR= . 0 

FOR STORM = 3 STORM AREA (SQ MI) = 10 . 00 
RSNC7 MANE 2. 92 7 . 31 977 .08 1. 25 3 . 00 7. 31 975 . 00 1.25 

CONTINUITY SUMMARY (AC-FT) - INFLOW= . 4000E+02 EXCESS= .0000E+00 OUTFLOW= .3997E+02 BASIN STORAGE= .2877E-01 PERCENT ERROR= .0 

n# # NORMAL END OF HEC-1 # #* 

• 

• Page 11 



500Y6H 

•

1 ***************************************** . . 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* JUN 1998 * 
* VERSION 4 .1 * 

~************************************** 
• * 
• U. S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 
609 SECOND STREET 

DAVIS, CALIFORNIA 95616 
(916) 756- 1104 

1 

• 

1 

• 

h h 

RUN DATE 12APR11 TIME 16 :07 :13 

X X )()()()()()()( xxxxx X 
X X X X X XX 
X X X X X 
)()()()()()()( xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X )()()()()()()( xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS , HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS : DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS :WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 

LINE 

52 
53 
54 
55 
56 
57 
58 
59 

HEC-1 INPUT 

ID ... 00 .• loo .. 00 . 2 oo oo . •. 3 oo. oo . . 400. 00 .• 5 oo oo •.. 6 00 . oo •. 7 •. oo . 00 8 . ..•.. . 9 .. . ... 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
I D 
I D 
ID 
ID 
ID 
IT 
IN 

Flood control District of 
Project Name: Wickenburg Area 
contract FCD 2009c030 
Hoskin Ryan Consultants , Inc. 

Maricopa county 
Drainage Master Study/ Plan 

Phase I Hydrology Model 
Phase I study area includes tributary watersheds of sunset and 
sunnycove washes. sunnycove tributary sub basins include : sc1, sc2 
SC3, SC4, SCS and sc6. sunnset tributary sub basins include: SNl, 
SN2 and SN3 . 
Total drainage area is 2.59 square mil es . 
TWo flood retarding structures were constructed within Phase I 
study area, s unset and Sunnycove Dams . A pipel i ne system was 
constructed and connected to t he primary spillways to release 
Dam Reservoirs to Hassayampa River. 
The compacity of the pipeline system is 19 . 5 cfs for Sunnycove Dam 
and 17.1 cfs for sunset Dam. Excess f l ow will be released at the 
release manholes immediate downs tream of two dams or through the 
emergency spillways . 

500 Year 6 Hour Existing Condition 
Model prepared with DDMSW version 4 . 6 . 0 

Rainfall : NOAA 14 
Area-Depth: the default reduction factor in DDMSW was selected 
Rainfal l Loss: Green-Ampt Equation 

Unit Hydrograph: s-Graph (Mountain) 
Soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use: MAG 2009 land use f ile was used, provided by FCDMC 
channel Routing: Cross-section geometries and Manning s n were 
based on field observation . 
storage Rou~ing : Dam storage volumes were based on 2004 wickenburg 
Aenal Mapplng. 

File Name: 500Y6H . DAT 
Date : 01/ 17/2011 

3 19NOV10 1200 
15 

2000 

IO 
*DIAGRAM . 5 

JD 4.200 0.0001 
PC 0.000 0 . 008 0.016 0.025 0 . 033 0.041 0 . 050 0.058 0.066 
PC 0.087 0 . 099 0 .118 0.138 0 . 216 0.377 0. 834 0 . 911 0.931 
PC 0 . 962 0 . 972 0.983 0.991 1.000 
JD 4 . 175 0. 5000 
PC 0 .000 0.008 0 .016 0.025 0 . 033 0.041 0. 050 0 . 058 0 . 066 
PC 0.087 0.099 0.118 0.138 0.216 0.377 0 . 834 0.911 0.931 
PC 0 . 962 0 . 972 0.983 0.991 1.000 
)0 4 . 095 2 .8 
PC 0.000 0.009 0.016 0.025 0 . 034 0.042 0 . 051 0.059 0 . 068 
PC 0 . 088 0 .101 0 .121 0.164 0.253 0.451 0 . 694 0 .836 0.900 
PC 0 . 950 0 . 963 0.975 0. 988 1.000 
h 

HEC- 1 INPUT 

0 . 074 
0.950 

0 . 074 
0 . 950 

0.077 
0.938 

ID ... .. .. 1. .. .... 2 ... ... . 3 .... . . . 4 .. . .... 5 ..... .. 6 .. .. .. .7 .. . .. , . 8 . . .... . 9 ..... . 10 

KK SC1 BASIN 
BA 0 . 562 
LG 0.18 0.34 6 . 60 0 .16 9 
UI 0 78 96 259 414 528 621 843 714 504 
UI 442 390 345 301 253 204 184 168 136 110 
UI 97 85 74 59 59 38 38 38 34 15 
UI 15 15 15 15 15 15 15 15 0 0 
UI 0 0 0 0 0 0 0 0 0 0 
• 
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PAGE 
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• 

1 

• 

1 

• 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 

84 
85 
86 

87 
88 
89 
90 
91 

LINE 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

108 
109 
110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

LINE 

132 
133 
134 

KK RSC1C1 ROUTE 
RS 2 FLOW 

SOOY6H 

RC 0.057 0.033 0.057 2546 0.0150 2316.00 
RX 900.00 950.00 990.00 993.00 1008.00 1011.00 1051.00 1100.00 
RY 2316.0 2315.00 2311 . 00 2310.00 2310.00 2311.00 2315.00 2316.00 

" 
KK SC2 
BA 0.100 
LG 0 . 20 
lii 0 
UI 26 
lii 0 
lii 0 
lii 0 
" 

BASIN 

0 . 37 
46 
17 

0 
0 
0 

6 . 60 
173 
13 

0 
0 
0 

0 .15 
306 

6 
0 
0 
0 

8 
236 

6 
0 
0 
0 

162 
6 
0 
0 
0 

116 
0 
0 
0 
0 

79 
0 
0 
0 
0 

55 
0 
0 
0 
0 

KK 
KM 
HC 

C1 COMBINE 
Tot~l 6~~~~jary area of 0.6627 square miles for sub Basin sc1 and sc2. 

" 
KK SC3 
BA 0.197 
LG 0 . 19 
lii 0 
l)I 135 
UI 18 
l)I 0 
UI 0 
" 

BASIN 

0 . 37 
37 

103 
13 

0 
0 

6.40 
85 
87 

7 
0 
0 

0 .16 
186 

73 
7 
0 
0 

7 
261 

55 
7 
0 
0 

350 
45 

7 
0 
0 

352 
39 

7 
0 
0 

228 
28 

7 
0 
0 

194 
25 

0 
0 
0 

38 
0 
0 
0 
0 

163 
18 

0 
0 
0 

KK 
KM 
HC 

C2 COMBINE 
Total tributary area of 0.8597 square miles for sub Basin SC1, sc2 and sc3. 

2 0 .8597 
" 
KK RC2DAM ROUTE 
RS 7 FLOW 
RC 0.062 0.035 0.062 10737 0.0145 2206.00 
RX 900 . 00 926.00 986.00 990.00 1010 . 00 1014.00 1074.00 1100.00 
RY 2206.0 2205.00 2202.00 2200 .00 2200.00 2202.00 2205.00 2206.00 
* HEC-1 INPUT 

ID ... .. .. 1. ..... . 2 .. .. ... 3 ....... 4 ....... 5 .. . .. . • 6 .. • ..•. 7 .. . ... . 8 ... .. .. 9 .... .. 10 

KK SC4 
BA 0 . 384 
LG 0. 20 
UI 0 
UI 325 
UI 98 
lii 22 
UI 8 
" 
KK SC5 
BA 0.150 
LG 0.21 
UI 0 
UI 82 
UI 6 
UI 0 
UI 0 
" 

BASIN 

0. 35 
44 

274 
85 
22 

8 

BASIN 

0. 38 
33 
70 

6 
0 
0 

7 . 00 
44 

250 
73 
22 

8 

6.40 
97 
50 

6 
0 
0 

0.12 
107 
224 

57 
22 

8 

0.15 
196 

39 
6 
0 
0 

22 
183 
203 

55 
12 

8 

30 
266 

32 
0 
0 
0 

259 
181 

48 
8 
0 

338 
25 

0 
0 
0 

307 
160 

45 
8 
0 

208 
18 

0 
0 
0 

348 
136 

34 
8 
0 

170 
16 

0 
0 
0 

441 
114 

34 
8 
0 

139 
13 

0 
0 
0 

KK 
KM 
KM 
HC 

C3 COMBINE 
Total tributary area of 1.3934 square miles for Sub Basin SC1, SC2, sc3, 
SC4 and sc5. 

3 1. 3934 
" 
KK DAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest elevation is 
KM 2172.20 feet (NAV088). 
KM The stage-discharge rating curve is based on SITES model results , provided 
KM by FCOMC. 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safety standards. 
KO 3 

498 
106 

30 
8 
0 

109 
6 
0 
0 
0 

RS 1 
SV 0 
SV 159.65 

STOR 
19.28 26.94 36 . 47 47.89 61.20 76.51 93 . 90 113.47 135 . 29 

186.80 216.92 225.15 233.39 241.63 250.19 286.77 326.84 368.00 
0 1.7 3.2 4 . 7 5.9 6.6 7.3 8 . 0 8 . 5 SQ 0 

SQ 9.0 9.6 28 .0 162 393 674 979 2635 4906 7746 
2150.20 2152 . 20 2154.20 2156.20 2158 .20 2160.20 2162 . 20 2164.20 2166.20 
2170.20 2172.20 2172 . 70 2173.20 2173.70 2174.20 2176 . 20 2178.20 2180.20 

SE 2130 
SE 2168 . 2 
" 
KK 
KM 
DT 
DI 
DQ 
* 

DIVSC DIVERT 
The downstream 

DTSC 0 . 0 
0.0 19.5 
0.0 19.5 

pipeline has a maximum capacity of 19 . 5 cfs . 
19.5 

4000 . 0 
19 . 5 

HEC-1 INPUT 

ID . .... . . 1. ...... 2 .... . . . 3 ... ... . 4 ...... . 5 ..... .. 6 .. . ... .7 . . ..... 8 .. . .. . . 9 ...... 10 

KK 
RS 
RC 

RSCC4 
1 

0 . 055 

ROUTE 
FLOW 

0.035 0.055 2689 0.0347 2106.00 
Page 2 
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• 

• 

135 
136 

137 
138 
139 
140 
141 
142 
143 
144 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 

155 
156 
157 
158 
159 
160 
161 
162 

163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

LINE 

178 
179 
180 
181 
182 

183 
184 
185 
186 
187 

188 
189 
190 
191 
192 
193 
194 
195 

196 
197 
198 
199 
200 
201 
202 
203 
204 

205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

215 
216 

500Y6H 
~ 900 . 00 960 . 00 990 . 00 998.00 1002 . 00 1010 . 00 1012.00 1013 . 00 
RY 2106 .0 2105 . 00 ·2102 . 00 2100 . 00 2100.00 2102.00 2108 . 00 2108.00 
* 
KK SC6 
BA 0 . 114 

BASIN 

13 LG 0. 25 0.38 
50 
21 
0 
0 
0 

6 . 40 
189 

0.16 
331 

7 
0 
0 
0 

281 
7 
0 
0 
0 

186 
7 
0 
0 
0 

135 
7 
0 
0 
0 

91 
0 
0 
0 
0 

66 
0 
0 
0 
0 

UI 0 
UI 31 18 

0 
0 
0 

UI 0 
UI 0 
UI 0 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* 
KK 
BA 
LG 
UI 
UI 
UI 
UI 
UI 
* 

C4 COMBINE 
Given that no surface flow released from sunnycove oam during the 10- , 
50-, 100- and 250-year 6-hour events, the total tributary area fo r C4 
only incl udes Sub Basin sc6, i.e. 0 .114 square miles . 
Given that the surf ace flow released from sunnycove Dam durin~ the 
500-year 6-hour event lags behind the local flow from sub Bas1n SC6 
and is not additi ve to the dominating local peak flow , the total 
tributary area for C4 onl y includes sub Basin sc6 , i . e . 0 .114 square 
miles . 

2 0 .114 

SN1 
0 . 601 
0.19 

0 
524 
156 

39 
13 

BASIN 

0 . 39 
68 

432 
142 

33 
13 

6 . 00 
68 

391 
113 

33 
13 

0 . 19 
159 
353 

98 
33 
13 

18 
272 
321 

87 
33 
13 

387 
285 

77 
13 
13 

462 
257 

74 
13 

0 

527 
221 

59 
13 

0 

645 
185 

52 
13 
0 

DAMSN STORAGE 
According to the as-built plan, the emergency spillway crest elevati on is 
2133 . 20 feet (NAVD88). 
The stage-discharge rating curve is based on SITES mod el results, provided 
by FCDMC. 
The dam storage routing is for FEMA floodplain delineation purposes, not 
applicable for NRCS dam safety standards . 

3 

44 
0 
0 
0 
0 

797 
166 

52 
13 

0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KO 
RS 
sv 
sv 
SQ 
SQ 
SE 
SE 
* 

1 STOR 
0 10.81 19 . 04 29.27 35.33 41.59 48 . 64 55 . 86 63.77 80 . 53 

89.37 98 .87 108.56 119.00 129.68 141.27 153.09 165.82 178 . 79 192 . 72 
0 0 2.60 5.10 5.70 6 . 30 6 . 90 7 . 40 7 . 90 8 . 80 

173 437 714 1041 1412 1822 2267 2746 3255 3793 
2113.5 2122.20 2124 . 20 2126.20 2127.20 2128.20 2129.20 2130.20 2131.20 2133.20 
2134 . 2 2135 . 20 2136 . 20 2137.20 2138 . 20 2139. 20 2140 . 20 2141 . 20 2142 . 20 2143 . 20 

f!EC-1 INPUT 

ID .. . . . .. 1 .. .. . .. 2 ... . . . . 3 .. .... . 4 .. ... .. 5 . . .. .. . 6 .... . . . 7 .. . . .. . 8 . . ... .. 9 . . .. . . lO 

KK 
KM 
DT 
DI 
DQ 
* 

DIVSN DIVERT 
The downstream 

DTSN 0 . 0 
0 . 0 10 . 0 
0.0 10.0 

pipeline has a maximum capacity of 17 .1 cfs . 
17.1 
17 . 1 20 .0 1500 .0 
17 .1 17.1 17 .1 

KK RSNCS ROUTE 
RS 1 FLOW 
RC 0.064 0 .035 0.064 2143 0.0169 2097.00 
RX 900 . 00 950.00 977.00 995 . 00 1005.00 1023.00 1050.00 1100 . 00 
RY 2097 .0 2096.00 2096 . 00 2090 . 00 2090.00 2096 . 00 2096 . 00 2097.00 
* 
KK SN2 
BA 0 . 255 
LG 0.20 
UI 0 
UI 194 
UI 31 
UI 8 
UI 0 
* 

BASIN 

0.40 
40 

167 
31 

8 
0 

6.00 
67 

140 
20 

8 
0 

0.18 
157 
112 

20 
0 
0 

7 
248 

96 
20 
0 
0 

303 
87 
12 

0 
0 

401 
68 

8 
0 
0 

391 
53 
8 
0 
0 

259 
47 

8 
0 
0 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* 

CS COMBINE 
Given that no surface flow released from Sunset Dam during the 10-, 50-, 
100- and 250-year 6-hour events, the total tributary area for C5 only 
includes sub Basin SN2, i . e . 0 . 255 square miles. 
Given that the surface fl ow released from sunset Dam during the 500- year 
6-hour event lags behind the local flow from sub Basin SN2 and is not 
additive to the dominating local peak flow, the total tributary area 

KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
f!C 
* 

for cs only includes sub Basin SN2, i.e. 0 . 255 square miles. 
2 0 . 255 

C6 COMBINE 
Given that no surface flow released from sunnycove/ sunset Dams during 
the 10- , 50-, 100- and 250-year events, the total tributary area for C6 
only includes Sub Basin SC6 and SN2, i.e. 0 . 369 square miles. 
Given that the surface flow released from sunnycove/ sunset Dams during 
the 500-year 6-hour event lags behind the local flows from Sub Basin sc6 
and SN2 and is not additi ve to the dominating local peak flow , the total 
tributary area for c6 only includes sub Basin sc6 and SN2 , i . e . 0.369 
square miles. 

2 0 . 369 

KK RC6C7 ROUTE 
RS 2 FLOW 

Page 3 

224 
43 

8 
0 
0 

PAGE 5 



• 

1 

• INPUT LINE 

NO . 

52 

60 

65 

73 

76 

84 

87 

92 

100 

108 

112 

129 
127 

132 

137 

145 

155 

• 163 

217 
218 
219 

500Y6H 
RC 0 . 069 0.036 0.069 3552 0.0122 2057.00 
RX 900.00 950.00 963 . 00 993.00 1008 . 00 1038.00 1050.00 1100.00 
RY 2057.0 2056.00 2056 . 00 2050 . 00 2050.00 2056.00 2056.00 2057 . 00 
* HEC-1 INPUT 

LINE ro .. ... . . 1 ....... 2 . .. ... . 3 .. ... . . 4 . . ... .. 5 .. . .... 6 .. . .... 7 ....... 8 ....... 9 . . .... 10 

220 KK RTSCRETRIEVE 
221 DR DTSC 

* 
222 
223 

KK RSCC7 ROUTE 
KM Kinematic wave was selected for the routing through the pipeline , no attenuat 

224 RK 5691 0.0163 0. 013 CIRC 1.500 
* 

225 KK RTSNRETRIEVE 
226 DR DTSN 

* 

227 
228 

KK RSNC7 ROUTE 
KM Kinematic wave was selected for the routing through the pipeline , no attenuat 

229 RK 5047 0.0143 0.013 CIRC 1.500 

230 
231 
232 
233 
234 
235 
236 
237 

238 
239 
240 
241 
242 
243 
244 
245 
246 
247 

248 

* 
KK 
BA 
LG 
UI 
UI 
UI 
UI 
UI 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
KM 
HC 
* zz 

SN3 BASIN 
0 . 223 
0.22 0. 35 5.20 0.29 39 

0 52 174 338 476 469 303 247 195 
117 87 64 52 40 28 26 16 10 

10 10 10 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

c7 COMBINE 
Given that no surface flow released from sunnycove/Sunset Dams during 
the 10-, so-, 100- and 250-year 6-hour events , the total tributary area 
for c7 only 1ncludes sub Basin sc6, SN2 and SN3, i.e. 0.5913 square miles. 
Given that the surface flow released from sunnycove/Sunset Dams during 
the 500-year 6-hour event la9s behind the local flows from sub Basin SC6, 
SN2 and SN3 and is not addit1ve to the dominating local peak flow, the 
total tributary area for C7 only includes sub eas1n SC6, SN2 and SN3, 
i.e. 0 . 5913 square miles. 

4 0.5913 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(--->) DIVERSION OR PUMP FLOW (V) ROUTING 

( . ) CONNECTOR 

SC1 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

v 
v 

RSC1C1 

SC2 

ci ... ........ : 

SC3 

ci ...... ..... : 
v 
v 

RC2DAM 

SC4 

scs 

c3 . . .. . ...... : ....... . . . . : 
v 
v 

DAMSC 

. -------> DTSC 
DIVSC 

v 
v 

RSCC4 

SC6 

. . 
C4 ........... . 

SN1 
v 
v 

DAMSN 
Page 4 

142 
10 

0 
0 
0 
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500Y6H 

• 180 
178 

.-------> DTSN 
DIVSN 

v 
v 

183 RSNCS 

188 SN2 

. . 
196 cs . ..... . .... . 

205 c6 ... ..... ... : 
v 
v 

215 RC6C7 

221 .<------- DTSC 
220 RTSC 

v 
v 

222 RSCC7 

226 .<------- DTSN 
225 RTSN 

v 
v 

227 RSNC7 

230 SN3 

. . . . 
238 C7 .. .. . .. ..... . . . ..... . . .. . . .. . . . . . .• . 

( ***) RUNOFF ALSO COM PUTED AT THIS LOCATION 
1*** ~*********************************** ** *************************************** 

* 

• 

• 

* * 
FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

* 
* 

* JUN 1998 
* VERSION 4 .1 

RUN DATE 

39 ro 

IT 

12APR11 TIME 16:07:13 

OUTPUT CONTROL 
IPRNT 
I PLOT 
QSCAL 

Flood control District of Maricopa county 
Project Name : wickenburg Area Drainage Master study/ Plan 
contract FCD 2009C030 
Hoskin Ryan consultants, Inc . 

Phase I Hydrology Model 
Phas e I study area includes tributary watersheds of sunset and 
sunnycove washes . sunnycove tributary sub basins inc l ude : sc1, sc2 
sc3, sc4, SC5 and SC6 . sunnset tributary sub basins include: SN1 , 
SN2 and SN3. 
Total drainage area is 2.59 square mi l es. 
TWo flood retardi ng structures we re constructed within Phase r 
study area, sunset and sunnycove Dams . A pipeline system was 
constructed and connected to the primary spi l lways to release 
Dam Reservoirs to Hassayampa River . 
The compacity of the pipeline system is 19. 5 cfs for sunnycove Dam 
and 17 .1 cfs for sunset Dam. Excess flow will be released at the 
release manholes immediate downstream of two dams or through the 
emergency spillways. 

500 Year 6 Hour Existing Condition 
R~i~~~l ~~e~~;1d1~th DDMSW version 4. 6.0 
Area-Depth: the default reduction factor in DDMSW was selected 
Rainfal l Loss: Green-Ampt Equation 
unit Hydrograph: s-Graph (Mountain) 

soil: Latest soil map from NRCS was used, file provided by FCDMC 
Land use: MAG 2009 land use file was used, provided b¥ FCDMC 
channel Routing : cross-section geometries and Manning s n were 
based on field observation . 
Sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aen al Mappl ng . 

File Name: 500Y6H . DAT 
Date : 01/ 17/ 2011 

VARIABLES 
5 
0 

0 . 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMIN 

IOATE 

DATA 
3 

19NOV10 
1200 
2000 

23 NOV10 
1557 

19 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 

I TIME 
NQ 

NDDATE 
NDTIME 
I CENT 

STARTING TIME 
NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

Page 5 

U.S . ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS , CALIFORNIA 95616 

(916) 756-1104 
* 
* 



• 
40 JD 

41 PI 

44 JD 

45 PI 

48 JD 

• 49 PI 

112 KK 

119 KO 

120 RS 

121 SV 

123 SQ 

125 SE 

"*" 

• 

500Y6H 
COMPUTATION INTERVAL .05 HOURS 

TOTAL TIME BASE 99.95 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

INDEX STORM NO. 1 
STRM 4.20 PRECIPITATION DEPTH 
TRDA . 00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION 
.00 
.00 
. 00 
. 00 
.oo 
. 00 
.00 
. 03 
.02 
. 00 
. 00 
. 00 

INDEX STORM NO. 
STRM 
TRDA 

PRECIPITATION 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
. 03 
.02 
.00 
. 00 
.00 

INDEX STORM NO. 
STRM 
TRDA 

PRECIPITATION 
.00 
.00 
.00 
. 00 
.00 
.00 
. 01 
.04 
.03 
.01 
.00 
. 00 

*****'lr******•ld~ 

" " 

PATTERN 
.oo 
.oo 
.00 
.00 
.oo 
.00 
.00 
.03 
.02 
.oo 
.oo 
. 00 

2 
4 .18 

.50 

PATTERN 
.00 
.00 
.00 
.00 
.oo 
.00 
.00 
.03 
.02 
.oo 
.oo 
.oo 

4 . 09 
2.80 

PATTERN 
.00 
.oo 
.oo 
.oo 
.00 
.00 
.01 
.04 
.03 
.01 
.00 
.00 

" DAMSC " STORAGE 
" " **********#*** 

.00 .00 .00 

. 00 . 00 . 00 

.00 .00 .00 

.00 .00 .00 

.00 .00 .00 

.oo . 00 .00 

.00 . 00 . 00 

.03 . 03 . 03 

.02 . 02 . 02 

.00 .00 . 00 

.00 . 00 .00 

.00 .00 .00 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

.00 .00 .00 

.00 . 00 .00 

.00 . 00 .00 

.00 .00 . 00 

.00 .00 .00 

.oo .00 .00 

.00 .00 .00 

. 03 .03 .03 

. 02 .02 .02 

.00 .00 .00 

.00 .00 .00 

.00 .00 .00 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

.00 .00 .00 

.00 .00 .00 

.00 . 00 .00 

.00 .00 . 00 

.00 .00 .00 

.00 .00 .00 

.01 . 01 . 01 

.04 .04 .04 

.03 . 03 . 03 

.01 . 01 . 01 

.00 . 00 .00 

.00 . 00 . 00 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
!PLOT 0 
QSCAL 0 . 

HYOROGRAPH ROUTING DATA 

PRINT CONTROL 
PLOT CONTROL 
HYOROGRAPH PLOT SCALE 

STORAGE ROUTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 

X 

STORAGE 

DISCHARGE 

ELEVATION 

STOR TYPE OF INITIAL CONDITION 
. 00 INITIAL CONDITION 
. 00 WORKING R AND D COEFFICIENT 

. 0 19 . 3 26.9 36 . 5 
1S9.6 186.8 216.9 22 5 .1 

0 . 0 . 2 . 3. 
9. 10 . 28 . 162. 

2130 .00 2150.20 2152 . 20 2154 . 20 
2168.20 2170.20 2172 . 20 2172.70 

"*" 

HYDROGRAPH AT STATION DAMSC 
TRANSPOSITION AREA . 0 SQ MI 

.00 

.00 

.00 

.00 

.00 

.00 

.02 

.09 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.02 

.09 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.02 

.05 

.01 

.00 

.00 

.00 

47 . 9 
233 . 4 

5. 
393. 

21S6.20 
2173 . 20 

""" 
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.00 .00 .oo .00 

.00 . 00 .00 . 00 

.00 . 00 .00 .00 

.00 .00 .oo .00 

.00 . 00 . 00 .00 

.00 .00 . 00 . 00 

. 02 . 02 . 02 . 02 

. 09 .09 . 09 . 09 

. 00 .00 .oo .00 

. 00 .00 .oo .00 

. 00 .00 .00 .00 

.00 .00 .00 .00 

.00 . 00 .00 . 00 

.00 .00 . 00 . 00 

.00 . 00 .00 . 00 

.00 .00 . 00 .00 

.00 .00 .00 . 00 

.00 .00 .00 . 00 

.02 .02 . 02 .02 

.09 .09 .09 . 09 

.00 .00 .00 .oo 

.00 .00 .oo .00 

.00 .00 .oo .00 

.00 .00 .00 .00 

.00 .00 .00 .00 

.00 . 00 .oo .00 

.00 . 00 .oo .00 

.00 .00 .oo .00 

.00 .00 .oo .oo 

.00 . 00 .oo .00 

.02 .02 . 02 .02 

.05 .OS .OS .OS 

. 01 .01 .01 .01 

.00 . 00 .oo . 00 

.00 .00 .oo .00 

.00 .00 . 00 . 00 

61.2 76 . 5 93 . 9 113 . 5 135 . 3 
241.6 250.2 286 . 8 326.8 368.0 

6. 7 . 7. 8 . 9. 
674. 979 . 2635 . 4906 . 7746 . 

2158 . 20 2160 . 20 2162 . 20 2164 . 20 2166.20 
2173 . 70 2174 . 20 2176 . 20 2178.20 2180 . 20 



500Y6H 

• PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99.95-HR 

(CFS) (HR) 
(CFS) 

21. 6.75 20. 14 . 11. 10 . + 
(INCHES) . 130 .369 . 855 1.080 

(AC-FT) 10. 27. 64. 80 . 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (AC-FT) (HR) 
206 . 6.75 203. 193. 174. 158 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99.95-HR 

+ (FEET) ( HR) 
2171.45 6 .75 2171.28 2170.62 2169.20 2167.01 

CUMULATIVE AREA • 1. 39 SQ MI 

*** ... *** ... 
HYOROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA .5 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95 - HR 

+ (CFS) (HR) 
(CFS) 

+ 20. 6. 75 19 . 13 . 11 . 10 . 
(INCHES~ . 125 . 356 . 842 1.066 

(AC-FT 9 . 26. 63. 79. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (AC-FT) (HR) 
204. 6 .75 202 . 192 . 173 . 157 . 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72 - HR 99.95-HR 

+ (FEET) (HR) 
2171.35 6.75 2171.19 2170.55 2169 .15 2166 . 96 

CUMULATIVE AREA = 1 . 39 SQ MI 

... • •• ... .. . 
HYDROGRAPH AT STATION DAMSC 

TRANSPOSITION AREA 2.8 SQ MI 

. + 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72 - HR 99.95-HR 

(CFS) (H R) 
(CFS) 

• 

+ 11 . 7.5 5 11. 10. 9 . 9. 
(INCHES~ .071 .260 .737 . 957 

(AC-FT 5 . 19 . 55 . 71. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (AC-FT) (HR) 
190. 7.55 189 . 182 . 164 . 149 . 

PEAK STAGE TIME MAX IMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (FEET) (HR) 
2170 . 40 7.55 2170.32 2169.84 2168.49 2166 . 33 

CUMULATIVE AREA = 1. 39 SQ MI 

**" *"* *H 

INTERPOLATED HYDROGRAPH AT DAMSC 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 99 . 95-HR 

+ (CFS) (HR) 
(CFS) 

+ 15 . 7 . 15 14 . 11. 10 . 9. 
(INCHES) . 093 . 299 . 779 1.001 

(AC-FT) 7 . 22. 58. 74 . 

CUMULATIVE AREA = 1. 39 SQ MI 

••• *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

163 KK 

170 KO 

******•******* 
* 

OAMSN * . 
'"***********'"* 

STORAGE 

OUTPUT CONTROL VARIABLES 
IPRNT 3 
IPLOT 0 
QSCAL 0 . 

HYDROGRAPH ROUTING OATA 

PRINT CONTROL 
PLOT CONTROL 
HYOROGRAPH PLOT SCALE 

Page 7 



• 171 RS 

172 SV 

174 SQ 

176 SE 

*** 

PEAK FLOW 

+ (CFS) 

+ 69. 

PEAK STORAGE 

+ (AC-FT) 
84 . 

PEAK STAGE 

+ (FEET) 
2133.57 

*"" 

PEAK FLOW . : (CFS) 

63. 

PEAK STORAGE 

+ (AC-FT) 
83. 

PEAK STAGE 

+ (FEET) 
2133 . 53 

PEAK FLOW 

+ (CFS) 

+ 9. 

PEAK STORAGE 

+ (AC-FT) 
79 . 

PEAK STAGE 

+ (FEET) 
2133 . 02 

PEAK FLOW 

e: (CFS) 

57 . 

500Y6H 

STORAGE ROlfTING 
NSTPS 

ITYP 
RSVRIC 

1 NUMBER OF SUBREACHES 
STOR TYPE OF INITIAL CONDITION 

. 00 INITIAL CONDITION 
X . 00 WORKING R AND D COEFFICIENT 

STORAGE . 0 10.8 19.0 29.3 
89 . 4 98.9 108.6 119.0 

DISCHARGE o. 0. 3. 5. 
173. 437 . 714. 1041 . 

ELEVATION 2113 .so 2122.20 2124.20 2126.20 
2134.20 2135.20 2136.20 2137.20 

*** 

*** *"* 
HYDROGRAPH AT STATION DAMSN 

TRANSPOSITION AREA . 0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72- HR 

(HR) 
(CFS) 

5.65 21 . 12 . 9. 
(INCHES~ .328 . 715 1 . 587 

(AC-FT 11. 23. 51. 

TIME MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 

(HR) 
5.65 80. 74. 59. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

(HR) 
5 . 65 2133.19 2132.42 2130.50 

CUMULATIVE AREA = . 60 SQ MI 

... ... 
HYDROGRAPH AT STATION DAMSN 

TRANSPOSITION AREA .5 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(HR) 
(CFS) 

5.65 20. 11. 8. 
(INCHES~ • 307 . 693 1. 565 

(AC-FT 10 . 22. 50. 

TIME MAXIMUM AVERAGE STORAGE 
6-HR 24- HR 72-HR 

(HR) 
5. 65 so. 74. 59. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

(HR) 
5 . 65 2133.18 2132.42 2130 . 50 

CUMULATIVE AREA = .60 SQ MI 

... ... *"* 
HYDROGRAPH AT STATION DAMSN 

TRANSPOSITION AREA 2.8 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(HR) 
(CFS) 

6.55 9 . 8. 7. 
(INCHES) .134 .515 1. 372 

(AC-FT) 4 . 17 . 44. 

TIME MAXIMUM AVERAGE STORAGE 
6- HR 24- HR 72-HR 

(HR) 
6 . 55 78. 72. 57. 

TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

(HR) 
6.55 2132.85 2132.15 2130.26 

CUMULATIVE AREA ~ .60 SQ MI 

*** ... ... 
INTERPOLATED HYDROGRAPH AT DAMSN 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72 - HR 

(HR) 
(CFS) 

5. 65 19 . 11. 8. 

35.3 
129.7 

6. 
1412 . 

2127.20 
2138 . 20 

*"* 

99.95-HR 

7 . 
1.918 

61. 

~9 . ~5-HR 

so . 

99 . 95-HR 

2128 . 97 

**" 

99.95- HR 

7 . 
1.897 

61. 

99.95-HR 

so . 

99 . 95-HR 

2128.96 

... 

99 . 95-HR 

7 . 
1.694 

54 . 

99 . 95-HR 

49 . 

99.95-HR 

2128.74 

99.95-HR 

7 . 
Page 8 

41 . 6 48.6 55.9 63 . 8 80.5 
141.3 153.1 165.8 178 . 8 192.7 

6. 7. 7. 8. 9 . 
1822. 2267. 2746 . 3255. 3793 . 

2128.20 2129 . 20 2130 . 20 2131.20 2133.20 
2139.20 2140 . 20 2141.20 2142 . 20 2143 .20 



• 1 

OPERATION 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
+ 

DrvERSION TO 
+ 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

DrvERSION TO 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

COMBINED AT 
+ 

COMBINED AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 

4 COMBINED AT 

(INCHES) 
(AC-FT) 

.288 
9 . 

.674 
22. 

1. 545 
50. 

500Y6H 
1.875 

60 . 

CUMULATIVE AREA = . 60 SQ MI 

STATION 

SC1 

RSC1C1 

sc2 

C1 

SC3 

C2 

RC2DAM 

SC4 

SC5 

C3 

DAMSC 

DTSC 

DIVSC 

RSCC4 

SC6 

C4 

SN1 

DAMSN 

DTSN 

DIVSN 

RSNCS 

SN2 

c5 

C6 

RC6C7 

RTSC 

RSCC7 

RTSN 

RSNC7 

SN3 

C7 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

1344. 4.25 163. 41. 14. 

1305. 4 . 30 163. 41. 14. 

378 . 4.10 29 . 7. 2. 

1414 . 4 . 30 1B9. 47 . 16. 

56B . 4.15 56. 14. 5. 

1790 . 4.25 242. 60. 20. 

15B7. 4 . 60 241. 60. 20. 

B76 . 4 . 30 123. 31. 10. 

4B6. 4.15 49 . 12. 4. 

2102. 4. 55 399 . 101. 33. 

15. 7 . 15 14. 11. 10. 

15. 7 . 50 14. 11 . 10. 

0. 6.75 0. 0. 0 . 

0 . 7. 05 0. 0. 0. 

42B. 4.10 33 . 8. 3. 

428 . 4.10 33. B. 3. 

1247. 4. 30 176. 44 . 15. 

57 . 5.65 19. 11 . 8 . 

16 . 6. 35 11 . 9. 8. 

41. 5. 65 7 . 2. 1. 

40 . 5. 80 7 . 2. 1. 

662 . 4 . 20 71. 18 . 6. 

662. 4 .20 79 . 20. 7. 

102B. 4 .15 112 . 28. 9 . 

952. 4. 25 112 . 2B. 9. 

15. 7.50 14. 11 . 10. 

15 . 7 .60 14. 11. 10 . 

16 . 6. 35 11 . 9. B. 

16. 7. 10 11. 9. 8. 

733 . 4 .15 72. 18. 6. 

1550. 4 .20 200. 65 . 33. 
Page 9 

BASIN 
AREA 

.56 

. 56 

.10 

. 66 

. 20 

. 86 

.86 

. 38 

.15 

1.39 

1.39 

1. 39 

1.39 

1.39 

. 11 

.11 

.60 

. 60 

.60 

. 60 

. 60 

. 25 

. 25 

. 37 

.37 

1. 39 

1. 39 

.60 

.60 

.22 

.59 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



• 
CONTINUITY 

CONTINUITY 

CONTINUITY 

CONTINUITY 

CONTINUITY 

SOOY6H 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

ISTAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO 

(MIN) (CFS) 

FOR STORM = 1 STORM AREA (SQ MI) = 
RSCC7 MANE 2.67 19.SO 

SUMMARY (AC-FT) -INFLOW= . 7999E+02 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSCC7 MANE 2.53 19 . SO 

SUMMARY (AC-FT) - INFLOW= . 791SE+02 

FOR STORM = 3 STORM AREA (SQ MI) = 
RSCC7 MANE 2 . 86 11.4S 

SUMMARY (AC-FT) - INFLOW- .7109E+02 

FOR STORM - 1 STORM AREA (SQ MI) = 
RSNC7 MANE 2.54 U . l.O 

SUMMARY (AC-FT) - INFLOW= .5679E+02 

FOR STORM = 2 STORM AREA (SQ MI) = 
RSNC7 MANE 2.43 17 . 10 

SUMMARY (AC-FT) - INFLOW= .S673E+02 

FOR STORM = 3 STORM AREA (SQ MI) = 
RSNC7 MANE 2.84 8.72 

PEAK PEAK 

(MIN) 

. 00 
3S9.87 

(IN) (MIN) (CFS) 

1.08 3.00 19 . SO 

EXCESS~ .OOOOE+OO OUTFLOW= . 7991E+02 BASIN 

.50 
375 . 96 1.06 3.00 19 . so 

EXCESS= .0000E+00 OUTFLOW~ . 7908E+02 BASIN 

2.80 
461.02 .96 

EXCESS= . OOOOE+OO OUTFLOW= 

.00 
317.84 1.77 

EXCESS~ . OOOOE+OO OUTFLOW.. 

.so 
427.28 1. 77 

EXCESS= . 0000E+00 OUTFLOW= 

2 . 80 
400.83 1.69 

3 . 00 11 . 45 

.7100E+02 BASIN 

3.00 17 . 10 

.5673E+02 BASIN 

3 . 00 17.10 

. 5668E+02 BASIN 

3. 00 8 . 72 

(MIN) 

360.00 

STORAGE= 

378.00 

STORAGE= 

459 . 00 

STORAGE= 

318 . 00 

STORAGE= 

426 .00 

STORAGE= 

399.00 

VOLUME 

(IN) 

1.08 

.73S4E-01 PERCENT ERROR~ . 0 

1.06 

.7344E-01 PERCENT ERROR= . 0 

. 96 

. 7227E-Ol PERCENT ERROR= . 0 

1. 77 

.4324E-01 PERCENT ERROR= . 0 

1.77 

.4321E- 01 PERCENT ERROR= . 0 

1.69 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5431E+02 EXCESS= .0000E+00 OUTFLOW~ .S428E+02 BASIN STORAGE= .4135E-01 PERCENT ERROR= . 0 

. *** NORMAL END OF HEC- 1 *** 
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DAM ROUTING 

•

***************************************** 
* * * FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* lUN 1998 * 
* VERSION 4 .1 * 

U. S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER * 

609 SECOND STREET * 

1 

• 

1 

.1 

* DAVIS, CALIFORNIA 95616 * 
* RUN DATE 13APR11 TIME 09:20 : 02 (916) 756-1104 

X X )()()0000( xxxxx X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X )()()0000( xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM- CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: CAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS :REAC TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
K~NEMAT~C WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

36 
37 

38 
39' 
40 
41 
42 
43 
44 
45 
46 

LINE 

47 
48 
49 
50 
51 
52 

53 

HEC-1 INPUT 

ID ...... . l.. . ..... 2 ....... 3 ... .. .. 4 ....... 5 ..... . . 6 .. .... . 7 ....... 8 ....... 9 ...... 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
IT 
IN 

Flood control District of Maricopa county 
Project Name: Wickenburg Area Drainage Master study/ Plan 
Contract FCD 2009C030 
Hoskin Ryan Consultants, Inc. 

Phase I Hydrology Model 
This model is setup to route inflows recorded in the css file 
through two dams. 
The inflows recorded in the DSS file is for the 100-year 6-hour event. 
Sto~age Rou~ing : Dam storage volumes were based on 2004 wickenburg 
Aer1al Mapp1ng . 

File Name: DAMROUTING . DAT 
Date: 4/13/2011 

3 19NOV10 
15 

1200 2000 

IO 
*DIAGRAM 

5 

* 
KK C3 
ZR cQI AcWK B=C3 CaFLOW 
* 
KK DAMSC STORAGE 
KM According to the as-built plan, the emergency spillway crest elevation is 
KM 2172 . 20 feet (NAVD88). 
KM The stage- discharge rating curve is based on SITES model results, provided 
KM by FCDMC. 
KM The dam storage routing is for FEMA floodplain delineation purposes, not 
KM applicable for NRCS dam safety standards . 
ZW A=WK B=DAMSC C=STAGE 
RS 1 STOR 
sv 0 19.28 26.94 36 . 47 47.89 61.20 76.51 93.90 113.47 135.29 
SV 159 . 65 186.80 216.92 225.15 233 . 39 241.63 250 . 19 286.77 326 . 84 368.00 
SQ 0 0 1 . 7 3. 2 4.7 5 . 9 6.6 7 . 3 8 . 0 8.5 
SQ 9.0 9.6 28 .0 162 393 674 979 2635 4906 7746 
SE 2130 2150 .20 2152 . 20 2154 . 20 2156.20 2158 . 20 2160.20 2162 . 20 2164.20 2166.20 
SE 2168 . 2 2170.20 2172 . 20 2172.70 2173 .20 2173.70 2174.20 2176 . 20 2178 .20 2180.20 
• 
KK SN1 
ZR =QI A=WK B=SNl C=FLOW 
* 
KK 
KM 
KM 
KM 
KM 
KM 
KM 
zw 
RS 

DAMSN STORAGE 
According to the as-built plan, the emergency spillway crest elevation is 
2133.20 feet (NAVD88). 
The stage-discharge rating curve is based on SITES model results, provided 
by FCDMC. 
The dam storage routing is for FEMA floodplain delineation purposes, not 
applicable for NRCS dam safety standards. 
A=WK B=DAMSN C=STAGE 

1 STOR 
HEC-1 INPUT 

ID ....... 1 .... .. . 2 ... .. . . 3 .. ..... 4 .... . .. 5 .. .. ... 6 ....... 7 ... .. .. 8 ....... 9 . ... . . 10 

SV 0 10 . 81 19 . 04 29 . 27 35 . 33 41 . 59 48 . 64 55.86 63.77 80.53 
sv 89.37 98.87 108 .56 119 . 00 129 . 68 141 . 27 153 . 09 165 .82 178 . 79 192.72 
SQ 0 0 2 . 60 5.10 5.70 6 . 30 6.90 7 . 40 7 . 90 8.80 
SQ 173 437 714 1041 1412 1822 2267 2746 3255 3793 
SE 2113.5 2122 . 20 2124.20 2126.20 2127 . 20 2128.20 2129.20 2130 . 20 2131.20 2133.20 
SE 2134 . 2 2135 . 20 2136 . 20 2137 . 20 2138 . 20 2139 . 20 2140 . 20 2141 . 20 2142.20 2143.20 
* zz 

Page 1 
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DAM ROUTING 

•

INPUT 
LINE 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING 

( . ) CONNECTOR 

(--->) DIVERSION OR PUMP FLOW 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

• 

• 

NO. 

*** HEC1 ERROR 4 *** NO HYDROGRAPHS AVAILABLE TO ROUTE 
v 
v 

21 DAMSC 
v 
v 

38 DAMSN 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 

1 ERRORS IN STREAM SYSTEM 
l ****************************R************ 
* * * FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

* 
* 
* 
* 

* JUN 1998 
* VERSION 4.1 

RUN DATE 13APR11 TIME 09:20:02 

***************************************** 

Flood control District of Maricopa County 
Project Name: wickenburg Area Drainage Master study/ Plan 
contract FCD 2009C030 
Hoskin Ryan Consultants, Inc. 

Phase I Hydrology Model 

* 
* 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

This model is setup to route inflows recorded in the DSS file 
through two dams. 
The inflows recorded in the DSS file is for the 100-year 6-hour event. 
Sto~age Rou~ing: Dam storage volumes were based on 2004 wickenburg 
Aen al Mappl ng . 

18 IO 

File Name: DAMROUTING.DAT 
Date: 4/13/2011 

OUTPUT CONTROL VARIABLES 
IPRNT 5 
IPLOT 0 
QSCAL 0. 

DATA 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME 
NMIN 

I DATE 
ITIME 

3 
19NOV10 

1200 
2000 

23NOV10 
1557 

19 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 
STARTING TIME 

NQ 
NDDATE 
NDTIME 
!CENT 

NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

COMPUTATION INTERVAL .05 HOURS 
TOTAL TIME BASE 99.95 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

-----DSS---ZOPEN : Existing File Opened 1 File; DAMROUTING.DSS 
Unit: 71; DSS vers1on : 6-JG 

----- Entering ZRRTSX for unit 71 -----
Pathname: /WK/C3/FLOW//3MIN// 

Time Window set. Interval: 3 Number of 
Starting date and time: Nov 19, 1910 1200 
Ending date and time: Nov 19, 1910 1200 
Input time offset: 0 
After ZRDINF, Record found: T 

data values: 
( 3975 720) 
( 3975 720) 

0 
Pathname: /WK/C3/FLow/19NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression : 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers. 1: /WK/ C3/ FLOW/ 19NOV1910/3MIN// 
----DSS---Debug; Enter ZRRTSB ; Unit: 71 

NSTART : 1 NVALS: 1 JULS : 3975 ISTIME: 720 
NLDATA : 480 JULSD: 3975 
JULS: 19NOV10 JULSD: 19NOV10 
Quality Read: F, Quality Requested: F 
---ZRRTSB Calculations: NPOS ; 240 NDATA: 480 NREAD: 1 

----- Exiting ZRRTS, Number of data values : 1, Status : 0 
offset : 0, Units: CFS , Type : INST-VAL 

Entering ZRRTSX for unit 71 
Pathname: /WK/C3/FLOW//3MIN// 

Time Window set. Interval: 
starting date and time: Nov 
Ending date and time: Nov 
Input time offset : 0 
After ZRDINF, Record found: T 

3 Number of data values: 
19' 1910 1200 ( 3975 720) 
21, 1910 0109 ( 3977 69) 

0 
Pathname: /WK/ C3/FLOW/19NOV1910/3MIN// 
Number of actual data : 480 Header length: 
compression : 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers . 1: /WK/C3/FLOW/19NOV1910/3MIN/ / 
----DSS---Debug ; Enter ZRRTSB; Unit; · 71 

NSTART: 1 NVALS: 744 JULS : 3975 ISTIME: 720 

1 

ILIM: 

744 

Page 

1 



• 

• 

DAMROUTING 
NLDATA : 480 JVL50: 3975 
JUL5: 19NOV10 JUL5D: 19NOV10 
Quality Read: F• Quality Requested: F 
---ZRRTSB Calculations: NPOS : 240 NOATA: 480 NREAO: 241 ILIM: 
After ZRDINF, Record found: T 

0 
Pathname: /WK/C3/FLOW/20NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression: 0 Quality: 0 

-----DS5- -- ZREAD Unit 71; Vers. 1: /WK/ C3/ FLOW/20NOV1910/3MIN// 
----055---Debug: Enter ZRRT5B; Unit: 71 

NSTART: 242 NVALS: 744 JUL5: 3975 ISTIME: 
NLDATA: 480 JULSD: 3976 

720 

JUL5: 19NOV10 JUL5D: 20NOV10 

~~~~~~~S:e~~ic~iat~~~!~tyN~6~~este~: ~DATA: 480 NREAO: 480 ILIM: 
After ZRDINF, Record found : T 

0 
Pathname: /WK/C3/ FLOW/21NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression : 0 Quality: 0 

-----055--- ZREAO Unit 71; Vers. 1: /WK/C3/ FLOW/21NOV1910/3MIN// 
----Ds5---oebug : Enter ZRRT5B; unit: 71 

N5TART : 722 NVALS : 744 JULS: 3975 ISTIME: 720 
NLDATA : 480 JULSD : 3977 
JULS: 19NOV10 JULSD: 21NOV10 
Quality Read: F Quality Requested: F 
---ZRRT$8 Calcuiations : NPOS : 1 NOATA: 480 NREAD: 23 ILIM: 

----- Exiting ZRRTS, Number of data values : 744, Status: 0 
Offset: 0, Units: CFS , Type : INST-VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: /WK/C3/ FLOW//3MIN// 
Time Window set. Interval : 3 Number of data values: 
Starting date and time : Nov 21, 1910 0109 ( 3977 69) 
Ending date and time: Nov 21, 1910 0109 ( 3977 69) 
Input time offset: 0 
After ZRDINF, Record found: T 

0 
Pathname: /WK/C3/ FLOW/21NOV1910/ 3MIN/ / 
Number of actual data: 480 Header length: 
compression: 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers. 1: /WK/C3/FLOW/21NOV1910/3MIN// 
----oss---oebug: Enter ZRRTSB; unit: 71 

NSTART: 1 NVALS: 1 JULS: 3977 ISTIME: 69 
NLDATA: 480 JULSD: 3977 

1 

JUL5 : 21NOV10 JULSD : 21NOV10 

~~~~~~~S:e~~ic~iat~~~!~tyN~6~~est2~: ~DATA: 480 NREAO: 1 ILIM: 
----- Exiting ZRRTS, Number of data values: 1, Status: 0 

Offset: 0, Units: CFS , Type:INST-VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: /WK/C3/FLOW//3MIN// 
Time window set. Interval: 3 Number of 
starting date and time: Nov 21, 1910 0109 
Ending date and time: Nov 22, 1910 1418 
Input time offset: 0 
After ZRDINF, Record found: T 
Pathname: /WK/C3/FLOW/21NOV1910/3MIN// 
Number of actual data: 480 Header length: 

data values: 
( 3977 69) 
( 3978 858) 

0 
Compression: 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers . 1: /WK/C3/FLOW/21NOV1910/3MIN// 
----DSS---Debug : Enter ZRRTSB; Unit : 71 

NSTART: 1 NVALS: 744 JULS: 3977 ISTIME : 69 
NLDATA: 480 JULSD: 3977 
JULS: 21NOV10 JULSO : 21NOV10 

744 

Quality Read: F• Quality Requested: F 
---ZRRTSB Calculations : NP05 : 23 NDATA: 480 NREAO: 458 ILIM : 
After ZRDINF, Record found: T 

0 
Pathname: /WK/C3/FLOW/22NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression: 0 Quality: 0 

-----DSS--- ZREAO Unit 71; Vers. 1 : / WK/ C3/ FLOW/ 22NOV1910/3MIN// 
- ---DS5---Debug : Enter ZRRTSB; Unit: 71 

N5TART: 459 NVAL5: 744 JULS : 3977 ISTIME: 69 
NLDATA: 480 JULSD: 3978 
JUL5: 21NOV10 JULSD: 22NOV10 
Quality Read: F, Quality Requested : F 
---ZRRT5B Calculations : NPOS: 1 NDATA: 480 NREAD: 286 ILIM: 

----- Exiting ZRRTS, Number of data values: 744, Status: 0 
Offset: 0, Units: CF5 , Type : IN5T-VAL 

Entering ZRRT5X for unit 71 
Pathname: /WK/C3/FLOW//3MIN// 

Time window set . Interval: 3 Number of data values: 
Starting date and time: Nov 22, 1910 1418 ( 3978 858) 
Ending date and time: Nov 22, 1910 1418 ( 3978 858) 
Input time offset : 0 
After ZRDINF, Record found : T 
Pathname: /WK/C3 / FLOW/22NOV1910/3MIN// 
Number of actual data: 480 Header length : 0 
Compression: 0 Quality: 0 

-----055--- ZREAD Unit 71; Vers. 1: /WK/ C3/FLOW/22NOV1910/ 3MIN// 
----055---oebug: Enter ZRRTSB; unit: 71 

NSTART: 1 NVALS: 1 JUL5 : 3978 ISTIME: 858 
NLDATA : 480 JUL5D: 3978 
JUL5: 22NOV10 JULSD: 22NDV10 

1 

~~~~~~~5:e~~ic~iat~~~~~tyN~6~~esi~~ ; ~DATA: 480 NREAD : 1 ILIM : 
----- EXiting ZRRTS, Number of data values : 1, Status: 0 

offset : 0, Units : CF5 , Type:INST-VAL 
Entering ZRRTSX for unit 71 

Pathname : /WK/C3/FLOW//3MIN// 
Time window set. Interval: 3 Number of data values: 
starting date and time: Nov 22, 1910 1418 ( 3978 858) 
Ending date and time: Nov 24, 1910 0327 ( 3980 207) 
Input time offset: 0 
After ZRDINF , Record found : T 

0 

744 

Pathname: /WK/C3/ FLOW/22NOV1910/ 3MIN/ / 
Number of actual data: 480 Header length: 
compression : 0 Quality: 0 
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DAMROUTING 

•

-----DSS--- ZREAD Unit 71 ; Vers . 1: /WK/C3/FLOW/22NOV1910/3MIN// 
----DSS---Debug : Enter ZRRTSB; unit : 71 

NSTART: 1 NVALS: 744 JULS: 3978 ISTIME: 858 
NLDATA: 480 JULSD: 3978 
JUL5 : 22NOV10 JUL5D: 22NOV10 

• 

• 

Quality Read : F Quality Requested: F 
---ZRRTSB Calculations: NP05: 286 NDATA : 480 NREAD: 195 ILIM : 
After ZRDINF, Record found : T 

0 
Pathname: /WK/C3/FLOW/23NOV1910/3MIN/ I 
Number of actual data : 480 Header length : 
compression: 0 Quality : 0 

- - ---DS5--- ZREAD Unit 71; Vers . 1: /WK/C3/FLOW/23NOV1910/3MIN// 
----DS5--- Debug : Enter ZRRT5B; unit : 71 

NSTART: 196 NVALS: 744 JULS: 3978 ISTIME: 858 
NLDATA: 480 JULSD: 3979 
JULS: 22NOV10 JULSD: 23NOV10 
Quality Read : Fj Quality Requested: F 
---ZRRTSB Cal cu ations: NPOS: 1 NDATA: 480 NREAD: 480 ILIM: 
After ZRDINF , Record found: F 
Pathname : /WK/C3/FLOW/24NOV1910/3MIN// 

----DSS---Debug : Enter ZRRTSB; Unit : 71 
NSTART : 676 NVALS: 744 JULS : 3978 ISTIME : 
NLDATA : 480 JULSD: 3980 

858 

JULS : 22NOV10 JULSD: 24NOV10 

~~~~~~~S:e~~ic~Jat~~~~~tYN~~~~este~ : ~DATA: 480 NREAD : 69 ILIM: 
-----Dss••• ZRRTS: CAUTION - Data block not found in file. unit: 71 
Pathname: /WK/C3/ FLOW/24NOV1910/3MIN/ / 

----- Exiting ZRRTS , Number of data values : 744, Status : 3 
Offset: 0, Units : CFS , Type : INST-VAL 

-----DSS---ZWRITE Unit 71 ; Vers . 1: /WK/DAMSC/ STAGE/19NOV1910/3MIN// 
-----D5S---ZWRITE Unit 71; Vers . 1: / WK/ DAMSC/ STAGE/20NOV1910/3MIN// 
-----DSS---ZWRITE Unit 71; Vers . 1 : / WK/ DAMSC/STAGE/21NOV1910/3MIN// 
-----D55---ZWRITE Unit 71 ; Vers . 1: / WK/ DAMSC/STAGE/22NOV1910/3MIN// 
-----055---ZWRITE Unit 71; Vers . 1: / WK/ DAMSC/STAGE/23NOV1910/3MIN// 

----- En~ering ZRRTSX for unit 71 - ----
Pathname : / WK/SN1/ FLOW//3MIN// 

Time window set. Interval : 3 Number of data values: 
Starting date and time : Nov 19, 1910 1200 ( 3975 720) 
Ending date and time: Nov 19, 1910 1200 ( 3975 720) 
Input time offset : 0 
After ZRDINF, Record found : T 

0 
Pathname: /WK/ SN1/ FLOW/19NOV1910/ 3MIN// 
Number of actual data: 480 Header length: 
compression : 0 Quality: 0 

-----D5S--- ZREAD Unit 71; Vers. 1: / WK/SN1/FLOW/ 19NOV1910/3MIN/ / 
----DSS---Debug : Enter ZRRTSB; unit: 71 

N5TART: 1 NVALS: 1 JULS: 3975 ISTIME: 720 
NLDATA: 480 JUL5D: 3975 
JULS: 19NOV10 JULSD: 19NOV10 

1 

Quality Read: F, Quality Requested: F 
---ZRRTSB Calculations : NPOS: 240 NDATA: 480 NREAD: 1 ILIM: 

----- Exiting ZRRTS, Number of data values: 1, Status : 0 
offset : 0 , Units: CFS , Type : INST-VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: / WK/ SN1/ FLOW/ /3MIN// 
Time Window set . Interval : 
Starting date and time: Nov 
Ending date and time: Nov 
Input time offset : 0 

3 Number of data values: 
19, 1910 1200 ( 3975 720) 
21, 1910 0109 ( 3977 69) 

After ZRDINF , Record found: T 
Pathname: /WK/SN1/FLOW/19NOV1910/3MIN// 
Number of actual data : 480 Header length: 0 

744 

Compression: 0 Quality : 0 
-----DSS--- ZREAD Uni t 71; Vers . 1: /WK/SN1/ FLOW/ 19NOV1910/3MIN// 

----D5S---Debug: Enter ZRRTSB; unit : 71 
NSTART: 1 NVALS: 744 JULS : 3975 ISTIME: 720 
NLDATA: 480 JULSD: 3975 
JULS: 19NOV10 JULSD: 19NOV10 
Quality Read: Fj Quality Requested: F 
---ZRRTSB Calcu ations: NPOS : 240 NDATA: 480 NREAD: 241 ILIM : 
After ZRDINF, Record found : T 

0 
Pathname : / WK/ SN1/FLOW/20NOV1910/ 3MIN// 
Number of actual data : 480 Header length : 
compression: 0 Quality: 0 

-----055--- ZREAD Unit 71; Vers. 1: / WK/SN1/FLOW/ 20NOV1910/3MIN// 
----DSS---oebug : Enter ZRRTSB; unit: 71 

NSTART : 242 NVALS: 744 JULS: 3975 ISTIME: 720 
NLDATA : 480 JULSD: 3976 
JULS: 19NOV10 JULSD : 20NOV10 
Quality Read: F, Quality Requested: F 
---ZRRTSB Calcul ations: NPOS: 1 NDATA: 480 NREAD: 480 ILIM: 
After ZRDINF , Record found : T 

0 
Pathname: / WK/ SN1/FLOW/21NOV1910/3MIN// 
Number of actual data : 480 Header length: 
compression: 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers . 1 : /WK/5N1/ FLOW/ 21NOV1910/ 3MIN// 
----DSS---Debug: Enter ZRRTSB; unit: 71 

NSTART: 722 NVALS: 744 JULS : 3975 ISTIME : 720 
NLDATA: 480 JULSD: 3977 
JULS: 19NOV10 JULSD: 21NOV10 
Quality Read: Fi Quality Requested: F 
---ZRRTSB Calcu ations : NPOS: 1 NDATA : 480 NREAD: 23 ILIM: 

----- Exiting ZRRTS, Number of data values : 744, Status: 0 
Offset: 0, Units: CFS , Type : INST-VAL 

Entering ZRRTSX for unit 71 -----
Pathname: /WK/SN1/FLOW//3MIN// 

Time Window set . Interval: Number of data values: 
Starting date and time : Nov 21, 1910 0109 ( 3977 69) 
Ending date and time: Nov 21, 1910 0109 ( 3977 69) 
Input time offset : 0 
After ZRDINF, Record found : T 
Pathname : / WK/SN1/ FLOW/ 21NOVl910/ 3MIN// 
Number of actual data: 480 Header length : 
Compression: 0 Quality : 0 

0 

1 

- - - --055--- ZREAO Unit 71; Vers . 1: /WK/5Nl/ FLOW/ 2lNOV1910/ 3MIN// 
Page 4 

195 

675 

744 

1 

241 

721 

744 



• 

• 

1 

• 

DAM ROUTING 
----oss---oebug: Enter ZRRTSB; unit : 71 

NSTART: 1 NVALS: 1 JULS: 3977 ISTIME: 69 
NLDATA : 480 JULSD: 3977 
JULS: 21NOV10 JULSD: 21NOV10 

~~~~~~~S~e~~ic~iat~~~~~tyN~~~~est~~: ~DATA: 480 NREAD : 1 ILIM : 
----- Exiting ZRRTS, Number of data values : 1, Status: 0 

Offset : 0, Units: CFS , Type : INST-VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: /WK/SN1/FLOW//3MIN// 
Time window set. Interval : 3 Number of data values: 
starting date and time : Nov 21, 1910 0109 ( 3977 69) 
Ending date and time: Nov 22, 1910 1418 ( 3978 858) 
Input time offset: 0 
After ZROINF, Record found: T 

0 

744 

Pathname: /WK/SN1/FLOW/21NOV1910/3MIN// 
Number of actual data : 480 Header length: 
compression : 0 Quality: 0 

-----OSS--- ZREAD Unit 71; Vers . 1: / WK/ SN1/FLOW/ 21NOV1910/3MIN// 
----oss---oebug : Enter ZRRTSB; unit : 71 

NSTART : 1 NVALS: 744 JULS: 3977 ISTIME: 69 
NLDATA: 480 JULSO: 3977 
JULS: 21NOV10 JULSD : 21NOV10 
Quality Read : F Quality Requested: F 
---ZRRTSB Calcuiations: NPOS: 23 NOATA: 480 NREAO : 458 !LIM: 
After ZRDINF, Record found : T 

0 
Pathname: /WK/SN1/FLOW/22NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression : 0 Quality: 0 

-----OSS--- ZREAD Unit 71; Vers. 1: /WK/SN1/FLOW/22NOV1910/3MIN// 
----Dss---Debug: Enter ZRRTSB; unit : 71 

NSTART: 459 NVALS: 744 JULS: 3977 ISTIME : 69 
NLDATA: 480 JULSD: 3978 
JULS : 21NOV10 JULSO : 22NOV10 
Quality Read: F Quality Requested: F 
---ZRRTSB Calcuiations: NPOS: 1 NOATA: 480 NREAD: 286 ILIM: 

----- exiting ZRRTS, Number of data values: 744, Status: 0 
Offset: 0, Units: CFS , Type:INST- VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: /WK/SN1/FLOW//3MIN// 
Time Window set. Interval : 
Starting date and time : Nov 
Ending date and time: Nov 
Input time offset : 0 
After ZROINF, Record found : T 

3 Number of data values: 
22, 1910 1418 ( 3978 858) 
22 , 1910 1418 ( 3978 858) 

0 
Pathname: /WK/SN1/FLOW/22NOV1910/3MIN// 
Number of actual data: 480 Header length: 
compression: 0 Quality: 0 

-----DSS--- ZREAD Unit 71; Vers. 1: /WK/SN1/FLOW/22NOV1910/3MIN// 
----DSS---oebug: Enter ZRRTSB; unit: 71 

NSTART: 1 NVALS: 1 JULS: 3978 ISTIME: 858 
NLOATA: 480 JULSO: 3978 
JULS: 22NOV10 JULSD: 22NOV10 

1 

~~~~~~~S:e~~ic~iat~~~~~tyN~~~~esi~~: ~DATA: 480 NREAD: 1 !LIM : 
----- Exiting ZRRTS, Number of data values: 1, status: 0 

Offset: 0, Units : CFS , TYpe:INST-VAL 
----- Entering ZRRTSX for unit 71 -----

Pathname: /WK/SN1/FLOW//3MIN// 
Time window set. Interval: 3 Number of data values: 
starting date and time: Nov 22, 1910 1418 ( 3978 858) 
Ending date and time: Nov 24, 1910 0327 ( 3980 207) 
Input time offset: 0 
After ZRDINF, Record found: T 
Pathname: /WK/SN1/FLOW/22NOV1910/3MIN// 
Number of actual data: 480 Header length: 0 

744 

Compression: 0 Quality: 0 
-----DSS--- ZREAO Unit 71; Vers . 1: /WK/SN1/FLOW/22NOV1910/3MIN// 

----DSS---oebug: Enter ZRRTSB; unit : 71 
NSTART: 1 NVALS: 744 JULS: 3978 ISTIME: 858 
NLDATA: 480 JULSD: 3978 
JULS: 22NOV10 JULSD: 22NOV10 

~~:~~~~s:e~~ic~iat~~~~~tyN~~~~esi~~: ~DATA: 480 NREAD: 195 !LIM: 
After ZRDINF, Record found: T 
Pathname: /WK/SN1/FLOW/23NOV1910/3MIN// 
Number of actual data: 480 Header length: 0 
Compression: 0 Quality: 0 

-----OSS--- ZREAO Unit 71; Vers . 1: /WK/SN1/FLOW/23NOV1910/3MIN// 
----oss---Debug: enter ZRRTSB; unit: 71 

NSTART: 196 NVALS: 744 JULS : 3978 ISTIME: 858 
NLDATA: 480 JULSO: 3979 
JULS: 22NOV10 JULSD: 23NOV10 

~~:~~~~S~e~~ic~iat~~~~~tyN~~~~este~: ~DATA: 480 NREAD: 480 !LIM: 
After ZRDINF, Record found: F 
Pathname: /WK/SN1/ FLOW/24NOV1910/ 3MIN// 

----oss---Debug: Enter ZRRTSB; unit: 71 
NSTART: 676 NVALS : 744 JULS : 3978 ISTIME: 858 
NLDATA: 480 JULSD : 3980 
JULS: 22NOV10 JULSO : 24NOV10 
Quality Read: Fi Quality Requested: F 
---ZRRTSB Calcu ations: NPOS: 1 NDATA: 480 NREAD: 69 ILIM: 

-----Dss••• ZRRTS: CAUTION - Data block not found in file. unit: 71 
Pathname: /WK/SN1/FLOW/24NOV1910/3MIN/ / 

----- exiting ZRRTS, Number of data values : 744, status: 3 
Offset : 0, Units: CFS , Type : INST-VAL 

-----DSS---ZWRITE Unit 71; Vers . 1 /WK/DAMSN/STAGE/19NOV1910/3MIN// 
-----DSS-- -ZWRITE Unit 71; Vers. 1 /WK/OAMSN/STAGE/20NOV1910/3MIN// 
-----OS5---ZWRITE Unit 71; Vers . 1 /WK/DAMSN/ STAGE/21NOV1910/ 3MIN// 
-----055---ZWRITE Unit 71; Vers . 1 / WK/ OAM5N/ 5TAGE/22NOV1910/3MIN// 
-----D$5---ZWRITE Unit 71; Vers. 1 / WK/DAM5N/STAGE/23NOV1910/3MIN// 

RUNOFF 5Ut+IARY 

1 

458 

744 

1 

195 

675 

744 

FLOW IN CUBIC FEET PER SECOND 
TIME IN HOURS, AREA IN SQUARE MILES 
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DAM ROUTING 

• PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72- HOUR 

HYDROGRAPH AT 
+ C3 1542. 4 . 55 286 . 72 . 24 . . 00 

ROUTED TO 
+ DAMSC 9 . 7 . SS 9 . 8. B. .00 
+ 2166 .61 7 .60 

HYOROGRAPH AT 
+ SN1 92 7. 4 . 30 128 . 32 . 11 . .00 

ROUTED TO 
+ OAMSN 8 . 6 . 30 8. 7 . 6. . 00 
+ 2130 . 99 6 . 40 

*** NORMAL END OF HEC- 1 *** 

- ----055---ZCLOSE Unit: 71 1 File: DAMROUTING. DSS 
Pointer Utilizatlon: . 25 
Number of Records : 20 
File size : 61 . 6 Kbytes 
Percent Inactive : .0 

• 
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• 
USGS Regression 
Q Ioo = 850 A o .54 

• 
Comparison of HEC-1 Outputs with USGS Regression 

From Agure 8.3 of the Hydrology Manual, it could be found that the upper and lower 75% confidenUal limits are calculated using following equations. 

Q Upper 75 = 2000 A 0 .54 Q Lower 75 = 400 A 0 .54 

Area (square Upper 75% Lower 75% 
lD miles) 

Regression confidential confidential 100Y6H Within Range 100Y24H Within Range 
limit limit 

SC2 0.100 245 577 115 288 YES 233 YES 
SC6/C4 0.114 263 619 124 326 YES 263 YES 

SC5 0.150 305 718 144 372 YES 300 YES 
SC3 0.197 354 832 166 427 YES 347 YES 
SN3 0.223 378 889 178 557 YES 445 YES 

SN2!C5 0.255 406 956 191 493 YES 401 YES 
C6 0.369 496 1167 233 770 YES 624 YES 

SC4 0.384 507 1193 239 663 YES 535 YES 
SC1 0.562 623 1465 293 1006 YES 834 YES 
C7 0.5913 640 1506 301 1146 YES 953 YES 

SN1 0.601 646 1519 304 927 YES 777 YES 
C1 0.6627 681 1602 320 1048 YES 891 YES 
C2 0.8597 783 1843 369 1322 YES 1192 YES 
C3 1.3934 1017 2392 478 1542 YES 1454 YES 

--------

• 



• • 
Regional Regression Comparison of HEC-1 Outputs with Regional Regression 
Qlo = 479Ao.66l ELEV -0.398 

QSO = 107.36-4.17A-o.os _0.4401gELEV 

Q -106.55-3 .17 A-o.II_0.454lgELEV 
100-

std error= 52 percent 

std error= 37 percent 

std error= 39 percent 
.. . ~ - -;;;~- ---- -- --- --·. ··---. -- ---· -- --- ~ ·- ··---. - . ---· __ , ·--- -·--·-

Area 010 
10 

(square miles) Regression 10Y6H 10Y24H Max Error, Regression 
percentage 

SC2 0.100 76 166 135 116% 156 
SC6/C4 0.114 63 166 152 124% 176 

SC5 0.150 99 217 178 118% 226 
SC3 0.197 119 235 195 97% 287 
SN3 0.223 129 322 259 149% 320 

SN2/C5 0.255 141 264 220 87% 359 
C6 0.369 180 419 347 133% 491 

SC4 0.384 185 378 313 104% 507 
SC1 0.562 238 549 468 131% 692 
C7 0.5913 246 599 513 143% 721 

SN1 0.601 249 499 431 101% 730 
C1 0.6627 265 554 489 109% 790 
C2 0.8597 315 690 653 119% 969 

~C3 1.3934 434 831 842 94% 1400 

050 

50Y6H 50Y24H 

250 202 
262 226 
324 262 
367 300 
483 387 
421 345 
660 538 
574 466 
863 721 
975 816 
793 669 
893 766 

1124 1025 
1316 1263 

• 
0100 I 

Max Error, 
Regression 100Y6H 100Y24H Max Error, 1 

percentage percentage 
60% 203 266 233 42% 
60% 233 326 263 40% 
44% 307 372 300 21% 
28% 400 427 347 13% 
51% 450 557 445 24% 
17% 510 493 401 21% 
35% 716 770 624 13% 
13% 742 663 535 28% 
25% 1034 1006 834 19% 
35% 1080 1146 953 12% 

9% 1095 927 777 29% 
13% 1189 1048 891 25% 
16% 1475 1322 1192 19% 
10% 2166 1542 1454 33% 
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Appendix E: Hydraulic Analysis Supporting Documentation 

E.1 Roughness Coefficient Estimation 

E.2 Cross-Section Plots 

Note: HEC-RAS cross-section plots are located in Appendix £.5. 

E.3 Expansion and Contraction Coefficients 

E.4 Analysis of Structures 

E.5 Hydraulic Calculations 

E.5.1 Schematic 

E.5.2 Report 

E.5.3 Summary Tables 

E.5.4 Cross-Sections 

E.5.5 Flood Profiles 

E.5.6 Modeling Warning and Error Messages 

Appendix E 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 
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E.1 ROUGHNESS COEFFICIENT ESTIMATION 

Note: Photographs supporting the 'n'-value calculations are included in Appendix G . 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 E-2 
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WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Manning's .. n .. -Value Summary 

River/Reach River Station 
LOB Channel ROB 

Name (RS) 
3.132 0.035 0.03 0.035 
3.105 0.045 0.035 0.045 

3.1 Culvert 
3.091 0.045 0.033 0.045 
3.06 0.057 0.033 0.057 

2.995 0.058 0.033 0.06 
2.901 0.057 0.033 0.057 
2.832 0.057 0.033 0.057 
2.739 0.06 0.033 0.057 
2.657 0.06 0.035 0.057 
2.592 0.06 0.035 0.057 
2.563 0.057 0.035 0.057 
2.496 0.057 0.033 0.057 
2.432 0.057 0.033 0.057 
2.379 0.057 0.033 0.057 
2.32 0.057 0.033 0.057 
2.261 0.057 0.033 0.057 
2.203 0.057 0.033 0.057 
2.118 0.057 0.033 0.057 

Sunnycove 2.028 0.057 0.033 0.057 
Wash I Reach 2 1.93 0.06 0.033 0.057 

1.867 0.062 0.033 0.057 
1.83 0.062 0.033 0.057 

1.778 0.057 0.033 0.057 
1.733 0.057 0.033 0.057 
1.681 0.057 0.033 0.057 
1.618 0.06 0.033 0.06 
1.55 0.06 0.033 0.06 

1.478 0.062 0.033 0.062 
1.415 0.062 0.035 0.062 
1.327 0.062 0.035 0.062 
1.27 0.062 0.035 0.062 

1.193 0.062 0.033 0.062 
1.164 0.062 0.033 0.062 
1.15 0.062 0.035 0.062 

1.137 Culvert 
1.127 0.062 0.035 0.062 
1.091 0.062 0.035 0.062 
1.054 0.062 0.035 0.062 
0.997 0.06 0.032 0.06 
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WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Manning•s .. n .. ·Value Summary 

River/Reach River Station 
LOB Channel ROB 

Name (RS) 
0.937 0.06 0.032 0.06 
0.897 0.059 0.03 0.059 

Sunnycove 0.85 0.059 0.03 0.059 
0.807 0.059 0.03 0.059 

Wash I Reach 2 
0.758 0.059 0.03 0.059 
0.693 0.059 0.03 0.059 
0.642 0.059 0.03 0.059 
0.4 0.049 0.039 0.035 

0.365 0.049 0.039 0.035 
0.34 0.049 0.039 0.035 

0.294 0.049 0.039 0.035 
0.279 0.049 0.039 0.035 
0.269 Culvert 
0.263 0.049 0.035 0.055 

Sunnycove 
0.245 0.049 0.035 0.055 
0.239 0.049 0.035 0.055 

Wash 1 Reach 1 
0.233 Culvert 
0.226 0.055 0.035 0.055 
0.216 0.055 0.035 0.055 
0.194 0.055 0.035 0.055 
0.159 0.055 0.035 0.055 
0.089 0.055 0.035 0.055 
0.036 0.055 0.035 0.055 
0.022 0.064 0.035 0.064 
1.902 0.057 0.033 0.057 
1.829 0.057 0.033 0.057 
1.777 0.057 0.033 0.057 
1.727 0.057 0.033 0.057 
1.694 0.057 0.033 0.057 
1.649 0.057 0.033 0.057 

Sunset Wash I 1.616 0.057 0.033 0.057 
Reach 3 1.557 0.057 0.033 0.057 

1.502 0.057 0.033 0.057 
1.466 0.057 0.033 0.057 
1.456 Culvert 
1.447 0.057 0.033 0.057 
1.398 0.062 0.033 0.057 
1.346 0.057 0.033 0.057 

Sunset Wash I 1. 197 0.064 0.04 0.064 
Reach 2 1. 17 0.064 0.04 0.064 
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WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Manning's .. n .. -Value Summary 

River/Reach River Station 
LOB Channel ROB 

Name (RS) 
1.117 0.064 0.04 0.064 
1.019 0.064 0.04 0.064 

Sunset Wash I 0.925 0.064 0.04 0.064 
Reach 2 0.88 0.064 0.025 0.064 

0.858 0.03 0.025 0.03 
0.828 0.052 0.025 0.064 
0.753 0.1 0.031 0.074 
0.737 0.041 0.031 0.074 
0.732 Culvert 
0.726 0.041 0.031 0.074 
0.708 0.041 0.031 0.074 
0.679 0.041 0.031 0.074 
0.668 0.041 0.031 0.074 
0.663 Culvert 
0.658 0.041 0.031 0.074 
0.647 0.041 0.031 0.074 
0.633 0.064 0.039 0.064 
0.607 0.064 0.039 0.064 
0.57 0.064 0.039 0.064 

Sunset Wash I 0.547 0.064 0.039 0.064 
Reach 1 0.542 Culvert 

0.537 0.064 0.039 0.064 
0.524 0.064 0.039 0.064 
0.504 0.064 0.029 0.064 
0.461 0.056 0.029 0.056 
0.431 0.064 0.025 0.064 
0.36 0.064 0.025 0.064 

0.289 0.1 0.025 0.1 
0.269 0.1 0.036 0.1 
0.264 Bridge 
0.26 0.069 0.036 0.069 

0.232 0.035 0.036 0.069 
0.197 0.035 0.036 0.069 
0.178 0.035 0.036 0.069 
0.256 0.064 0.03 0.057 
0.218 0.064 0.03 0.064 

Sunset Wash I 0.213 Culvert 
Tributary 1 0.209 0.064 0.03 0.064 

0.177 0.064 0.03 0.057 
0.159 0.064 0.03 0.057 
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WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Manning•s .. n .. -Value Summary 

River/Reach River Station 
LOB Channel ROB 

Name (RS) 
0. 155 Culvert 
0.1 52 0.064 0.03 0.057 
0.145 0.064 0.03 0.057 
0.138 0.064 0.03 0.057 
0.1 35 Culvert 
0.132 0.064 0.03 0.057 

Sunset Wash I 0.126 0.064 0.03 0.057 
0.122 0.064 0.03 0.057 

Tributary 1 
0.119 Culvert 
0.1 16 0.064 0.03 0.057 
0. 102 0.064 0.03 0.057 
0.09 0.064 0.03 0.057 

0.082 Culvert 
0.076 0.057 0.03 0.057 
0.009 0.057 0.03 0.057 
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Location WuhName LOB 

# Base Value 111 Adjustments for Roughness Factors 12) Degree of 13) Calculated 14) 

WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
PHASE 1 WASHES 

Manning's "n"-Value Calculation 

Channel 

Base Value 11l Adjustments lor Roughness Factors 12) Degree of 13, 

no n, n2 n3 n4 Meandering, m n -Value no n, nz ns n4 Meandering, m 

1 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
2 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
3 Sunset Wash 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
4 Reaches 1 & 0.025 0.000 0.002 0.010 . 0.010 1.0 0.047 
5 2 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
6 0.020 0.000 0.001 0.015 0.005 1.0 0.041 
7 0.025 0.002 0.002 0.010 0.025 1.0 0.064 

8 SunnyCove 
0.025 0.001 0.000 0.004 0.025 1.0 0.055 

Wash- Reach 
9 1 0.025 0.000 0.000 0.004 0.020 1.0 0.049 
10 

SunnyCove 
0.030 0.000 0.002 0.002 0.025 1.0 0.059 

11 
Wash- Reach 0.030 0.000 0.002 0.005 0.025 1.0 0.062 

12 2 0.030 0.000 0.002 0.010 0.015 1.0 0.057 
13 0.030 0.000 0.002 0.005 0.020 1.0 0.057 

Reference: Phillips, J.V., and Tadayon, S., 2006, Selection of Manning's Roughness Coefficient for Natural and 

Notes: 

Constructed Vegetated and Non-Vegetated Channels, and Vegetation Maintenance Plan Guidelines for 
Vegetated Channels in Central Arizona: U.S. Geological Survey, Scientific Investigations Report 2006-5108, 41 p. 

1. n 0 = Base value of n for a straight, uniform channels (Tables 1 and 2) 
2. Adjustments for roughness factors other than meanders (Table 3), where: 

n 1 = Degree of Irregularity 
n 2 = Variation in channel cross section 
n 3 = Effect of obstructions 
n 4 = Amount of Vegetation 

3. m = Degree of meandering (Table 3) 
4. n- value = (n 0 + n 1 + n 2 + n 3 + n 4)*m 

II! Hoskin· Ryan 9,~.Q?.~L1~~J.s,., !~,\; .. 

0.025 0.000 0.000 0.001 0.008 1.0 
0.025 0.000 0.000 0.001 0.010 1.0 
0.020 0.000 0.000 0.005 0.000 1.0 
0.025 0.000 0.000 0.002 0.005 1.0 
0.028 0.000 0.000 0.001 0.010 1.0 
0.028 0.000 0.000 0.001 0.002 1.0 
0.020 0.000 0.000 0.000 0.015 1.0 

0.025 0.008 0.000 0.000 0.002 1.0 

0.025 0.000 0.000 0.004 0.010 1.0 
0.025 0.000 0.003 0.000 0.002 1.0 
0.026 0.002 0.005 0.000 0.002 1.0 
0.026 0.000 0.003 0.000 0.002 1.0 
0.026 0.000 0.005 0.000 0.002 1.0 

ROB 
Calculated 14) Base Valuel1) Adjustments lor Roughness Factors 12) Degree of (s) Calculated 14, 

n -Value no n, nz n3 n4 Meandering, m n-Value 

0.034 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
0.036 0.025 0.002 0.002 0.020 0.020 1.0 0.069 
0.025 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
0.032 0.025 0.000 0.002 0.010 0.010 1.0 0.047 
0.039 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
0.031 0.025 0.002 0.002 0.020 0.025 1.0 0.074 
0.035 0.025 0.002 0.002 0.010 0.025 1.0 0.064 

0.035 0.025 0.001 0.000 0.004 0.025 1.0 0.055 

0.039 0.020 . 0.000 0.003 0.002 0.010 1.0 0.035 
0.030 0.030 0.000 0.002 0.002 0.025 1.0 0.059 
0.035 0.030 0.000 0.002 0.005 0.025 1.0 o;osz 
0.031 0.030 0.000 0.002 0.010 0.015 1.0 0.057 
0.033 0.030 0.000 0.002 0.005 0.020 1.0 0.057 

3/3/2011 
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WICKENBURG AREA DRAINAGE MASTER 
Contraction I Expansion Coefficients 

River/Reach River Station 
Contraction Expansion 

Name (RS) 
3.132 0.3 0.5 
3.105 0.3 0.5 

3.1 Culvert 
3.091 0.3 0.5 
3.06 0.1 0.3 
2.995 0.1 0.3 
2.901 0.1 0.3 
2.832 0.1 0.3 
2.739 0.1 0.3 
2.657 0.1 0.3 
2.592 0.1 0.3 
2.563 0.1 0.3 
2.496 0.1 0.3 
2.432 0.1 0.3 
2.379 0.1 0.3 
2.32 0.1 0.3 
2.261 0.1 0.3 
2.203 0.1 0.3 
2.118 0.1 0.3 

Sunnycove 2.028 0.1 0.3 
Wash 1 Reach 2 1.93 0.1 0.3 

1.867 0.1 0.3 
1.83 0.1 0.3 
1.778 0.1 0.3 
1.733 0.1 0.3 
1.681 0.1 0.3 
1.618 . 0.1 0.3 
1.55 0.1 0.3 
1.478 0.1 0.3 
1.415 0.1 0.3 
1.327 0.1 0.3 
1.27 0.1 0.3 
1.193 0.1 0.3 
1.164 0.3 0.5 
1.15 0.3 0.5 

1.137 Culvert 
1.127 0.3 0.5 
1.091 0.1 0.3 
1.054 0.1 0.3 
0.997 0.1 0.3 
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WICKENBURG AREA DRAINAGE MASTER 
Contraction I Expansion Coefficients 

River/Reach River Station 
Contraction Expansion 

Name (RS) 
0.937 0.1 0.3 
0.897 0.1 0.3 

Sunnycove 
0.85 0.1 0.3 

0.807 0.1 0.3 
Wash I Reach 2 0.758 0.1 0.3 

0.693 0.1 0.3 
0.642 0.1 0.3 
0.4 0.1 0.3 

0.365 0.1 0.3 
0.34 0.1 0.3 

0.294 0.3 0.5 
0.279 0.3 0.5 
0.269 Culvert 
0.263 0.3 0.5 

Sunnycove 
0.245 0.3 0.5 
0.239 0.3 0.5 

Wash I Reach 1 0.233 Culvert 
0.226 0.3 0.5 
0.216 0.1 0.3 
0.194 0.1 0.3 
0.159 0.1 0.3 
0.089 0.1 0.3 
0.036 0.1 0.3 
0.022 0.1 0.3 
1.902 0.1 0.3 
1.829 0.1 0.3 
1.777 0.1 0.3 
1.727 0.1 0.3 
1.694 0.1 0.3 
1.649 0.1 0.3 

Sunset Wash I 1.616 0.1 0.3 
Reach 3 1.557 0.1 0.3 

1.502 0.3 0.5 
1.466 0.3 0.5 
1.456 Culvert 
1.447 0.3 0.5 
1.398 0.1 0.3 
1.346 0.1 0.3 

Sunset Wash I 1.197 0.1 0.3 
Reach 2 1.17 0.1 0.3 

Page 2 of4 



• 

• 

• 

WICKENBURG AREA DRAINAGE MASTER 
Contraction I Expansion Coefficients 

River/Reach River Station 
Contraction Expansion 

Name {RS) 
1.117 0.1 0.3 
1.019 0.1 0.3 

Sunset Wash I 0.925 0.1 0.3 
Reach 2 0.88 0.1 0.3 

0.858 0.1 0.3 
0.828 0.1 0.3 
0.753 0.3 0.5 
0.737 0.3 0.5 
0.732 Culvert 
0.726 0.3 0.5 
0.708 0.1 0.3 
0.679 0.3 0.5 
0.668 0.3 0.5 
0.663 Culvert 
0.658 0.3 0.5 
0.647 0.1 0.3 
0.633 0.1 0.3 
0.607 0.1 0.3 
0.57 0.3 0.5 

Sunset Wash I 0.547 0.3 0.5 
Reach 1 0.542 Culvert 

0.537 0.3 0.5 
0.524 0.1 0.3 
0.504 0.1 0.3 
0.461 0.1 0.3 
0.431 0.1 0.3 
0.36 0.1 0.3 
0.289 0.3 0.5 
0.269 0.3 0.5 
0.264 Bridge 
0.26 0.3 0.5 

0.232 0.1 0.3 
0.197 0.1 0.3 
0.178 0.1 0.3 
0.256 0.3 0.5 
0.218 0.3 0.5 

Sunset Wash I 0.213 Culvert 
Tributary 1 0.209 0.3 0.5 

0.177 0.3 0.5 
0.159 0.3 0.5 
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WICKENBURG AREA DRAINAGE MASTER 
Contraction I Expansion Coefficients 

River/Reach River Station 
Contraction Expansion 

Name (RS) 
0.155 Culvert 
0.152 0.3 0.5 
0.145 0.3 0.5 
0.138 0.3 0.5 
0.135 Culvert 
0.132 0.3 0.5 

Sunset Wash I 0.126 0.3 0.5 
0.122 0.3 0.5 

Tributary 1 0.119 Culvert 
0.116 0.3 0.5 
0.102 0.3 0.5 
0.09 0.3 0.5 
0.082 Culvert 
0.076 0.3 0.5 
0.009 0.1 0.3 
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Wickenburg Area Drainage Master Study/Plan 
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• • WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Sunset Wash Flow Split at Mesquite Drive Crossing 

Rating Table 

WSE 
Culvert Weir Flow 

Capacity To South To East 
(ftj (cfs) (cfs) 

2061.59 185 0 
2062.34 215 52 
2062.56 227 89 
2062.88 243 156 
2063.01 249 186 
2063.25 260 248 

Notes: (1) 10-Year, 6-Hour Flow 
(2) 50-Year, 6-Hour Flow 
(3) 1 00-Year, 6-Hour Flow 
(4) 500-Year, 6-Hour Flow 

(cfs) 
0 
40 
104 
255 
339 
520 

Total Flow 

(cfs) 
185 
307 
420 
654 
774 
1028 

• 
Comparison to ! 

the HEC-1 10: C6 
Flow 

(cfs) 

419(1) 

660(2) 

770(3) 

1028\'1) 



• BOX CULVERT SST_ 400 CAPACITY ANALYSIS BEFORE OVERTOPI NG 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

December 14, 201 0 

=========================================================================== 
PROGRAM INPUT DATA 

DESCRIPTION 

Culvert Span (ft) ...... ... .. ..... ......... ........... ....... . ... .. .... . 
Culvert Rise (ft) ... ............. .... .. ......... .... .. ............ .... . . 
FHWA Chart Number. ........... ..... ...... .... ................. . ... .. . 
FHWA Scale Number (Type of Culvert Entrance) ......... . 
Manning's Roughness Coefficient (n-value) .................. . 
Entrance Loss Coefficient of Culvert Opening ........ .. .... . 
Culvert Length (ft) .. .. ......... ......... ....... ........ ... ........ . ..... . 
Invert Elevation at Downstream end of Culvert (ft) ..... .. .. 
Invert Elevation at Upstream end of Culvert (ft) .... ...... .. . 
Culvert Slope (ft/ft) .... ... ...... ....... .. .......... .. ......... ... .... .. . 

Starting Flow Rate (cfs) .... .. .. .. .......... .......... .. ...... .. ... . 
Incremental Flow Rate (cfs) .. .. ......... .. ........ ..... ........ ... .. 
Ending Flow Rate (cfs) ..... ... ..... .... .. .. ...... .......... .. ....... .. 

Starting Tailwater Depth (ft) ... .. ........... .. .... .... .. .... ...... . .. 

•

cremental Tailwater Depth (ft) ...... ...... .. ... ..... .. .. .. .... .. . 
nding Tailwater Depth (ft) ..... .... .. .... ................ .. ... . .. .. . 

VALUE 

10 
3 
8 
1 

0.013 
0.4 
46 

2057.6 
2057.94 

0.0074 

185 
0 

185 

3 
1 
3 

=========================================================================== 

COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(cfs) (ft) Control Control (ft) · (ft) (ft) (fps) 

185.0 3.0 3.65 3.60 1.64 2.20 1.64 11.3 

=============~============================================================= 

HYDROCALC Hydraulics for Windows, Version 2.0.1 Freeware, Copyright( c) 1996-2010 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Email :software@dodson-hydro.com, All Rights Reserved . 

Water Surface Elevation= 2057.94 + 3.65 = 2061.59' 

Lowest Road Elevation= 2061 .61' 

• 



• BOX CULVERT SST_400 CAPACITY ANALYSIS DURING OVERTOPPING 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

December 14, 2010 

=========================================================================== 
PROGRAM INPUT DATA 

DESCRIPTION 

Culv~rt Span (ft) ... .... .............................. .. .. ... .. ... .... . 
Culvert Rise (ft) .... ......... ......... ~ ..... ............ .......... .. .. . 
FHWA Chart Number. .. ...... .. ... ............ ............. ... ........ . 
FHWA Scale Number (Type of Culvert Entrance) ........ . . 
Manning's Roughness Coefficient (n-value) .. ......... ..... .. . 
Entrance Loss Coefficient of Culvert Opening .. .. ..... .... . . 
Culvert Length {ft) ................. .... ... ... ...... ..... .. ... ..... .. .. .. . 
Invert Elevation at Downstream end of Culvert (ft) ... ... .. . 
Invert Elevation at Upstream end of Culvert (ft) .. .... ..... . . 
Culvert Slope (ft/ft) .. ... .. .. ....... .... .. ...... ... ... ............... ... . 

Starting Flow Rate (cfs) .... .. ... .......... ... ... .. ... .... .. ....... . 
Incremental Flow Rate (cfs) ................... .......... ..... . ..... . 
Ending Flow Rate (cfs) .... ........... ........ .......... ... .. .... . .... . 

Starting Tailwater Depth (ft) .... .. .... .. ...... ......... ....... ...... . 

•

cremental Tailwater Depth (ft) ... ... ....... ... ...... ... .. .. ..... . 
nding Tailwater Depth (ft) .. ...... ...... ... ....... ... ....... ...... . . 

VALUE 

10 
3 
8 
1 

0.013 
0.4 
46 

2057.6 
2057.94 

0.0074 

249 
0 

249 

3 
1 
3 

=========================================================================== 
COMPUTATION RESULTS 

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet 
Rate Depth Inlet Outlet Depth Depth Outlet Velocity 

(cfs) (ft) Control Control (ft) (ft) (ft) (fps) 

249.0 3.0 5.07 4.36 2 2.68 2 12.46 

=========================================================================== 
HYDROCALC Hydraulics for Windows, Version 2.0.1 Freeware, Copyright( c) 1996-2010 
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069 
Email:software@dodson-hydro.com, All Rights Reserved. 

Water Surface Elevation= 2057.94 + 5.07 = 2063.01' 

• 



• 

• 

• 

Sunset Wash Flow Split to East at RS 0.547 

******~***~************ * *******************~* 
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 

********************************************* 
PROJECT: Wickenburg ADMS 
ENGINEER: NZ 

DATE: 1117/2011 
TIME: 16:10. 5 

INPUT PARAMETERS 

STARTING WSEL: 2061.74 
. MAXIMUM WSEL: 2063.50 
STEP SIZE: 0.10 
BREADTH OF WEIR: 32.00 

********************************************* 
INPUT ELEVATION/STATION TABLE. 
PROJECT: Wickenburg ADMS 
DATE: 1117/2011 
TIME: 16:10. 5 

********************************************* 

----- --------- -------
POINT ELEVATION STATION POINT ELEVATION 

--------- ------- ----- ---------
1 . 2063.94 . 0.00 16 2062.44 146.38 
2 2063.91 1.11 17 2062.19 167.99 
3 2063.65 11.12 18 . 2062.18 168.97 
4 2063 .65 11.15 19 2062.18 212.94 

5 2063.50 21.29 20 2062.13 223.64 

6 2063 .50 21.37 21 2062. 12 224.12 

7 2063.12 46.69 22 2062.05 243.13 

8 2063 .12 46.75 23 2062.04 243 .36 

9 2062.95 65 .26 24 2061.78 263.45 
10 2062.95 65.79 25 2061.78 263.80 
11 2062.72 91.31 26 2061.74 265.37 
12 2062.72 121.44 
13 2062.45 144.63 
14 2062.45 145 .18 
15 2062.44 145.68 

1 

STATION 
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Sunset Wash Flow Split to East at RS 0.547 

**.********.********************************* 
WEIR COEFFICIENT TABLE 
PROJECT: Wickenburg ADMS 
DATE: 1117/2011 
TIME: 16:10. 5 

********************************************* 

INPUT COEFFICENT VALVES. 

POINT HEAD COEFFICIENT 

1 0.00 
2 4.00 

3.0000 
3.0000 

********************************************* 
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 
PROJECT: Wickenburg ADMS 
DATE: 1117/2011 
TIME: 16:10. 5 

********************************************* 

ELEVATION DISCHARGE (CFS) 

2061.74 
2061.84 
2061.94 
2062.04 
2062.14 
2062.24 
2062.34 
2062.44 
2062.54 
2062.64 
2062.74 
2062.84 
2062.94 
2062.95 
2062.96 
2062.97 
2062.98 
2062.99 

0.00 
0.20 
1.38 
4.04 
9.07 

20.08 
39.54 
65.33 
97.04 
134.48 
177.87 
230.35 
290.99 
297.84 
304.69 
311.53 
318.38 
325.23 

2 

ELEVATION . DISCHARGE (CFS) 

2063.00 332.08 
6063.61--~~"3'38]3) ~ '() 0 --YY 
~77 
2063.03 352.62 
2063.04 359.47 
2063.14 435.67 
2063.24 519.35 
2063.34 610.17 
2063.44 707.96 
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Sunset Wash Flow Splitto South at RS 0.547 

******************************************~** 
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 

********************************************* 
PROJECT: Wickenburg ADMS 
ENGINEER: NZ 

DATE: 1117/2011 
TIME: 15: 6.57 

INPUT PARAMETERS 

STARTING WSEL: 2061.61 
MAXIMUM WSEL: 2063.50 
STEP SIZE: 0.10 
BREADTH OF WEIR: 30.00 

********************************************* 
INPUT ELEVATION/STATION TABLE. 
PROJECT: Wickenburg ADMS 
DATE: 1117/2011 
TIME: 15: 6 .57 

********************************************* 

POINT ELEVATION STATION 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

2061.74 
2061.75 
2061.61 
2061.85 
2061.89 
2062.04 
2062.19 
2062.19 
2062.20 
2062.05 
2062.05 

265.37 
267.08 
280.44 
289.92 
294.25 
299.32 
308.73 
308.86 
309.95 
310.05 
316.05 

1 
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Sunset Wash Flow Split to South at RS 0.547 

*******************************************•* 
WEIR COEFFICIENT TABLE 

. . . . 

PROJECT: Wickenburg ADMS 
DATE: 1117/2011 
TIME: 15: 6.57 

********************************************* 

INPUT COEFFICENT VALUES. 

POINT HEAD COEFFICIENT 

1 0.00 
2 4.00 

3.0000 
3.0000 

********************************************* 
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 
PROJECT: Wickenburg ADMS 
DATE: 1/17/2011 
TlME: "15: 6.57 

** ******************************************* 

ELEVATION DISCHARGE (CFS) ELEVATION DISCHARGE (CFS) 

--------- ---------------
2061.61 0.00 2062.97 176.76 
2061.71 0.51 2062.98 179.13 
2061.81 2.89 2062.99 181.51 
2061.91 7.24 
2062.01 13.57 Jili:i~,·::=.:~:~:~~t~~_:_l~) - I 0 0 - Y Y 
2062.11 22.03 2063.11 211.04 

. 2062.21 . 33.24 2063.21 236.87 
2062.31 46.91 2063.31 263.70 
2062.41 62.51 2063.41 . 291.49 
2062.51 79.75 
2062.61 98.48 
2062.71 118.58 
2062.81 139.96 
2062.91 162.53 
2062.92 : . 164.90 
2062.93 167.27 
2062.94 169.65 
2062.95 172.02 
2062.96 174.39 

2 
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Legend 

D FLOODPLAIN BOUNDARY .---. FLOODWAY BOUNDARY 
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110-YEAR, 50-YEAR AND 100-YEAR REPORT' 

HEC-RAS Version 4 . 1 . 0 Jan 2010 
u . s. Army Corps of Engineers 

Hydrol68~cs~~~~de~~~~~tc enter 
Davi s , cali f ornia 

X X 
X X 
X X 
XXX XXX X 
X X 
X X 
X X 

PROJECT DATA 

xxxxxx 
X 
X 
xxxx 
X 
X 
XXX XXX 

xxxx 
X X 
X 
X XXX 
X 
X X 
xxxx 

Project Title : Wic kenburg_Phase1 
PrOJeCt File : WKB1 . prj 
Run Date and Time : 2/6/ 2012 12 : 53 : 38 PM 

Project in Engli s h units 

Project De s cription : 

xxxx 
X X 
X X 
xxxx 
X X 
X X 
X X 

XX 
X X 

X X 
xxxxxx 
X X 
X X 
X X 

wi c ke nburg Area Dra inage Mas ter Study/Plan ( ADMS/ P) 
Phase 1 Hydraulic Model 
fo r Sunset was h , sunset was h Tri buta r y 1 a nd sunnycove wash 

Prepared 
by : 
Hoskin Ryan Cons ultants, Inc. 
62 45 N. 24th Parkway, suite 100 
Phoenix , 
AZ 85016 

Prepared for: 
Flood Control District of Maricopa county 
( FCDMC) 
2 801 w. Durango Street 
Phoenix , AZ 85009 

FCDMC Contract No. 
2009-C030 

WKBl. rep 

xxxx 
X 
X 
xxxx 

X 
X 

xxxxx 

FCDMC Proj ect Manager: Gregory L. Jones 

Topographi c Mapping : 
prepa r ed during the Wickenburg Mapping Project (FCDMC 03-66) , dated July 7th , 
2004 . Provided by the FCDMC and used to create the 2-foot contour interval 
mapp i ng . 

vert i cal Datum: NAVD88 

Geographic Coordinat e System is State 
Plane Arizona Central ( NAD83 ) 

*************************************************************** ***************** 

PLAN DATA 

Pl a n Title: Wickenburg_Phase1 
Plan File g: \ Projects \ 10\ 10-003 Wickenburg ADMS \ 01-Phase 1\ Hydro\ HEC-RAS\ WKB1 . p01 

Geometry Title: Wickenburg_Phase1 
Geometry File : g :\Projects \ 10\ 10-003 Wickenburg ADMS\ 01-Phase 1\ Hydro\ HEC-RAS\ WKB1 . g01 

Flow Title 
Flow File 

100- year , 6-hour 
g: \ Projects\10\ 10-003 Wickenburg ADMS\ 01- Phas e 1\ Hydro\ HEC-RAS\ WKB1 . f01 

Plan summary Information: 
Nu mbe r of : cross Section s 

cul verts 
Bridges 

121 
13 

1 

Multi ple Openings 
Inline Structures 
Lateral Structures 

Computational Information 
Water surface calculation tolerance 0 . 01 

0.01 
20 
0. 3 
0.001 

~~~{!~;ln~~g~~ ~~lf~!;~~~~n;olerance 
Maximum difference tolerance 
Flow tolerance f actor 

Computation Options 

0 
0 
0 

critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Avera~e Con veyance 
Computational Flow Regime : subcr1tical Flow 

Encroachment Data 
Equal Conveyance 
Left offset 
Right offset 

Ri ver 
RS 

SUNNYCDVE WASH 
Profi 1 e 

True 
0 
0 

Reach REACH #2 
Method value1 value2 

Page 1 



• WKBl. rep 
3.132 FLOODWAY 1 9925 10080 
3.105 FLOODWAY 1 9945 . 6710035 .18 
3.091 FLOODWAY 1 9964.2410027.59 
3 . 060 FLOODWAY 1 9930 10057 
2.995 FLOODWAY 1 9987 . 110008 . 02 
2.901 FLOODWAY 1 9989 . 53 10035 
2.832 FLOODWAY 1 9985.1910021.27 
2.739 FLOODWAY 1 9972.110007.81 
2.657 FLOODWAY 1 9979.7610025 . 91 
2.592 FLOODWAY 1 9965.7910023.95 
2.563 FLOODWAY 1 9985.0410021 . 39 
2.496 FLOODWAY 1 9992.6310023.91 
2.432 FLOODWAY 1 9980 10025 
2.379 FLOODWAY 1 998010013.45 
2.320 FLOODWAY 1 9986.6410022 . 03 
2.261 FLOODWAY 1 9987 10035 
2.203 FLOODWAY 1 9981.77 10024 . 7 
2.118 FLOODWAY 1 9988 10034 
2.028 FLOODWAY 1 9986.97 10015.5 
1. 930 FLOODWAY 1 9986.97 10010.9 
1. 867 FLOODWAY 1 9988.210010.76 
1. 830 FLOODWAY 1 9981.1110021.44 
1. 778 FLOODWAY 1 9972.48 10020 
1. 733 FLOODWAY 1 9981.02 10040 
1. 681 FLOODWAY 1 9984.8 10022 
1.618 FLOODWAY 1 9985 . 0610016.06 
1. 550 FLOODWAY 1 9975 10035 
1. 478 FLOODWAY 1 9947 10010.9 
1.415 FLDODWAY 1 9955 10075 
1. 327 FLOODWAY 1 9987 10021 
1. 270 FLOODWAY 1 9962 . 9 10018 
1.193 FLOODWAY 1 9982 10027 
1.164 FLOODWAY 1 9991.3910031.05 
1.150 FLOODWAY 1 996010045.28 
1.127 FLOODWAY 1 9979.14 10044 
1.091 FLOODWAY 1 9983 . 1 10048 
1. 054 FLOODWAY 1 9983 10020 
0 . 997 FLOODWAY 1 9970.0910020.39 
0.937 FLOODWAY 1 9951.410015 . 72 
0 . 897 FLOODWAY 1 9972.3310044.07 
0.850 FLOODWAY 1 9969 . 37 10018.4 
0.807 FLOODWAY 1 9943.3510005.81 
0.758 FLOODWAY 1 9949.6410020.64 
0.693 FLOODWAY 1 9979 . 4 10041.6 
0.642 FLOODWAY 1 9965.5810042.49 

River SUNNYCOVE WASH Reach = REACH #1 
RS Profile Method value1 value2 • 0.400 FLOODWAY 1 9931. 3410009 . 25 
0. 365 FLOODWAY 1 9883.37 10017.3 
0.340 FLOODWAY 1 9984.5610013.16 
0. 294 FLOODWAY 1 9993.7210009 . 06 
0.279 FLOODWAY 1 996810024 . 15 
0.263 FLOODWAY 1 998110003.46 
0.245 FLOODWAY 1 997410013 . 03 
0.239 FLOODWAY 1 9975 10016.3 
0.226 FLOODWAY 1 9974.43 10019.2 
0. 216 FLOODWAY 1 9986 . 7610009 .11 
0.194 FLOODWAY 1 9990 . 5310010.05 
0.159 FLOODWAY 1 9940 10014.5 
0.089 FLOODWAY 1 9971.510013 . 21 
0.036 FLOODWAY 1 9991.8210020.56 
0.022 FLOODWAY 1 9992.2910024.37 

River SUNSET WASH Reach = REACH #2 
RS Profile Method Value1 Value2 
1.197 FLOODWAY 1 9988.3110026.83 
1.170 FLOODWAY 1 9976 10005.8 
1.117 FLOODWAY 1 9986.110034.83 
1.016 FLOODWAY 1 9985 . 2710016.07 
0.925 FLOODWAY 1 9984.6310009.59 
0.880 FLOODWAY 1 998110047 . 13 
0.858 FLOODWAY 1 9988 10023 
0.828 FLOODWAY 1 9988 10015.2 

River SUNSET WASH Reach = REACH #1 
RS Profi 1 e Method value1 value2 
0.753 FLOODWAY 1 9985.57 10008.8 
0.737 FLOODWAY 1 9946.1210017.93 
0. 726 FLOODWAY 1 9954 10030 
0.708 FLOODWAY 1 9955 10030 
0.679 FLOODWAY 1 9955 10010 
0.668 FLOODWAY 1 9971 10009.4 
0.658 FLOODWAY 1 995310007.52 
0.647 FLOODWAY 1 9981.8310005.83 
0.633 FLOODWAY 1 9974 . 7110014.28 
0.607 FLOODWAY 1 9984 . 5410012.47 
0.570 FLOODWAY 1 9982.3710022.73 
0.547 FLOODWAY 1 9982.6510027.21 
0.537 FLOODWAY 1 9974.7910014.79 
0.524 FLOODWAY 1 9978 . 1510010 .11 
0.504 FLOODWAY 1 9989 . 57 10016 
0.461 FLOODWAY 1 9979.1610036 . 92 
0.431 FLOODWAY 1 9990.1610023.66 
0.360 FLOODWAY 1 9978.9810017.04 
0.289 FLOODWAY 1 9970 10030 
0.269 FLOODWAY 1 9963.6510036.35 
0.260 FLOODWAY 1 9968 10032 • Page 2 
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0.232 
0.197 
0.178 

FLOODWAY 
FLOODWAY 
FLOODWAY 

WKBl. rep 
1 986010027 . 78 
1 978010023.12 
1 9771.8410033 . 48 

************************************** ******* ************** ********* ***** ******* 

FLOW DATA 

Flow Title: 100-yea r, 6-hour 
Flow File : g: \ Projects \ 10\ 10-003 Wickenbu r g ADMS\ 01-Phase 1\ Hydro\ HEC-RAS\ WKB1.f01 

Flow Data (cfs) 
******************************* ************************************* ***** ******** *** ************************* 
* River Reach RS FLOODPLAIN FLOODWAY 50-YEAR 10-YEAR 
* SUNNYCOVE WASH REACH #1 0.400 137 137 119 78 
* SUNNYCOVE WASH REACH #1 0 . 263 326 326 282 186 * 
* SUNNYCOVE WASH REACH #2 3 . 132 1006 1006 863 549 • 

SUNNYCOVE WASH REACH #2 2 . 901 1048 1048 893 554 
* SUNNYCOVE WASH REACH #2 2 . 592 1322 1322 1124 690 
* SUNNYCOVE WASH REACH #2 1 . 830 1542 1542 1316 831 * 
• SUNSET WASH REACH #2 1.197 56 56 48 30 * 

SUNSET WASH REACH #2 1.117 493 493 421 264 
* SUNSET WASH REACH #2 1. 016 493 493 421 264 
'' SUNSET WASH REACH #2 0 . 925 493 493 421 264 * 
1' SUNSET WASH REACH #1 0. 753 770 770 660 419 * 
* SUNSET WASH REACH #1 0.537 * 960 960 819 470 * 
* SUNSET WASH REACH #1 0.360 * 1146 1146 975 599 * 
* SUNSET WASH REACH #3 1. 902 515 515 443 279 • 
1' SUNSET WASH TRIBUTARY 1 0 . 256 412 412 350 220 * 
************************************************************************************************************* 

Boundary conditions 
******** ***************** *** **** ********* ** ****************** ****** *********** *** ****************** **** * 
* Ri ver Reach Profile * Upstream Downstream * 
****** *********************************************************** ******************** ****************** * 
' ' SUNNYCOVE WASH REACH #2 FLOODPLAIN Normal S = 0 . 02 * 
' ' SUNSET WASH REACH #1 FLOODPLAIN Normal S = 0. 0067 ' ' 
* SUNSET WASH REACH #3 FLOODPLAIN Normal S = 0 . 02073 * 
0 SUNSET WASH TRIBUTARY 1 FLOODPLAIN Normal S = 0 . 00933 * 
************ ****************************************************** ************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.400 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*************************************** ** ** *** *************** ********** ******* ***************** 
* E.G. Elev (ft) * 2111 . 01 * Element Left OB * Channel * Right DB * 
• Vel Head (ft) 0 . 23 * Wt . n-val. 0.039 * 
• w. s. Elev (ft) '' 2110 . 78 '' Reach Len. (ft) 229.53 185.77 170.71 
* Cri t W. S. (ft ) '' 2110. 78 Flow Area (sq ft) 35. 56 '' 
• E.G. Slope (ft/ ft ) *0.029057 ° Area (sq ft) 35.56 • 
• Q Total (cfs) 137.00 Flow (cfs) 137.00 

0.00 

Top width (ft) '' 77 . 70 • Top Width (ft) 77. 70 
Vel Total (ft / s) 3 . 85 * AVg. Vel . (ft/ s) 3. 85 

• Max chl Dpth (ft) 1.11 * Hydr . Depth (ft) 0.46 
* conv . Total (cfs ) 803 . 7 * conv . (cfs) 803.7 * 
'' Length Wtd. (ft) 186 . 17 * Wetted Per. (ft) 77.84 

MinCh El (ft) • 2109.67 • Shear (lb/ sq ft) 0.83 
* Alpha 1 . 00 * Stream Powe r ( lb / ft s ) * 3.19 
* Frctn Loss (ft) 0.25 '' Cum Volume (acre-ft) 0.09 1.04 0.04 

• 

• c & E Loss (ft) 0 . 07 • Cum SA (acres) 0.97 1.85 • 0.75 
******** ******* **** ** ************** ****************************** ** **************************** 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning: 
the 

The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indi cate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*** ********* **************************** **************** ********* ****** ***** ******************* 
• E.G. Elev (ft) • 2111.01 • Element Left OB • Channel • Right OB • 
• Vel Head (ft) * 0 . 22 '' Wt. n-val. * 0 . 039 • 
* w. s . Elev (ft) • 2110 . 79 '' Reach Len. (ft) 229.53 185.77 170.71 
* Crit w.s . (ft) • 2110.79 • Flow Area (sq ft) 36.17 

E.G. slope (ft / ft) *0.027532 • Area (sq ft) 36 . 17 
• Q Total ( cfs) 137.00 Flow (cfs ) 137 . 00 
• Top width (ft) 77 . 84 • Top width (ft) 77 .84 
• Vel Total (ft / s) 3. 79 • AVg . Vel. (ft / s) 3. 79 
* Max chl Dpth (ft) 1.12 * Hydr. Depth (ft) 0 . 46 
• Conv. Total (cfs) 825.7 * conv. (cfs ) 825 . 7 
* Length Wtd. (ft) 185 . 77 * Wetted Per . (ft) 77 . 99 
• Minch El (ft) • 2109.67 '' shear (lb/ sq ft) 0.80 * 
• Alpha 1.00 • Stream Power (lb / ft s) 3.02 
• Frctn Loss (ft) 0.20 • cum volume (acre-ft) 0.02 1 . 18 0.00 
* c & E Loss (ft) 0 . 06 • cum SA (acres) 0 . 32 1 . 85 0.03 
****************************************************************************** ******** **** ** *** 
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WKBl.rep 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: 

warning: 
the 

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcri tical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
******************************* ************************************* ****** ********************* 
* E.G. Elev (ft ) * 2110.95 * Element * Left OB * Channel * Right OB * 
*vel Head (ft) 0.22 * Wt. n-val. * 0.039 * 
* w.s . Elev (ft) * 2110.73 * Reach Len. (ft) 229.53 185.77 170.71 
* Crit w.s. (ft) • 2110.73 * Flow Area (sq ft) 31.63 * 
* E.G. slope (ft/ ft) *0.031716 • Area (sq ft) 31.63 * 
* Q Total (cfs) * 119.00 Flow (cfs) 119 . 00 
• Top Width (ft) * 76.46 * Top width (ft) 76.46 

Vel Total (ft/s) 3.76 • Avg. Vel. (ft/ s) 3 .76 
• Max chl Dpth (ft) 1 . 06 * Hydr. Depth (ft) 0 .41 
• conv. Total (cfs ) 668.2 * conv . (cfs) 668.2 
* Length Wtd. (ft) 186 . 10 • Wetted Per. (ft) 76.60 
* Min ch El (ft) • 2109.67 * shea r (l b/ sq ft) 0 . 82 

Alpha 1.00 * Stream Power (lb/ft s) * 3.08 
Frctn Loss (ft) 0.27 * cum volume (acre-ft ) * 0.07 * 0.95 • 0.03 • 

• c & E Loss (ft) • 0.06 • cum SA (acres) * 0.93 * 1 . 84 • 0.66 • 
*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 

warning: 
the 

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E.G. Elev (ft) . 2110.79 ,, Element . Left OB . channel * Right OB . 
* vel Head (ft) 0.19 * Wt. n-val. 0.039 * 
* w.s . Elev (ft) * 2110.60 . Reach Len. (ft) 229.53 185.77 * 170.71 . Crit W.S. (ft) * 2110 . 60 * Flow Area (sq ft) 22.28 • 

E.G. slope (ft/ ft ) *0.03 2494 * Area (s1 ft) 22.28 
Q Total (cfs) 78.00 Flow (c s) 78.00 . ~~~ ~~~~~ (ft) 61.07 * Top Width (ft) 61.07 

(ft / s) 3.50 • Avg. Vel. (ft/ s) 3. 50 * 
• Max chl Dpth (ft) 0.93 • Hydr. Depth (ft ) 0. 36 
* Conv. Total (cfs) * 432.7 • conv. (cfs) 432 .7 . Length Wtd. (ft) * 185.88 • Wetted Per. (ft) 61.19 
* Min Ch El (ft) * 2109.67 . shear (lb/sq ft) 0.74 

Alpha 1.00 ,, Stream Power (lb/ ft s) * 2.59 
Frctn Loss (ft) 0. 33 ,, Cum Volume (ac re-ft) 0.03 0.70 0.01 . C & E Loss (ft) 0.05 . Cum SA (acres) * 0. 58 1.77 0.48 

***********************~***************************************************** * * **** ************ 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: 
Warning: 

Divided flow computed for this cross-section. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterat1ons, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0. 365 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************** ** **** ****** 
,., E.G. Elev (ft) • 2107.73 * Element Left OB * channel * Right OB * 
'' Vel Head (ft) 0 . 01 ,-r Wt. n-val. 0.049 0.039 0 . 035 
• w.s. Elev (ft) * 2107.72 • Reach Len. (ft) 179 .96 133.12 128.74 * 
• Crit w.s. (ft) '' Flow Area (sq ft) 6.10 154.71 0.09 
* E.G. Slope (ft / ft) *0.000425 • Area (s1 ft) 6.10 154.71 0.09 
• Q Total (cfs) 137.00 Flow (c s) 2.50 134.49 0 . 01 
• To~ Width ( ft ) 145.34 '' Top width (ft) 11.41 132. 72 1. 21 

Ve Total (ft / s) 0.85 '' Avg . Ve l . (ft/ s) 0.41 0.87 0.16 
1' Max Chl Dpth (ft ) 2.32 '' Hydr . Depth (ft) 0. 53 1.17 0.08 
• Conv. Total (cfs) 6643.3 * conv . (cfs) 121.0 6521.6 . 0.7 
• Length Wtd. (ft) . 136.09 '{r Wetted Per. (ft) 11.52 132.94 • 1.22 
0 Min Ch El (ft) * 2105 .40 '' shear ( lb/ sq ft) 0.01 0.03 • 0 . 00 
• Alpha 1.03 • Stream Power ( lb/ ft s) • 0.01 0.03 0.00 
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* Frctn Loss (ft) 0.12 • cum Volume (acre-ft) • 0.07 0 . 64 0.04 
* c & E Loss (ft) 0.01 * cum SA (acres) '' 0 . 94 '' 1.40 0.75 '' 
·······················~·························································· ·· ··········· 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*********************************************************************************************** 
* E. G. Elev (ft ) * 2107 .84 * Eleme nt Left 08 * Channel * Right 08 * 
* Vel Head (ft) 0 . 01 • Wt . n-Val. 0.039 * 0 . 035 * 
* W.S. Elev (ft) * 2107.83 *Reach Len. ( ft ) 179.96 133 . 12 * 128 .74 
* crit w.s. (ft) * Flow Area (sq ft) 168.58 * 0 . 22 
* E.G . Slope (ft/ft) *0.000333 • Area (sq ft) 168.58 * 0 . 22 * 
• Q Total (cfs) • 13 7 .00 Flow (cfs) 136.95 0.05 
• Top width ( ft ) 133.93 • Top width (ft) 132 . 72 1.21 : 

Vel Total ( ft / s) 0 . 81 • Avg. Vel. (ft/s) 0.81 0.23 
* Max chl opth (ft) 2.43 * Hydr . Depth (ft) 1.27 0.18 * 
• Conv. Total (cfs) 7505.0 • Conv . (cfs) 7502 . 2 2 .8 * 
• Length wtd. (ft) 133 .12 • Wetted Per . (ft) 133 . 54 1. 33 • 
*Minch El ( ft) * 2105 .40 * shea r (lb/sq ft) 0.03 o.oo * 
*Alpha 1.00 * Stream Power (lb/ ft s) * 0.02 0.00 * 
• Frctn Loss (ft) 0 .11 • cum Volume (acre-ft) 0 . 02 0.75 0.00 
* c & E Loss (ft) 0 . 02 • cum SA (acres) 0 . 32 1 . 40 0.02 
*********************************************************************************************** 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2107 . 62 * Element Left 08 Channel * Right 08 
• Vel Head (ft) 0.01 * Wt. n-Val. * 0 . 049 0.039 0.035 

W.S. Elev (ft) • 2107.61 • Reach Len. (ft) * 179 . 96 1 33. 12 128.74 
crit w.s. (ft) * Flow Area (sq ft) 4.88 140.29 0.01 

* E. G. slope (ft/ ft) *0 . 000447 • Area (sq ft) 4.88 140.29 0.01 
• Q Total (cfs) * 119.00 Flow (cfs) 1.80 117.20 0.00 
* Top width (ft) 144.16 • Top width (ft) 11.08 1 32.72 0.36 : 

vel Total (ft / s) 0.82 • AVg. vel . (ft/ s) 0.37 0 . 84 0.07 
• Max chl Dpth (ft) 2.21 • Hydr. oepth (ft) 0.44 1. 06 0.02 
* Conv . Total (cfs) 5625.5 * Conv . (cfs) 85.1 5540.4 0.0 
* Length Wtd. (ft) 135.93 • Wetted Per. (ft) 11 . 17 132 . 94 0.37 
• Minch El (ft) • 2105.40 • Shea r (lb/ sq ft) 0.01 0.03 0.00 
• Alpha 1.03 • stream Power (lb/ ft s) * 0.00 0.02 0.00 
• Frctn Loss (ft) 0 . 13 • cum vo lume (acre-ft) 0.06 0.58 0.03 
• c & E Loss (ft) 0 . 01 • cum SA (ac res ) 0 . 90 1.40 0.66 
************************************************ *********************************************** 

warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10 -YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2107 .33 *Element * Left 08 * Channel *Right OB * 
• Vel Head (ft) 0.01 • Wt. n-val. * 0.049 0.039 * 
* W.S . Elev (ft) * 2107.32 • Reach Len. (ft) * 179.96 133.12 128 .74 
• crit w.s. ( ft ) * Flow Area (sq ft) 1 . 73 101.17 
• E.G. slope (ft/ft) *0.000575 Area (sq ft) 1.73 : 101 . 17 
• Q Tot a 1 (cfs) 78 . 00 Flow (cfs) 0. 39 77.61 
• Top Width (ft) 141. 37 • Top width (ft ) 10.17 131.20 

Ve l Total (ft/s) 0.76 • AVg. Vel. (ft/s) 0.22 0.77 
• Max c hl Opth (ft) 1 . 92 Hydr. Depth (ft) 0.17 0.77 
• Conv . Total (cfs) 3254 . 2 Conv. (cfs) * 16.1 3238.1 
• Length Wtd. (ft) 134 . 82 • Wetted Per . (ft) 10 . 22 131.41 
1' MinCh El (ft) • 2105.40 • shear ( lb/ sq ft) 0.01 0.03 
• Alpha 1.02 • Stream Power (lb/ft s) • 0.00 0.02 
* Frctn Loss (ft) 0 . 17 • Cum Volume (acre-ft) 0.03 * 0.43 0.01 
• C & E Loss (ft) 0.01 • cum SA (acres) 0.55 • 1.36 0.48 
*********************************************************************************************** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may i ndicate the need for add itional cross sections . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.340 

CROSS SECTION OUTPUT Profile #FLOOOPLAIN 
*********************************************************************************************** . E.G . Elev (ft) • 2107.60 . Element Left OB * Channel . Ri8~63~8 * 
• vel He ad (ft) 0.10 * Wt. n-Val . 0.049 0.039 
• w. s . Elev (ft) * 2107.51 • Reach Len. (ft) 231.01 240 . 22 244.75 
* Crit W.S. (ft) . Fl ow Area (sq ft) 11 . 12 . 40.61 10.14 
* E.G . s lope (ft/ ft ) *0. 003154 * Area (s~ ft) * 11.12 • 40.61 10.14 
• Q Total (cfs) * 137.00 Flow (c s) 15.97 109.65 11. 38 

. 0~~ ~~~~~ (ft) 74.19 • Top width (ft) 14.23 28 . 60 31.36 
(ft/ s) 2.21 • Avg . Vel. (ft/ s) 1.44 2.70 1.12 

* Max Chl Dpth (ft) 1. 82 • Hydr. Depth ( ft) 0.78 1.42 0.32 
• Conv . Tota 1 (cfs) 2439 . 4 * conv. (cfs) * 284.3 1952 . 4 202 . 6 
* Length Wtd. (ft) 239.87 • wetted Per. (ft) * 14.35 28.65 31.39 
* Min Ch El (ft) * 2105.69 . Shear (l b/ sq ft) . 0 . 15 . 0. 28 0 . 06 
* Alpha * 1.26 * Stream Power (lb/ft s) * 0 . 22 • 0.75 0 . 07 
• Frctn Loss (ft) 1.46 • cum Volume (acre-ft) 0.03 0. 34 0 . 03 
* C & E Loss (ft) 0.05 * cum SA (acres) 0.89 1.16 0 .70 
*********************************************************************************************** 
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Warning: The conveyance ratio ( upst re am conveyance di vided by downstream conveyance) i s less than 0 . 7 or g reater than 1 . 4. 
This may indicate the need f or additi onal cross sections. 

Warning: The energy loss was g r eater than 1 .0 ft (0 . 3 m). between the current and previous cross section. This may indi cate 
the 

need for additional cross sect i ons . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************** ******* ***************** ****************************************************** 
*E.G. Elev (ft) * 2107.71 * Element * Left OB * Channel * Ri ght OB * 
* Vel Head (ft) 0.17 * Wt. n- va l . 0.039 

w. s. Elev ( ft ) * 2107.54 * Reach Len. (ft ) 231.01 240 . 22 244.75 
crit w.s. (ft) • Flow Area (sq ft ) 41.57 

• E.G. slope ( f t / ft) *0.005011 * Area (s q ft) * 41 . 57 
• Q Total ( cfs) * 137 . 00 Flow (cfs) 137 .00 

,, 
* Top Width (ft) 28.60 * Top Width ( f t ) 28.60 

Vel Total ( f t / s) 3.30 * AVg . Ve l . (ft/ s) 3.30 
* Max Chl Dpth (ft) 1.85 * Hydr . Depth (ft ) 1 .45 
• Con v . Total (cfs ) 1935 .4 • Conv . (cfs) 1935 . 4 

• 
* 

• Length Wtd. (ft ) 240 . 22 • Wetted Per. (ft ) 30 . 77 
* Min Ch El (ft ) * 2105.69 * Shear (l b/ sq ft ) ,., 0. 42 
• Al pha 1.00 * Stream Power (lb/ft s ) * 1.39 
• Fr ctn Loss (ft) 1.04 • cum volume (acre-ft ) 0.02 0.43 • 0.00 
• c & E Loss (ft) 0.00 • cum SA (acres) 0.32 1.16 • 0 . 02 
******************************** *************************************************************** 

warning : The energy loss was greater than 1.0 ft (0 . 3 m) . betwee n the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #50- YEAR 
***************************************************************** ************************* ***** . E.G. Elev ( ft ) * 2107 . 48 * Element Left OB • channel * Right OB * 
* Vel Head (ft ) 0 . 10 Wt . n-val. 0.049 0.039 • 0.035 * * W.S. El ev ( ft ) 2107 . 39 Reach Len. ( ft) 231.01 240 . 22 244.75 
* cri t w.s. (ft) * Flow Area (sq ft) 9.43 37 .18 6.47 . E.G . slope (ft/ ft ) *0.003520 n Area (s~ ft) 9.43 37. 18 6 . 47 
• Q Total (cfs) 119 . 00 Flow (c s) 13 . 04 100 .00 5 .97 . ~~~ ~~~~~ (ft ) 71 .62 * Top Width (ft) 13 .90 28 .60 29. 11 

( ft / s) 2 . 24 • Avg. ve l . (ft/ s) 1. 38 2 .69 . 0.92 . 
• Max c hl Dpt h (ft ) 1. 70 . Hydr. Depth (ft ) 0. 68 1. 30 • 0.22 • 
• Co nv. Tota l (cfs) 2005. 8 * Conv. (cfs ) 219.7 1685.5 100 . 6 . Le ngth Wtd. (ft ) 239.83 • We tted Per. (ft ) 14.00 28 . 65 29.14 

Min Ch El (ft ) • 2105 . 69 * Shear ( lb/ sq ft) 0.15 0 . 29 0.05 
• Alp ha . 1.26 Stream Power ( lb / ft s) * 0.20 0. 77 0.05 
* Frctn Loss (ft ) * 1. 52 c um Vo lume (acre-ft) 0.03 0. 31 . 0.02 
• c & E Loss (ft ) 0 . 04 * Cum SA (ac res) 0.84 1.15 • 0 .62 
*****6*********************************************************** ************************** **** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less t ha n 0.7 or greater than 1 .4. 
Thi s may i nd icate the need for additi ona l c ross sections . 

warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** . E.G. Elev ( ft ) 2107 . 15 . Element Left OB * Channel * Right OB * 
• vel Head (ft) 0.09 * Wt. n-Val. 0 . 049 0.039 0.035 
* w.s. Elev (ft) • 2107.06 * Reach Le n . (ft) . 231. 01 240.22 244 . 75 
* c rit w.s . (ft) • * Flow Area (sq ft ) * 4.98 27.73 1. 62 
• E.G. slope (ft / ft) *0 . 004680 * Area (s~ ft) 4 .98 27 .73 1. 62 

Q Total (cfs) 78.00 Flow (c s) 5.45 70.71 1. 85 . ~~~ ~~~~~ ( ft ) 48.13 * Top Width (ft) 13 .00 28 .60 . 6. 53 
(ft/ s ) 2.27 * Avg. Ve l. (ft/ s) 1.09 * 2.55 * 1.14 * • Max chl Dpth (ft ) 1. 36 * Hydr. Depth (ft) 0. 38 0.97 0 . 25 

Conv. Total (cfs) 1140 .2 . Conv. (cfs ) 79.6 1033. 6 27.0 
Length Wtd . (ft) 239.95 * Wetted Per . (ft) 13 . 03 28.65 6 . 55 

* Min Ch El (ft) • 2105.69 shear ( lb / sq ft) 0 . 11 0.28 0.07 
• Alpha 1.16 • stream Power ( l b/ ft s) * 0.12 0.72 0.08 . Frctn Loss (ft) 1. 65 * Cum Vo lume (acre-ft) 0.01 0. 24 * 0.00 * * C & E Loss (ft ) 0.02 * cum SA (acres) • 0 . so 1.11 * 0 . 47 • 
******************************., *** ******************** **** ***********.,************************* 

wa rni ng : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may i ndi cate the need for addi ti onal cross secti ons. 

warning: The energy loss was g r eater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may indicate 
the 

need fo r additi ona l cross sect i ons. 

CROSS SECTION 

RI VER: SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.294 

CROSS SECTION OUTPUT Profile #FLOODP LAI N 
******************************6****************6**************** **************************** *** 
* E. G. El ev (ft ) • 2106.10 * Element Left OB * channel * Right OB * 
• Ve l Head (ft) 0 . 56 * Wt . n-va l . 0.039 
* W.S. Elev (ft ) • 2105 . 53 • Reach Len. ( ft) 97 . 97 80 . 84 54.11 
• Crit w. s . (ft) • 2105 . 36 • Flow Area (sq ft) 22 . 72 
• E. G. slope (ft / ft) •o. 016316 • Area (s ~ ft) 22.72 * 
* Q Total (cfs) 137.00 Flow (c s) * 137 . 00 • 
* To~ Width (ft) 15.34 * Top width (ft) 15.34 

Ve Total (ft / s) 6.03 * Avg. ve l . (ft / s) 6 . 03 
* Max Chl Dpth (ft) 2 . 96 * Hydr . Depth (ft ) 1.48 
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* Conv. Total (cfs) 1072.6 * Conv. (cfs) * 1072.6 
* Length Wtd. (ft) BO . 97 * Wetted Per . (ft) 16 . 4 7 
*Minch El (ft) * 2102 . 57 * shear (lb/ sq ft) '' 1.41 
* Al pha * 1.00 * Stream Power (lb/ft s) ,., 8.47 
* Frctn Loss (ft) • 0.29 * cum volume (acre-ft) 0.00 0.16 0 . 00 
* c & E Loss (ft) 0.25 * cum SA (acres) 0.85 1.04 0.61 
*************************************************************** ******************************** 

warning: The conveyance ratio ( upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E. G. El ev ( ft) * 2106.67 Element Left DB * channel • Right DB '' 
* Vel Head (ft) 0 . 22 * Wt. n-val. 0.039 
* W.S. Elev (ft) * 2106 .45 * Reach Len . (ft) 97.97 80 . 84 
* Crit w.s . (ft) • • Flow Area (sq ft) 36.80 
* E.G . slope (ft/ft) *0.003765 • Area (sq ft) 36.80 
• Q Total (cfs) 137 . 00 Flow (cfs) 137.00 
*Top width (ft) 15.34 * Top width (ft) 15.34 

Ve l Total (ft/s) 3.72 Avg . Vel. (ft/s) 3.72 
* Max chl opth (ft) 3.88 Hydr . Depth (ft) 2.40 
* Conv . Total (cfs) 2232.8 * Conv . (cfs) 2232.8 
* Length Wtd. (ft) 81.30 * Wett ed Per. (ft) 18. 31 
* Minch El (ft) • 2102.57 * shea r (lb / sq ft) 0.47 

Alpha 1.00 * stream Power ( lb/ft s) '' 1.76 
Frctn Loss (ft) 0 . 06 * cum Vo lume (acre-ft) 0.02 0.21 0.00 

54 .11 

• 

* c & E Loss (ft) 0 .10 * cum SA (acres) 0.32 1.04 0 . 02 
*********************************************************************************************** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************* ************************************ ** ******** 
* E.G . Elev ( ft) * 2105.92 * Element Left DB * Channel * Right DB * 

vel Head (ft) * 0.49 * Wt. n-val. 0 . 039 
w.s. Elev ( ft) * 2105.44 *Reach Len. (ft) 97.97 80.84 54 . 11 

• crit w.s. (ft) • * Flow Area (sq ft) • 21.28 
• E.G. Slope (ft/ ft ) *0 . 014658 • Area (sq ft) • 21.28 
• Q Total (cfs ) 119.00 Flow (cfs) 119.00 * 
* Top Width ( ft) 14 . 84 • Top width (ft) * 14.84 * 

vel Total (ft / s) 5 . 59 * Avg. Vel. (ft/s) 5 . 59 
• Max chl Dpth (ft) 2.87 * Hydr. Depth (ft) 1 . 43 
• Conv. Total (cfs) 982.9 * conv. (cfs) 982.9 
• Length Wtd. (ft) 80.94 * Wetted Per . (ft) 15.94 
• MinCh El (ft) • 2102 . 57 • shear (lb/ sq ft) 1.22 
• Alpha 1.00 • Stream Power (lb/ ft s) '' 6.83 
• Frctn Loss (ft) 0.27 * Cum Vol ume (acre-ft) 0.00 0.15 0.00 
• c & E Loss (ft) 0.21 * cum SA (acres) 0.81 1.03 0.54 
************ ******************************************************************************* **** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
* E.G . Elev ( ft ) * 2105 . 47 * Element Left DB * Channel * Right DB * 
• Ve l Head (ft) 0.32 • Wt. n-val . 0.039 
• w.s. Elev (ft) * 2105 .15 * Reach Len . (ft) 97.97 80.84 
• Crit w.s. (ft) * Flow Area (sq ft) 17 . 18 
• E.G. slope (ft/ ft ) *0.011147 * Area (sq ft) 17 . 18 
• Q Total (cfs) 78.00 Flow ( cfs) 78 . 00 

Top width (ft) 13 . 34 * Top Width (ft) 13.34 
Vel Total (ft/ s) 4.54 * Avg. Vel. (ft/s) 4.54 

*Max Chl Dpth (ft) 2 . 58 * Hydr. Dept h (ft) 1.29 
• Conv. Total (cfs) 738 . 8 * Conv. (cfs) • 738.8 
• Length Wtd. (ft) 80 . 86 *Wetted Per. (ft) * 14 . 32 
• Minch El (ft) * 2102.57 • shear ( lb/ sq ft) 0.83 
• Alpha 1.00 * Stream Power (lb/ ft s) * 3.79 

54.11 

. 
• 

* Frctn Loss (ft) 0 . 23 * Cum Vo lume (acre-ft) 0 . 00 0 .11 
• C & E Loss (ft) 0.14 * Cum SA (acres) 0.47 * 1.00 0.45 
************************************************ ***************** ********************** ******** 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may i ndicate the need fo r additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #1 RS: 0 .279 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) 
• vel Head (ft) 
• w.s. Elev (ft) 
• crit w.s. (ft ) 
• E.G . slope (ft/ ft ) 
• Q Total (cfs) 
* Top width (ft) 

vel Total (ft / s) 
• Max chl Dpth (ft) 
• Conv. Total (cfs) 
• Length Wtd. ( ft ) 

Min Ch El (ft) 

• 2105 . 56 
0.07 

• 2105.49 
• 2104 . 37 
*0.001498 

137.00 
47 . 45 

2 . 04 
3.05 

3540.2 
82.51 

* 2102.44 

• Element 
~ .. Wt. n-Val. 
• Reach Len. (ft) 
* Flow Area (sq ft) 

Area (sq ft ) 
Flow ( cfs) 

• Top width (ft) 
• AVg. Vel. (ft/ s) 
* Hydr. Depth (ft) 
* Conv . (cfs) 
* Wetted Per. (ft) 
• shear (lb/sq ft) 

Left DB ,, 
0.049 
77.42 

3 . 85 
3.85 
2 . 40 
9.91 
0.62 
0.39 
62.0 
9.94 
0.04 
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channe l 
0.039 
82.51 
62.79 
62 . 79 

134 . 35 
35 . 51 

2 .14 
1.77 

3471.6 
35 . 92 
0.16 

* Right DB '' 
0.035 
83.60 

0.44 * 
0.44 
0. 26 
2.03 
0. 58 
0.22 
6.6 

2.07 
0.02 
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* Alpha 1.08 * Stream Powe r (lb/ft s) * 0.02 0.35 * 0.01 
* Frctn Loss (ft) * cum Volume (ac re-ft ) '' 0. 08 
* C & E Loss (ft) * Cum SA (ac res ) 0.84 0.99 '' 0.61 
************* ****************** ************************ *************** ************************* 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************** ********************************************************* ************* ** ** **** 
* E.G . Elev (ft) * 2106.51 • Element Left OB • Channel * Ri ght OB * 
• vel He ad (ft) * 0.02 * Wt. n-Val. '' 0.049 0.039 0 . 035 
* w.s. Elev ( ft) * 2106.49 • Reach Len . ( ft ) 77.42 82 . 51 83. 60 
* c rit w.s. (ft) * 2104.37 * Flow Area (sq ft) 18.89 98.13 * 2 . 46 * 
* E.G . slope (ft / ft ) *0.000296 * Area (sq ft) * 18.89 * 98 .13 * 2 .46 * 
* Q Total (cfs) 137.00 Flow (cfs ) 9.85 125 . 61 1.55 

Top Width ( ft ) 56.15 * Top Width (ft ) 18.61 * 35.51 2.03 * 
Vel Total ( ft / s ) 1.15 * AVg . Vel. (ft / s) 0.52 1.28 0. 63 

* Max Chl Dpth ( ft ) 4 . 05 * Hydr . De pth (ft ) 1.01 2.76 1. 21 
* Co nv. Total (cfs ) 7968 . 9 • Conv. (cfs) 572.8 7306 . 1 90.0 
* Length Wtd . (ft) 82 . 51 • Wett ed Per. (ft) 18 .88 35.92 3 .07 
*Min c h El ( ft ) • 2102. 44 • s hea r (l b/ sq ft ) 0.02 0 . 05 0 .01 
* Alpha 1 . 16 • Stream Power ( lb/ ft s ) • 0.01 * 0 .06 0 . 01 * 
* Frctn Loss (ft) * Cum Volume (acre-ft) * 0.08 * 
* C & E LOSS (ft) * Cum SA (ac res ) 0 . 30 0.99 0 . 02 
******************************************* **************************************************** 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** . E. G. Elev ( ft ) * 2105.44 . Eleme nt Left 08 * Cha nne l * R i t63~8 * 
* v el Head (ft ) 0 . 06 * Wt . n-Val . 0.049 • 0 . 039 
* w.s . Elev ( ft) . 2105 . 38 * Reach Le n. (ft ) 77.42 82 . 51 83.60 
* cri t w. s. (ft) • 2104.26 • Flow Area (sq ft ) 2.81 58.81 • 0 .24 
* E.G . slope (ft/ ft ) *0.001422 Area (sj! ft) 2 . 81 58.81 ~': 0.24 * 
* Q Total (cfs) 119.00 Flow (c s) 1. 51 117 . 38 0.11 
• To~ width (ft) . 45.71 Top width (ft ) 8.70 35 . 51 • 1. 50 * 

Ve Total ( ft / s) • 1. 92 Avg. vel . ( ft / s) 0 . 54 2 . 00 • 0 .46 
• Max ch l Dpth (ft) * 2.94 * Hyd r . Depth (ft) 0 . 32 1.66 0.16 . Conv. Total (cfs ) * 3155 . 6 * Conv . (cfs) 40.0 3112 . 7 3.0 
* Lengt h Wtd. ( ft ) * 82.51 . Wetted Per. (ft) 8 . 72 35 . 92 . 1. 53 
• Min ch El ( ft ) * 2102 .44 • Shear ( lb/ sq ft) 0 . 03 0.15 • 0.01 
* Alpha 1.06 * Stream Power (lb/ ft s) • 0.02 0 . 29 0 . 01 
* Frc tn Loss (ft) * cum Volume (acre-ft) 0 . 08 

0.80 0.98 0. 54 * C & E Los s ( ft ) * cum SA (acres) 
********* *** ********************************************************* ****************** ******** 

CROSS SECTION OUTPUT Profile #10-YEAR 
*** ********************************* ** ******************************** ********************* **** 
• E.G . Ele v ( ft ) • 2105.09 • Element Left 08 * Channel * Rig ht 08 * 
* Vel Head ( ft ) 0.04 • Wt . n-Val. 0 . 049 0.039 
* w. s . Elev ( ft) • 2105 . 05 • Reach Len. (ft) 77 . 42 82 . 51 
* crit w.s . ( ft ) • 2103.99 • Flow Area (sq ft ) 0.64 47 . 09 
* E.G. slope (ft/ ft ) *0.001308 • Area (s q ft) 0.64 47 . 09 
* Q Total (cfs) 78.00 Flow (cfs) 0. 20 77.80 
* Top Width ( ft ) 39 . 71 * Top Width (ft ) 4.25 35 .46 

Vel Total (ft / s) 1. 63 • AVg. Vel . (ft/ s) 0. 31 1. 65 
* Max Chl Dpth ( ft ) 2.61 * Hyd r . Depth (ft ) 0. 15 1.33 
* Conv . Total (cfs) 2156 . 8 • conv . (cfs) 5.5 2151.3 
* Length Wtd. (ft) 82.51 * Wetted Per . (ft) 4 . 26 35 . 86 * 
* Minch El (ft) • 2102 . 44 * shear (lb/ sq ft ) • 0.01 0.11 * 
* Alpha 1. 02 • Stream Power (l b/ ft s) * 0. 00 0 . 18 
* Frctn Loss (ft) * Cum Vol ume (ac re -ft ) * 0.05 

83 . 60 
* • 

* C & E Loss ( ft ) • Cum SA (ac res ) 0 . 46 0.95 0 . 45 
************ ************************************************************************** ********* 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS: 0 . 263 

CROSS SECTION OUTPUT Profil e # FLOODPLAI N 
************************************************** *************************** ** *** ************* 
* E.G. Elev (ft) * 2103 . 77 * Eleme nt Left 08 * Channel * Right 08 * 
* Ve l Head (ft) 0 . 60 • Wt. n-Val. 0.049 0.035 * 
* W. S. Elev ( ft ) * 2103 . 17 • Reach Le n . ( ft ) 45.34 99.22 161.90 * 
* Crit w.s. (ft) * 2102.66 Flow Area (sq ft ) 4.90 51.09 
* E. G. slope (ft / ft ) *0.008091 Area (sq ft) 4.90 51.09 
* Q Total (cfs) 326.00 Flow (cfs ) 4. 97 321.03 
* Top Widt h ( ft ) 43.80 * Top Width (ft ) 21.63 22 . 17 

Vel Total (ft / s) 5 . 82 • AVg . Ve l. (ft/ s) 1.01 6 . 28 
• Max chl opth (ft) 3.07 * Hydr . Depth ( ft ) 0.23 2 . 30 
* Co nv . Total (cfs) 3624.2 • Co nv . (cfs) 55 . 3 • 3568 . 9 

Length Wtd . (ft ) 93 . 59 • wetted Per. ( ft ) 21. 66 * 24.20 
* Min c h El (ft) * 2100 .10 • shear ( lb/ sq ft) 0 . 11 1 . 07 
• Alp ha 1.15 * Stream Power ( lb / ft s) • 0.12 6 . 70 
• Frctn Loss ( ft ) 0 . 37 • Cum Vo lume (ac re-ft ) 0.10 0 . 37 0.01 
• c & E Loss (ft) 0.23 * cum SA (acres) 0 . 81 0.93 0.61 
******************** **************************** ** ******************** *********** ******* ******* 

* 

Warning: The conveya nce ratio ( upst ream conveyance divided by downs tream co nveya nc e) is l ess tha n 0 . 7 or greater than 1 . 4 . 
This may indicate the need for add itional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G . Elev (ft) • 2104.29 * Element Left 08 * c hannel * Right OB * 
• vel Head ( ft ) 0.36 * Wt. n-val. 0.049 0.035 
* w. s. El ev (ft ) * 2103.93 * Reach Len. (ft ) 45.34 99 . 22 161.90 . 
• c r it w. s . (ft ) * Flow Area (sq ft) 0.23 68 . 05 • 
* E.G. s l ope (ft / ft ) •o. 003342 * Area ( s q ft ) 0.23 68.05 
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WKB1.rep 
• Q Total (cfs) 326.00 • Flow (cfs) • 0.14 325.86 • 
* TO~ Width (ft) 22.46 * Top Width ( f t) 0 . 29 22.17 . 

Ve Total (ft/s) 4. 77 • Avg. ve l . (ft/ s) 0 . 62 • 4.79 * 
Max chl Dpth (ft) 3. 83 • Hydr . oe pth ( f t) 0.78 3.07 * . Co nv . Total (cfs ) 5639 . 0 • conv . (cfs) 2 . 4 5636.6 • 

• Length Wtd. (ft) 99.67 Wetted Per. (ft) 1.08 24.97 
• Mi n ch El (ft:) . 2100.10 shear ( l b/ sq ft) 0.04 0. 57 
• Alpha • 1.01 . stream Power ( l b/ ft s) . 0 . 03 2. 72 . . Frctn Loss (ft) . 0.19 . Cum Vo l ume (acre- ft) 0 . 02 0. 39 • 0.01 * 

* . 0.28 0.93 0 . 02 * C & E LOSS (ft) 0 .11 cum SA (acres) 
*********************************************************************************************** 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additiona l cross sections. 

CROSS SECTION OUTPUT Profi le #50-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2103.58 . Element Left OB * Channel . Right OB * 
• ve l Head (ft) 0.50 * Wt. n- Val. 0.049 0.035 . w.s. Elev (ft) • 2103.08 . Reach Len. (ft) 45.34 99.22 161.90 
• crit w.s. (ft) • Flow Area (sq ft) 3. 17 49.17 
• E.G . slope (ft/ft) *0.006842 Area (sj! ft) 3.17 49.17 
• Q Total (cfs) 282.00 Flow (c s) 2.52 279.48 
• To~ width (ft) . 39 .64 • Top width (ft) 17.73 21.91 

Ve Total (ft/s) • 5.39 . Avg . Vel . (ft/ s) 0.80 5.68 
• Max chl Dpth (ft) • 2.98 • Hydr . Depth (ft) 0 . 18 2 .24 . 
* conv . Total (cfs) 3409 . 2 • Conv. (cfs) 30 . 5 3378.7 • 

Length Wtd. (ft) 94.94 * Wetted Per . (ft) 17.76 23.88 
Min Ch El (ft) • 2100.10 . shear (lb/sq ft) 0.08 0.88 

• Alpha 1.10 . Stream Power ( l b/ ft s) . 0.06 5.00 * . Frctn Loss (ft) 0.36 • Cum Vo l ume (acre- ft) 0.08 0. 34 * 0.01 * . 0. 77 0.93 * 0. 53 * C & E LOSS (ft) 0.18 Cum SA (acres) 
*********************************************************************************************** 

Warning: Oivided flow computed for this cross - section . 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is l ess than 0.7 or greater than 1.4 . 

This may ind i cate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
• E.G . El ev (ft) * 2103 .11 . El ement . Left DB . channe l • Right DB . 
• ve l Head (ft) 0.28 . Wt. n-val. ,, 0 . 049 0.03 5 
• w.s. El ev (ft ) * 2102.82 • Reach Len. (ft) ,., 45 . 34 99.22 161.90 
• Crit w.s. (ft ) • Fl ow Area (sq ft) 0 . 28 43.70 
* E.G. s l ope (ft/ ft) *0.004216 • Area (sj! f t ) 0 . 28 * 43 . 70 
* Q Total (c f s) • 186.00 Fl ow (c s) 0 .07 185.9 3 . ~~~ *~~~~ (ft) 26.80 * Top Wi dth (ft) * 5.82 20.98 

(ft:/s) 4 . 23 * Avg. Ve l . (ft/ s) 0 . 26 4. 26 
Max chl Dpth (ft) 2. 72 • Hydr . Depth (ft) 0 . 05 2.08 

• conv. Tota l (cfs) 2864.5 • conv. (cfs) 1.1 2863 . 4 
* Length wtd. (ft) . 96 . 41 . We t ted Per. (ft) 5 . 82 22 . 79 
• Min Ch El (ft ) * 2100.10 • Shea r (lb/sq ft) * 0.01 0.50 
* Alpha 1.01 * Stream Power (lb/ft s ) ,, 0.00 2.15 . Frctn LOSS (ft) 0.25 * Cum Volume (acre- ft ) 0.05 0. 28 * 0.01 

0.45 0.90 0.45 • c & E Loss (ft) 0.09 * cum SA (acres) 
**~******************************************************************************************** 

warning: Divided flow computed for this cross - section . 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for addi t ional cross sections. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS : 0.245 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) . 2103.17 . Element Left DB * Channel * Right DB * 
• vel Head (ft) • 0.15 * Wt . n-Val. 0.049 0.035 0.055 * 

w.s. Elev (ft) • 2103.03 Reach Len. (ft) 26.92 29.17 30.85 * 
Crit w. s . (ft) * Flow Area (sq ft) 66.61 74.62 3.11 

* E.G. slope (ft/ft) *0.002339 Area (sj! ft) 66 . 61 74.62 . 3.11 . Q Total (cfs) * 326.00 Flow (c s) * 67.22 255.34 • 3.44 

* To~ Width (ft) 154 . 57 • Top width (ft) • 116.67 34 . 33 3.58 
• Ve Total (ft/s) 2 . 26 Avg. Ve l . (ft/ s) 1.01 3. 42 1.11 * 
• Max chl opth (ft) 3 .05 • Hydr . Depth (ft) 0. 57 2 . 17 0 . 87 
* conv. Tota l (cfs) * 6741. 3 conv. (cfs) 1390 . 0 5280.2 71.2 
• Length Wtd . (ft) * 28.58 Wet ted Per. (ft) 116 . 70 34.68 3.98 
* Min Ch El (ft) * 2099.97 * shear ( l b/ sq ft) 0.08 0 . 31 0.11 
* Alp ha 1.84 • St ream Power ( l b/ ft s) * 0 . 08 1.08 0.13 . Frctn Loss (ft ) * 0.05 . Cum Vo l ume (acre-ft) 0.06 0 . 23 0.00 

• . 0 . 74 0 . 87 0 . 60 • c & E Loss ( f t) 0.02 cum SA (acres) 
*********************************************************************************************** 

Warni ng: The conveyance ratio (ups t ream conveyance divided by downst r eam conveyance) is l ess than 0.7 or great er than 1.4. 
This may ind i cate the need for additiona l cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) • 2103.99 * Element Left DB * channe l * Right DB * 
• vel Head (ft) 0.14 * Wt. n-val. 0 . 049 0.035 0.055 
* w.s. Elev (ft) * 2103.85 * Reach Len. (ft) 26.92 29. 17 30.85 
* Crit W.S. (ft) * • Flow Area (sq ft ) 2.49 102.84 6 . 05 
* E.G. slope (ft/ft) *0.001238 • Area (sj! ft) 2.49 102.84 6.05 
• Q Total (cfs) * 326.00 Flow (c s) 2.19 317.10 6 . 71 
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WKB1.rep 
* Top width (ft) * 39.03 • Top width (ft) • 1.12 34.33 3.58 

Vel Total (ft/ s) 2.93 Avg. Vel. (ft/s) 0.88 3. 08 1.11 
* Max chl Dpth (ft) * 3.88 Hydr. Depth (ft) 2.22 3 . 00 1.69 
* Conv. Total (cfs) * 9265 .1 * Conv. (cfs) 62. 3 9012.1 190 . 7 
* Length Wtd. (ft) * 28.93 * Wetted Per . (ft) 3.32 34 . 68 4.80 

Minch El (ft) * 2099.97 * shear ( l b/ sq ft) 0.06 0 . 23 0.10 
Alpha * 1 . 08 stream Power ( l b/ft s) * 0.05 0.71 0.11 

• Frctn Loss (ft) * 0.03 cum Volume (acre-ft) 0.02 0.20 0.00 * 
* C & E Loss (ft) 0.02 • cum SA (acres) 0 . 28 0.87 0.01 
****** ******************************************* ******************** ***** *********** ********** 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************************************************* ********** 
* E.G . Elev (ft) * 2103.04 * Element ~"( Left OB * channel * Right OB . 
* vel Head (ft ) 0.14 * Wt. n-val . 0 . 049 0 . 035 0.055 
* w. s . Elev (ft ) * 2102 . 90 * Reach Len . (ft) 26.92 * 29 .17 30. 85 * 
* Crit W.S. (ft) * Flow Area (sq ft) ,, 51.88 * 70.24 * 2 . 67 * 
* E.G. slope (ft/ ft ) *0.002395 * Area (s~ ft) 51.88 * 70 . 24 2 . 67 * 
* Q Total (cfs) * 282 . 00 Flow (c s) * 45.54 * 2 33.62 * 2. 84 * . ~~~ ~~~~~ (ft) 151.70 * Top Width (ft) * 114 . 05 34.33 * 3. 31 

(ft / s) 2.26 Avg. Vel . (ft/ s) 0.88 3.33 1.07 
Max Chl Dpth ( ft ) 2 . 93 Hydr. Depth (ft) 0.45 2.05 0.80 * 
Conv. Total (cfs) 5761.9 * conv. (cfs) * 930.4 4773.4 58.1 • . Length Wtd. (ft) 28.65 • Wetted Per . (ft) 114.08 34 . 68 3. 68 . Min ch El (ft) 2099 . 97 . Shea r (lb/ sq ft) 0 . 07 0.30 0 . 11 

• Alpha 1.82 • Stream Power (lb / ft s) ,, 0.06 1.01 0.12 . Frctn Loss (ft) 0 . 04 * cum volume (acre-ft ) 0.05 0 . 20 0.00 
* C & E LOSS (ft) 0 . 03 * Cum SA (acres) 0.71 0.87 0. 53 
***************** ******* *********************************************************************** 

warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0. 7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10- YEAR 
************************************ ******* ******* **************************** ***************** 
* E. G. Elev (ft) * 2102.76 . Element Left OB . channel * Right OB * 
• vel Head (ft) 0.09 * Wt. n-val. 0.049 0.035 0.055 
• w. s. Elev (ft) * 2102.67 * Reach Len . (ft) 26.92 29.17 * 30.85 
* Crit w.s. (ft) • . Flow Area (sq ft) 28.55 62.44 • 1.97 * 
* E.G. Slope (ft/ ft ) *0.001730 * Area (s~ ft) 28.55 62 . 44 1. 97 * 
• Q Total (cfs) * 186.00 Flow (c s) 21.21 163.18 1.61 

~~~ ~~~~~ (ft) 113.69 * Top Width (ft) 76.52 34 . 33 2 . 85 
(ft / s) 2.00 • AVg . Vel. (ft/ s) 0 . 74 2.61 0.82 

* Max Chl Dpth (ft) 2.70 • Hydr. Depth (ft) 0.37 1.82 0.69 
• conv . Total (cfs) 4472.4 • conv. (cfs) 510 . 1 3923.5 38.7 
* Length Wtd . (ft) • 28.76 * Wetted Per. (ft) 76 . 54 34.68 3.16 
• Min ch El (ft) * 2099.97 * shear (l b/ sq ft) 0.04 0 .19 0.07 
• Alpha * 1. 51 . Stream Power (l b/ft s) ,, 0.03 0. 51 0.05 . Frctn Loss (ft) • 0 . 03 . Cum Volume (acre-ft) 0.03 0 .16 0.00 
* c & E Loss (ft) * 0.02 • cum SA (acres) 0 . 41 0 .83 0.45 
***** *************** *********** *** ******************** ******** ******** ************************* 

warning: Divided flow computed for this cross-section. 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.239 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********** *** ********************************** ************** *********************** *** ******* 
* E.G . Elev (ft) * 2103.10 . Element Left OB * Channel * Right OB * 
* vel Head (ft) 0.10 * Wt. n- val. 0.049 0 . 035 .055 
• w.s. Elev (ft) * 2103.00 . Reach Len. (ft) 67 . 37 67.73 75.52 
• crit w.s. (ft) • 2101.87 . Flow Area (sq ft) 92.73 69 . 33 4.08 . E.G. slope (ft / ft) *0.001141 • Area (s~ ft) 127 . 65 69 . 33 4.08 . Q Total (cfs) 326.00 Flow (c s) 109.53 213 . 39 3 . 08 

* ~~~ ~~~~~ (ft) * 183.98 * Top Width (ft) 158.20 20.58 5.20 
(ft / s) * 1.96 * Avg. Vel. (ft/ s) 1.18 3.08 0.75 

• Max chl Dpth (ft) 4 . 00 * Hydr. Depth (ft) 1. 24 3.37 0 . 79 * 
Con v. Total (cfs) 9650 . 6 * conv . (cfs) 3242.3 6317.1 91.2 • 
Length Wtd. (ft) 67.73 • Wetted Per. (ft) 74 . 89 22.05 5.43 

* Min Ch El (ft) * 2099 . 00 . shear (lb / sq ft) 0.09 0 . 22 0 . 05 
• Alpha 1. 73 . Stream Power (lb / ft s ) . 0 . 10 0.69 0.04 * . Frctn LOSS (ft) . Cum Volume (acre-ft) 0 . 18 

* cum SA 0.66 0 . 85 * 0 . 60 . * c & E Loss (ft) (acres) 
***************** ****************************** ***************** **** ************* ************** 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 

CROSS SECTION OUTPUT Profile #FLOODWAY 
******************* ********** *** ***** ************************** *********** *********** ** ** ****** 
* E.G. El ev (ft) 2103.94 '' Element * Left OB * Channel * Rig ht OB * 
*vel Head (ft) • 0.11 • Wt. n-Val. 0.049 * 0.035 * 
• w. s. Elev (ft) • 2103 . 83 • Reach Le n . (ft) 67.37 * 67.73 

cri t w. s. (ft) * 2101.79 • Flow Area (sq ft) 49. 37 86 . 48 
E.G . slope (ft/ ft) *0 . 000877 * Area (sq ft) 49.37 86.48 

* Q Total (cfs) 326 . 00 * Flow (cfs) 73.61 252.39 
• Top width (ft) 41.30 • Top width (ft) 20.72 20 . 58 

Vel Total (ft/ s) 2. 40 • AVg. Vel. (ft/ s) 1. 49 2 . 92 
• Max chl Dpth (ft) 4.83 • Hydr . Depth (ft) 2.38 4.20 
• Conv. Total (cfs) * 11007.4 • Conv. (cfs) 2485.5 8521.8 

Length Wtd. (ft) 67 . 73 * Wetted Per. (ft) 23.08 24 . 45 
• Min ch El (ft) • 2099.00 • shear ( l b/ sq ft) 0.12 0.19 
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WKBl. rep 
* Alpha 1.23 • Stream Power (lb/ ft s) • 0 . 17 0.57 
* Frctn Loss (ft) • cum Volume (acre - ft) 0.13 
* C & E Loss (ft) • • Cum SA (acres) • 0 . 27 0.85 0.01 
************ ****************************************** ********* ******************************** 

Note : Multiple critical depths were found at this location. The critical depth with the lowest, valid , energy was used. 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************ *********************************************** 

E.G. El ev (ft ) • 2102.97 • Element Left OB * Channel * Right OB * 
vel Head (ft ) * 0.09 * Wt. n-val . 0.049 0.035 . .055 

* w.s. Elev (ft ) • 2102.88 . Reac h Len. (ft) 67 0 37 67.73 • 75. 52 
• crit w.s. (ft ) * 2101.64 . Flow Area (sq ft) 83 . 68 66.84 . 3.48 
• E.G. slope (ft/ ft) *0.001039 * Area (s~ ft ) ~·: 108.84 * 66.84 • 3.48 
* Q Tota 1 ( cfs) 282.00 . Flow (c s) 88 . 06 191.57 2 .3 7 
* To1 Width ( ft ) 178.52 • Top Width (ft) • 153 . 15 • 20.58 * 4 . 80 

Ve Total (ft/ s) 1. 83 • Avg. Vel. (ft/ s) . 1.05 2.87 0.68 
* Max chl Dpth (ft) 3 . 88 . Hydr . Depth (ft) • 1.12 3. 25 0.72 

Conv . Total (cfs ) 8749 . 9 • Conv . (cfs) 2732.3 5943.9 73.7 
Length Wtd . (ft) 67 . 73 * Wett ed Per. (ft) . 74.89 22.05 5. 01 

* Min Ch El ( ft ) . 2099.00 • shea r (lb/ sq ft) • 0.07 0 . 20 0 . 05 . 
* Alpha . 1.77 • Stream Power (lb/ ft s) • 0 . 08 0.56 * 0.03 • 
* Frctn Loss (ft ) * * cum Volume (acre-ft) 0.16 * * 
* c & E Lo ss (ft) * Cum SA (acres) 0 . 62 0 . 85 0. 53 • 
***********************~****************** **** * ** * ********************************************* 

Note : Multiple critical depths were found at thi s location . The critical depth with the l owest , vali d , energy was used. 

CROSS SECTI ON OUTPUT Profile #10-YEAR 
************************************************ ***************** **** **** ********** ************ 
* E.G . Elev (ft ) • 2102 . 72 • Element Left OB channel * Right OB * 
* Vel Head (ft) 0 . 06 * Wt. n-val . 0.049 0.035 0.055 
* w.s. Elev (ft) • 2102.66 Reach Len. (ft) 67 0 37 67.73 * 75 . 52 • 
* Crit W.S. (ft) . 2100.92 Flow Area (sq ft) • 67.19 62 0 31 * 2 . 50 . E.G. slope (ft/ ft) *0.000662 * Area (s~ ft) 79.10 62.31 * 2 0 so 
* Q Tot a 1 (cfs) * 186.00 • Flow (c s) 48.76 136 . 02 1. 22 
* To1 width (ft) 134 0 57 * Top Width (ft) 109.92 20.58 4 . 07 

Ve Total (ft/ s) 1.41 * Avg. Vel. (ft/ s) 0 . 73 2.18 . 0.49 
* Max Chl Dpth (ft) 3.66 * Hydr . Depth (ft) 0.90 3.03 * 0 . 61 
* conv. Total (cfs) 7230 0 2 • Conv . (cfs) 1895 . 3 5287 . 5 * 47 . 5 
* Length Wtd . (ft) . 67.73 Wetted Per. (ft) 74 . 89 22.05 * 4. 25 * 
* Min ch El (ft) * 2099.00 shear (1 b/ sq ft) 0 . 04 0 . 12 0.02 * * Alpha * 1.83 Stream Power (l b/ ft s) . 0.03 0. 25 0.01 . Frctn Loss (ft) * Cum Volume (acre-ft) 0.11 . 
• C & E Loss (ft) * Cum SA (acres) 0.35 0.82 0.44 * ****************************************************************** ********************* ***** *** 

Note: Multiple critical depths were found at this location . The critical depth with the lowest, valid, energy was used. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS: 0 . 226 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************************** ******** ******* ** *************************** *********************** 
* E.G. Elev (ft) 2100.90 • Element Left OB * channel * Right OB '' 
• vel Head (ft) 0.58 • Wt. n-val . 0 . 035 
• w.s. Elev (ft) * 2100.32 • Reach Len. (ft) 76.04 55.89 33.05 
• crit w. s . (ft) * 2100.32 • Flow Area (sq ft) 53.21 
* E.G. Slope (ft/ ft ) *0 . 016664 * Area (sq ft) 53.21 
* Q Tota 1 (cfs) 326 . 00 Flow ( cfs ) 326 . 00 
* Top width (ft) 44. 72 • Top Width (ft) 44 . 72 

Vel Total (ft / s ) 6 . 13 • Avg. Vel. (ft/ s) 6 .13 
* Max Chl Dpth (ft ) 2 . 06 * Hydr . Depth (ft) 1 . 19 
* Conv. Total (cfs ) 2525.4 • Conv . (cfs ) 2525 . 4 
* Length Wtd. (ft) 55.25 • Wetted Per . (ft) 45.02 
* MinCh El (ft) • 2098.25 • Shear (lb/ sq ft) 1.23 
* Alpha 1.00 • Stream Power (lb/ ft s) • 7 . 53 
• Frctn Loss (ft) 0.37 • cum Volume (acre-ft ) 0.46 1.74 0.51 
* c & E Loss (ft) * 0.14 • cum SA (acres) 0.53 0.80 0.59 

. 
* 

******************************************************************************* **************** 

Warning: 

warning: 

warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cr1tical depth . This indicates that there is not a valid subcritical answer. The 

defaulted to critical depth. 
program 

Note: Multiple critical depths were found at this location . The critical depth with the l owest, valid, energy was used. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
**************** *************************** ****************** ***** *** ***** ********************* 
* E.G. Elev (ft) * 2100.90 * Element Left OB * Channel * Right OB * 
* vel Head (ft) 0.58 • Wt. n-Val. 0.035 • • 
* w.s. Elev (ft) * 2100.32 * Reach Len. (ft) 76 . 04 55 . 89 33.05 
* Crit w.s . (ft) * 2100 . 32 • Flow Area (sq ft) 53 . 31 
* E.G. slope (ft/ ft ) *0.016582 • Area (s q ft) 53.31 * 
* Q Tota 1 (cfs) * 326.00 Flow (cfs) 326 . 00 * 
* Top Width (ft) 44.77 * Top Width (ft) * * 44 . 77 

vel Total (ft/ s) , 6.12 • Avg. Vel. (ft/ s) * * 6 .12 
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WKBl. rep 
* Max chl Dpth (ft) 2.07 * Hydr . Depth (ft) * 1.19 
* Conv. Total (cfs ) 2531.6 * conv. (cfs) 2531.6 
• Length Wtd . (ft) 55.89 * Wetted Per. (ft) 45.06 * 
* Min ch El (ft ) • 2098.25 • shea r (lb/ sq ft) 1.22 * 
* Alpha * 1.00 * Stream Power ( l b/ft s) * 7 . 49 
* Frctn Loss (ft) 0 . 51 * Cum Volume (acre- ft) * 0.13 * 1.78 0 . 01 
* c & E Loss (ft) 0 . 06 * cum SA (acres) • 0.26 * 0.80 0 . 01 
************ *********************************************** ************** ** ********** ********** 

warning: 

warning: 

The energy equation could not be bal anced withi n t he specified number of i t e rations. The program used critical depth 
for the water surface and continu ed on with the calculations . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is les s than 0. 7 or greater than 1.4 . 

This may indicate the need for add i tional cross sections. 
Warning: 
the 

The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indi cate 

need for additional cross s ections. 
warning: During the standard step iterati ons, when t he assumed water s urface was set equal to critical depth , the calcul ated 

water surface came back below cri t ical depth. This indicates t hat there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 
Note: Multiple critical dept hs were found at this location. The critical depth with the lowest, valid, energy was used. 

CROSS SECTION OUTPUT Profile #50- YEAR 
***********************~**************************** * ******* * *********** *********************** 
* E.G. Elev (ft) 2100.73 * Element Left 08 channel * Right 08 * 
• vel Head (ft) 0.56 • Wt . n- val. 0 . 035 * 

w. s. Elev ( ft ) * 2100.17 * Reach Len. (ft) * 76.04 * 55 . 89 * 33 . 05 
* crit w. s . ( ft ) * 2100.17 * Flow Area (sq ft) * * 47 . 03 * 
* E.G. Slope (ft/ ft) *0.017360 • Area (sq ft) 47 . 03 
* Q Total (cfs) 282.00 Fl ow (cfs) 282 . 00 * 
* Top wi dth (ft) 42.10 * Top Width ( f t) 42. 10 

Vel Total (ft / s) 6.00 * Avg . Vel . (ft/ s) 6.00 * 
* Max chl Dpth (ft) 1.92 * Hydr. Depth (ft) * 1.12 * 
* Conv. Total (cfs) 2140.3 '' Conv. (cfs) * * 2140 . 3 
* Length Wtd. (ft) * 55.33 * Wetted Per. (ft) 42 . 38 
* Min ch El (ft) * 2098.25 * shea r (1 b/ sq ft) 1. 20 
*Alpha 1.00 '' Stream Power ( l b/ ft s) * 7.21 
• Frctn Loss (ft) 0 . 39 * cum vol ume (acre-ft) 0 . 25 1 . 56 0.43 
* C & E Loss (ft) 0 . 13 * Cum SA (acres) 0.50 0.80 0.52 

* 
* 

. 
• 

*************************************** ******************** ************** ************* ********* 

warning: 

warning: 

Warning: 
the 

The energy equat i on could not be bal anced wi th in t he spec i fied number of ite rations. The program used critical depth 
fo r the water surf ace and conti nued on with t he ca l culations . 
The conveyance ratio (upstream conveyance divi ded by downstream conveyance) is less t han 0 . 7 or greater than 1.4. 
This may i ndicate the need for additional c ross sections. 

The energy l oss was greater than 1.0 ft (0.3 m). between the current and previous cros s section. This may indicate 

need for additional cross sections . 
Warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the ca l cu l ated 

water surface came back below cr1t1cal depth. This indicates t hat there is not a valid s ubcritical a nswer. The 
program 

Note: 
defaulted to critical depth. 
Multiple critical depths were found at this l ocation . The critical depth with the lowest, valid, energy was used . 

CROSS SECTION OUTPUT Pr ofile #10-YEAR 
* *~******************************************************** * *** ** ** **** * ******* **************** 

E.G. El ev (ft) * 2100.30 • Element * Left 08 * Channel * Right 08 * 
*ve l Head (ft) 0 . 48 '' Wt. n-val . * 0.035 * 
• w.s. Elev (ft) * 2099 . 82 * Reach Len. (ft) 76.04 • 55.89 * 33 . 05 
• crit w.s . (ft) * 2099.82 • Flow Area (sq ft) • 33.44 
* E. G. slope (ft/ ft ) *0.018684 • Area (sq ft) 33 . 44 
* Q Total (cfs) 186.00 Flow (c f s) 186.00 
*Top Wi dth (ft) 35.38 Top width (ft) 35 . 38 

Ve 1 Total (ft/ s) 5 . 56 '' Avg. Vel. (ft/ s) 5. 56 
'' Max Chl Dpth (ft) 1.57 * Hydr . Depth (ft) 0 . 94 
'' conv . Tota l (cfs) 1360 . 7 '' Conv. (cfs) 1360.7 
* Length Wtd. (ft) 55.55 Wetted Per . (ft) 35.62 
* Min ch El (ft) * 2098 . 25 * shear (lb/ sq ft) 1.09 
* Alpha 1.00 * Stream Power (lb/ ft s) * 6 . 09 * 

Frctn Loss (ft) 0 . 46 * cum Volume (acre- ft) 0 . 09 1 . 15 0 . 28 
• c & E Loss (ft) 0 . 11 * cum SA (acres) 0 . 27 0 . 77 0.44 
* ******************************************** ******* *************** * ******** ******************* 

Warning: 

warning: 

Warni ng: 
the 

The energy equation could not be balanced within the specified number of ite rations. The program used critical depth 
for the water surface and continued on with the ca l culations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 
This may i ndicate the need for additional cross sections. 

The energy l oss was greater than 1.0 ft (0.3 m) . between t he current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, t he calculated 

water s urface came back be l ow cr1tica l dept h . This i ndicates t hat the r e is not a va l id subcritical answer. The 

defaulted to critical depth . 
program 

Note: Multiple critical depths were found at this location. The critical depth with the l owest, valid, energy was used . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.216 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**** ********** **** ************************************* *** ***** ******* ******** ***************** 
* E.G. Elev (ft) * 2099.23 * Element * Left 08 ° Channel 0 Right 08 ° 
* vel Head (ft) 0.31 • Wt. n-Val . 0.055 0.035 * 0.055 * 
' ' w.s . Elev (ft) * 2098.92 • Reach Len . (ft) 109 . 25 113.57 127.29 
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WKBl. rep 
* crit w.s. (ft) * Flow Area (sq ft) ,, 9.18 57.75 17.76 * * E.G. Slope (ft/ft) *0.003617 * Area (sf ft) 9.18 57.75 17.76 
* Q Total (cfs) 326.00 Flow (c s) 16 .37 2 77.01 32.61 * 
* 0~~ ~~~~~ (ft) 44.61 Top Width (ft) 7.64 22.35 14.62 

(ft / s) 3.85 • Avg. ve l. (ft/s) 1. 78 4.80 1. 84 
* Max chl Dpth (ft) 3.03 • Hydr. Depth (ft) 1.20 2.58 1. 22 . Conv. Total (cfs) 5420 . 6 * Conv . (cfs) 272 . 3 4606.1 542.2 
• Length Wtd. (ft) 114.15 * Wetted Per . (ft) 7 . 98 22.43 14.79 
* Mi n ch El (ft) * 2095.89 . Shear (lb / sq ft) 0. 26 0 . 58 0. 27 
• Alpha 1. 35 * Stream Powe r (lb/ft s) 0.46 2.79 . 0. so . . Frctn Loss (ft) . 0 . 75 . cum Volume (acre-ft) . 0.45 1. 67 * 0. so • 
• c & E Loss (ft) • 0.07 • Cum SA (ac res ) • 0.53 0 . 76 0. 59 
*********************************************************************************************** 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m) . Th1s may ind1cate the need for additional cross sec tions. 
Warning : The conveyance ratio (upstr eam conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***********************~*********************************************************************** 
* E.G . Elev (ft) * 2099.48 * Element Left OB * Channel * Right OB 
*vel Head (ft) 0.46 • Wt. n-Val. 0 . 035 
* w.s. Elev ( ft ) * 2099.02 * Reach Len . (ft) 109 . 25 113.57 127.2 9 
• Crit W.S. ( ft ) Flow Area (sq ft) 59.93 
• E.G. slope (ft/ft) *0.005687 Area (sq ft) 59.93 * 
* Q Total (cfs) 326.00 • Flow (cfs) 326.00 

* 

* ~~~ *!~~~ ~ ti~s) 2 ~:l~ : !~~-w~~i~ ~ti~s) : 2 ~:~~ 
MaX Chl Dpth (ft) 3.13 * Hydr . Depth (ft) 2 .68 

* Conv. Total (cfs) 4322.9 * Co nv . (cfs) 4322.9 * * 
* Length Wtd . (ft) 113 . 57 Wetted Per . (ft) * 27.06 * 
*MinCh El (ft) * 2095.89 * Shea r (lb/ sq ft) * 0.79 
*Alpha * 1.00 • Stream Power (lb/ ft s) * 4.28 
• Frctn Loss (ft) * 1.01 • cum vo lume (ac re-ft) 0.13 1.71 0.01 
* c & E Loss (ft) 0 . 06 • Cum SA (acres) 0.26 0 . 76 0 . 01 
*********************************************************************************************** 

warning: 
Warning : 

The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for addit ional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

Warning: 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 

E.G . Elev (ft ) * 2098.98 * Element Left OB * channel . Right OB '' 
* Vel Head (ft) 0.30 * Wt . n-Val. 0.055 0.035 * 0 . 055 
* w.s . Elev (ft) . 2098.69 Reach Len. (ft) 109.25 113.57 127. 29 
* Crit w. s . (ft) Flow Area (sq ft) 7 . 48 52 . 53 14.48 
* E.G. slope (ft/ft) *0.003844 * Area (s~ ft) 7.48 52.53 14 . 48 
• Q Total (cfs) 282 . 00 Flow (c s) 12 . 85 243 . 89 25 . 26 

0~~ ~~~~~ (ft) 42 .74 * Top Widt h (ft) 6.90 22.35 13.48 
(ft/s) 3.79 • Avg . vel. (ft/ s) 1. 72 4 . 64 1. 74 

* Max Chl Dpth (ft) 2.80 * Hydr . Depth (ft) 1.08 2.35 1.07 
* Conv . Total (cfs) 4548.4 * Conv . (cfs) 207 .2 3933 .7 407.4 * * Le ngth Wtd. (ft) 114.09 * Wetted Per. (ft) 7.21 22.43 13.63 * * Min ch El (ft) * 2095.89 * shea r (lb/ sq ft) 0.25 0. 56 0.25 
* Alpha 1.33 * Stream Power ( lb/ ft s) * 0.43 2.61 0.44 . Frctn LOSS (ft) 0.79 * cum Vo lume (ac re-ft) 0. 24 1. so 0.42 
* ( & E LOSS (ft) 0.06 . cum SA (acres) 0 . so 0. 76 0 .52 
*********************************************************************************************** 

Warning: The velocity head has changed by more than 0 . 5 ft (0.15 m). Th1s may 1ndicate the need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) 1s less than 0.7 or greater than 1 . 4 . 

This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
******************************************************************** *************************** . E. G. Elev (ft) * 2098.37 . Element Left OB * Channel * Right OB * 
* Vel Head (ft) 0.26 * Wt . n-val. 0.055 0.035 0 . 055 * * w.s . Elev (ft) • 2098.11 ,, Reach Len. ( ft) 109.25 113.57 • 127 . 29 * • Crit w.s. (ft) . Flow Area (sq ft) 4.05 39.74 7.57 
* E. G. Slope (ft/ft) *0.004663 1: Area (sf ft) 4.05 * 39.74 * 7. 57 
* Q Total (cfs) • 186.00 ,, Flow (c s) 6.22 * 168.68 • 11.09 
* To~ Width (ft) 38.05 Top Width (ft) 5. 10 22.35 10 .60 * 

Ve Total (ft/s) 3.62 • Avg. Vel. (ft/s) 1. 54 4.25 1. 47 • 
* Max chl Dpth (ft) 2.22 . Hydr. Depth (ft) 0 . 79 1. 78 0. 71 • 
* Conv. Total (cfs) 2723.9 * Conv. (cfs) 91.1 2470.3 162.5 
* Length Wtd. (ft) 113.91 • Wetted Per. (ft) 5. 31 22.43 10.69 
* Min ch El (ft ) * 2095.89 * Shear (lb/sq ft) 0.22 0. 52 0 .21 
• Alpha * 1. 26 * Stream Power ( lb/ ft s) * 0.34 2.19 0. 30 
* Frctn Loss (ft ) • 0.90 ,, cum Vo lume (ac re-ft) * 0.09 1.10 0 . 27 
• c & E Loss (ft) 0.05 * cum SA (acres) 0.27 0 . 73 0.44 
*********************************************************************************************** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) i s less t han 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.194 

CROSS SECTION OUTPUT Profile #F LOODPLAIN 
*********************************************************************************************** 
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* E. G. El ev (ft) • 2098 . 41 * Element 
WKBl. r~ 

11 Le t OB * Channel * Right 08 * 
* vel Head (ft) 1.02 * Wt. n-val. . 0.055 0.035 0.055 . w. s. El ev (ft) . 2097 . 39 . Reach Len. (ft) 183.85 186 . 13 187.15 * 
• Crit w.s. (ft) • 2097.39 • Flow Area (sq ft) 0.01 40.21 0.17 * 
* E.G. slope (ft/ ft) *0.015263 • Area (s~ ft) 0.01 40 . 21 0.17 . Q Total ( cfs) . 326 . 00 Flow (c s) 0 . 01 325 . 83 . 0.16 
• To~ Width (ft) 20.83 * Top Width (ft) 0 . 23 19 . 52 • 1.08 

Ve Total (ft/s) 8 . 07 • Avg. Vel. (ft/ s) 0.47 8 . 10 0.95 . Max chl Dpth (ft) . 3.88 . Hydr . Depth (ft) 0.06 2.06 0.16 
• Conv. Total (cfs) * 2638.7 • Conv . (cfs) 0.1 2637.4 1.3 
* Length Wtd. (ft) 186.01 * Wett ed Per. (ft) 0. 26 20.94 1.12 
* Min Ch El (ft) • 2093 .51 * Shear (lb/sq ft) 0.05 1.83 0 .14 
• Alpha . 1.01 . Stream Power ( lb/ ft s) 0.02 14 .82 0.14 . 
* Frctn Loss (ft) * 2 . 48 • cum Vo lume (acre-ft) 0.44 1. 54 0.47 * 

0.52 0.70 . 0. 56 * c & E Loss (ft) 0 . 16 • cum SA (acres) 
*********************************************************************************************** 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on wi th the calculations. 
velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

Warning: 
Warning: 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
• E.G. Elev (ft) * 2098.42 Element Left OB * Channel 
* Vel Head (ft) 1.02 • Wt. n-Val. * 0.035 
* w.s. Elev ( ft ) 2097.40 Reach Len . (ft) * 183.85 * 186 . 13 
* Crit W.S. ( ft ) * 2097.40 * Flow Area (sq ft) * 40.25 
• E.G. slope (ft / ft) *0.015656 • Area (sq ft) 40 . 25 
* Q Total (cfs) 326.00 Flow (cfs) 326.00 
• Top width (ft) 19.52 • Top Width (ft) 19.52 

vel Total (ft/s) 8.10 • Avg. vel . (ft/s) 8.10 
* Max Chl Dpth (ft) 3. 89 * Hydr. Depth (ft) 2.06 
• Conv. Total (cfs) 2605 . 4 • conv. (cfs) 2605.4 
• Length Wtd . (ft) 186 . 01 *Wetted Per. (ft) 21.38 
• Min Ch El (ft) 2093.51 * Shea r (lb/ sq ft) 1.84 

* Right OB * 
* 

187.15 

* 

* • Alpha 1.00 • Stream Power (lb/ ft s) 14.90 
• Frctn Loss (ft) 2.45 • cum Vo lume (acre-ft) 0.13 1.58 0.01 
• c & E Loss (ft) 0.16 • cum SA (acres) 0.26 0 . 70 0.01 
************** ************************************************************** ******************* 

Warning: The 
for 

Warn~ng: The 
Warn1ng: The 
Warning: The 
the 

energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 
ve locity head has changed by more than 0 . 5 ft (0. 15 m). This may indicate the need for additional cross sections. 
cross section had to be extended vertically during the critical depth calculations . 
energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Wa r ning: The parabolic search method failed to converge on critical depth. The program will try the cross sect i on slice/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*************** **** **************************************************************************** 
'' E.G. El ev (ft) • 2098.13 • Element * Left OB '' channel • Right 08 '' 
''vel Head (ft) 0.94 '' Wt . n- Val. 0 . 035 0.055 
• w. s. Elev (ft) • 2097 . 19 * Reach Len. (ft) 183.85 186.13 187.15 * 
• Crit w.s. (ft) • 2097.19 • Flow Area (sq ft) 36.28 0.02 
• E. G. Slope (ft/ ft ) *0.015928 * Area (sq ft) 36.28 0.02 
'' Q Total (cfs) 282.00 Flow (cfs) 281.99 0 . 01 
• Top width (ft) 19.74 '' Top width (ft) 19.36 0. 38 

vel Total (ft/ s) 7.77 '' Avg. vel. (ft/s) 7 . 77 • 0.49 
* Max Chl Dpth (ft) 3.68 * Hydr . Depth (ft) 1 .87 * 0 . 06 * 
• Conv. Total (cfs) 2234.4 • Conv. (cfs) 2234.4 0 . 1 * 
• Length Wtd. (ft) 186 . 04 • Wetted Per. (ft) 20.76 0 . 40 
''Minch El (ft) • 2093 .51 • shear (lb / sq ft) 1.74 0.05 * 
'' Alpha 1. 00 '' stream Power (l b/ ft s) • 13 . 50 0 . 03 
• Frctn Loss (ft) 2.56 Cum Vo lume (acre-ft) 0.23 1. 38 0.40 • 
'' c & E Loss (ft) 0 . 14 cum SA (acres) 0.49 0.70 0.50 * 
*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . Th i s may indicate 
the 

need for add i tiona l cross sect i ons. 
warning: During the standard step iterations, when t he assumed water surface was set equal to critical depth, the calculated 

water s urface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
************** *************************************************************************** ****** 
• E.G. Elev (ft) • 2097.42 * Element • Left 08 • Channel • Right 08 • 
• vel Head (ft) • 0 .76 • Wt. n-val. • 0 . 035 
* w. s . Elev (ft) • 2096.67 • Reach Len. (ft) 183 .85 186.13 187.15 
• Crit w.s. (ft) • 2096.64 • Flow Area (sq ft) 26 . 67 
'' E.G . slope (ft / ft) *0.016150 * Area (sq ft) 26.67 
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WKB1.rep 
* Q Total (cfs) 186 . 00 * Flow (cfs) * * 186.00 * 
* Top Width (ft) 16.92 Top Width (ft) * 16.92 

Vel Total (ft/s) 6.98 * Avg. vel . (ft/s) * 6.98 * 
*Max Chl Dpth (ft) 3.16 * Hydr. Depth (ft) * 1 . 58 * 
* Conv. Tota 1 (cfs) 1463.6 * conv , (cfs) * 1463 ,6 
* Length Wtd. (ft) 186.13 * Wetted Per. (ft) 18.14 
* Minch El (ft) • 2093.51 Shear (lb / sq ft) 1.48 
*Alpha 1.00 Stream Power (lb/ ft s) '' 10.34 * 
• Frctn Loss (ft) 3 . 05 cum Vo lume (acre- ft ) 0.08 1.02 0.26 

. 
* 

* c & E Loss (ft) * 0.08 * cum SA (acres) * 0.26 * 0.68 * 0.42 * 
*************************************************************** ******************** ************ 

~~~ning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS : 0.159 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E.G. Elev (ft ) . 2094.80 . Element Left 08 * channel * Right 08 * 
• Vel Head (ft) n-val. • 0.49 * Wt. 0.055 0 . 035 0.055 
* w.s. Elev ( ft ) • 2094 . 30 * Reac h Len. (ft) 372.88 368.68 360. 58 
• Crit W.S. (ft) * 2094.30 * Flow Area (sq ft) 19 . 30 49.34 0.19 . E.G. slope (ft/ ft ) •o. onn1 * Area (sjl ft) 19.30 49 .34 0.19 * . Q Total (cfs) 326.00 Flow (c s) 33.45 * 292.43 * 0 . 12 * • ~~~ *~~~~ (ft) 77' 37 * Top Width (ft) 42 .24 * 33 . 36 * 1. 78 

(ft/s ) 4.74 * Avg. Vel. (ft/ s) . 1. 73 * 5 . 93 * 0.66 * 
* Max chl Dpth (ft) * 2.62 * Hydr. Depth (ft) * 0.46 * 1.48 • 0 . 11 • 
* conv. Total (cfs) * 3011.2 * Conv. (cfs) 309.0 2701.1 1.1 
* Length Wtd. (ft) • 368.90 Wetted Per. (ft) 42.29 33.70 . 1. 79 
* Min Ch El (ft) . 2091.68 shear (lb/sq ft) 0. 33 • 1.07 * 0.08 • 
* Alpha 1.42 * Stream Power (lb/ft s) ,, 0 . 58 6.35 0.05 
* Frctn Loss (ft) * 5.01 * cum Vol ume (acre-ft) 0.40 1. 35 * 0.47 * 
* C & E LOSS (ft) * 0.01 * cum SA (acres) 0.43 0. 59 • 0 . 56 * *********************************************************************************************** 

warning: The energy equation cou l d not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a val i d subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
************************************* ********************************************************** 
* E.G. Elev (ft ) * 2094.80 * Element Left 08 * Channel * Righ. t

05
o
5

8 ~ 
*vel Head (ft) * 0.48 • Wt. n-val. 0.055 0.035 0 • 

W.S. Elev (ft) 2094.32 • Reach Len. (ft) 372.88 368.68 360.58 * 
* crit w.s. (ft) 2094.32 • Flow Area (sq ft) 19.49 49.86 0.16 
* E.G. Slope (ft / ft) *0.011253 Area (sq ft) * 19 . 49 * 49.86 * 0.16 
• Q Total (cfs) 326.00 Flow (cfs) * 34.28 * 291 . 59 * 0.13 
* Top width (ft) 74.50 : Top Width (ft) * 40.26 33.36 0.88 

Vel Total (ft/s) 4.69 Avg. Vel . (ft/s) 1.76 5.85 0.82 
Max Chl Dpth ( ft) 2 . 64 * Hydr . Depth (ft) * 0.48 1 . 49 0 . 18 

• Conv. Total (cfs) 3073.2 • Conv . (cfs ) 323.2 2748.8 1 .2 
Length Wtd . (ft) 368 . 90 • wetted Per. (ft) 40 . 54 33. 70 1. 01 

*MinCh El (ft ) 2091.68 *shear (lb /sq ft) 0.34 1 .04 0.11 * 
*Alpha 1 . 41 * Stream Power (lb / ft s) * 0.59 6.08 0.09 * 
* Frctn Loss (ft) 4.96 • cum volume (acre-ft ) 0.09 1 . 39 0.01 
* C & E Loss (ft) 0.01 • cum SA (acres) 0.17 0 . 59 0.01 
*********************************************************************************************** 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 

Warning: 
Warning: 
the 

cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, t he calculated 

water su rface came back below critical depth. This indicates that there is not a vali d subcritical answer. The 
program 

defaulted to critical depth. 
Warning: The parabolic search method fail ed to converge on critical depth. The program will try the cross section slice/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
** ********************************************************************************************* 
* E.G. Elev (ft) 2094.66 * Element Left 08 Channel * Right 08 * * vel Head (ft) 0.47 fr Wt. n-val. 0 . 055 0 . 035 0.055 * * w.s. El ev (ft) * 2094.19 * Reach Len. ( ft ) 372.88 368.68 360.58 
• Crit w.s. (ft) * 2094 .19 • Flow Area (sq ft) 14.68 45 . 68 0 . 04 
* E.G . slope (ft / ft) *0.012016 '' Area (s~ ft) 14.68 45.68 * 0.04 
• Q Total (cfs) 282.00 • Flow (c s) 21.56 260.42 * 0.02 
* To~ Width (ft) 76.23 '' Top Width (ft) 42.00 33 . 36 0.86 

Ve Tota 1 (ft/s) 4 . 67 • Avg . Vel. (ft /s) 1. 47 5. 70 0.41 
* Max chl Dpth (ft) 2.51 '' Hydr. Depth (ft) 0.35 1. 37 0 . 05 
• Conv. Total (cfs) 2572 . 6 * conv. ( cfs) 196.7 2375.7 * 0.2 

Length Wtd. (ft) 368.84 '' Wetted Per . (ft) 42 . 04 33.70 • 0.87 
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WKBl. rep 
* Min ch El (ft) * 2091 . 68 • shea r (lb/sq ft) • 0.26 1 . 02 0.04 
* Alpha 1.38 * stream Power (lb/ ft s) '' 0.38 5.80 • 0.02 * 
• Frctn Loss (ft) 5 . 18 • cum Volume (acre-ft) 0.20 * 1.21 * 0.40 
• C & E Loss (ft) • 0.01 • Cum SA (acres) 0.40 * 0.59 * 0.49 
*********************************************************************************************** 

warning: The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additiona l cross sect i ons . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri ti cal depth. This indicates that the r e is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) * 2094 . 29 • Element Left 08 * Channel . Right OB * . vel Head (ft) . 0 . 49 Wt. n-Val. 0 . 055 0.035 • * 
* w. s. Elev (ft) • 2093.80 Reach Len . (ft) 372.88 368.68 . 360.58 * 
* crit w.s . ( ft ) • 2093 . 80 . Flow Area (sq ft) 0 . 99 32.85 • . E.G . slope (ft/ft) *0 . 016666 * Area (sf ft) 0.99 . 32.85 
* Q Total (cfs) 186.00 Flow Cc s) . 0 . 59 * 185.41 . ~~~ ~~~~~ (ft) * 45.18 Top width (ft) * 14 . 06 31.12 

Cft/s) . 5 . 50 * Avg. vel. (ft/s) 0. 59 5 . 64 
• Max chl Dpth Cft) * 2.12 • Hydr. Depth (ft) 0.07 1.06 . 
* Conv. Total (cfs) 1440 . 8 . Conv . (c f s) 4.6 1436 . 2 • 
* Length Wtd. (ft ) 368 . 69 . Wetted Per. (ft) 14.06 31.44 
* Min Ch El ( ft) • 2091.68 * shea r (lb/sq ft) 0.07 1.09 
* Alpha * 1.05 * Stream Power (lb/ft s) * 0.04 * 6.14 * ;': . Frctn Loss (ft) 5 . 90 . Cum Vo lume (acre-ft) * 0 . 08 0 . 89 0.26 . 
• c & E Loss (ft ) 0.04 . Cum SA (acres) • 0 . 23 0 . 58 0.42 * 
*********************************************************************************************** 

warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross se ctions. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.089 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************ ****** ***************************************************** . E.G. Elev (ft) . 2087.27 ,, Element Left DB * channel . Right DB 
• vel Head (ft) 0.60 '' Wt. n-val . 0.055 0.035 . 0.055 
* w.s . Elev (ft) • 2086 . 67 ,, Reach Len . (ft) 293.21 281.13 • 263 . 99 . Crit W.S. (ft) * 2086.67 . Flow Area (sq ft) 0. 54 52 . 34 0. 27 
* E. G. Slope (ft/ ft ) *0.015894 * Area (s j! ft) 0. 54 52.34 0 . 27 
• Q Total (cfs ) 326.00 Flow (c s) 0.82 324.87 • 0. 31 * . ~~~ ~~~~~ (ft) 44.78 '' Top Width (ft) 1. 75 41.71 1.33 

(ft/ s) 6.13 • Avg. Vel. Cft/ s) 1. 50 6.21 1.15 
• Max chl Dpth (ft) 1.71 . Hydr . Depth (ft) 0.31 1. 25 0 . 21 . Conv. Total (cfs) 2585.8 . conv. (cfs) 6.5 2576 . 8 2.5 
• Length Wtd. (ft) 279 . 84 • Wetted Per. (ft) 1.86 41.91 1. 39 
* Min Ch El (ft) . 2084 . 96 ,, Shear (lb/ sq ft) 0.29 1. 24 • 0. 20 
* Alpha 1.02 ,, stream Power ( lb/ ft s ) . 0.44 7.69 0.22 . Frctn LOSS (ft) . 4 . 83 . cum Volume (acre-ft) 0.31 . 0.92 0.47 . C & E Loss (ft) • 0.01 . Cum SA (acres) 0.24 • 0.27 0. 54 
***************************************************** ****************************************** 

Warning: The energy equation could not be balanced within the specified numb er of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical a nswer. The 
program 

Note: 
used. 

defaulted to critical depth . 
Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************* ******************************************* ********************* ****** 
* E.G. Elev (ft) 2087.28 * Element Left OB * channel * Right OB * 
'' Ve 1 Head (ft) 0.60 1r Wt. n-val . 0.035 
'fr W. S. Elev (ft) • 2086.68 '" Reach Len. (ft ) 293.21 281.13 263.99 
• Crit w.s. (ft) • 2086.66 • Flow Area (sq ft) 52.50 
• E.G. slope (ft/ft ) *0 . 016368 • Area (sj! ft) * 52.50 . 
• Q Total (cfs) 326 . 00 Flow (c s) * 326 . 00 • 
• To~ width (ft) 41.71 '' Top width (ft) 41.71 . 

Ve Total (ft/ s) 6 . 21 '' Avg . Ve 1 . (ft/ s) * 6.21 * 
• Max chl Dpth (ft) 1. 72 • Hydr. Depth (ft) 1.26 
* Conv. Total (cfs) 2548 . 1 Conv . (cfs) 2548.1 
* Length Wtd. (ft) 280 . 98 Wetted Per. (ft) 42.95 . 
• Min ch El (ft) • 2084.96 shear (lb/ sq ft) 1. 25 * 
• Alpha 1.00 stream Power ( lb/ ft s) * 7.76 
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• Frctn Loss (ft) 4.60 • cum volume (acre-ft) * 0.00 0.96 0.01 
• c & E Loss (ft ) 0.02 • cum SA (acres) 0.00 0.27 0.00 
*********************************************************************************************** 

warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may indicate 
the 

Note : 
used. 

need for additional cross sect ions. 
Mu ltiple critical depths were f ound at this location . The critical depth with the l owest, valid, water surface was 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2087.10 * Element Left OB * Channel * Right OB * 
• Vel Head (ft) 0.55 * Wt . n-Val. 0.055 * 0.03 5 * 0.055 
• w.s. Elev (ft) • 2086.55 • Reach Len . (ft) 293 . 21 281.13 263.99 
• c rit w.s. (ft) • 2086.55 • Flow Area (sq ft ) 0.36 47.36 0.14 
• E.G . Slope (ft / ft ) *0 . 016642 • Area (sq ft) 0.36 47.36 0.14 * 
• Q Total (cfs) 282.00 Fl ow (cfs) 0.48 281.40 0.13 * 
• Top wi dth (ft) 44.07 • Top width (ft ) 1 . 41 41.71 0.94 

Vel Total (ft/s) 5.89 • Avg. Ve l . ( ft / s) 1.34 5.94 0.94 
*Max c hl Dpth (ft) 1.59 * Hydr. Depth ( ft ) -if 0.25 1.14 0.15 

conv. Tota l (cfs) 2186. 0 • Co nv . (cfs) • 3.7 2181.3 1.0 
Length Wtd . (ft) • Wetted Per. (ft) 1.50 41.91 0.99 
Min Ch El (ft ) • 2084.96 • shea r (lb/ sq ft ) 0 .25 1.17 0.15 
Alpha 1.01 • Stream Power (lb/ft s) '' 0 . 33 6.98 0.14 

* Frctn Loss ( ft) * cum volume (acre-ft) 0.14 0.81 0.40 * 
• C & E Los s (ft) • cum SA (ac res) 0.22 0.27 0.49 • 
·······················~······································································· 
warni ng : The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 

f or the water surface and continu ed on wi t h the calculations. 
Warning: The energy loss was greater tha n 1 .0 ft (0.3 m). between the current and p revious cross section. This may indicate 
the 

Note: 
used . 

need fo r additional cross se ctions. 
Mu ltiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E.G. Elev ( ft ) • 2086.70 . Element * Left OB * channel * Right OB . 
* vel Head (ft) 0.37 * Wt. n-Val. * 0.055 0.035 0.055 • 
* w.s . Elev (ft) . 2086.33 • Reach Len . (ft) 293. 21 281.13 . 263 .99 
• Crit w.s. (ft) . 2086.28 . Flow Area (sq ft ) 0 . 11 37 . 83 • 0.01 
• E.G . slope (ft/ft) *0 .015363 Area (s~ ft ) 0 . 11 37.83 0.01 . 
* Q Total (cfs) • 186 .00 Flow (c s) 0.09 185.91 0 . 00 • . 

~~~ ~~~~~ (ft) • 42.69 . Top width (ft) 0. 77 41.71 0 . 21 
• (ft/s) 4.90 • Avg. Vel. (ft/s) 0.86 4 .91 0.33 
* Max Chl Dpth (ft) 1. 37 . Hydr . Depth (ft) 0 . 14 0.91 0.03 * 

Conv . Total (cfs) 1500.6 . conv . ( cfs) 0.7 1499 . 9 0.0 
Le ngth Wtd. ( ft) 279.72 • Wetted Per . (ft ) 0.82 41.91 0.22 

* Min Ch El (ft ) • 2084.96 • shear ( lb / sq ft ) 0.12 0.87 0.03 
Alp ha 1.00 * Stream Power ( lb / ft s) . 0.11 4 . 25 0.01 
Frctn Loss (ft) 5.13 . Cum Vo lume (acre-ft ) 0.08 0. 59 0.26 . 0 . 17 0 . 27 0 . 42 • C & E Loss (ft ) 0.01 cum SA (acres) 

*********************************************************************************************** 

warni ng : The energy los s was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

Note: 
used. 

need for additional cross sect i ons. 
Mul tiple c ritical depths were found at this locat ion. The c ritical depth wi th the lowest, valid, wate r surface was 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.036 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E. G. Elev ( ft ) * 2082.19 '' Elemen t Left OB * Channel * Righ.t

05
o
5

s * 
* vel Head (ft ) 0 . 65 • Wt. n-Val. 0.055 0 . 035 0 
* w.s. Elev ( ft ) • 2081.54 Reach Len . (ft ) 73.64 74 . 31 • 75.38 
* crit w.s. ( ft ) • 2081.54 Flow Area (sq ft) 3.96 35.82 • 13.04 
* E.G . slope (ft/ ft ) *0.018777 '' Area (sq ft) 37 . 88 35.82 118.02 
* Q Total (cfs ) 326 . 00 Flow (cfs ) * 16 . 51 • 248.46 61.04 

• ~~~ ~~~~~ ~~i~s) 22~:ii : !~~.w~~i~ ~~i~s) 5!:~~ : 2~:~! 13 ~ : ~~ 
• Max c hl Dpth (ft ) 1.44 • Hydr . Depth (ft ) 1.19 1 . 30 1.42 

Conv. Total (cfs) • 2379.0 • conv. (c f s) 120 . 5 1813.1 44 5 .4 
* Length Wtd . (ft) • 74 . 40 *Wett ed Per . (ft ) 3.32 27.51 * 9 .17 
• Min Ch El (ft) 2080 .15 • shear (lb/ sq ft ) * 1 . 40 1 . 53 * 1.67 
* Alpha 1 .09 -1. Stream Power (lb/ft s) * 5 . 83 10 . 59 7 . 80 
• Frctn Loss (ft) 0 . 59 cum Volume (acre-ft) 0.18 0.63 0.11 
* c & E Loss (ft) 0.09 cum SA (acres) 0 . 05 0.05 0.12 
*********************************************************************************************** 

Warning: 

warning: 

Warning: 

program 

Note: 
used. 

The energy equation cou ld not be ba lanced within the specified number of iterations. The prog r am used critical depth 
for the water surface and continued on with the calculations. 
The conveyance rati o (upstream conveyance di vided by downstream conveyance) i s l ess t han 0.7 o r greater than 1 . 4. 

This may i ndicate the need for additional cross sections. 
During the standard step iterations, when the assumed wate r surface was set equal to critical depth, the calculated 
water surface came back below c ritical depth. This indicates that there is not a val id subcritical answe r . The 

defaulted to critical depth. 
Multiple critical depths were found at this l ocation . The critical depth wi th the lowest, valid, water surface was 
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CROSS SECTION OUTPUT Profile #FLOODWAY 
·······················~······································································· . E.G . Elev ( ft ) . 2062.65 . Element Left OB * Channel . Rit65~s . * Vel Head (ft) • 0.80 * Wt. n-Va l . 0.035 

w.s . Elev (ft) * 2081.86 . Reach Len. (ft) 73.64 74 . 31 75.38 
* Crit W.S. (ft) * 2081.86 * Flow Area (sq ft ) 44 . 37 * 2.10 * 
* E.G. Slope (ft/ft) *0.016409 * Area (s~ ft) 44.37 • 2.10 * * Q Total (cfs) 326.00 Flow (c s) 320.19 5.81 
* To~ width (ft) . 28.74 • Top width (ft) 27.51 1. 23 

Ve Total (ft/s) * 7. 01 . Avg. Vel. (ft/ s) 7.22 2 . 76 
* Max Chl Dpth (ft) * 1. 71 * Hydr. Depth (ft) 1.61 1.71 
* Conv. Total (cfs) 2544.9 * conv . (cfs) 2499.6 * 45 . 4 * Length Wtd. (ft) 74.32 * Wetted Per. (ft) 29.04 * 2.94 * Min Ch El ( ft ) . 2080.15 . shea r (lb/sq ft) 1. 57 0.73 . 
* Alpha • 1.04 • Stream Power (l b/ ft s) . 11.30 2.02 * * Frctn Loss (ft) * 0 . 57 . Cum Volume (acre-ft) 0.00 0.64 * 0.00 * * c & E Loss (ft) 0.14 * Cum SA (acres) 0 . 00 0 . 05 * 0.00 • 
*********************************************************************************************** 

warning: 

warning: 

The energy equation could not be balanced within the specified numbe r of iterations . The p rog r am used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterat1 ons, when the assumed wate r surface was set equ a l to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth . 
Note: 
used. 

Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev ( ft ) 2082.01 ,, Element * Left OB * Channel * Right OB * 
* Vel Head (ft) 0. 59 "' Wt. n-Val. 0 . 055 0 . 035 0.055 
* W.S. El ev (ft ) • 2081.42 * Reach Len. (ft) 73.64 74.31 75 . 38 
* crit w.s . (ft) * 2081.42 . Flow Area (sq ft ) 3.54 32.35 11.88 

E.G. slope (ft / ft ) *0.019646 * Area (s~ ft) 31.28 32 .35 * 101.79 
• Q Total (cfs) 282.00 Flow (c s) 14.02 * 214.49 * 53.49 

* ~~~ ~~~~~ (ft) 200.41 '' Top Width (ft) * 49.78 * 27.51 * 123.13 
(ft/s) 5.90 * Avg. Vel. (ft/ s) 3.96 6.63 4 . 50 

* Max Chl Dpth (ft) * 1. 32 * Hydr . Depth (ft) 1.07 1.18 1. 30 
* Conv. Total (cfs) * 2011.9 • Conv . (cfs) 100.0 1530.3 381.6 

Le ngth Wtd. (ft) 74.40 * Wetted Per . (ft) 3.32 27.51 . 9 . 17 
* Min Ch El (ft) . 2080 . 15 . shear (lb/sq ft) 1.31 1.44 • 1. 59 * * Alpha 1.09 . Stream Power ( lb/ ft s) * 5.18 9. 56 7.15 
* Frctn Loss (ft) * 0.67 1r cum Vo 1 ume (ac re-ft) 0.03 0. 56 0.09 
* c & E Loss (ft) * 0.07 * Cum SA (acres) 0.04 0.05 0.11 
*********************************************************************************************** 

Warning: 

warning: 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 

This may indicate the need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

Note: 
used. 

defaulted to critical depth . 
Multiple cri tica l depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2081. 58 . Element Left OB * channel . Right OB * 
• vel Head (ft) * 0.45 * Wt. n-Val. 0.055 0.035 0 . 055 * 
* w.s. Elev (ft) * 2081.12 . Reach Len. (ft) 73.64 74.31 75 . 38 
* Crit w.s . (ft ) * 2081.12 ,., Flow Area (sq ft) 2. 56 24 .18 9 .16 ,, E.G. Slope (ft / ft ) *0.022241 ,-r Area ( s~ ft ) 18 .18 24. 18 67.20 
'' Q Total (cfs) * 186.00 Flow (c s) 8.66 140 . 46 36 . 87 * . ~~~ ~~~~~ (ft ) * 173.44 '' Top width Cft) 38.63 27.51 107 .30 

(ft/s) 5.18 • Avg. Ve 1 . Cft/s) 3.39 5.81 4.03 
'' Max chl Dpth (ft) 1. 02 • Hydr . Depth (ft) 0 . 77 0 . 88 1.00 * ,, Conv. Total (cfs) 1247.2 Conv. (cfs) 58.1 941.9 247.2 
• Length Wtd. (ft ) 74.40 1r Wetted Per. (ft) 3.32 27.51 * 9.17 * Min ch El (ft) * 2080 .15 . Shear (l b/ sq ft) 1.07 1. 22 1. 39 
• Alpha 1.09 . Stream Power ( lb/ ft s) * 3.62 7.09 5.58 
* Frctn Loss (ft) 0 .94 . Cum Volume (ac re-ft) * 0.02 0 . 39 0.06 ,, C & E Loss (ft) 0.04 ,, Cum SA (acres) * 0.03 0 . 05 0.09 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the wate r surface and continued on with the calculations. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

Warn i ng: The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer . The 
program 

defaulted to critical depth. 
Note : 
used. 

Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0 . 022 

WKBl.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************* ******** ************************************************************** 
• E. G. Elev (ft ) * 2081 . 46 • Element 

Vel Head (ft) 0.35 * Wt. n-Val. 
* W. S. Elev (ft ) * 2081 .12 * Reach Len. ( ft) 
* crit w.s . ( ft ) * * Flow Area (sq ft) 
* E.G. slope (ft / ft ) *0 . 004325 * Area ( sq ft) 
* Q Total ( cfs) 326.00 Flow (cfs) 

. 0~~ *~~~~ ~~i~s) : 3 ~:~~ * r~~- w~~i~ ~~i~s ) 
* Max Chl Dpth ( ft ) 2.69 * Hydr. Depth (ft) 
* Conv. Tota 1 (cfs ) 4956 . 9 * Conv. (cfs ) 
* Length Wtd. (ft ) 330 . 00 * wetted Per. (ft) 
* Min ch El ( ft ) • 2078 . 43 * shea r ( lb/ sq ft) 
* Al pha 1 . 07 * stream Power (lb/ ft s) ,.1 

Frctn Loss (ft ) 2 .63 * Cum Volume (acre-ft) 

Left OB * 
0.064 

330 . 00 
0.95 
0.95 
0 . 84 
1. 86 
0.89 
0. 51 
12.8 
2.12 
0 .12 
0.11 
0.15 

channel 
0.035 

330 . 00 
68 .11 
68.11 

322.76 
30 . 22 

4 . 74 
2.25 

4907.8 
30.80 
0 .60 
2 .83 
0. 54 

* Ri ght OB * 
0 . 064 

330 . 00 
2. 51 
2.51 
2. 39 
4. 97 
0 . 95 * 
0 . so 
36 . 4 
5. 07 
0 .13 
0.13 
0 .01 

* c & E Lo ss (ft ) 0.13 * cum SA (acres) 
*** ********************6*************** ******************************************************** 

warning : The velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cros s sect ions. 
warning: The energy loss was greater than 1 .0 ft (0.3 m) . between the current and previ ous cross secti on. This may indicate 
th e 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
******************************* *** ** **************** ***** *********************** **** *********** 
* E. G. Elev (ft ) * 2081 .49 * Element 
* Vel Head (ft) 0.35 * Wt. n-Val. 
* W. S. El ev (ft) * 2081.14 * Reach Len . (ft) 
* Crit w.s. (ft) * Flow Area (sq ft) 
• E.G. Slope (ft/ ft) *0.004438 • Area (sq ft) 
* Q Tot a 1 (cfs ) 326.00 Flow (cfs) 
* Top width (ft) 32.08 * Top Width (ft) 

Vel Total (ft / s ) 4 . 67 • Avg . Vel. (ft/ s) 
* Max chl Dpth (ft) 2.71 • Hydr . Depth (ft) 

Conv . Total (cfs) 4893.5 * Conv . (cfs) 
Length Wtd . (ft) 330 . 00 * Wetted Per. (ft) 

• Min ch El (ft ) • 2078 . 43 * Shea r (lb/ sq ft) 
* Alpha 1 . 02 * Stream Power (lb/ ft s) * 
* Frctn Loss (ft) 2 . 65 * Cum Volume (acre-ft) 

Left OB * 
0.064 

330.00 
0.99 
0.99 
0.91 
1. 86 
0.92 
0. 53 
13 . 7 
2 . 14 * 
0.13 
0 .12 
0.00 

channel 
0.035 

330.00 
68.77 
68.77 

325.09 
30 .2 2 
4 . 73 
2.28 

4879 . 8 
31.83 
0.60 
2.83 
0. 55 

* Right OB * 
330 . 00 

* 

* C & E Loss (ft) 0.13 * Cum SA (acres) 
*************************************** ******************************************************** 

warning: The velocity head has changed by more than 0 . 5 ft (0 . 15 m). This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************** ****************** **************************************** ************** 
* E. G. Elev (ft ) * 2081.17 * Element 
* Vel Head (ft) 0.35 Wt . n-val . 

w. s. Elev (ft) * 2080 . 83 * Reach Len . (ft) 
• Crit w. s . (ft) • Flow Area (sq ft) 

E.G. Slope (ft / ft) *0.005182 * Area (sq ft) 
• Q Total (cfs) 282.00 Flow ( cfs) 
* Top width ( ft ) 35 . 09 * Top width (ft) 

vel Total (ft/ s) 4.62 * AVg . vel . (ft/ s) 
Max chl Dpth (ft) 2.40 Hydr. Depth (ft) 

• Conv . Total (cfs) 3917.5 • Conv. (cfs) 
* Length Wtd . (ft) 330.00 * Wetted Per . (ft) 
* Min ch El (ft) * 2078.43 * shea r (1 b/ sq ft) 

Alpha 1.04 * Stream Power (lb/ ft s) * 
* Frctn Loss (ft) 2.83 * cum volume (acre-ft) * 

Left OB * 
0 . 064 

330.00 
0 . 48 
0.48 
0.38 
1. 33 
0.78 
0.36 

5.2 
1.51 
0.10 
0 . 08 
0.00 

channel 
0 . 035 

330.00 
59.31 
59.31 

280.57 
30.22 
4 . 73 
1.96 

3897.7 
30.80 
0.62 
2.95 
0 . 48 

* Right OB 0 

0.064 
330 . 00 

1. 27 
1. 27 
1.05 * 
3. 54 * 
0.83 
0 . 36 
14.6 
3.61 
0 . 11 
0.09 
0 . 00 

• c & E Loss (ft ) 0 .11 • cum SA (acres) * 
********************************************************************** ************************* 

Warning : The velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross sections . 
warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross section s . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2080 . 53 • Element 

vel Head (ft) 0 . 33 '' Wt . n-val . 
• w. s . Elev (ft) • 2080.20 '' Reach Len . (ft) 

Crit w.s . (ft) * 2079 . 89 * Flow Area (sq ft) 
* E.G. slope (ft/ ft ) *0 . 008118 * Area (sq ft) 
* Q Total (cfs) • 186.00 Flow (cfs) 

Top width (ft) * 30 . 87 Top Width (ft) 
Vel Tota 1 (ft / s) 4. 59 '' AVg . Ve 1. (ft/ s) 
Max chl Dpth (ft) 1.77 • Hydr. Depth (ft) 

• Conv. Total (cfs) 2064.3 * Conv . (cfs) 
Length Wtd . (ft) 330 . 00 * Wetted Per. (ft) 
Min ch El ( ft ) * 2078 . 43 * shea r (lb / sq ft) 
Alpha 1 . 00 * stream Power ( l b/ ft s) * 

• Frctn Loss (ft) 3. 44 ,., Cum Vo 1 ume (ac re-ft) 

Left OB * 
0.064 

330 . 00 
0 . 01 
0 . 01 
0 . 00 
0.19 
0 . 27 
0 . 05 

0 . 0 
0 . 22 
0.02 
0 . 01 
0.00 

channel 
0.035 

330.00 
40 . so 
40. so 

185.99 
30.22 
4. 59 
1. 34 

2064.2 
30.80 
0 . 67 
3.06 
0 . 33 

* Right OB * 
0 . 064 

* 

* 

330.00 
0.02 
0.02 
0 . 01 * 
0.46 
0 . 27 
0 . 05 
0.1 * 

0 . 47 * 
0 . 02 
0.01 
0.00 

C & E Loss (ft) 0.09 • cum SA (acres) 
******************* ***************************** ***** ********** ********************** ********** 

Warning: The velocity head has cha nged by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections . 
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Warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 3.132 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************************** *************** **** **** **** ************************ ************** 
* E.G. Elev (ft) * 2330.80 * Element Left OB * channel * Right OB * 

Vel Head (ft) 0 . 57 * Wt. n-Val . 0.035 0.030 * 0 . 035 
w. s. Elev (ft) . 2330.23 * Reach Len. (ft) 141.91 141.71 • 141. 66 

* Crit W.S. (ft) • 2330.23 . Flow Area (sq ft) 5 . 36 162.13 3.25 
* E.G. slope (ft/ ft) *0.011460 * Area (s~ ft) 5.36 162.13 3.25 
* Q Total (cfs) • 1006 . 00 Fl ow (c s) 10.41 988.71 6.88 
* To~ Width (ft) . 160.85 * Top Width (ft) 19 . 20 131.42 10.24 

Ve Total (ft / s) * 5.89 • Avg. Vel . (ft/s) 1.94 * 6.10 * 2.11 * 
* Max Chl Dpth (ft) 1. 52 * Hydr . Depth (ft) 0.28 1. 23 0.32 . 
* Conv . Total (cfs) 9397.3 • conv . (cfs) * 97 . 3 9235.7 64.3 • 
* Length Wtd. (ft) * 141.70 * Wetted Per . (ft) 19.21 131.44 10.26 

Min ch El (ft) * 2328 . 71 . shea r (lb / sq ft) 0 . 20 0 . 88 0.23 ,, 
Alpha 1.05 . Stream Power ( lb/ft s) ,, 0. 39 5.38 . 0.48 * . Frctn LOSS (ft) 0.04 * Cum Volume (acre-ft) 0.07 1.40 • 1. 26 

* c & E Loss (ft ) . 0 . 28 * cum SA (acres) 10.87 11 . 10 * 12.13 
************************************* ***************** *************************************** ** 

warning: The energy equation could not be balanced wit hin the specified number of iterations. The program used critical depth 
for the water surface and conti nu ed on with the calculations. 

Warning: The velocity head has changed by more than 0 . 5 ft (0. 15 m). This may indicate the need for additiona l cross sections. 
Warning: The conveyance ratio (ups tream conveyance divided by downstream conveyance) i s less than 0 . 7 or greater than 1.4 . 

This may indicate the need for addit ional cross sections . 
Warning: The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for addit ional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***** ******************************** ******************************************************** ** 
* E.G. Elev (ft) • 2330.80 * Element Left OB • Channel * Right OB • 
• Vel Head (ft) 0.56 • Wt. n-val. 0.035 0.030 0.035 * 
* w. s. Elev (ft) • 2330.23 • Reach Len. (ft) 141.91 141.71 141.66 
* Crit w. s . (ft) * 2330 . 23 * Flow Area (sq ft) 5.10 162.64 3.24 * 
* E.G. Slope (ft/ ft) *0.011308 * Area (sq ft) 5.10 162 . 64 3.24 
• Q Total (cfs) 1006.00 Flow (cfs) 11. 38 987.29 7 . 34 
* Top width (ft) 155.00 '' Top width (ft) 14.53 131.42 9.05 

vel Total (ft/ s) 5.88 '' Avg . Vel . (ft/ s) 2.23 6.07 2 .2 6 
• Max chl Dpth (ft) 1.52 • Hydr. Depth (ft) 0 . 35 1 . 24 0.36 
• conv. Tot a 1 (cfs) 9460. 5 • conv. (cfs) 107 . 0 9284. 5 69.0 
• Length Wtd. (ft) 141. 71 • Wetted Per. (ft) 14.67 131.44 9 . 15 
* MinCh El (ft) * 2328.71 Tr Shear (lb/ sq ft) 0.25 0.87 0.25 * 
*Alpha 1.05 * stream Power (lb/ ft s) * 0 .55 5.30 0.57 * 

Frctn Loss (ft) * 0.12 * Cum Volume (acre-ft) 0.01 1.27 * 0.01 
c & E Loss (ft ) • 0.25 '' cum SA (acres) 1.63 11.10 2 . 26 

************************* ** ********** ***** ******** ***************** **** ***** ****** ************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

Warning: During the standard s tep iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50- YEAR 

* E.G . Elev (ft) . 2330.63 . Element Left OB * channel * Right OB * 
* Vel Head (ft) . 0.52 * Wt. n-val. * 0.035 0.030 . 0.035 
,, w.s. Elev (ft) • 2330.11 :'r Reach Len . (ft) * 141 .91 141.71 • 141 .66 
'' Crit w.s. (ft ) • 2330 .11 ,, Flow Area (sq ft) 3.28 146.15 2.12 
* E.G. Slope (ft/ ft ) *0 . 012068 Area (s~ ft) 3.28 146.15 2.12 
* Q Total (cfs) . 863 . 00 Flow (c s) 5.54 853.48 3.99 
* To~ Width (ft) 154 . 75 * Top Width (ft) 15 .02 . 131.42 8. 31 

Ve Total (ft/s) * 5.69 ~' Avg. Vel. (ft/ s) 1.69 * 5.84 1.88 
Max Chl Dpth (ft) 1.40 '' Hydr . Depth (ft) 0.22 1.11 0. 26 

* Conv. Total (cfs) 7855.8 ,'r conv. (cfs) 50.4 7769.1 36.3 
Length Wtd. (ft) 141.70 • Wetted Per . (ft) 15.03 131.44 8. 33 

* Min Ch El (ft) . 2328.71 . shear (l b/ sq ft) 0.16 0.84 0.19 
* Alpha 1.04 . Stream Power ( lb/ft s) * 0.28 4.89 0. 36 

Frctn Loss (ft) 0.04 n Cum Volume (acre- ft) 0.05 1. 27 1.14 
1' C & E LOSS (ft) 0 . 26 ,., cum SA (acres) 10.11 11.09 11.54 
***** *************** ****************** ******************************* ************** **** *** ***** 

War ning : 

Warning: 
Warning: 

warning: 
the 

The energy equation could not be ba lanced with in the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
This may indicate the need for additional cross sections . 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
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warning: During the standard s tep i terations , when the assumed water surface was s et equal to critica l depth, the ca lcul ated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev ( ft ) * 2330.22 • Element Left OB * Channel * Right OB * 
* Vel Head (ft) 0 . 41 * Wt. n-val . 0.035 0.030 * 0 . 035 * 

w.s . Elev (ft) • 2329.81 . Reach Len. (ft) 141.91 141.71 141.66 
* Crit W.S . ( ft ) * 2329.81 • Flow Area (sq ft) 0.39 107.04 0.36 
* E.G. slope (ft/ ft ) *0.014064 * Area (s~ ft) . 0.39 107 . 04 0 . 36 
* Q Total (cfs) * 549.00 Flow ( c s ) • 0. 35 548.26 * 0. 39 

~~~ ~~~~~ ( ft ) * 140 . 16 Top width (ft) 5. 19 131.42 * 3.54 ~'l 

( ft / s ) 5.09 • AVg. Vel. (ft/ s) 0.90 5.12 1.09 
* Max chl Dpth (ft ) 1.10 • Hydr. Depth (ft) ,, 0.08 0 .81 0. 10 
* conv. Tota 1 (cfs ) 4629.4 * conv . (cfs) 3.0 4623.1 3.3 
* Length Wtd. (ft ) 141.70 * Wetted Per . (ft) 5.20 * 131.44 * 3. 55 
* Min Ch El (ft ) * 2328.71 • shea r (lb / sq ft) 0.07 0 . 71 0.09 
* Alpha * 1.01 * stream Power (lb / ft s) . 0.06 3.66 0 .10 
* Frctn Loss (ft) * 0.05 Cum Volume (acre-ft) 0.02 0.90 0.69 
* c & E Loss (ft) 0 . 20 cum SA (acres) . 7.85 . 11.03 . B. 56 . 
************************************************************* ********************************** 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 

warning: 
the 

The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1 . 4 . 
Thi s may indicate the need for additional cross sections. 

The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previ ous cros s section. Thi s may indicat e 

need for additional cross sections. 
warning : During the standard step iterations, when the ass umed water surface was set equal to critical depth, the calcul ated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 

CROSS SECTION OUTPUT 

RS: 3 .105 

Profile #FLOODPLAIN 
** ******************* *************************** *************** ******************************** . E. G. Elev (ft) * 2329.77 * Element . Left OB * channel • Right OB . 
• Vel Head (ft) 0 . 01 * Wt . n-val . 0.045 0.035 0.045 
* w.s. Elev (ft) . 2329.76 * Reach Len . ( ft) 75.04 75 . 06 75.03 
• Crit w.s. (ft) • 2325.86 ,, Flow Area (sq ft) 39.66 462.02 768.72 
* E. G. Slope (ft/ ft ) *0.000093 'fr Area (s~ ft) * 39 . 66 462.02 . 768.72 
* Q Total (cfs) * 1006.00 Flow (c s) . 9.11 . 5 51.47 • 445.42 . ~~~ ~~~~~ (ft) 465.84 • Top width (ft) • 64.37 * 89 . 51 311 . 96 

(ft / s) * 0.79 * Avg. Vel . (ft/ s) 0 . 23 1.19 0. 58 
• Max chl Dpth (ft) • 7 . 58 '' Hydr. Depth (ft) 0. 62 5. 16 2.46 
* Conv. Total (cfs ) *104566.5 * Conv. (cfs) 947 . 2 * 57320 . 9 • 46298.4 
* Length Wtd . (ft) • 75 . 06 • Wetted Per . (ft) 64 . 46 92.48 312.07 • 
* Min Ch El (ft) • 2322.18 • Shear (lb/ sq ft) 0.00 0.03 0.01 * 
• Alpha 1.48 '' Stream Power (lb/ ft s) . 0.00 0 . 03 0.01 • . Frctn LOSS (ft) . cum Volume (acre-ft) 0 . 39 
• c & E Loss (ft) * cum SA (acres) 10 . 74 10.74 11.61 
*********************************** ***************************************************** ******* 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****** ******************* ********************************************************************** 
• E.G. Elev (ft) * 2330 .13 * Element Left OB * channel * Right OB * 
*vel Head (ft) 0 . 07 '' Wt . n-Val. 0 . 035 • 
* w.s . Elev (ft ) * 2330 . 06 • Reach Len. (ft) 75.04 75.06 • 75.03 
* Crit W.S. (ft) * 2325 . 86 * Flow Area (sq ft) 489 . 46 
* E. G. slope (ft/ ft ) *0 . 000282 Area (sq ft) 489 . 46 
* Q Tot a 1 (cfs) * 1006 . 00 Flow (cfs) • 1006 . 00 
* Top Width (ft) 89. 51 * Top Width (ft) 89. 51 * 

Vel Total Cft / s) 2.06 • Avg . Vel. (ft/ s) 2 . 06 
* MaX Chl Dpth (ft) 7 .88 * Hydr. Depth (ft) 5. 47 
* Conv. Total (cfs) 59956 . 3 • conv. (cfs) 59956 . 3 
* Length Wtd . (ft ) 75.06 * Wetted Per. (ft) 99.87 
* Minch El ( ft) • 2322 .18 * shear ( lb/ sq ft) • 0 . 09 

* 
• Alpha * 1.00 • stream Power ( lb/ ft s) * 0.18 
• Frctn Loss (ft) * * cum volume (acre-ft) 0 . 21 
* c & E Loss (ft) * * cum SA (acres) 1 . 61 • 10 . 74 * 2.24 • 
************* **** ******** ******************************* *************************************** 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************************** ****** *************** ********* *** 
* E. G. Elev ( ft) * 2329 . 55 * Element * Left OB * Channel * Right OB * 
*vel Head (ft) 0.01 * Wt . n-Val. • 0 . 045 0.035 0.045 * 
• W.S. Elev (ft) * 2329 . 54 * Reach Len . (ft) 75.04 75.06 75.03 * 

Crit w.s. (ft) * 2325.68 • Flow Area (sq ft) 28.21 442.15 700 . 10 * 
• E. G. slope (ft/ ft) *0 . 000084 • Area (sq ft) 28.21 442.15 700.10 • 
• Q Total (cfs) • 863.00 '' Flow (cfs) 7.42 488.21 * 367 . 37 * 

Top Width (ft) * 434 . 75 * Top width (ft) 38.74 89.51 • 306.50 • 
Vel Total (ft/ s) 0.74 * Avg . vel. (ft/ s) 0.26 1 .10 0.52 

* Max Chl Dpth (ft) 7 .36 * Hydr . Depth (ft) 0 . 73 4.94 2.28 
• Conv . Total (cfs ) * 94168 . 2 • conv . (cfs) 809 . 8 * 53272.5 40085.9 
• Length Wtd. (ft) 75 . 06 '' Wetted Per. (ft) 38.82 92 . 48 306 . 61 
11 MinCh El (ft) 2322.18 * Shear (lb/ sq ft) 0.00 * 0.03 0.01 
* Alpha 1 . 49 • stream Power (lb/ ft s) • 0.00 * 0 . 03 0.01 
• Frctn Loss (ft) • Cum Volume (acre-ft) * 0. 31 
* c & E Loss (ft) • cum SA (acres) 10.02 10 . 73 11.02 
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************************ ** ********** ******* *********************** ******** ************ ********* 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************* *********** *** **** ********************** *************************** *** 
* E.G. Elev (ft ) . 2328.62 Element Left OB * channel * Right OB * 

vel Head (ft) 0 . 01 * Wt . n-val . 0 . 045 * 0.035 * 0.045 * 
• w.s . Elev (ft ) . 2328 . 60 • Reach Len . (ft) * 75.04 * 75.06 75.03 
* Crit w.s . (ft ) * 2324 . 90 * Flow Area (sq ft) 9.09 * 358.76 426.49 ~" 
• E. G. slope (ft/ ft ) *0.000095 • Area (s~ ft) 9 . 09 358 . 76 426.49 
* Q Total (cfs) 549 . 00 Flow (c s ) 2 . 15 365.65 181. 20 
• To~ width (ft ) 383 . 97 * Top Width (ft) 14 . 34 * 89.51 280 . 12 * 

Ve Total (ft / s) 0 . 69 * AVg. Vel. (ft/ s) 0 . 24 • 1.02 0 . 42 • 
* Max Chl Dpth (ft ) 6. 42 * Hyd r. Depth (ft) 0 . 63 * 4 . 01 1. 52 
* Conv. Total (cfs ) * 56459.0 • conv . (cfs) 221.2 * 37603 . 3 * 18634 . 5 
• Length Wtd . (ft ) 75 . 06 • wett ed Per . (ft) 14 . 38 92 . 48 280 ' 21 
* Min Ch El (ft ) . 2322 . 18 • shea r (lb / sq ft) 0.00 0.02 0. 01 
* Alpha 1. 57 . Stream Power (lb / ft s) ,, 0.00 0 . 02 0.00 . Frctn Loss (ft ) * cum volume (acre-ft) 0.14 

7.82 * 10 . 67 8 .10 * c & E Loss (ft) cum SA (ac res ) 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 3 . 091 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************** ************************ ************************************ . E. G. Elev (ft ) * 2326.22 • Element Left DB channel * Right OB 
• Vel Head (ft) 0 . 43 * Wt. n-val . 0.045 0 . 033 0.045 
• w.s. El ev (ft) * 2325.80 Reach Len . (ft) • 161. 13 166.69 • 164.71 
* Crit w.s. (ft) * Fl ow Area (sq ft) * 0 . 30 190.77 • 2.57 

* E. G. slope (ft/ ft) *0 . 003236 * Area (s~ ft) 0 . 30 190 . 77 2 . 57 
* Q Total (cfs ) • 1006.00 Fl ow (c s) 0 . 19 * 1003 . 00 2 . 80 
* To~ Width (ft) 70 . 54 * Top Width (ft) 1. 45 63.35 5.74 ,, 

Ve Total (ft / s) 5.20 * Avg . Vel . (ft/ s) 0 . 64 5 . 26 1.09 
* Max chl Dpth (ft) 3 . 81 • Hydr . Depth (ft) 0 . 21 3.01 0.45 
* conv. Tota l (cfs) • 17684.1 * Conv. (cfs) 3 . 4 . 17631 . 4 49.3 
* Length Wtd. (ft) 166 . 51 • Wetted Per. (ft) 1. 51 * 64.87 5.79 
* Min Ch El (ft) 2321.98 * shea r ( l b/ sq ft) 0 . 04 0 . 59 0 . 09 
* Al pha 1.02 . Stream Power ( l b/ft s) ,, 0 . 03 * 3 . 12 0.10 

* Frctn Loss (ft) 0.78 * cum Vol ume (acre-ft) 16.40 24.50 15 . 17 
10 . 68 10 . 61 11.33 • c & E Loss (ft) 0.18 cum SA (acres) 

******************************************* ************************ ******** ******************** 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may 1nd1cate the need for additional cross sections . 
warni ng: The conveyance ratio (upstream conveyance divided by downstream conveyance) 1s less than 0.7 or greater than 1.4 . 

This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************** ********************************************* ************************ 
* E.G. Elev (ft) * 2326.41 * Eleme nt Left OS * Channel * Right OS * 
• vel Head (ft ) 0.37 • Wt. n-val . 0.033 
* w. s. El ev (ft) * 2 326.04 * Reach Len . (ft) 161.13 166 . 69 164. 71 
• Crit W.S . (ft) • Flow Area (sq ft) 205.96 
• E. G. slope (ft/ ft) *0.002603 • Area (sq ft) 205 . 96 
• Q Total (cfs ) * 1006 . 00 Flow (cfs) * 1006.00 
* Top width (ft) 63.35 * Top Width (ft) 63 . 35 

Vel Total (ft / s) 4 . 88 • AVg . Vel . (ft/ s) 4.88 
• Max chl Dpth (ft) 4 . 05 • Hydr . Depth (ft) 3. 25 
• Conv . Total (cfs) • 19717 . 7 • Conv . (cfs) • 19717.7 • 
• Length Wtd. (ft) 166.44 • Wetted Per . (ft) 66.43 * * 
* Minch El (ft) 2321.98 shea r ( l b/ sq ft) 0.50 * 
* Alpha 1.00 Stream Power (lb / ft s) * 2 . 46 * * 
• Frctn Loss (ft) * 0 . 48 • cum vol ume (acre-ft) 3. 57 28 . 14 * 4 . 45 • 
• c & E Loss (ft) * 0.08 • cum SA (acres) 1.61 10 . 61 2 . 24 
************************************************************* ********************************** 

CROSS SECTION OUTPUT Profile #50-YEAR 
******************************************************************** *************** ************ . E. G. Elev (ft ) • 2325.95 • Element Left OB * channe l . Right DB * 

vel Head (ft) 0 . 37 Wt. n-Val. 0.045 0.033 0.045 
* w.s. Elev (ft) • 2325.58 * Reach Len . (ft) 161.13 166 . 69 164 . 71 
* crit w.s. ( ft) . Flow Area (sq ft) 0 . 07 177 .19 1.44 . E. G. slope (ft/ ft) *0.003056 • Area (s~ ft) 0.07 177 .19 1.44 

Q Total (cfs) . 863 . 00 Flow (c s) 0.03 861.78 1.19 . :::~~ *~~~~ (ft ) 68.77 • Top width (ft) 0 . 70 63.35 4.72 
(ft / s) 4.83 • Avg . vel. (ft/ s) 0,38 4 . 86 0 . 82 

• Max Chl Dpth (ft) 3 . 60 Hydr . Depth (ft) 0 . 10 2 . 80 0. 31 
Conv . Total (cfs) 15611.7 * conv. (cfs) 0 . 5 * 15589.7 21.5 

• Length Wtd. (ft) 166. 56 • Wetted Per. (ft) 0.73 64.87 4 . 76 
* Min Ch El (ft) * 2321.98 * shear ( l b/ sq ft) 0.02 0. 52 0 . 06 
• Alpha 1.01 • Stream Power (lb/ ft s) . 0.01 2.53 0 . 05 . Frctn LOSS (ft) 0 . 79 . Cum Volume (acre-ft) 14 . 15 22.54 12.86 

9.99 10.60 10 . 76 * c & E Loss (ft) 0 . 21 * cum SA (acres) 
******************* ********** ** ***************** ************** ************************* ** ****** 

Warning : The velocity head has changed by more than 0 . 5 ft (0 .15 m). This may indicate the need for additional cross sections . 
Warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4. 

This may indicate the need for additional cross sections . 

CROSS SECTION OUTPUT Profile #10- YEAR 
******************************** ********************************* ************************* ** *** 
* E. G. Elev (ft) 
* Vel Head (ft) 
• w.s . Elev ( ft ) 

* 2325 . 04 
0. 30 

* 2324.75 

Element 
* Wt. n-val . 
* Reach Len. (ft) 

Left OS 

161 . 13 
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* Crit w.s . (ft) • Flow Area (sq ft) * 125.92 * 
• E.G . Slope (ft/ ft ) *0.003493 Area (sq ft) 125.92 
• Q Total (cfs) 549 . 00 Flow (cfs) 549.00 * 
• To~ width (ft) 58.80 • Top Width (ft) 58.80 

Vel Total (ft/ s) 4 . 36 • Avg. Vel. (ft/s) 4. 36 
• Max chl Dpth (ft) 2.77 * Hydr. Depth (ft) 2.14 
• Conv. Total (cfs) 9289.5 conv. (cfs) 9289.5 
• Length Wtd. (ft) 166 . 63 Wetted Per . (ft) 60 . 05 
• Minch El (ft ) • 2321.98 • shea r (lb / sq ft) 0.46 
• Alpha * 1.00 • Stream Power (lb / ft s) 1.99 • 
• Frctn Loss (ft) • 0.81 • cum volume (acre-ft) 8.78 17. 28 7 . 18 * 
• c & E Loss (ft ) 0.13 • cum SA (acres) 7.81 10 . 55 7.86 
********************************************** ***************** ******************************** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0. 7 or greater than 1 .4. 
This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 3. 060 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***** ************************ ******************** ******************************* *************** 
* E. G. Elev (ft) • 2325.27 • Element Left OB Channel * Right OB . . vel Head (ft ) 1.02 * Wt . n-val. 0.057 0.033 .057 • 
• w.s . Elev (ft ) • 2324.25 . Reach Len. (ft) 323.55 342.36 325.2 7 
• Crit w.s. (ft) * 2324.25 . Flow Area (sq ft) 17 . 63 100. 50 55.04 
• E. G. slope (ft/ ft ) *0 . 007296 Area (s~ ft) 17 . 63 100.50 55.04 * 
• Q Total (cfs) * 1006 . 00 Flow (c s) 27 . 04 870 . 93 . 108.02 . ~~~ ~~~~~ (ft) 131.03 • Top width (ft) 33.45 29 . 29 • 68 . 29 

(ft/ s) . 5 . 81 • Avg . Vel . (ft/ s) 1. 53 8 . 67 1. 96 
Max Chl Dpth (ft) * 4.15 . Hydr . Depth (ft) 0. 53 3 . 43 0.81 . Conv. Total (cfs) . 11777 . 5 . Conv . (cfs) 316 . 6 * 10196 . 2 1264.7 

• Length Wtd. (ft) 33 7 .73 • Wett ed Per . (ft) 33.74 29.71 69 . 08 
• Min ch El (ft ) • 2320 .10 . shea r (lb / sq ft) 0.24 1. 54 0. 36 

Alpha 1.94 . Stream Power (lb / ft s) . 0.37 13.35 0. 71 
Frctn Loss (ft) 2 . 35 . cum Volume (acre-ft) 16 . 36 23.94 15.06 . . cum SA 10.62 10.43 11 . 19 • * C & E LOSS (ft) 0.08 (acres) 

******************** ************************************************************* ************** 

warning: 

warning: 
warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for this cross-section . 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to c ritical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*************************************************** * *****************************~ ~ ·~*** * * * **** 
* E.G. Elev (ft) . 2325.85 . Element . Left OB . Channel . Right OB . 
• Vel Head (ft ) 0 . 63 * Wt . n-val . 0.057 0.033 0 . 057 
* w.s . Elev (ft) • 2325.22 * Reac h Len. (ft) 323 . 55 342.36 325 . 27 
• crit w. s . (ft) . Flow Area (sq ft ) so. 54 128.83 42.04 
• E.G. slope (ft/ ft ) *0 . 003219 * Area ( s~ ft) 50 . 54 128 . 83 42 . 04 

Q Total (cfs) • 1006 . 00 Flow (c s) 69 . 67 875.10 61.23 

~~~ ~~~~~ (ft) 127 . 00 * Top wi dt:h (ft) 55 . 49 29 . 29 42.22 
(ft/ s) 4. 54 * Avg. Vel . (ft/ s) 1. 38 6.79 1.46 

• Max chl Dpth (ft) 5 .12 • Hydr . Depth (ft) 0.91 4.40 1.00 
* conv. Total (cfs) • 17731. 6 * Conv. (cfs) 1228.0 • 15424 . 3 . 1079.3 
* Length Wtd. (ft) 341.19 * Wetted Per. (ft) 56 . 16 29.71 • 43.01 * 
* Min Ch El (ft) . 2320.10 * Shear (lb / sq ft) 0.18 0.87 0. 20 
• Alpha 1.96 stream Power (lb / ft s) . 0.25 5.92 * 0 . 29 . . Frctn LOSS (ft) 2 . 02 * cum volume (acre-ft) 3. 48 27.50 * 4. 37 * 

0 .14 • cum SA 1. 51 10 . 43 2. 16 * c & E Loss (ft:) (acres) 
***~*********~*************~~*****~* * ********************************************************** 

warning: 
Warning : 

warning : 
the 

The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (upst:ream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************** ****************************** *************** 
* E. G. Elev (ft) * 2324 . 95 '' Element Left OB * Channel Righ. t

05
o
7

B *• 
• Vel Head (ft) * 1.05 * Wt. n-Val. 0 . 057 0.033 0 
* w. s . Elev (ft) * 2323.90 • Reach Len. (ft) 323 . 55 342 . 36 325 . 27 
* Crit w. s . (ft) * 2323.90 • Flow Area (sq ft) • 8.93 90 . 16 34.78 
* E.G. Slope (ft / ft ) *0.008377 • Area (sq ft) * 8 . 93 90.16 34 . 78 
• Q Total (cfs) • 863.00 Flow (cfs) 16.73 778 . 74 67.53 
• Top width

1 
((fft /) : 94.48 • Top widt

1
h (ft) 17.73 29 . 29 47 . 46 

Vel Tota t s) 6.45 '' AVg. Ve . (ft/ s) 1.87 8.64 1.94 
* Max Chl Dpth (ft ) * 3 . 80 * Hydr. Depth (ft) 0 . 50 3 .08 0.73 
* conv . Total (cfs) • 9428.9 • Conv . ( cfs) 182.8 8508.4 737 . 8 
• Length Wtd. (ft) 338 . 36 • Wetted Per. (ft) 17.97 29.71 48.15 
• Minch El (ft ) * 2320.10 • shear ( lb / sq ft) 0.26 1 . 59 0.38 
* Alpha 1.63 * Stream Power (lb / ft s) 0 . 49 13 . 71 0.73 
• Frctn Loss (ft) 2 . 48 * cum volume (acre-ft) 14.13 22.03 12.79 
• c & E Loss (ft) 0.10 * cum SA (acres) 9.95 10.42 10.66 
** ********************************************************************************************* 
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Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: 
the 

Divided flow computed for this cross-section. 
The energy loss was greater than 1 .0 ft (0 .3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: curing the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** . E.G. Elev (ft) . 2324 . 10 • Element Left DB * Channel * Rit6s?B * 
* vel He ad (ft) * 0 . 74 * Wt. n-Val . 0.057 0.033 
* w.s. El ev ( ft) • 2323.35 * Reach Len . (ft) * 323.55 342.36 325.27 
* Crit w.s. ( ft ) • 2323.13 * Flow Area (sq ft) * 3.34 74.09 13.93 

E.G . slope (ft/ft) *0.007302 * Area (sf! ft) 3.34 74.09 13.93 
Q Total (cfs) 549.00 Flow (c s ) 5 . 32 524 .2 9 19.39 

• To~ width (ft) 63.63 Top width (ft) 5.38 29.29 28.96 
Ve Total ( ft /s) * 6.01 AVg. Ve l. (ft/ s) 1. 59 7.08 1. 39 * 

* Max Chl Dpth (ft ) * 3 .2 5 Hydr . Depth (ft) 0.62 2.53 0 . 48 * 
* Conv. Tot a 1 (cfs) 6424.5 * conv. (cfs) 62.2 6135' 3 227 .0 
* Length Wtd . (ft) 340.32 • Wetted Per. (ft) 5.52 29.71 29.42 
* Min Ch El (ft) • 2320.10 * shea r (lb/ sq ft) 0.28 1.14 0.22 * 
* Alpha 1. 33 * Stream Power ( lb/ ft s) * 0.44 * 8.04 0. 30 * 
* Frc'tn Loss ( f t) 3 .16 * Cum Vo lume (ac re-ft) • 8. 77 • 16 .89 7.16 
* c & E Loss (ft) 0.03 * cum SA (acres) * 7. 8D 1D.38 7 . 8D 
****************************************** ******************** ********************************* 

Warning : Divided flow computed for this cross-section . 
warning: The energy loss was greater than 1 .D ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 

CROSS SECTION OUTPUT 

RS: 2.995 

Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev ( ft ) * 2321.75 • Element Left DB * channel * Right DB * 
• Vel Head (ft) 0.74 * Wt . n-Val . 0.058 0 . 033 0.060 

w. s. Elev (ft) * 2321.00 Reach Len. (ft) 478.57 * 495.95 490 . 12 
Crit w.s. (ft) • 2321.00 * Flow Area (sq ft) 132 . 49 * 74 .30 20.43 . E.G. slope (ft / ft ) *0.006668 * Area (sf! ft) 132 . 49 74.30 20.43 . 

• Q Total (cfs) . 1006.DO Flow (c s) 338.20 632 . so 35.30 * 
~~~ ~~~~~ (ft) 144 . 25 Top wi dth (ft) 97.68 20 . 92 25.65 

( ft /s) . 4.43 * Avg . Vel. (ft/s) 2.55 8. 51 * 1. 73 
* Ma x chl Dpth (ft) * 3.93 * Hydr . Depth (ft) 1. 36 3.55 * 0.80 
* Conv. Total (cfs) * 12320 . 0 * Conv . (cfs) 4141.8 7745.9 432 .3 
• Length Wtd. (ft) 492.09 * Wetted Per . (ft) 98.29 21.09 25.87 
* Min Ch El (ft) * 2317.07 * Shear ( lb / sq ft) 0 . 56 1.47 0.33 
* Alpha 2.44 . St ream Powe r (lb/ft s) * 1. 43 12.48 0. 57 . Frctn LOSS (ft) 3 .D4 Cum Volume (acre-ft) 15.81 23 .25 . 14.78 
* c & E Loss (ft) 0 . 00 cum SA (acres) 10.13 10 . 24 * 10 .84 * *********************************************************************************************** 

Warning: The energy equation could not be ba l anced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 . 0 ft (0 .3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*********************************************************************************************** 

E.G . Elev (ft) * 232 3 . 69 * Element * Left DB Channel * Right DB 
vel Head (ft) 2 . 06 * Wt. n- Val. 0.033 * 

• w.s. Elev (ft) * 2321.63 '' Reach Len . ( ft) 478.57 495.95 490 . 12 
* crit w.s. (ft) * 2321 . 63 * Flow Area (sq ft ) 87 .33 

E.G. Slope (ft/ ft ) *0 . 014376 • Area (s q ft) 87.33 
Q Total ( cfs) • 1D06.00 Flow (cfs) • 1006.00 

* Top width (ft) * 20.92 '' Top width (ft) 20.92 
vel Total (ft/s) 11.52 '' AVg. Ve l. (ft/s ) 11.52 

* Max Chl Dpth (ft) 4.56 Hydr. Depth (ft) 4.17 
* Conv . Total (cfs) 8390.3 Conv. (cfs) 8390.3 * 
* Length Wtd. (ft ) 495.76 • Wetted Per. (ft) 28.02 * 
*Minch El (ft) * 2317.07 • shea r (lb/sq ft) 2 . 80 

Alpha 1.00 '' Stream Power ( lb/ ft s) * 32.22 
* Frctn Loss (ft) 5.77 • Cum Volume (acre-ft) 3.29 26.65 4.21 
* c & E Loss (ft) 0 .19 '' cum SA (acres) 1.30 10 . 24 2 .00 * 
*********************************************************************************************** 

Warning: 

warning: 
warning : 
warning: 
the 

The 
for 
The 
The 
The 

energy equation could not be balanced wi thin the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
cross sec tion had to be extended vertically during the critical depth calculations . 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additiona l cross sections. 
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Warning : During the standard step i terations, when the assumed water surface was set equal to critical depth, the cal culated 

wate r s urfac e came bac k below cri t ical depth . This indicates that there is not a valid subc riti cal answe r . The 
program 

defaulted to critical depth. 
warning : The parabolic search method failed to converge on critical depth . The program will try the cross section sli ce/ secant 

method to f ind critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
***************************************************************** ******** ********************** 
* E.G . Elev ( ft ) * 2321.53 * Element Left OB * Channel * Right OB . 

vel Head (ft) 0 . 70 * Wt. n- val . * 0 . 058 * 0.033 0.060 * 
* w.s. Elev ( ft ) . 2320 . 83 . Reac h Len. (ft) 478 . 57 495.95 490.12 
* Crit W. S. ( ft ) . 2320.83 Flow Area (sq ft) -!: 115 . 22 * 70 . 58 16 . 15 
* E.G. Slope (ft / ft ) *0 . 006462 * Area (s~ ft) 115 . 22 70.58 16.15 
* Q Total (cfs ) 863 . 00 Flow (c s ) 265.80 571.62 * 25 . 58 

~~~ ~~~i~ (ft ) 140 . 06 • Top width (ft) 96.60 20 . 92 22. 54 
( ft /s ) 4 . 27 * Avg. Ve 1. (ft/ s) 2 . 31 8. 10 1. 58 

* Max Chl Dpth (ft ) 3.76 * Hyd r. Depth (ft) 1.19 3.37 0. 72 
* Conv. Total ( cfs ) * 10735.5 * Conv . (cfs) 3306.5 7110 .7 318.2 
• Length Wtd. (ft ) 492.48 * Wett ed Per . (ft) 97.19 21.09 22 .76 
* Min Ch El ( ft ) * 2317.07 Shea r (lb / sq ft) 0 . 48 1. 35 0 .2 9 
• Alpha 2 . 47 Stream Power (lb / ft s) * 1.10 10 .93 0 .45 
* Frctn Los s (ft ) 2.93 . cum Volume (acre-ft) 13.67 21.40 12.60 

9.53 10. 22 10 . 40 • c & E Los s (ft) 0 . 00 cum SA (ac res) 
*********************************************************************************************** 

wa rn i ng: Th e e ne rgy equati o n could not be balanc ed within the specified numb e r of ite rat i ons . The p rog ram us ed c riti cal dep th 
for the water surface and continu ed on with the calculations. 

warning : The energy los s wa s greater than 1.0 ft (0 . 3 m) . between the current and previ o us c ro s s sect i o n. Thi s may indi cate 
the 

need for additional cross sections . 
warning: During the standard step iterations , when the assumed water s urface was set equal to cr i tica l depth , the cal culated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
prog ram 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
**** ******************************************** ********************************** *** ********** 
* E. G. Elev (ft) . 2320.91 * Element Left OB * channe l . Right OB 

vel Head (ft) 1.03 * Wt. n-Val. 0 . 058 0 . 033 0.060 
* w.s . El ev (ft) * 2319 . 88 ,, Reach Len . ( ft) 478.57 495.95 * 490 . 12 
* Crit w.s . (ft) . 2319.88 ,, Flow Area (sq ft) 35.65 50.70 * 4 . 26 
* E. G. Slope (ft/ ft) *0 . 012178 1( Area (s~ ft) 35.65 . 50.70 * 4 . 26 
* Q Tot a 1 (cfs) * 549.00 ,, Fl ow (c s) * 87 . 82 * 452.07 • 9 . 11 

* ~~~ ~~~i~ (ft) • 70 . 27 '' Top width (ft) * 43.34 20 . 92 6 . 00 
(ft/ s) 6 . 06 * Avg . Vel. (ft/ s) 2.46 8.92 2 . 14 

• Max chl Dpth ( ft) 2.81 ,, Hydr . Depth (ft) 0 . 82 2 . 42 0 . 71 
* conv . Total (cfs) 4974 . 9 ,, conv . (cfs) 795 . 8 4096.6 82.5 . Length Wtd . (ft ) 494.35 '' Wett ed Per. (ft) 43 . 84 21.09 6 . 17 . Mi n ch El (ft) * 2317 . 07 * Shear (lb/sq ft) 0.62 1. 83 0 . 53 
• Alpha 1.81 * Stream Power (lb/ ft s ) * 1. 52 16.30 1.12 

Frctn Loss (ft ) 4 . 76 cum volume ( acre-ft) 8.63 16.40 7 . 09 . ,, Cum SA 7.62 10.18 7 . 67 C & E Loss (ft) 0 . 06 (acres) 
********************************************************************************************** * 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with t he ca l culations . 

warning: Divided flow computed for this cross-section . 
warning : The energy loss was greater than 1 . 0 ft ( 0 . 3 m). between the current and previou s cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step i terations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back be l ow cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2 .901 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************************* ************** ** ** *************************** * 
• E.G . Elev (ft) * 2315.17 * Element Left OB * Cha nnel • Right OB • 
''vel Head (ft ) 0 . 75 '' Wt. n-Val. 0 . 057 0 . 033 0 . 05 7 
* W. S. Elev (ft) * 2314.42 ,., Reach Len . ( ft) 350 . 30 361.80 393 . 51 

Crit W.S. (ft) * 2314 . 42 * Flow Area (sq ft) 15.31 * 98 . 90 118 . 00 
* E. G. slope (ft/ ft) *0 . 005748 * Area (sq ft) 15 . 31 * 98 . 90 118.00 

Q Total (cfs) * 1048 . 00 Fl ow (cfs) 27 . 34 785.20 235.46 
* Top Width (ft) 160 . 92 '' Top Width (ft) 17 . 60 ° 27.10 116.23 

vel Total (ft / s) 4.51 * AVg . Vel. (ft/ s) 1.79 * 7 . 94 2.00 
* Max chl Dpth (ft) 4 . 93 • Hydr. Depth (ft) 0 . 87 3 . 65 1.02 
* Conv . Total (cfs) * 13823 . 5 * Conv . (cfs) 360 . 6 * 10357.1 3105.8 

Length Wtd . (ft) 369 . 02 '' Wetted Per. (ft) 17 . 82 27.89 116 . 32 
• Minch El (ft) • 2309 . 49 • shea r (lb/ sq ft) 0 . 31 1 . 27 0 . 36 
'~• Al pha 2.37 "~• stream Power (lb / ft s) * 0 . 55 10.10 0.73 ,.f 
* Frctn Loss (ft) 2.83 '' cum Volume (acre-ft ) 14.99 22.27 14.00 
* c & E Loss (ft) 0 . 01 * cum SA (acres) 9.50 9.96 * 10 . 05 
************************************* ********************************************************** 

Warning: The energy equation could not be bal a nced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations . 

warning: The energy l oss was greater than 1.0 ft (0.3 m). between the cur r ent and previous cross section . This may indicate 
the 

need for additiona l c r oss s ections. 
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warning : During the standard step iterations , when the assumed water surface was set equal to critical depth , the cal c ulated 

wate r surface came back below critical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 

E.G. Elev (ft ) * 2315 '86 * Element * Left OB * Channel * Right OB * 
vel Head (ft ) 1.41 * Wt . n-Val. * * 0.033 0.057 

* w.s. Elev (ft) * 2314 . 45 * Reach Len. (ft) 350.30 361.80 393.51 
* Crit W.S. (ft ) * 2314.45 * Flow Area (sq ft) 99 . 76 * 23.20 
* E.G. slope (ft/ ft ) *0 . 009696 * Area (s~ ft) 99 . 76 * 23 . 20 
* Q Total (cfs) * 1048 . 00 Flow (c s) 980.30 * 67.70 * 
* ~~~ ~~~~~ ( ft ) 45.47 * Top width (ft) 27 .10 * 18.37 * 

( ft / s ) 8 . 52 * Avg. Vel . (ft/ s) 9.83 * 2.92 
* Max Chl Dpth ( ft ) 4.96 * Hydr . Depth (ft) 3.68 * 1. 26 
* canv . Total (cfs ) * 10642 . 8 * conv . ( cfs) * 9955.3 687.6 * 
* Length Wtd. (ft) 362.82 * Wetted Per . (ft) * 30.23 19.14 • 
* Min Ch El ( ft ) * 2309 .49 * Shea r ( lb / sq ft) 2.00 * 0.73 
* Alpha 1.25 * Stream Power (lb/ ft s) ,, 19 . 63 * 2 .14 
* Frctn Loss (ft) 3 . 63 * Cum Volume (acre-ft) 3.29 25.58 4.08 
* c & E Loss (ft ) 0.04 * cum SA (acres ) 1. 30 9.96 1. 90 
*** ******************************************************************************************** 

Warning : The energy equation could not be balanced within the specified numbe r of iterations . The program used cri t ica l dep t h 
for the water surface and continued on with the calculations. 

warning : The cross section had to be extended vertically during the critica l depth calculations. 
warning : The energy lo s s was gr eater than 1 .0 ft ( 0 . 3 m) . between the current and pre vi ous cros s s ection. This may i nd i cat e 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 
warning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************** ** **************** *************************************** 
• E.G . Elev (ft) * 2314 . 94 * Element Left OB • channel * Right OB * 
* ve l Head (ft) 0.70 * wt. n-val. 0 . 057 0 . 033 0 . 057 
• w.s. Elev (ft) • 2314.24 * Reach Len. (ft) 350.30 361.80 393.51 
• Crit w.s. (ft) * 2314 . 24 * Flow Area (sq ft) 12.27 94.01 97.10 
*E.G. slope (ft/ ft ) *0.005499 *Area (sq ft) 12.27 94.01 97 . 10 
* Q Total (cfs) * 893.00 Flow (cfs) 19.78 705.73 167 . 49 
* Top width (ft) * 158 . 14 • Top Wi dth (ft) 15.91 27 . 10 115.13 

Vel Total (ft / s) 4 . 39 '' Avg . Vel . (ft/ s) 1.61 7 . 51 1.72 
* Max chl Dpth (ft) 4 . 75 '' Hydr. Depth (ft) 0 . 77 3 . 47 0.84 
* Conv . Total (cfs) * 12042.2 * conv. (cfs) 266.7 9516.8 2258 . 7 
* Length Wtd. (ft) 368 . 25 '' Wetted Per , (ft) 16 , 12 27,89 * 115 . 21 
* Min ch El ( ft) * 2309 . 49 * shear (lb / sq ft) 0.26 1.16 * 0 . 29 

Alp ha 2 . 34 • Stream Power ( lb / ft s) • 0.42 8.69 0 . 50 
* Frctn Loss (ft) 2.76 • cum volume (acre-ft) 12.97 20.46 11.96 
* c & E Loss (ft) 0.00 '' cum SA (acres) * 8.91 9 . 95 9.62 
** ************************************************************* ************* ******************* 

Warning: 

Warning : 

Warning : 
the 

The energy equation could not be balanced within the specifi ed number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance di vided by downstream conveyance) is less t han 0.7 or greater than 1 . 4. 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1 . 0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning : During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . Thi s indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 

0 E. G. Elev (ft) * 2314 . 22 * Element Left OB * Channel * Right OB 0 

• ve l Head (ft) 0 . 82 '' Wt. n- va l . 0.057 0 . 033 0.057 * 
• W.S. Elev (ft) * 2313.40 * Reach Len. (ft) 350.30 361.80 393 . 51 * 
• crit w.s. (ft) • 2313 . 40 Flow Area (sq ft) 2.89 71.23 19 . 02 * 
• E. G. slope (ft/ ft ) *0.007812 • Area (sq ft) 2.89 71.23 19.02 
'' Q Total (cfs) 554.00 Flow (cfs) 3.86 529.70 20.45 
* Top Width (ft) 93 . 66 Top Width (ft) 6.40 27.10 60 . 16 

Ve l Total (ft/ s) 5 . 95 * Avg . Vel . (ft/ s) 1.33 7 . 44 1.08 
• Max chl Dpth (ft) 3.91 • Hydr . Depth (ft) 0 . 45 2 . 63 0.32 
* Conv. Total (cfs) 6267.9 * Conv. (cfs) 43.6 5992.9 231 . 3 * 
'' Length Wtd. (ft) * 365.17 *Wetted Per . (ft) 6.58 27 . 89 60.19 * 
• Minch El (ft) * 2309 . 49 '' shea r (lb/ sq ft) 0.21 1.25 0 . 15 
• Alpha 1.50 '' stream Power (lb/ ft s) • 0.29 * 9 . 26 * 0.17 
• Frctn Loss (ft) 3.31 '' Cum Volume (acre-ft) * 8 . 42 * 15.71 * 6.96 
• c & E Loss (ft) 0.07 * cum SA (acres) 7.34 9.91 7.30 
***** ************* ****** ************* ********** *** ****************** ** *********** ********* ***** 

Warning : 

Warning : 
warning: 
the 

The energy equation could not be balanced within the specified number of iteratio ns . The program used critical depth 
for the water surface and continu ed on with the ca l culations. 
Divided flow computed for this cross -s ection . 
The energy loss was greater than 1.0 ft (0.3 m). be t ween the current and previous cross section . This may indicate 

need for additiona l cross sections. 
Warning: During the standard step iterat1ons, when the assumed water s urface was set equal to critical depth, the ca l culated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
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CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 

WKBl. rep 

RS: 2 . 832 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************** *********** ******************************************* . E.G. Elev (ft ) . 2309 . 57 . Element . Left OB . Channe l . Ri ght OB . 
• Vel Head ( ft ) 0 . 81 . Wt. n-Val . 0.057 • 0. 033 0. 057 
• w.s . Elev ( ft ) * 2308. 76 • Re ac h Len . (ft) 496.90 493.39 489 . 66 

Crit w. s . ( ft ) . 2308 . 76 . Flow Area ( sq ft) 19.87 87.11 • 82.2 3 
E.G . slope (ft/ ft ) *0.010780 * Area (s~ ft ) 19.87 87 .11 82.2 3 

• Q Total (cfs) . 1048 . 00 . Flow (c s ) . 46.92 732.13 268 . 95 . ~~~ *~~~~ ( ft ) • 122.20 • Top width (ft) • 24 . 31 * 36 . 08 61.82 
( ft / s ) 5.54 • AVg. Vel. (ft/ s) . 2 . 36 8.40 3.27 

• Max chl Dpth ( ft ) 2.69 * Hydr. Depth (ft) • 0.82 2.41 1.33 
* conv . Total (cfs ) . 10093.6 . Conv. (cfs) • 451.9 7051.4 2590 .3 
• Length Wtd . (ft ) 493 . 51 * Wetted Per . (ft) 24.39 . 36 .14 . 61.90 
• Min ch El ( ft) . 2306 . 07 . shea r (lb/ sq ft) . 0 . 55 • 1.62 • 0 . 89 . 

Alpha 1.71 . Stream Power (lb/ ft s) • 1. 29 13 . 63 2. 92 • 
Frctn LOSS (ft) 5 . 77 • Cum Volume (acre-ft) • 14.85 21. so 13 . 09 . . 9. 33 9.70 9.24 * C & E Loss (ft) 0 . 03 Cum SA (acres) 

************************************** ***************************************** **************** 

wa rning : The energy equation c ould not be balanced within the specified numbe r of iterations . The prog ram us ed critical de pth 
for the water surface and continued on with the calculations . 

Warning : The energy loss was greate r than 1 .0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to c r itical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************** **************************************************************** ************* 
* E. G. Elev (ft) * 2310.82 * Element • Left OB • Channel • Right OB * 
* vel Head (ft) 1.27 * Wt . n-val. * 0.033 
* w.s . Elev (ft) • 2309 . 55 Reach Len. (ft) 496 . 90 493 . 39 
* crit w.s. (ft) • 2309 . 30 Flow Area (sq ft) 115.66 
* E. G. slope (ft/ ft ) *0 . 010341 • Area (sq ft) 115 . 66 
* Q Total (cfs) • 1048 . 00 Flow (cfs) • 1048 . 00 
• Top width (ft) * 36.08 Top Width (ft) 36 . 08 
• Vel Total (ft / s) 9 . 06 • Avg. Vel. (ft/ s) 9.06 
* Max chl Dpth (ft) 3 . 48 * Hydr . Depth (ft) 3 . 21 * 
* Conv . Total (cfs) • 10306.0 • Conv . (cfs) * 10306.0 * 
• Length Wtd . (ft) 493 . 72 • Wett ed Per. (ft) 41.55 
• Min ch El (ft) • 2306 . 07 • shea r (lb/ sq ft ) 1.80 
• Alpha 1.00 • Stream Power ( lb / ft s ) • 16.28 
• Frctn Loss (ft ) 5 .86 * Cum Volume (acre-ft ) 3. 29 24.69 * 3.97 

489 . 66 

• 

* c & E Loss (ft ) • 0 .03 • c um SA (acres) 1.30 9.70 * 1.82 
*********************************************************************************************** 

Warning : The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************ ************** ***************** ********** **************************** ************** 
* E. G. Elev (ft) * 2309 . 32 * Element Left OB Channel * Right OB * 
• vel Head (ft) 0.75 • Wt. n-val . 0.057 0.033 0.057 
* w. s . Elev (ft) • 2308 . 57 • Reach Len . (ft) 496.90 493.39 489.66 * 
* crit w.s . (ft) • 2308 . 57 • Flow Area (sq ft) 15.70 80.48 71.04 * 
• E.G . slope (ft/ ft ) *0.010809 • Area (sq ft) 15.70 80.48 71 . 04 
* Q Total (cfs) 893.00 Flow (cfs) 35.00 642 . 45 215 . 55 
• Top width (ft) • 116.96 • Top width (ft) 20 . 99 36 . 08 59.90 

Ve l Total (ft / s) 5.34 Avg. Vel. (ft/ s) 2.23 7 . 98 3.03 
*Max Chl Dpth (ft) * 2 . 50 Hydr . Depth (ft) 0.75 2.23 1.19 
• Conv. Total (cfs ) 8589.4 • conv . (cfs) 336 . 7 6179.5 207 3. 2 
* Length Wtd. (ft) 493 . 50 • Wetted Per. (ft ) 21.06 36.14 59.97 
• Min ch El ( ft ) • 2306 .07 s hea r ( lb / sq ft ) 0 . 50 1.50 0.80 
* Alpha 1.69 st r eam Power ( lb / ft s ) * 1.12 11 . 99 2.43 
* Frctn Loss (ft) 5 .74 • cum volume (ac r e-ft) 12 . 86 19.74 11.20 
* c & E Loss (ft) * 0 . 03 • cum SA (acres) 8 . 76 • 9 . 69 * 8 . 83 * 
**************************************************************** ******************************* 

Warni ng : The energy equation could not be balanced within the specified number of iterati ons. The program used cri tical depth 
for the water surface and continued on with the calculations . 

warni ng : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) 

Vel Head ( ft ) 
* w.s . Elev (ft ) 
• cri t w. s. (ft) 
* E.G. Slope (ft/ ft ) 

Q Total (cfs) 
* Top Width (ft) 

2308 . 70 
0 . 58 

* 2308 . 12 
• 2308 . 12 
*0.010645 
• 554.00 

105.85 

• Element 
• Wt. n-val. 
• Reach Len. ( ft) 
• Flow Area (sq ft) 
• Area (sq ft ) 

Flow (cfs) 
* Top Width (ft) 

Left 08 * 
0.057 

496 . 90 
7.75 
7.75 

14 . 13 
13 . 82 
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channel 
0 . 033 

493 . 39 
64.08 
64 . 08 

436 . 08 
36 .08 

* Right 08 * 
0 . 05 7 

489.66 
44.79 
44.79 

• 103 . 79 • 
• 55.95 • 
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* Vel Total (ft/ s) 4.75 * Avg. vel. Cft/s) . 1. 82 6.81 2.32 
• Max chl Dpth (ft) 2.05 . Hydr . Depth (ft) 0. 56 * 1.78 0.80 
* Conv. Total (cfs) 5369.6 * Conv . (cfs) 137.0 * 4226.7 * 1005 . 9 * 
• Length Wtd. (ft ) 493 . 47 • Wetted Per. (ft) 13.88 * 36 .14 56 . 00 
* Min Ch El (ft) * 2306 . 07 * shea r (lb/ sq ft) * 0.37 1.18 . 0 . 53 * 
* Alpha • 1.66 * Stream Power ( lb/ft s) ,, 0.68 8.02 • 1. 23 * * Frctn Loss (ft) 5.47 * cum vo lume (acre-ft) 8.37 15 .15 6 . 67 
* c & E Loss (ft) 0.02 * cum SA (acres) ,, 7.26 9 . 65 6. 77 
************************************************** ************* ******************** ************ 

warning: The energy equation could not be balanced within the specified numb er of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning : The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answe r. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 2. 739 

CROSS SECTION OUTPUT Pro fil e #FLOODPLAIN 
*** ******* ********* *********** ************ *************************************** ******* ******* 
* E.G. Elev (ft) . 2303.07 . Eleme nt Left OB • channel * Right 08 * 
* vel Head (ft) 0 . 72 Wt. n-val. 0.060 * 0.033 * 0.057 * * w.s. Elev (ft) * 2302.35 . Reach Len. (ft) 495.93 431.55 392 . 82 
* Crit W.S . (ft) • 2302 . 35 . Flow Area (sq ft) * 126.06 • 54.80 . 29.32 • . E. G. slope (ft/ ft) *0 . 012740 * Area (s~ ft) 126 . 06 54.80 * 29.32 
* Q Total (cfs) • 1048.00 * Flow (c s) 432.24 501.44 114.32 . ~~~ *~~~~ (ft) 134.42 • Top Width (ft) 92.72 22.68 19.02 

(ft / s) 4.99 * Avg. Ve l. (ft/ s) 3.43 9.15 3 . 90 
* Max Chl Dpth (ft) 2.51 . Hydr . Depth (ft) 1. 36 2 . 42 1. 54 
* conv . Total (cfs) 9285 . 0 * Conv . (cfs) 3829.6 4442.6 1012.9 • 
• Length Wtd. (ft) * Wetted Per . (ft) • 92.79 22 . 69 19.21 
• Min ch El (ft) . 2299 . 84 * s hear (l b/sq ft) 1.08 1. 92 1.21 
* Alpha 1.87 . Stream Power (l b/ ft s) * 3 . 70 17.58 * 4.73 . Frctn Loss (ft) • cum Vo lume (acre-ft) 14.02 20.69 * 12.47 
• c & E Loss (ft) * Cum SA (acres) 8.66 9. 37 8.79 
************************* *** ******** ********************* *********** **************** ****** ***** 

Warning : The energy equation cou ld not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************ ********** *** ******************************* ******************* ******************** 

E.G. Elev (ft) • 2304.94 * Element Left DB * Channel * Right DB 0 

Ve l Head (ft) 1.59 * Wt. n- Val. 0 . 060 0 . 033 
• W.S . Elev (ft) • 2303 . 35 * Reach Len . (ft) 495 . 93 431.55 392.82 
• crit w.s. (ft) • 2303.35 Flow Area (sq ft) 37.92 77 .51 
* E. G. slope (ft/ ft ) *0 . 013753 Area (sq ft) 37 . 92 77 . 51 
• Q Total (cfs) • 1048.00 Flow (cfs) 198.94 849.06 . ~~~ *~~~~ ~~i~s) 3 ~:~~ : r~~. w~~i~ ~~i~s) 1~:~~ i6:~~ 
* Max chl Dpth (ft ) 3.51 Hydr. Depth (ft) 2.91 3.42 
* Conv. Total (cfs) 8936.5 • Conv. (cfs) 1696 . 4 7240 .1 
* Length Wtd. (ft) 437 . 35 '' Wetted Per. (ft) 15.62 25.94 
*Minch El (ft) • 2299.84 • shear (lb/ sq ft) 2.08 2.57 * 
*Alpha 1.24 * Stream Power ( lb/ ft s) * 10.93 28.10 * 
• Frctn Loss (ft) 6 . 08 * cum Volume (acre-ft) 3.08 23 . 60 3.97 
* C & E Loss (ft) 0 . 09 • Cum SA (acres) 1.23 9.37 1.82 
********* ********** ******************** ************* **** *************************************** 

wa rning: The energy equation cou ld not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The cross sect i on had to be extended vertically during the critical depth calculations. 
Warning : 
the 

The energy l oss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for addit ional cross sect ions. 
warning: During the standard step iterations, when the assumed water surface was set equal to cr1tical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth. 
warning: The parabolic search method failed to converge on critical depth. The program wi ll try the c ross section slice/secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
******** ********************************************** ********* ************************* ******* 
* E. G. Elev (ft) 
'' Vel Head (ft) 
* W.S . Elev (ft) 
• Crit w.s. (ft) 

E.G. s l ope (ft/ ft ) 
' ' Q Total (cfs) 
'' Top Width (ft) 

Vel Total (ft / s) 
* Max Chl Dpth (ft) 
* conv . Total (cfs) 
• Length Wtd . (ft) 

• 2302.85 
0 . 66 

• 2302 . 19 
• 2302 . 19 
*0 . 012548 

893 . 00 
132. 38 

4.73 
2.35 

7972.0 

* Element 
, .. Wt. n-Val. 
* Reach Len. ( ft) 
'' Flow Area (sq ft) 
'' Area (sq ft) 

Flow ( cfs) 
• Top width (ft) 
• Avg. Vel. (ft/s ) 
• Hydr. Depth (ft) 
* conv. (cfs) 
,., Wetted Per . (ft) 

Left OB • 
0.060 

495.93 
111.30 
111.30 
352.04 
91.36 

3. 16 
1.22 

* 3142.7 
* 91.42 
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Channel 
0.033 

431.55 
51.17 
51.17 

443.82 
22 . 68 

8 . 67 
2 . 26 

3962. 1 
22 . 69 

* Right 08 ° 
0.057 

392.82 
26 . 32 
26.32 
97.15 
18.34 

3 . 69 * 
1 .43 * 

867.2 
18.52 
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• Min ch El (ft) • 2299 . 84 • shea r (lb/ sq ft) • 0 . 95 1.77 1.11 
• Alpha 1.91 • Stream Power (lb/ ft s) '' 3.02 15 . 32 4.11 
• Frctn Loss (ft) • Cum Vol ume (acre-ft) 12.14 18.99 10.66 
• C & E Loss (ft) * Cum SA (acres) 8.12 9 . 35 8.39 
***********************6****************************** ********* ******************************** 

Warning: The energy equation cou ld not be ba lanced with in the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) • 2302.30 * Element Left OB * Channel * Right OB • 
• Vel Head (ft) 0.51 * Wt. n-Val. * 0 . 060 0.033 • 0.057 
* W. S. Elev (ft) * 2301.79 * Reach Len. (ft) • 495.93 431.55 * 392.82 
• crit w.s. (ft) • 2301.79 • Flow Area (sq ft) 76.00 42 . 22 * 19 . 41 
* E.G. Slope (ft/ft) *0.011556 • Area (sq ft) • 76.00 42.22 19.41 
* Q Total (cfs) 554.00 Flow (cfs) 184.91 309.23 59.86 
* Top width (ft) 126 . 31 : Top Width (ft) 86.94 

0 
22 . 68 16.69 

vel Total (ft/s) 4.03 Avg . vel. (ft/s) 2.43 7.32 3.08 
* Max chl Dpth (ft) 1.95 • Hydr. Depth (ft) 0.87 * 1.86 1.16 
• conv. Total (cfs) 5153 . 6 * Conv. (cfs) 1720 . 1 • 2876 . 6 556.9 
• Length Wtd . (ft) *wetted Per. (ft) 86.98 * 22.69 • 16.82 
• MinCh El (ft) * 2299.84 * Shear (lb/ sq ft) 0.63 1.34 * 0.83 
• Alpha 0 2.03 * Stream Power (lb/ ft s) * 1 .53 9.83 2.57 

Frctn Loss (ft) Cum Vo lume (acre-ft) 7.90 14.54 6.31 
C & E LOSS (ft) Cum SA (acres) * 6.69 ° 9.31 ° 6 . 37 

*********************************************************************************************** 

warning : The energy equation could not be balanced within the specifi ed number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2.65 7 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************************************************************************************** ***** 

E.G. El ev (ft) * 2296.91 * Element * Left 08 * channe l 0 Right OB '' 
* vel Head (ft) 0.99 * Wt. n- val . * 0.060 0.035 0.057 
• w.s. Elev ( ft) * 2295.93 * Reach Len . (ft) 289.00 346 . 56 404.01 * 
* Crit w.s. ( ft) • 2295.93 * Flow Area (sq ft) 14.44 . 109 . 84 * 31.60 • 
• E.G . slope (ft/ ft ) 0 0.011455 * Area (s~ ft) . 14.44 • 109 . 84 * 31.60 
* Q Total (cfs) • 1048 .00 Flow (c s) • 37.07 925 . 09 85.84 
* To~ Width (ft) 91.33 • Top width (ft) * 15.03 43.46 32 . 84 . 

Ve Total (ft/ s) 6.72 • Avg. vel. (ft / s) • 2.57 8 . 42 * 2. 72 * 
• Max chl Dpth (ft) 2.93 • Hydr. Depth (ft) 0.96 2 . 53 0 . 96 . . Conv. Total (cfs) 9791 . 7 • conv. (cfs) 346.4 8643.3 802 . 0 • 
• Length Wtd . (ft ) 357.23 • Wetted Per . (ft ) 15. 14 43.53 32 . 90 
* Min Ch El (ft) • 2293 . 00 • Shea r (lb/ sq ft) 0.68 1.80 0 .69 
* Alpha 1.40 • stream Power (lb/ ft s) . 1. 75 15.20 1.87 * 
* Frctn Loss (ft) 2.95 • cum Volume (acre-ft) 13.22 19.88 12.19 * 

8.05 9 . 04 8 . 55 * c & E Loss (ft) 0.15 • cum SA (ac res) 
**************************************************************************** ******************* 

Warning: 

warning: 

The energy equation could not be ba lanced wi thin the specified number of iterations. The program used critical depth 
for the water surface and continued on wi th the calculations . 
The ve l ocity head has changed by more than 0 . 5 ft (0.15 m) . This may indi cate the need for additional cross sections. 
The conveyance ratio ( upstre am conveyance divided by downstream conveyance) is le ss than 0.7 or greater than 1 . 4 . Warning: 

Warning: 
the 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1.0 ft (0.3 m). between the curren t and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step lterations, whe n the assumed water surface was set equal to critical depth , the ca l culated 

water surface came back below cnt1cal depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************************************************************************** ******************* 
* E. G. Elev (ft) • 2297 .27 Element Left 08 • channel * Right OB 0 

* vel Head (ft) 1. 30 * Wt. n-val . 0.035 0 . 057 
* w.s. Elev (ft) . 2295.98 * Reach Len. (ft) 289.00 346. 56 404.01 
• c rit w.s . (ft) . 2295 . 98 ,, Flow Area (sq ft) 112 . 11 5.00 . E. G. slope (ft/ ft ) *0.014054 '' Area (s~ ft ) 112 . 11 5.00 
• Q Total (cfs) • 1048.00 Flow (c s) • 1031.36 16 . 64 • . ~~~ ~~~~~ (ft) 46 . 15 '' Top Wi dth (ft) 43.46 2.69 

(ft/s) 8.95 • Avg. ve l . (ft/s) . 9.20 3. 33 
• Max chl Dpth (ft) 2.98 • Hydr. Depth (ft) * 2.58 1. 86 
• conv . Total (cfs) 8840.3 • Conv. (cfs) 8699.9 140.4 
• Length Wtd. (ft) 346 . 96 ,., Wetted Per. (ft) 45.37 4.47 
0 Min Ch El (ft) . 2293.00 . shear ( lb/ sq ft) 2 . 17 0.98 . 
* Alpha 1.04 • Stream Power (lb/ ft s) * 19.94 3.26 * 
* Frctn Loss (ft) 3. 80 * Cum Volume (acre-ft) • 2.86 22.66 3.95 ,, Cum SA 1.15 9.04 1. 81 • c & E Loss (ft) 0 . 10 (acres) 
*********************************************************************************************** 

warning: The 
for 

Warning : The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calcu l ations. 
conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4 . 
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This may indicate the need for additional cross sections. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indi cate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critica l depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
********************************************************** *************************** ***** *** ** 

E.G . Elev (ft ) * 2296.61 . Element Left OB * channel * Right OB * 
* Vel Head (ft) * 0.91 * Wt. n-val. 0.060 0.035 0.057 
* w.s. Elev (ft) * 2295 . 71 . Reach Len. (ft) 289.00 346. 56 ,, 404.01 
• Crit w.s . (ft) . 2295.71 • Flow Area (sq ft) 11.31 100.28 24.77 
* E.G . slope (ft/ ft ) *0 . 011710 • Area (s~ ft) * 11 . 31 100.28 24.77 

Q Total (cfs) 893.00 Flow (c s) 26.92 803.60 62.47 . ~~~ *~~~~ (ft) 86 .13 * Top Width (ft) 13.41 43.46 29.26 
( ft / s) 6 . 55 . Avg . Vel. (ft/ s) 2.38 8.01 * 2.52 

• Max chl Dpth (ft ) 2.71 • Hydr. Depth (ft) 0.84 2. 31 0 . 85 
* Conv. Total (cfs ) 8252 . 4 * Conv . (cfs) 248 . 8 7426.3 577 . 3 • 
• Length Wtd. (ft ) 356.53 * Wetted Per. (ft) 13.50 43.53 29.31 
* Min Ch El (ft ) * 2293.00 * shea r (lb/ sq ft) 0.61 1.68 0.62 
• Alpha 1.36 • Stream Powe r (lb / ft s) * 1.46 13.49 1. 56 
* Frctn Loss (ft ) 3 . 26 * cum Volume (acre-ft) 11.44 18.24 10.43 
• c & E Loss (ft) 0.13 * Cum SA (acres) 7.52 9.03 8.18 • 
************** *********** ************ ****** ****************** ************ ********************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The pr ogram used critical depth 
for the water surface and continued on with the ca l culations. 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

Warning: 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1 . 0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
******* **************~~·~*** ************ * **** ***~*** *** **** * ***** * ******* * ***** **************** 

* E.G . Elev (ft) • 2295.85 ,, Element Left OB * channel * Right OB * 
* vel Head (ft) 0.72 * Wt. n-Val. 0.060 0.035 0.057 
* w. s . Elev (ft) * 2295 .13 * Reach Len. (ft) 289.00 346.56 404 . 01 
* Cri t w.s . (ft) * 2295 .13 . Flow Area (sq ft) 4.76 75 . 04 10 . 48 . E.G. slope (ft/ ft ) •o. 013131 * Area (s~ ft) 4.76 75.04 10 . 48 
• Q Total (cfs) 554.00 Flow (c s) 8.71 524.86 20.42 . ~~~ ~~~~~ (ft) 72.48 '' Top width (ft) 9 . 14 43 . 46 19 . 88 

(ft / s) 6 . 14 '' Avg. Vel. Cft/ s) 1. 83 6 . 99 1. 95 
* Max chl Dpth (ft) 2.13 * Hydr. Depth (ft) 0.52 1. 73 0 . 53 

Con v . Tot a 1 (cfs ) 4834.5 * conv . (cfs) 76 . 0 4580 . 3 178.2 
* Length Wtd. (ft ) 353 . 85 wetted Per. (ft) 9.19 43.53 19 . 91 
• Min ch El (ft) • 2293.00 ,, shear (lb/ sq ft) 0.42 1.41 0.43 
• Alpha . 1.24 'lr Stream Power (lb/ ft s ) 0. 78 9.88 0.84 . Frctn Loss (ft) • 4.35 .. Cum Volume (ac re-ft) 7. 44 13 . 96 6 . 18 

c & E Loss (ft) . 0 . 07 * Cum SA (acres) . 6.14 8.98 6 . 20 
******** ****************** ******************** *********** ******************* ******************* 

warn i ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may i ndicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, t he calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 

CROSS SECTION OUTPUT 

RS: 2 . 592 

Profile #FLOODPLAIN 
********* *** ********** ******************************* ****************** ************************ 
* E. G. Elev (ft) . 2291.89 " Element Left OB . channel . Right OB * 
* vel Head (ft) 0.48 * Wt. n-Val. 0 . 060 0.035 0.057 

w.s. Elev (ft) * 2291.41 .. Reach Len. ( ft) 119.02 151.06 183 . 93 
1: crit w.s. (ft) * Flow Area (sq ft) 4.52 145.30 129.78 
* E. G. Slope (ft/ ft) *0.006591 ,·r Area (s~ ft) 4.52 145.30 129.78 
* Q Tot a 1 (cfs) . 1322.00 Flow (c s) 5.39 919.90 396. 71 

* ~~~ *~~~~ (ft) 142.08 '' Top width (ft) * 9.87 58 .16 74.04 
(ft/ s) 4.73 * Avg. Vel. (ft/ s) • 1.19 6 . 33 3.06 

1' Max Chl Dpth (ft) 3. 45 ,., Hydr. Depth (ft) 0.46 2.50 1. 75 ,, Conv . Total (cfs) 16283 . 2 " conv . (cfs ) 66.3 . 11330.6 4886.3 ,, Length Wtd. (ft) 154.80 ,'r Wetted Per. (ft) 9.92 58 . 37 74.77 
* Min Ch El (ft) .. 2287.96 . Shear (lb/ sq ft) 0.19 1. 02 0 . 71 

Alpha 1. 37 :'r Stream Power (lb/ ft s) * 0.22 6 . 48 2.18 
* Frctn LOSS (ft) 1. 32 .. Cum Volume ( acre-ft) 13.16 18 . 86 11.44 ,, c & E Loss (ft) 0.09 . cum SA (acres) 7 . 96 8 . 64 8.06 
* * ***** ******* * ****** **** * *** **** * * ********** *** * ************ * * * * *** * ****~**********~ **** * * * *** 

Warning : The velocity head has changed by more than 0.5 ft (0 .15 m) . This may indicate the need for additional cross sections . 
warning : The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 
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need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*** ********* ********************************************* ************************************** 
• E. G. El ev (ft ) * 2292 . 76 • Element Left OB * channe 1 
* Ve l Head (ft) * 0.97 * Wt . n-val. 0.035 
• W.S . Elev (ft) * 2291. 79 • Reach Len. (ft) 119.02 151.06 
• Crit w.s. (ft) • 2291.43 * Flow Area (sq ft) 167 . 00 
• E.G. slope (ft/ft) *0 . 009156 • Area (sq ft) 167 .00 
• Q Tota 1 ( cfs) • 1322.00 Flow (cfs) • 1322 . 00 
• Top width ( fft) 58.16 • Top Width (ft) 58.16 : 

Vel Total ( t / s) 7 .92 * AVg. Vel . (ft/s) 7.92 
*Max chl Dpth (ft) 3.82 • Hydr. Depth (ft) 2.87 

Conv. Tota 1 (cfs) • 13816.0 • Conv. (cfs) '' 13816.0 * 
Length Wtd. (ft) 151.06 • Wetted Per. ( ft) 61.39 

• Minch El ( ft) • 2287 .96 • shea r (lb/sq ft) 1.55 

Right OB * 
• 

183.93 

• Alpha 1.00 • stream Power (lb/ ft s) * 12.31 
• Frctn Loss (ft) 1.68 • Cum v olume (acre-ft) • 2.86 21.55 3.93 
• c & E Loss (ft) 0.07 • cum SA (acres) * 1.15 8.64 1 .79 
*********************************************************************************************** 

warning: The velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indica te 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profi 1 e #50-YEAR 
*********************************************************************************************** 
• E.G. Elev (ft) . 2291.59 . Element Left OB . channel . Right OB * 
• Vel Head (ft) 0 . 48 * Wt. n-Val . 0.060 0.035 0.057 

* w.s. Elev (ft) * 2291.12 * Reach Len . (ft) ~r 119.02 * 151.06 * 183.93 * . Crit w.s. (ft) . Flow Area (sq ft) ,., 2.22 128.11 107 . 97 . E.G. slope (ft/ft ) *0 . 007676 * Area (s ~ ft) 2.22 * 128.11 107 . 97 
* Q Total (cfs) 1124.00 . Flow (c s) . 2.36 • 804.73 316 . 91 

. 0~~ ~~~~~ (ft) 138. OS • Top width (ft) • 6.43 58.16 73.46 
(ft/s) 4.72 • Avg. Vel. (ft / s) 1.06 6 . 28 2.94 

• Max c hl Dpth (ft) 3.16 . Hydr. Depth (ft) • 0.35 2.20 1. 47 
* Conv. Total (cfs) . 12829.3 . conv . (cfs) 26 . 9 9185 . 2 3617 . 2 . Length Wtd . (ft) 154 . 62 * Wetted Per. (ft) 6.46 • 58.37 74.12 
• Min ch El (ft) 2287.96 . shea r (lb/ sq ft) 0.16 • 1.05 0.70 
• Alpha 1. 38 . Stream Power (lb/ ft s) . 0.17 * 6.61 2.05 

Frctn Loss (ft) 1.47 • cum volume (acre-ft) 11.39 * 17.33 9.81 
• cum SA 

,, 7.46 8 . 62 • 7 .70 C & E Loss ( ft) 0 . 08 (acres) 
***************************************** ************************************** **************** 

warning : The velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
• E. G. Elev (ft) * 2290.92 • Element Left OB • Channel • Right OB • 
• Vel Head (ft) 0.47 • Wt. n-val. 0.000 0.035 0.057 
• w.s. Elev (ft) • 2290.45 • Reach Len . (ft) 119.02 151.06 183.93 
• crit w.s . (ft) * 2290.30 • Flow Area (sq ft ) 0.00 89.30 59.40 
• E.G . Slope (ft / ft ) *0.011668 • Area (sq ft) 0.00 89 . 30 59.40 
• Q Total (cfs) 690.00 Flow (cfs) 0.00 543.75 146.25 
• Top width (ft) 130.49 • Top width (ft) 0 . 18 58.16 72.15 

Vel Total (ft / s) 4.64 • Avg . vel. (ft/ s) 0 . 12 6.09 2.46 
* Max Chl Dpth (ft) 2.49 * Hydr . Depth (ft ) 0.01 1 .54 0.82 
" Conv. Total (cfs) 6387.7 " Conv. (cfs) 0.0 5033.8 1353.9 
• Length Wtd . (ft) 153 . 70 Wetted Per. (ft) 0.18 58.37 72.64 
* Min ch El (ft ) 2287.96 Shear (lb / sq ft) 1 . 11 0.60 
• Alpha 1.42 * Stream Power (lb/ft s) * 6.79 1.47 
• Frctn Loss (ft) 1.92 • Cum Vo lume (acre-ft) 7.42 13 .31 5 . 85 
* C & E Loss (ft) 0 . 05 * Cum SA (acres) 6.11 * 8.58 5.77 
************* **************************************************************** ** **************** 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2.563 

CROSS SECTION OUTPUT Profile #FLOODP LAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2290 . 48 * Element * Left OB * Channel * Right OB * 
• vel Head (ft) 1.40 • Wt . n-Val. 0.057 0.035 * 0.057 * 
• w.s. Elev (ft) • 2289.08 * Reach Len. (ft) 403.13 354.16 306.31 
* crit w.s. (ft) • 2289.08 • Flow Area (sq ft) 31.30 118.29 7.88 
• E.G. slope (ft/ ft ) *0.011455 • Area (sq ft) 31.30 118 .29 7.88 
• Q Total (cfs) • 1322 . 00 Flow (cfs) 118.67 1177 .98 25 . 35 
• Top width (ft) 61.59 • Top width (ft) 19.49 36.35 5.75 : 

Vel Total (ft / s) 8 . 40 • AVg . Ve l . (ft/s) 3.79 9.96 3.22 
*Max Chl Dpth (ft) 3.33 * Hydr. Depth (ft) 1.61 3.25 1.37 
• Conv. Total (cfs) • 12351 . 8 • Conv. (cfs) 1108 . 7 • 11006.2 236.9 
• Length Wtd . (ft) 354 . 17 '' Wetted Per. (ft) 19.76 36.46 6.37 
* Min ch El (ft) • 2285.75 • shear (lb/sq ft) 1.13 2.32 0.88 
• Alpha 1.27 • Stream Power ( lb / ft s) 4.30 23.10 • 2.85 
• Frctn Loss (ft) 3 . 49 * cum Volume (acre-ft) 13 .11 18.40 • 11.15 
• c & E Loss (ft) 0.01 • cum SA (acres) 7.92 8 . 47 7.89 
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**************************************************** ******************************************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*********************************************************************************************** . E.G. Elev (ft) • 2291.01 * Eleme nt Left OB * channel * Right OB * 
• Vel Head (ft) 1.66 * Wt. n-val. 0.035 
* w.s. Elev ( ft ) . 2289.34 . Reach Len. (ft) 403.13 354 .16 306 . 31 

Crit w.s. (ft) . 2289 .2 9 * Flow Area (sq ft) 127.83 
E.G. slope (ft/ft) •o. 013877 • Area (s~ ft) 127.83 

• Q Total (cfs) • 1322.00 Flow (c s) • 1322 . 00 

. 0~~ ~~~~~ (ft) 36.35 * Top Width (ft ) 36.35 
(ft/s) . 10.34 Avg. Vel. (ft/ s) 10.34 . . 

Max chl Dpth (ft) • 3.59 Hydr. Depth (ft) 3. 52 • • 
* Conv. Total (cfs) • 11222.5 * Conv . (cfs) . • 11222.5 . 
* Length Wtd. (ft) 353.91 Wetted Per. (ft) * 42.99 . • 
• Min ch El ( ft ) • 2285.75 shear (1 b/ sq ft) 2.58 • 

Alpha 1.00 . Stream Power ( lb/ ft s) * 26.64 . . . F r ctn Loss (ft:) 4.50 * Cum Vo lume (acre-ft) * 2.86 21.04 • 3.93 • • c & E Loss (ft ) 0.03 • cum SA (acres) 1.15 8.47 l.. 79 
*********************************************************************************************** 

warning: The cross section had to be extended vertically during the critical depth calculations. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: The parabolic search met hod failed to converge on critical depth. The program wi ll try the cross section slice/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) * 2290.04 * Eleme nt Left OB * Channel • Right OB • 
• vel Head (ft) • 1.29 * Wt. n-Val. 0 . 057 0.035 0.057 

w.s. Elev ( ft ) • 2288.76 * Reach Len. (ft) 403.13 354.16 306.31 
* Cri t W. S. (ft) • 2288.76 * Flow Area (sq ft) 25.28 106.42 6.12 * 

E.G. slope (ft/ ft) *0.012060 * Area (sq ft ) 25 .28 106 . 42 6 . 12 * 
Q Total (cfs) • 1124.00 Flow (cfs) 92.14 * 1013 .32 18 . 55 
Top Width (ft ) 58.77 * Top Width (ft) 17.35 36.35 5.07 
vel Total ( ft / s) 8.16 * Avg. vel. (ft/ s) 3.64 9.52 3.03 

*Max chl Dpth (ft ) 3 . 01 * Hydr . Depth (ft) 1.46 2.93 1.21 
* Conv. Total (cfs) * 10235 . 1 * Conv. (cfs) 839 . 0 9227.2 168.9 

Length Wtd . (ft) 354.37 '' Wetted Per . (ft) 17.60 36.46 5.61 
• MinCh El (ft ) • 2285.75 * Shear ( lb/ sq ft) 1.08 2.20 0.82 
• Alpha 1.25 '' stream Power (lb/ft s) • 3 . 94 20 . 92 2.49 
* Frctn Loss (ft) 3 . 59 '' cum Vo lume (acre-ft) 11.36 16 .93 9.57 
* C & E Loss (ft) 0.01 * Cum SA (ac res ) 7.42 8.46 7.53 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10 - YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2288.95 '' Element Left OB * Channel * Right OB * 
• Vel Head (ft) 0.97 '' Wt. n-Val. 0 . 057 0.035 • 0.057 
• w.s. Elev (ft ) • 2287 . 98 Reach Len. (ft) 403 . 13 354 . 16 * 306 . 31 
* crit w.s. (ft) • 2287.98 Flow Area (sq ft) 13.69 78. 18 2.81 
* E. G. slope (ft/ft) *0 . 013438 * Area (s q ft) 13.69 78.18 * 2 . 81 

Q Total (cfs) 690 . 00 Flow (cfs) 43.25 * 639 . 80 * 6 . 95 
• Top width (ft) 52.41 '' Top width (ft) 12.63 36.35 3.44 

vel Total (ft/ s) 7.29 • Avg. Vel. (ft/s) 3.16 8 . 18 2.47 
*Max chl Dpth (ft) 2.23 • Hydr . Depth (ft) 1 . 08 2 . 15 0.82 

Conv. Total (cfs) 5952.2 • Conv. (cfs) 373 . 1 5519.1 60.0 
Length Wtd. (ft) 355.01 • Wetted Per. (ft) 12.81 36.46 3.81 
MinCh El (ft) * 2285.75 * Shear ( lb/ sq ft) 0.90 1.80 0.62 

• Alpha 1.18 ,., stream Power (lb/ ft s) • 2 . 83 14 . 72 1.53 
* Frctn Loss ( ft) 4.11 * cum volume (acre-ft ) 7.40 13 .02 * 5.72 
* C & E Loss (ft) 0.01 * Cum SA (acres) 6.09 8.42 * 5.61 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface a nd continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2.496 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 

WKB1.rep 

*********************************************************************************************** 
* E.G . Elev (ft) * 2285 . 77 * Element Left OB * Channel * Right OB * 
* vel Head (ft) 1.37 * Wt. n-Val. 0 . 057 0.033 • 0.057 
• w.s. Elev (ft) • 2284.40 * Reach Len. (ft) 321.65 335.45 333.37 * 
* crit w.s. (ft ) * 2284.40 • Flow Area (sq ft) 14 . 35 112.32 * 48.44 * 
* E.G. slope (ft/ ft) *0 .008554 * Area (sq ft) * 14 . 35 112.32 • 48 . 44 • 
• Q Total (cfs) * 1322.00 * Flow (cfs) '' 46. 55 * 1132.01 143.45 
• Top width (ft) 73.65 • Top Width (ft) 8.56 29 . 62 35.47 

Vel Total (ft/ s) 7 .55 * Avg. Vel. (ft/ s) 3.24 10 . 08 2.96 
• Max chl Dpth (ft) 4.14 • Hydr . Depth (ft) 1.68 3. 79 1 . 37 
* Conv. Total (cfs) * 14293.7 • Conv . (cfs) 503.3 • 12239 . 5 1551 . 0 
* Length Wtd . (ft) 330.94 • Wetted Per. (ft) 9.19 29.83 35.58 
*Minch El (ft) * 2280.26 * Shea r (lb/ sq ft) 0.83 2.01 0.73 
• Alpha 1.55 * stream Power (lb/ ft s) '' 2 . 70 20.26 2 . 15 
• Frctn Loss (ft) 2.70 * cum Volume (acre-ft) 12.90 17.47 10 . 95 
* c & E Loss (ft) • 0.27 • cum SA (acres) 7. 79 8.20 7 . 74 
*********************************************************************************************** 

warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 

Warning: 
Warning: 
the 

velocity head has changed by more than 0 . 5 ft (0 .15 m). This may indicate the need for additional cross sections. 
energy Joss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may i ndicate 

need for additional cross sections . 
warning: During the standa rd step i terations, when the assumed water s urface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 

* E.G. Elev (ft) • 2286.48 . Element Left OB * Channel * Right OB * 
• vel Head (ft) 1. 93 * Wt. n-val. 0.033 0.057 
* W.S. Elev (ft) . 2284.54 . Reach Len. (ft) 321.65 335 . 45 333 . 37 
* crit w.s . (ft) • 2284.54 • Flow Area (sq ft) 116 . 64 4 . 73 
* E.G. slope (ft/ ft) *0.011673 * Area (s~ ft) 116.64 4 . 73 
* Q Total (cfs) • 1322.00 . Flow (c s) • 1308.07 13 . 93 . 
* ~~~ *~~~~ (ft ) 31.28 * Top wi dth (ft) 29.62 1.66 * 

(ft/ s) 10.89 * Avg . Vel . (ft/ s) 11 . 21 2 . 94 
Max chl Dpth (ft) 4.28 • Hydr . Depth (ft) . 3 . 94 2.85 . 

* Conv. Total (cfs) * 12236.1 * conv . (cfs) * 12107.2 129.0 * 
• Length Wtd. (ft) 334 . 21 * Wetted Per . (ft) 33.33 4.43 
* Min Ch El (ft) 2280.26 shear ( lb/ sq ft) 2 . 55 0.78 • 
* Alpha 1.05 Stream Power (lb/ ft s) 28.60 2 . 29 
* Frctn Loss (ft) 3.95 * Cum Volume (ac re-ft ) 2.86 20 . 04 3.91 
* C & E Loss (ft) 0.06 * cum SA (acres) 1.15 8 . 20 1. 79 
** ********************************************************************************************* 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations . 

Warning: 
Warning: 
the 

cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross sectio n. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to cri ti ca 1 depth ', the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Warning: The parabolic searc h method failed to converge on critical depth. The program wil l try the cross sect ion slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
**************************************************** ****************************** ************* 
* E.G. Elev (ft) * 2285.35 . Element . Left OB * channel * Right OB * 
• vel Head (ft) * 1. 26 '' Wt. n-Val. • 0.057 0.033 .057 
* W.S. Elev (ft) 2284.09 * Reach Len. (ft) 321.65 335.45 333.37 
* Crit w.s . (ft) 2284 . 09 * Flow Area (sq ft) • 11.79 103.05 37.90 * 

E.G . slope (ft/ ft ) *0.008637 * Area (s~ ft) 11 . 79 103 . 05 37 . 90 
• Q Total (cfs) • 1124.00 Flow (c s) 36.00 985.45 102 . 55 * 
* ~~~ *~~~~ (ft) 69.39 * Top Widt h (ft) 7. 77 29.62 32 . 00 

(ft/ s) 7. 36 * Avg. Vel . (ft/ s) 3.05 9. 56 2. 71 
* Max chl Dpth (ft) 3.83 * Hydr. Depth (ft) 1. 52 3.48 1.18 
* conv. Total (cfs) * 12094.6 * Conv . (cfs) 387.4 • 10603.7 1103.5 
* Length Wtd. (ft) 331.03 * Wetted Per . (ft) 8 . 34 29.83 32.11 
* Min Ch El (ft) . 2280.26 . Shear ( lb /sq ft) 0.76 1.86 0.64 
* Alpha 1. so * Stream Power (lb/ ft s) 2. 33 17.81 1.72 
* Frctn Loss (ft) 2.84 * cum Vol ume (ac re-ft) 11 . 18 16.07 9.41 
* c & E Loss (ft) 0 . 24 * Cum SA (acres) 7. 31 8.19 7.40 
*********************************************************************************************** 

Warni ng: 

warning: 
Warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 
velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth. 
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CROSS SECTION OUTPUT Profile #10-YEAR 
***********************~*************************************** ***** * * ***** ******************** 

: e~~·H~!dv(~i5 ) * 
228i:6~ : ~i~m~~0al. L6:65?

8 
* C8~8~3l * Ri0~65?8 * 

• W.S. Elev (ft) * 2283.18 • Reach Len. (ft) 321.65 335.45 * 333 . 37 
* Crit W.S. (ft) * 2283.18 * Flow Area ( sq ft) 5 . 83 76.36 * 13.94 
* E.G . Sl ope (ft / ft ) *0 . 010095 * Area (sq ft) 5.83 76.36 * 13.94 
* Q Total (cfs) 690 . 00 Flow ( cfs) 15.21 646.45 28 .34 
* Top width (ft ) 55.42 * Top Width (ft) 5.46 29 . 62 20 . 34 : 

vel Total (ft / s ) 7.18 • Avg. Vel. (ft/ s) 2.61 8 . 47 * 2.03 
* Max Chl Dpth (ft ) 2.92 * Hydr . Depth (ft) 1 . 07 2.58 * 0.69 
* Conv. Total (cfs ) 6867.5 * Conv. (cfs) * 151.4 6434.0 * 282. 0 
* Length Wtd. (ft ) * 331.35 * Wetted Per. (ft) * 5. 87 29 ,83 20.40 
• Min ch El (ft ) * 2280.26 • shea r (lb / sq ft) 0.63 1 . 61 0.43 
• Alpha 1.31 • Stream Power (lb/ft s) • 1.63 13.66 0.88 
* Frctn Loss (ft ) 3.45 * cum volume (acre-ft) 7.31 12 . 39 * 5 . 66 * 
* C & E LOSS (ft ) 0.19 * Cum SA (acres) 6.01 8.15 * 5 . 53 * 
************************************** ********************************************************* 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continu ed on with the calculations. 

Warning : 
Warning: 
the 

vel ocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previ ous cross secti on. This may indicate 

need for additional cross sections . 
warning : During the standard step i terations, when the assumed water surface was set: equal to criti cal depth , the calculated 

water s urface came back bel ow cri t ical depth. This indicates that there is not a valid subcri tical answer. Th e 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 

CROSS SECTION OUTPUT 

RS: 2.432 

Profile #FLOODPLAIN 
*********************************************************************** ************************ 

E.G . Elev (ft) • 2279' 88 . Element • Left 08 * Channel * Right 08 . 
* Vel Head (ft) 0.48 . Wt. n-val. 0.057 0.033 0 . 057 
* W.S . Elev ( ft:) • 2279.40 • Reach Len. (ft:) * 164 . 74 281.80 317' 21 

crit w. s. (ft) • Flow Area (sq ft) 210.44 61.52 19 . 59 
• E.G. slope (ft/ ft) *0.007801 • Area (s~ ft) 210.44 61.52 19.59 

Q Tot:a l (cfs) • 1322 . 00 Flow (c s) 787' 33 482 . 45 52 . 21 . ~~~ *~~~~ (ft:) 139' 15 * Top Width (ft) 101.42 22 . 19 15 . 53 
(ft: / s ) 4.53 * Avg. Vel. (ft/ s) 3.74 7.84 . 2 . 66 

• Max chl Dpt:h (ft:) 3 . 02 * Hydr . Depth (ft) 2.07 2 '77 • 1. 26 
* Conv. Total (cfs ) . 14967 . 4 * Conv . (cfs) 8914 . 0 5462.2 . 591.2 
• Length Wtd . (ft) 238 . 66 • Wetted Per. (ft) 101. 60 22.22 • 15.74 
• Min ch El (ft) . 2276.38 • shea r (lb/ sq ft) 1.01 1. 35 • 0 . 61 • 
• Alpha 1. 51 • Stream Power (lb/ ft s ) * 3. 77 10.57 1. 62 . Frctn Loss (ft) 1.99 * Cum Volume (ac re-ft) . 12 . 07 16.80 10.69 
• c & E Loss (ft:) 0.09 * Cum SA (acres) * 7.39 8.01 7' 55 
****************************** **************** ***************** ****** ******* ****** ******** **** * 

Warning: The velocity head has changed by more than 0.5 ft (0 . 15 m) , This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current: and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************** ************ 
* E. G. Elev (ft:) 2282 . 08 '!: Element: Left: 08 * channel . Right 08 * 
• Vel Head (ft) 1.72 fr Wt . n-Val . 0.057 0.033 • 0 . 057 
• w.s. Elev ( ft:) . 2280.36 ,, Reach Len . (ft:) 164.74 281.80 • 317.21 
• Crit: w. s . ( ft:) • 2280 . 36 • Flow Area (sq ft) 40.74 82.79 25.91 . E. G. slope (ft/ ft: ) *0 . 011973 • Area ( s~ ft: ) 40 . 74 82 . 79 . 25.91 
* Q Total Ccfs) . 1322.00 Flow (c s) 215.55 980.36 • 126.09 
* To~ Width (ft) 45 . 00 '' Top wi dt:h (ft) 13.23 22.19 9 . 58 

Ve Total (ft/ s) 8.85 '' Avg, vel , (ft/ s) 5.29 11.84 . 4 . 87 
* Max chl Dpth (ft: ) 3.98 . Hydr . Depth (ft) . 3 . 08 . 3.73 * 2 . 70 
* Conv . Tot: a l (cfs ) * 12081.7 * Conv . ( cfs) • 1969 . 9 * 8959.5 1152 ' 3 . Length Wtd. (ft) 267.59 • Wetted Per. (ft) 16 . 13 22 . 22 11.63 

Min Ch El (ft:) . 2276 . 38 ,, shear (l b/ sq ft:) 1.89 2.79 1.67 
Alpha 1.42 * stream Power (l b/ ft s) . 9.99 32.98 * 8 . 10 
Frctn Loss (ft:) 3 . 26 * Cum Volume ( acre-ft:) 2 '71 19.27 * 3.80 

* c & E Loss (ft) 0 . 02 * Cum SA (acres) 1.10 8.01 1. 74 
** ********************************************************************************************* 

warning: The energy equation could not: be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross s ections. 
warning: During the standard step iterations, when the assumed water surface was set: equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that: there is not a valid subcrit:ical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************** ************************************************************** *** *** * 
tc E.G. Elev (ft: ) • 2279 . 58 ,'r Element Left 08 • Channel * Right 08 

Vel Head (ft) 0.46 Wt. n-val. 0 . 057 0 . 033 . 0.057 . 
• w. s. El ev (ft:) • 2279.12 Reach Len. (ft) 164.74 281.80 * 317' 21 • 
' ' crit w.s. (ft) • Flow Area (sq ft) 182 . 36 55.28 15.47 
• E.G. slope (ft/ ft: ) *0.008522 • Area (sq ft:) 182.36 55 ' 28 15.47 
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WKBl. rep 
* Q Total ( cfs ) * 1124.00 * Flow (cfs) '' 662.24 421.90 * 39 . 85 
* Top Width (ft ) 134 .19 Top width (ft) 98.22 22 . 19 13.79 

vel Total ( ft / s) 4 . 44 Avg . Vel . · (ft/ s) 3.63 7 . 63 2 .58 * 
* Max chl Dpth (ft) * 2 . 74 * Hydr. Depth (ft) 1 . 86 2.49 1.12 
* Co nv. Total (cfs ) * 12175 . 9 • Conv. (cfs) 7173 . 9 4570 . 3 431.7 
* Length Wtd. (ft) 239 . 80 Wett ed Per . (ft) 98.38 22.22 13.97 • 
* Min ch El (ft) * 2276 . 38 * shea r (1 b/ sq ft) 0 . 99 1. 32 * 0. 59 * 
*Alpha 1.51 * Stream Power (lb/ ft s) 3.58 10 . 10 * 1 .52 
* Frctn Lo ss (ft ) 2.13 * Cum Volume (acre-ft) 10 . 47 15 . 46 9 . 21 
• c & E Loss ( f t) • 0 . 09 • cum SA (acres) 6.92 * 7. 99 7.2 3 
************* *********************************** *********************************************** 

warning : The ve locity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need f o r additi onal cross se cti ons. 
warning: The ene rgy loss was greater than 1 .0 ft (0 . 3 m). between the current and previ ous cross section. This may indi cate 
the 

need for additional cross section s . 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************************ ******************** *************************************** 
* E. G. Elev (ft) * 2278.87 . Element Left 08 . channel * Ri ght 08 * 
• Vel Head (ft) 0.41 • Wt. n-val . 0 . 057 0 . 033 0.0 57 
* W.S . Elev ( ft ) * 22 78.46 . Reac h Len. (ft) 164.74 281.80 317. 21 * 

crit w. s . (ft ) * * Flow Area (sq ft) 119.90 40.65 7. 72 * 
E.G . slope (ft / ft ) *0.010756 Area ( s~ ft) 119 . 90 40.65 7 . 72 

* Q Total (c f s) 690 . 00 Flow (c s ) 388 . 32 283 . 94 17 . 74 

* ~~~ *~~~~ (ft ) 123.24 • Top width (ft ) 91.33 22. 19 9 .72 
(ft / s ) 4.10 • Avg. Vel . (ft/s ) 3 . 24 6 . 99 2 . 30 * 

* Max Chl Dpth (ft ) 2 .08 * Hydr. Depth (ft) 1.31 1.83 0 . 79 * 
* conv . Tota 1 (cfs ) 66 53 . 1 * conv . (cfs ) 3744.2 2737.8 171. 0 
* Length Wtd . (ft ) 243 . 20 * Wetted Per. (ft) 91.46 22. 22 9 . 86 
• Min ch El ( ft ) * 2276 . 38 • shea r ( l b/ sq ft) 0.88 1.23 0. 53 * 
* Alpha 1. 55 . Stream Power (lb/ ft s) ,, 2.85 8 . 58 1. 21 . Frctn Lo ss (ft ) 2.61 • cum volume (acre-ft) 6 . 85 11 . 94 5.58 

* 5.65 7.95 5 . 42 * C & E Loss (ft) 0 . 07 cum SA (acres) 
*********** ************************************************************************************ 

warning: The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections . 
Warning : The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2.379 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************** ************** ************************************************** ** **** ******* 
* E.G. El ev (ft ) * 2277 . 81 * Element Left 08 • channe l . Right 08 * 
• Vel Head (ft) 1.43 * Wt . n-val . 0 . 057 0 . 033 0.057 
* w.s. Elev (ft) * 2276.38 * Reac h Len . (ft) 331.81 311.94 290 . 99 
* crit w.s. (ft) • 2276.38 . Fl ow Area (sq ft) 61.44 100 . 35 14 . 04 . E.G . Slope (ft/ ft ) *0 . 008899 * Area (s~ ft) 61.44 100 . 35 14.04 
* Q Total (cfs) * 1322.00 Flow (c s) 216 . 25 * 1061.29 44 . 45 

* ~~~ *~~~~ (ft) 70 . 16 * Top Width (ft) 35.67 25.39 • 9.11 
(ft / s) 7 .52 * Avg. Vel . (ft/ s) 3.52 10.58 3. 17 

* Max Chl Dpth (ft) 4.05 Hydr . Depth (ft) * 1.72 3 . 95 1. 54 . Conv . Total (cfs) 14013.8 * conv . (cfs) 2292.4 • 11250.2 471.2 
* Length Wtd . (ft) 313 . 07 * Wett ed Per. (ft) 35.88 25 . 54 9.6]. 
* Min Ch El (ft) * 2272 . 33 . shea r (lb/ sq ft) . 0.95 2 .18 0 . 81 
* Alpha 1. 63 Stream Power (lb/ ft s) * 3.35 23.08 2.57 

* Frctn Loss (ft) 3 . 00 * cum volume (acre- ft ) 11 . 55 16 . 27 10.57 
7.13 7.85 . 7.46 * c & E Loss (ft) 0 . 02 * cum SA (acres) 

********* **** *** ****** *** **************************************** **** ****************** ******** 

warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning : The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cros s sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

wate r surface came back below cri t ical depth. This indicates that the r e is not a valid subcritical answer. The 
program 

defaulted to c r itical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*** *********************** ***************************************** ********** ****************** 

E. G. Elev (ft) * 2278 . 34 Element Left 08 • channe l * Right 08 * 
vel Head (ft) 1.92 Wt . n- val . 0.057 0.033 

* w.s. Elev (ft) 2276 . 42 * Reach Len . (ft) 331.81 311.94 290.99 
* crit w. s . (ft) 2276 . 42 • Flow Area (sq ft) 27.08 101. 35 
* E. G. slope (ft/ ft ) *0.012378 • Area ( s~ ft) 27 . 08 101. 35 

* Q Total (cfs) • 1322.00 Flow (c s) 143. 51 • 1178.49 
To~ Width (ft) 33 . 45 * Top Width (ft) 8.06 * 25.39 
ve Total (ft/ s) 10.29 '' Avg . Vel. (ft/ s) 5 . 30 • 11.63 . 

• Max ch l Dpth (ft) 4.09 • Hydr . Depth (ft) 3 . 36 3.99 * 
* conv . Total (cfs) * 11882.3 <~r Con v . (cfs) 1289 . 9 * 10592 . 4 * 
• Length Wtd . (ft) 312.90 '' Wetted Per . (ft) 10.96 28 . 66 • 
* Min ch El (ft) • 2272.33 * shear (lb/ sq ft) . 1.91 2.73 
* Al pha 1.17 '' Stream Power (1 b/ ft s ) * 10 . 12 31.78 
* Frctn Loss (ft) 3.53 '' cum Vo 1 ume ( acre-ft) 2.58 18 . 68 3. 70 . 1.06 7 . 85 1. 71 c & E Los s (ft) 0.04 <~r Cum SA (acres) 
************ ************* ****************************************************************** **** 

warni ng : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 
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WKBl.rep 
Warning: The cross section had to be extended vertically during t he critical depth calculations . 
warning : The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross secti9ns. 
warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 
warning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2277 . 36 * Element Left OB * Channel • Right OB 
* Vel Head (ft) 1.34 • Wt. n-val. 0.057 0.033 0.057 
* w.s. Elev (ft) * 2276.02 • Reach Len. (ft ) 331.81 311.94 • 290.99 * 
* Crit w.s . ( ft) • 2276 . 02 • Flow Area (sq ft) 49.35 91.22 * 10.96 * 
* E.G. slope (ft/ ft ) *0.009293 Area (s q ft) 49.35 91.22 10.96 
* Q Total (cfs) • 1124 . 00 Flow (cfs) * 166.27 925.10 32.63 

Top Width (ft ) 0 65.02 * Top Width (ft) * 31 . 58 25.39 8.05 
Vel Total (ft/s) 7.42 • Avg . vel. (ft/s ) 3.37 10.14 2.98 

* Max Chl Dpth (ft) 3 . 69 * Hydr . Depth (ft) 1.56 3.59 1.36 
• Conv. Total (cfs) • 11659.7 • Conv . (cfs) 1724.8 9596.4 338.5 
* Length Wtd . (ft) 313.02 • Wetted Per. (ft) 31.79 25 . 54 8.49 
* Minch El (ft) * 2272.33 • shea r (lb/ sq ft) 0.90 2.07 0.75 
• Alpha 1.57 • stream Power ( lb / ft s) 3.03 21.01 • 2.23 
• Frctn Loss ( ft) 3. 13 • cum Volume (acre-ft) 10.03 14.99 • 9.11 
• c & E Loss (ft) 0.03 • cum SA (acres) 6.67 7.84 7.15 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
****************************** ********************** ******************************************* 
* E. G. Elev (ft) • 2276.18 • Element Left OB • Channel • Right OB * 
• Vel Head (ft) 1.10 * Wt. n-val . 0 . 057 0.033 0.057 
• w.s. Elev (ft) • 2275.09 * Reach Len. (ft) 331.81 311.94 290.99 
• Crit w.s. (ft) • 2275.09 * Flow Area (sq ft) 24 . 95 67.58 4.74 

E.G. slope (ft / ft ) *0 . 010731 • Area (sq ft ) 24 . 95 67.58 4.74 
* Q Total (cfs) 690.00 Flow (cfs) 75.58 602.94 11.48 

• 0~~ ~~~~~ ~ms) 5U~ :: !~~.w~~i~ ~ms) 2~:~~ 2 ~:§~ : u~ : 
• Max chl opth (ft) 2.76 • Hydr . Depth (ft) 1.20 2.66 0.90 
• Conv . Total (cfs) 6660.8 • Conv . (cfs) 729.6 5820 . 4 110 . 8 
• Length Wtd . (ft) 312.92 ''Wetted Per. (ft) 20.99 25 .54 5.59 
* Minch El (ft) • 2272.33 • shear (lb/ sq ft) 0.80 1.77 0.57 
• Alpha 1 .40 * Stream Power ( lb/ ft s) • 2.41 15.81 1 . 38 
• Frctn Loss (ft) 3 . 50 '' Cum Volume (acre-ft) 6.57 11.59 5.53 
* C & E Loss (ft ) 0 . 05 • Cum SA (acres) 5.44 7 . 80 5.36 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterat1ons , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cr1 t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCDVE WASH 
REACH: REACH #2 RS: 2 . 320 

CROSS SECTION OUTPUT Profile #FLOODP LAIN 
*********************************************************************************************** . E.G. El ev (ft) • 2273.08 • Element Left DB * channel * Right DB * 
* Vel Head (ft) 1. 35 * Wt . n-val. 0 . 057 0.033 0.057 

w.s. Elev (ft) * 2271.73 ~·· Reach Len . (ft ) 329.37 310.98 280.86 
11 Crit w.s. (ft) . 2271.73 Flow Area (sq ft) 26.15 109. 56 . 31.65 . 
* E.G . slope (ft/ft) *0.010335 * Area (s~ ft) 26.15 109. 56 • 31.65 • 
• Q Total (cfs) . 1322.00 . Flow (c s) 103 .25 • 1103 .19 115.56 
• To~ width (ft) • 66 . 86 • Top width (ft) 13.94 33 . 56 19 .35 

Ve Total (ft / s) 7.90 '' Avg . Vel. (ft/ s) 3.95 10 . 07 3.65 
'' Max Chl Dpth (ft) 3.50 . Hydr. Depth (ft) 1. 88 3. 26 1.64 
1
' conv . Total (cfs) • 13003.8 1• Conv. (cfs) 1015.6 • 10851. 5 1136.7 

Length Wtd . (ft) . 310.23 '' Wetted Per. (ft) 14 . 39 33.58 19.57 
Min ch El (ft) • 2268.23 * shear ( lb/ sq ft) 1.17 2.11 . 1.04 . 

• Alpha 1. 39 • Stream Power (lb / ft s) 4 . 63 21.20 • 3.81 • ,, Frctn Loss (ft) 3.10 • cum Volume (acre-ft) 11.22 15.52 10.42 
11 C & E LOSS (ft) 0.03 ... cum SA (acres) 6.94 7.64 7. 36 
*********************** ****************************************** ************ ************ ****** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Page 36 



• 

• 

• 

WKB1.rep 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step 1terations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***********~********************************************************************** ** *********** . E.G. Elev (ft) . 2273.86 . Element Left OB ,, channel Right OB * 
• vel Head (ft) • 1. 78 * Wt. n-val. * 0.057 0.033 0.057 
* w.s. Elev (ft) . 2272.08 . Reach Len. (ft) * 329 . 37 310.98 280.86 . Crit w.s . (ft) . 2272.08 . Flow Area (sq ft) * 0.40 121.28 5.18 
* E.G. Slope (ft/ ft) •a. o1o33s * Area (s~ ft) 0.40 121.28 5.18 
• Q Total (cfs) . 1322.00 Flow (c s) 0.24 . 1307.04 14 . 72 . ~~~ *~~~~ (ft) 35.39 . Top Width (ft) 0.11 33.56 1.72 

Cft /s) . 10.42 . Avg . Ve l. (ft/s) 0.60 10 . 78 2.84 
* Max chl opth Cft) • 3.85 . Hydr . Depth (ft) 3.65 3.61 3.01 . Conv. Total (cfs) . 13002.3 . conv . (cfs) 2.4 * 12855.2 144 . 8 
• Length Wtd. (ft) 310.63 • Wetted Per . (ft) • 3.76 33.58 4.67 
* Min Ch El (ft) . 2268.23 . shear ( l b/ sq ft) 0.07 . 2.33 0.72 
• Alpha • 1.06 • stream Power ( l b/ ft s ) * 0.04 * 25.12 2 .03 . Frctn Loss (ft) 3.05 cum Volume (acre-ft) 2.48 17 . 88 3.68 . C & E Loss (ft) 0.06 . Cum SA (acres) 1. 03 7.64 1. 70 
*********************************************************************************************** 

Warning: The 
for 
The 
The 

energy equation cou l d not be bal anced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 

warning : 
Warning: 
the 

cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cr1tical depth. This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to critical depth . 
warning: The parabolic search method failed to converge on critical depth . The program will try the cross section s lice / secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
***************~**********~···········~·~··~······~····~·········~~··~·······~··~········~····· . E.G. Elev (ft) • 2272.66 • Element Left OB * channel • Ri5~65~B 

. 
Vel Head (ft) 1.25 * Wt. n-Val. 0.057 0.033 * 
w.s. Elev (ft) 2271.42 ,, Reach Len . (ft) 329 . 37 310.98 280.86 

* Crit w.s. (ft) 2271.42 ,, Flow Area (sq ft) 21.96 99.04 25.82 
* E.G. slope (ft/ ft ) *0.010768 <1• Area (s~ ft) 21.96 99.04 25 . 82 
• Q Total (cfs) • 1124.00 Flow (c s) 83.43 951.81 * 88 . 76 . ~~~ *~~~~ (ft ) 64.21 • Top width (ft) 12.80 33.56 * 17 .85 

(ft / s) 7.66 * Avg . Vel. (ft/ s) 3.80 9.61 3.44 
• Max chl Dpth (ft) 3 .19 * Hydr . Depth (ft) 1.72 2 . 95 1. 45 

Conv. Total (cfs) . 10831. 5 t, Conv. (cfs) 803.9 9172.2 855 . 3 
Length Wtd. (ft) 310.40 '' Wetted Per . (ft ) 13.20 33.58 18.03 
Min ch El (ft) * 2268.23 • shear ( lb/ sq ft) 1.12 1.98 0.96 

• Alpha 1. 37 '' stream Power (l b/ft s) 4.25 19.06 3.31 . Frctn Loss (ft) 3.20 . Cum Vo lume (acre-ft) 9.76 14.31 8.99 
• c & E Loss (ft ) 0.02 • cum SA (acres) 6.50 7.63 7 . 06 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for addi tional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
******************* **************************************************************************** 
* E.G. Elev (ft) * 2271.61 Eleme nt Left 08 * Channel * Right OB * 
* Vel Head (ft) 0.94 Wt. n-Val. 0.057 0.033 * 0.057 
• W.S. Elev (ft) • 2270 .67 * Reach Len. (ft) 329.37 310.98 * 280 . 86 
'' Crit w.s . (ft) • 2270.67 '' Flow Area (sq ft) * 13.39 73.88 13 . 80 
• E.G. slope ( ft / ft ) *0.011652 *Area (sq ft) * 13.39 73.88 13.80 

Q Total (cfs) 690.00 Flow (cfs) 44.69 607.48 37.83 
* Top Width (ft ) 57.86 * Top Width (ft) 10.07 33 . 56 14.24 

Vel Total (ft / s) 6.83 • Avg . Vel. (ft/ s) 3.34 8.22 2.74 
• Max chl Dpth (ft) 2.44 • Hydr. Depth (ft) 1.33 2.20 0.97 
'' conv . Total (cfs) 6392.2 • conv. (cfs) 414.0 5627.7 350.5 
'' Length Wtd . (ft) 310.84 '' Wetted Per. (ft) 10. 37 33 . 58 14. 34 

MinCh El (ft) * 2268.23 * Shear (lb/sq ft) * 0.94 1.60 0.70 
t: Alpha 1.30 * Stream Power (lb/ ft s) * 3.14 13.16 1.92 
• Frctn Loss (ft) 3.65 * cum vo lume (acre-ft) 6.43 11 . 08 5.47 
'' c & E Loss (ft) 0.02 '' Cum SA (acres) 5. 32 7.58 5 . 30 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
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CROSS SECTI ON 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 

CROSS SECTI ON OUTPUT 

WK81 , rep 

RS: 2.261 

Profile #FLOODPLAIN 
**6***************************************************************************** *************** . E.G. Elev (ft) ,, 2268 .16 Element Left 08 . Channel . Right 08 * 
• Vel Head (ft) 1.62 Wt. n-val. 0.057 • 0.033 • 0.0 57 . 
• w. s. Elev ( ft ) . 2266.54 . Reach Len. (ft) * 300.38 305.66 • 292 .49 • 
* c rit w.s . (ft ) • 2266' 54 * Flow Area (sq ft) ~~ 9.12 120 . 77 13.11 . E. G. Slope (ft/ ft ) *0 . 009684 • Area (s~ ft) 9.12 120.77 13.11 
• Q Total (cfs) * 1322 . 00 Flow (c s) 29.74 • 1260.57 31.69 . ~~~ ~~~~~ (ft ) 52 . 56 * Top Width (ft) 5. 39 . 32.98 . 14.19 

( ft /s ) 9.24 • Avg. Vel. (ft/ s) 3.26 • 10.44 • 2 . 42 
• Max chl Dpth (ft ) 4.30 • Hydr . Depth (ft) 1.69 3.66 0.92 
* Conv . Total (cfs ) • 13434. 2 . conv. (cfs) 302 . 2 * 12809.9 322.1 
• Length Wtd. (ft ) 305.27 • Wetted Per. (ft) ,, 6. 36 33 . 41 14 . 32 
• Min ch El ( ft ) * 2262.24 . shear (lb/ sq ft) 0 . 87 2 . 19 0. 55 

Alpha . 1.22 Stream Power ( lb / ft s) . 2 . 83 22.81 1. 34 
Frctn Los s (ft ) • 3 . 06 cum Volume (acre-ft) 11.09 14. 70 10 . 27 

• c & E Loss (ft ) 0 . 07 * Cum SA (acres ) 6.87 . 7 . 40 7. 26 
******************************************** ************ **** ******* **************************** 

wa rning : The energy equat i on could not be balanced within the specified number of iterations. The program used critical dep t h 
for the water surface and continued on with the calculations. 

warning: The energy loss was greate r than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************** ************************ 
* E.G . Elev (ft) * 2268.15 * Element Left OB * Channel * Right OB * 
* Vel Head (ft) 1.58 • Wt . n-Val. 0.057 0 . 033 0 . 057 
• w.s. El ev ( ft ) • 22 66.57 * Reach Len. (ft) 300.38 305 . 66 292.49 
• Crit w.s . (ft ) • 2266 . 57 * Flow Area (sq ft) 8.97 121.85 12 . 71 
• E.G. Slope (ft/ ft ) *0.009351 Area (sq ft ) 8 . 97 121.85 12.71 
• Q Total (cfs) • 1322.00 Flow (cfs) 30.02 • 1257.07 34 . 90 
* Top width (ft) 48.00 Top width (ft) 4 . 42 32.98 10.60 

Vel Total (ft/ s) 9.21 * Avg. Vel. (ft/ s) 3 . 35 10 . 32 2.75 
• Max chl Dpth (ft ) 4.33 * Hydr. Depth (ft) 2. 03 3. 69 1.20 
• Conv . Total (cfs ) 13671 . 2 Conv. ( cfs) 310.5 * 12999.8 360 . 9 
• Length Wtd . (ft ) 305 . 43 Wetted Per . (ft) 5. 86 33 . 41 11 . 18 
• Minch El (ft) • 2262.24 * shea r (lb/ sq ft) 0.89 2 .13 0.66 
• Alpha 1.20 * stream Power (lb/ ft s ) * 2 . 99 21.97 1.82 

Frctn Lo ss (ft ) 3.33 • cum Volume (acre-ft) 2 . 44 17.01 3.63 
• C & E Los s (ft ) 0.01 * Cum SA (acres) 1.02 7 . 40 1.66 
**************************************************6******6************************************* 

Warning : The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 

Warning: 
Warning: 
the 

cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 
Warning : The parabolic search method failed to converge on critical depth. The program will try the cross section slice/secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
******* *************************************** ******* *** ***************** ***** **** ************* . E. G. Elev (ft) . 2267.66 * Element Left OB * channel * Right OB * 
• Vel Head (ft ) 1.46 * Wt . n-Val. 0.057 0 . 033 . 0 . 05 7 
* w. s. Elev (ft ) • 2266.20 . Reac h Len . ( ft) 300.38 305 . 66 • 292.49 
* crit w. s . (ft) * 2266.20 ,, Flow Area (sq ft) 7.37 109 ' 52 8.79 
* E.G. Slope (ft/ ft ) *0.009891 * Area ( s~ ft) 7.37 109.52 8.79 
• Q Total (cfs ) . 1124.00 Flow (c s ) 22 . 64 • 1082 . 28 19 . 08 

~~~ ~~~~~ (ft ) 49.20 " Top Width (ft ) 4.84 32.98 11.38 
(ft/s) 8 . 94 ~r Avg . Vel . (ft/s ) * 3.07 9 . 88 2 . 17 

Max chl Dpth (ft ) * 3 . 95 '' Hydr . Depth (ft) * 1. 52 3.32 0. 77 
Conv. Total Ccfs ) * 11302.0 ~. conv. (cfs) 227.7 • 10882.6 191.8 

• Length Wtd . (ft ) 305 . 35 • Wett ed Per . (ft ) 5. 72 33.41 11.48 
Min Ch El (ft ) . 2262. 24 . shea r (lb/ sq ft) 0.80 2.02 0 . 47 

• Alpha 1.18 . Stream Power ( lb/ ft s ) . 2.44 20.00 1.03 
Frctn Loss (ft) 3.18 * cum volume (ac re-ft) * 9 . 65 13.57 8 . 88 
c & E Loss (ft) 0.05 . cum SA (acres) 6.44 7 . 39 6.97 

*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross s ections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 
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CROSS SECTION OUTPUT Profile #10-YEAR 
***********************~* **************************************************************** * ***** 
* E.G . Elev (ft) * 2266.40 * Element Left OB * channel . Ri 8~6s~B * 
* ve l Head (ft) * 1.15 * Wt. n-val . 0.057 0.033 
• w.s. Elev (ft) * 2265 . 25 * Reach Len. (ft) * 300.38 * 305.66 292.49 * 
* crit w.s . (ft) * 2265.25 * Flow Area (sq ft) * 3.52 * 78. so 1. 26 • 
* E.G. slope (ft/ ft ) *0.011818 * Area (s~ ft) 3.52 78. so 1. 26 
* Q Total ( cfs) * 690.00 * Flow (c s) 9.24 679 . 20 • 1. 56 

* ~~~ ~~~~~ (ft) 40.69 * Top Width (ft) 3.35 32.98 4 . 37 . 
(ft/s) 8.28 * Avg. Ve l. (ft/ s) 2 . 62 8.65 1. 23 • 

* Max Chl Dpth (ft) * 3.01 Hydr . Depth (ft) 1. OS 2 .3 8 0 .2 9 
* conv. Tot a 1 (cfs) * 6347.1 Conv . (cfs) . 85 . 0 6247.8 14.3 
* Length Wtd . (ft) * 305 . 53 * Wett ed Per. (ft) ,, 3.95 33.41 4 . 41 
* Min Ch El (ft) . 2262.24 * shea r (lb/ sq ft) 0.66 1. 73 0 . 21 
* Alpha 1.08 * Stream Powe r (lb/ ft s) • 1.72 15.00 . 0.26 • 
* Frctn Loss (ft) 3.69 * cum volume (ac re-ft) . 6.36 * 10.54 • 5.42 . 
* c & E Los s (ft) 0.06 * cum SA (acres) * 5. 27 • 7.35 5.24 • 
******************************************************************** *************************** 

warning: The energy equation could not be balanced wi thin the specified numbe r of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross secti on. This may indicate 
the 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2.203 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2261.59 • Element * Left OB * Channel • Right OB • 
* vel Head (ft) 1 . 40 • Wt. n-val. 0 . 057 0.033 0.057 • 
* w.s. Elev (ft) * 2260.19 • Reach Len. (ft) 410.17 450 . 67 490 .30 
• crit w.s. (ft) • 2260.19 • Flow Area (sq ft) * 9.63 131 . 52 7 . 90 

E. G. Slope (ft/ft) *0.010397 * Area (sq ft) 9.63 131.52 7.90 * 
• Q Total (cfs) * 1322.00 Flow (cfs) 26.75 • 1271.30 23.95 • 
• Top width (ft) 57.59 • Top Width (ft) 8 . 75 42 . 93 5.91 

Vel Total (ft/s) 8.87 • Avg . Vel. (ft/ s) 2 . 78 9.67 3.03 
* Max Chl Dpth (ft) 3.48 Hydr. Depth (ft) 1 .10 3.06 1.34 
• Conv. Total (cfs) * 12965.0 Conv . (cfs) 262 . 4 * 12467 .8 234.9 
• Length Wtd. (ft) 450.51 Wetted Per . (ft) 9.02 43.06 6.49 
* Min ch El (ft) * 2256.71 * shear ( lb/ sq ft) 0.69 1 . 98 0.79 
* Alpha 1.15 • Stream Power (lb/ ft s) • 1 . 92 19.17 2 . 40 
• Frctn Loss (ft) 4.69 * cum vo lume (acre-ft) 11.02 13.81 10.20 
• c & E Loss (ft) 0 . 02 • cum SA (acres) 6.82 7.14 7.19 
*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**********************************~************************************************************ 
* E.G. Elev (ft) . 2261.76 . Element Left OB * channel * Right OB * 
• Vel Head (ft) 1. 56 ~r Wt. n-Val. 0 . 033 
• w. s. Elev (ft) • 2260 . 20 ,, Reach Len . (ft) * 410.17 450 . 67 490.30 
* Crit w. s. (ft ) * 2260.20 * Flow Area (sq ft) * 131.96 . E.G. slope (ft / ft ) *0 .012836 • Area (s~ ft) 131.96 
• Q Total (cfs) . 1322.00 Flow (c s) • 1322 .00 

* ~~~ ~~~~~ (ft) 42.93 Top width (ft) 42.93 . 
(ft/s) 10.02 * Avg. vel. (ft/ s) 10.02 * 

• Max chl Dpth (ft) 3 . 49 '' Hydr. Depth (ft) 3 . 07 
* Conv. Total (cfs) * 11668.6 'fr Conv. (cfs) • 11668.6 . Length Wtd. (ft) 450.56 * Wetted Per . (ft) 47.95 . 
* Min Ch El (ft) . 2256 . 71 . shear ( lb/ sq ft) . 2.21 • 

Alpha 1.00 ,, Stream Power (lb/ ft s) • 22.09 . Frctn LO SS (ft) 5.08 * cum volume (acre-ft) * 2.41 * 16.12 3.58 * * C & E LOSS (ft) 0.00 .,, Cum SA (acres) * 1.00 * 7.14 1. 63 
************************************* *********** ******* **** ************************************ 

warni ng : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calcu l ated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50- YEAR 
************************************************************************ *********************** 
• E.G . Elev (ft) • 2261.16 • Element * Left OB • Channel • Right OB * 
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• Vel Head ( ft) 1. 28 * Wt. n-Val . 
WKB1.rep ,, 0.057 0.033 ,, 0 . 057 

* w. s . Elev ( ft ) . 2259 . 88 . Reac h Len. (ft) 410 .17 . 450.67 490 . 30 
* crit w. s . (ft ) * 22 59.88 * Flow Area (sq ft) * 7. 07 • 117.93 6 . 14 
• E.G . slope (ft / ft ) *0 . 010959 * Area (sf ft) 7.07 117 . 93 6 . 14 
• Q Total (cfs) * 1124.00 Flow (c s ) 18 . 22 • 1088.22 17.57 
* To~ Width (ft ) 55 . 61 * Top Width (ft) . 7 . 46 42 . 93 5.21 . 

Ve Tota l ( ft / s ) 8. 57 • Avg. Vel. (ft/ s) * 2.58 . 9. 23 . 2. 86 * 
* Max chl Dpth ( ft ) 3.17 * Hydr . Depth (ft) 0 . 95 • 2 .75 * 1.18 * * conv . Tot a 1 (cfs ) * 10736 . 7 * conv . ( cfs) 174 . 0 * 10394 . 9 • 167.8 
* Length Wtd . (ft ) 450.5 5 * Wett ed Per . (ft) 7. 70 43. 06 5. 72 
* Min Ch El (ft ) * 2256.71 Shea r (1 b/ sq ft) 0.63 1.87 0. 73 . 
* Alpha 1.13 Stream Power (lb/ ft s ) . 1. 62 17 .29 2 . 10 * . Frctn Loss (ft ) 4 . 92 • cum Volume (acre-ft ) * 9.60 12 .77 8 . 83 
* c & E Lo ss (ft ) 0.02 * Cum SA (acres ) * 6 . 39 7 .12 6 . 91 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterati ons. The p rog r am used c r i t i cal depth 
for the wate r surface and continu ed on with the calculations . 

wa r ning : The ene r gy loss was greater tha n 1. 0 ft (0.3 m). between the current and previ ous cross section. This may indicat e 
the 

need for additional cross s ections. 
warning : Dur i ng the stand a rd s tep iterations , when the assumed water surface was set equal t o criti ca l dept h , the cal cul a t ed 

water s urface came back below cri t i cal depth. This indicates that there i s not a val id subcri ti cal answer. The 
program 

defaulted to critical dept h . 

CROSS SECTION OUTPUT Profi 1 e #10-YEAR 
*********************************************************************************************** 
* E.G . Elev ( ft ) . 22 60 . 08 . Eleme nt Left DB * channel * Right DB * 
• Vel Head (ft ) 0.96 * Wt. n-Val. 0 . 057 0.033 0 . 057 
* w. s. Elev (ft) * 2259.13 Reach Len. (ft) * 410.17 * 450.67 * 490.30 * • crit w.s. (ft) * 2259.13 * Flow Area (sq ft) * 2.59 . 85.64 * 2 . 85 . E. G. slope (ft/ ft ) *0 . 012367 Area (sf ft ) * 2.59 • 85.64 • 2 . 85 * 
• Q Total (cfs) * 690.00 • Flow (c s) * 5.10 • 678.20 6.69 . 

~~~ ~~~i~ (ft) . 50.96 * Top width (ft) 4.48 42 . 93 3.55 
* (ft / s) * 7 . 58 Avg . Vel. (ft/ s) 1. 97 7 . 92 2.35 
* Max Chl Dpth (ft ) 2 . 41 * Hydr . Depth (ft) 0. 58 1. 99 . 0.80 
* Conv . Total (cfs ) 6204.5 * Conv . (cfs) 45 . 9 6098 . 4 * 60.2 
* Le ngth Wtd. (ft ) 450 . 66 • Wetted Per. (ft) 4 . 62 43 . 06 3.89 
* Min ch El (ft ) * 2256.71 * shea r (lb/ sq ft) 0 . 43 1. 54 0 . 56 
• Alpha 1.08 * Stream Power (lb/ ft s) * 0 . 85 12 .16 1.33 . Frctn Loss (ft ) 5. 58 * Cum Volume (acre-ft ) 6 . 34 9.96 5 . 41 
* c & E Los s (ft) 0.01 ,'l Cum SA (acres) 5.24 7 . 08 5 . 21 
*********************************************************************************************** 

warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The ene rgy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to cr i tical depth . 

CROSS SECTION 

RI VER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2.118 

CROSS SECTION OUTPUT Profi l e #FLOODPLAIN 
**************************************************************************** ********** ********* . E. G. Elev (ft ) • 2255 . 05 . Eleme nt Left OB channel Right OB 
• vel Head (ft) 1.60 'fr Wt. n-val. 0.057 0.033 0 . 057 * * W.S . Elev (ft) . 2253 . 45 * Reach Len. (ft) 474 . 96 473.09 * 470.63 
* Crit w. s . (ft) . 2253.45 * Flow Area (sq ft ) 5 . 18 127 . 37 3 .20 
* E.G. Slope (ft/ ft ) *0.010402 * Area (sf ft) * 5 . 18 127.37 . 3 . 20 

Q Total (cfs) * 1322 . 00 • Flow (c s) * 13.78 * 1301.64 * 6. 58 
To~ width (ft) 46 . 93 * Top Width (ft) 4.69 37.77 4 . 47 
Ve Total (ft / s) 9.74 -t• Avg . Vel. (ft/ s) 2.66 10 . 22 2.06 

* Max chl opth (ft ) 3 . 82 * Hydr . Depth (ft) 1.11 3. 37 0.72 * * conv. Total (cfs ) • 12961.9 * Conv . (cfs) 135.1 * 12762.3 64.5 
* Length Wtd . (ft) 472.71 * Wetted Per . (ft) . 5.18 38.37 . 4 . 70 
• Min ch El (ft) * 2249.63 1• Shear (lb/ sq ft) * 0.65 * 2.16 * 0.44 
• Alpha 1.09 * Stream Power (lb / ft s) . 1. 73 22 . 03 0 . 91 . Frctn Los s (ft) 5.40 * cum Volume (acre-ft) 10.95 12.48 10.14 
* c & E Loss (ft ) * 0 . 06 * cum SA (acres ) . 6.75 6. 72 . 7.13 * 
*********************************************************************************************** 

Warning: The energy equation could not be ba l a nced within the specified number of iterations . The program used critical depth 
f o r the water surface and continu ed on with the calculations . 

Warning : The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning : During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water s urface came back bel ow critical depth . This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to criti cal depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************************************************************************************** ***** 
* E. G. Elev (ft) • 22 55.05 * Eleme nt Left OB * channel * Right DB * 
• Vel Head (ft) 1. 56 * Wt . n- Val . 0 . 057 0. 033 • 0.057 
* W. S. Elev (ft) • 2253.49 Reac h Len. ( ft) 474.96 473.09 470.63 
* c rit w. s . (ft) • 2253 . 49 Flow Area (sq ft) 5. 36 128.90 . 3.26 

E. G. slope (ft / ft ) *0 .009978 '' Area (sq ft ) 5.36 128.90 * 3.26 
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• Q Total (cfs) • 1322. 00 * Flow (cfs ) * 14 . 39 • 1300 . 43 7 . 18 
• Top width ( ft ) 46.00 Top width (ft) 4 . 51 37 . 77 3.72 

vel Total ( ft /s) 9.61 • Avg. vel. (ft/ s) 2 . 69 10.09 2. 20 
*Max Chl Dpth ( ft ) 3 . 86 * Hydr . Depth (ft) 1.19 3 .41 0.88 
• Conv. Total (cfs ) • 13234.9 • conv . (cfs ) 144 . 1 * 13018 . 9 71.9 
* Length Wtd. (ft ) 472 . 92 *Wetted Pe r . (ft) 5.11 38 .37 4 . 19 
* Minch El ( ft ) • 2249 . 63 shea r ( lb/ sq ft) 0.65 2.09 0 . 48 
* Alpha 1.08 * stream Power ( l b/ ft s) ,., 1.75 21.11 1.07 
* Frctn Loss ( ft ) 5. 57 * cum volume (acre-ft) 2 . 38 14 . 77 3.5 6 

C & E Loss ( f t) 0 . 06 Cum SA (a c res ) 0.98 6 .7 2 1 . 61 
***********************~************************* * ********************************* * *********** 

Wa r ning: The 
f o r 
The 
The 
The 

ene r gy equati on could not be balanced within the specified numbe r of iterat i ons. The prog r am used c rit ical de pth 
the water surface and continu ed on with the calculations. 
velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional c r oss s ections. 
cross section had to be extended vertically during the critical depth calculat i ons . 

Warning : 
Wa rning : 
warning : 
the 

ene r gy loss was greater than 1 .0 ft (0. 3 m) . between the current and previ ous cross secti on . This may indi cate 

need fo r additional cross sections . 
wa r ning: During the standard step i terations , when the assumed water surface was set equa l to critica l depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid s ub c ritical answer . The 
program 

defaulted to critical depth . 
warning : The parabolic search method f a iled to converge on critical depth . The program will try the cross secti on s l ice/ secant 

method to find c ritical depth. 

CROSS SECTION OUTPUT Profile #50- YEAR 
****************************************** ** *************************************************** 

E.G . Elev (ft ) * 2254 . 56 ,, El eme nt Left OB * cha nnel * Ri ght OB * 
* vel Head (ft:) 1.45 '' Wt. n-val . 0.057 0.033 ,, 0 .057 * 
• w.s . Elev (ft) . 2253.11 ,, Re ach Len . (ft:) 474 . 96 473 . 09 * 470 . 63 * . crit w.s. (ft) . 2253.11 Flow Area (sq ft) 3.69 114 . 34 • 1.84 * 
* E. G. slope (ft/ ft ) *0 . 010875 Area (sf ft) 3.69 114.34 1.84 * 
* Q Total (cfs) * 1124.00 Flow (c s) 8.96 1111.82 3 . 23 

* ~~~ ~~~~~ (ft) 45.12 * Top width (ft) 3.96 37.77 3.39 
(ft/ s) 9 . 38 '' Avg. vel . (ft/ s) 2.43 9 . 72 1. 75 

• Max ch l opth (ft) 3.48 ,, Hydr . Depth (ft) 0.93 3. 03 0 . 54 . Conv. Tot a 1 (cfs) . 10778 . 3 ,, Conv . (cfs ) 85.9 * 10661.5 30 . 9 
* Length Wtd. (ft) 472.72 * Wett ed Per. (ft) 4. 37 38 . 37 3 . 56 

Min ch El (ft ) * 2249.63 * shea r (lb / sq ft) 0 . 57 2.02 0 . 35 
Alpha 1.06 Stream Power (lb / ft s) * 1. 39 19 . 67 0.61 . Frctn Loss (ft) 5.54 ,, Cum Volume (ac re-ft) 9.55 11 . 57 8.78 

* * 6.34 6.71 6.86 C & E Loss (ft) 0 . 06 cum SA (acres) 
************ **************************************** ***** *************** *********************** 

wa r ning : The energy equati on could not be balanced within the specified number of iterations . The program used critical depth 
for the water surfa ce and continu ed on with the calculations . 

warning: The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross secti on . This may indicate 
the 

need for addit i onal cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equa l to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************************************************************** ************* ***************** 
* E. G. Elev (ft) * 2253.34 * El ement Left DB * Channel * Right OB '' 
* Vel Head (ft ) 1.08 ,., Wt. n-Val. 0 . 057 * 0 . 033 0 . 057 
* w. s . Elev (ft) * 2252.26 * Reach Len. ( ft) 474.96 * 473 . 09 470 . 63 
* crit w.s. (ft) • 2252 . 26 * Fl ow Area (sq ft) 1.11 82.45 0.09 

E. G. slope (ft/ ft) *0.012389 '' Area (sq ft) 1.11 82 . 45 0 . 09 
Q Total (cfs) 690.00 Flow (cfs) l. 92 688.02 0. 06 
Top width (ft) 40.69 '' Top width (ft) 2.17 37.77 0 . 75 
vel Total (ft / s ) 8. 25 '' Avg . Vel. (ft/ s ) 1.73 8.35 0 . 68 

* Max ch l opth (ft) 2.63 * Hydr . Depth (ft) 0.51 * 2.18 0.12 
Co nv. Total (cfs ) 6199 . 2 '' Conv . (cfs) 17 . 2 * 6181.4 0 . 6 

* Le ngth Wtd . (ft ) 472.74 * Wett ed Per. (ft ) 2.39 38 . 37 0 . 79 
Mi n ch El (ft ) * 2249.63 shea r (lb / sq ft) 0 . 36 1.66 0.09 

• Alpha 1.02 • stream Power (lb / ft s ) • 0.62 13 . 87 0.06 
* Frctn Loss (ft) 6.0 7 " cum volume (acre-ft ) 6 . 32 9.09 5 . 39 
* C & E Loss (ft) 0 . 04 * Cum SA (acres) 5.21 6.66 5 . 18 
**************************************************** ******************************************* 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical dept h 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 . 0 ft ( 0 . 3 m). between the current and previous cros s section. This may i ndicate 
the 

need for additional cross sections. 
wa r ning: During the standard step i terations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back bel ow cri t ical depth. This indicates that there is not a valid subc ri ti ca 1 answer . The 
program 

defaulted to critical dept h . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 2. 028 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************************** ***** *********** ************** ************ 

E.G . El ev (ft) 
• Ve l Head (ft) 
• w. s. Elev (ft) 

Crit W.S . (ft) 

* 2246 . 62 
1.41 

* 2245.22 
* 2245 . 22 

* Element 
* Wt. n-val . 
* Reach Len . (ft) 
'' Fl ow Area (sq ft) 

Left OB * 
0.057 

543 . 25 
14.25 
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E.G. slope (ft/ ft ) *0.012621 * Area (51 ft) . 14.25 70.07 • 85.30 * * Q Total (cfs) * 1322 . 00 Flow (c s) 59.42 802.50 460.08 . ~~~ ~~~~~ ( ft ) 61.67 . Top Width (ft) 7 . 50 20.55 ,, 33.62 

Cft /s) 7 .79 • Avg. Vel. (ft/ s) 4 . 17 11.45 . 5.39 
* Max Chl Dpth (ft) 3 . 80 • Hydr . Depth (ft) 1. 90 3.41 2.54 . 
* Conv . Total ( cfs ) * 11767.4 * conv . (cfs) 528.9 7143.2 . 4095.2 • 

Length Wtd. ( ft ) 500 . 85 • Wetted Per. (ft) . 8. 39 20.57 * 34.13 
Min Ch El (ft ) * 2241.42 * shea r (1 b/ sq ft) * 1. 34 2.68 1. 97 

• Alpha 1.49 * Stream Power (lb/ ft s) ,, 5.58 30.74 10.62 
Frctn Loss (ft ) 4.48 • cum volume (acre-ft) 10 . 85 11 . 40 9.66 • 

* C & E LO SS (ft ) . 0.10 . cum SA (acres) 6.69 . 6.40 . 6 .92 . 
*********************************************************************************************** 

warning: The ene rgy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may i ndicate 
the 

need for additional cross sections . 
Warning : During the standard step i terations, when the assumed water surface was set equal to critica l depth , the calcul at ed 

water s urface came back below cri t ical depth . This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTI ON OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E.G. Elev ( ft) • 2248.37 . Element Left OB * channel . Right OB * 
• vel Head (ft ) 2 .16 * Wt. n-Val . 0.033 0.057 . w. s . Elev ( ft: ) . 2246.21 . Reac h Len . ( ft) 543.25 516 . 73 445 . 55 . Crit w. s . ( ft ) . 2246.21 . Flow Area (sq ft) 90.41 31. 96 

E.G . slope (ft/ ft) •o. 014138 * Area (sj! ft) 90.41 • 31.96 
• Q Total (cfs) * 1322.00 * Flow (c s) * * 1130.69 * 191.31 * . ~~~ ~~~~~ ( ft) 28.53 • Top width (ft) . 20 . 55 . 7 . 98 . 

(ft/ s) . 10.80 . Avg . Vel. (ft/ s) . • 12.51 • 5.99 • 
Max chl Dpth (ft) * 4.79 * Hydr. Depth (ft) • 4.40 4 . 00 
Conv . Tot a 1 (cfs) * 11118 . 4 . Conv. (cfs) 9509 . 5 1609.0 

• Length Wtd. (ft) . 511.58 • Wetted Per. (ft) 25 . 33 11.91 
* Min Ch El (ft) • 2241.42 • shear (lb/ sq ft) 3.15 2 . 37 
• Alpha 1.19 . Stream Power (lb/ft s) ,, 39 . 40 14.18 . Frctn Loss (ft) 6.22 * cum Volume (acre-ft) 2.36 13.58 • 3. 37 • 
* C & E Loss (ft) 0.08 * cum SA (acres) 0.95 6.40 1. 54 
*********************************************************************************************** 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 

Warning: 
warning : 
the 

cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Warning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** . E. G. Elev (ft ) . 2246.19 . Eleme nt Left OB * Channel '' Right OB * 
* vel Head (ft) 1.27 * Wt . n-Val . 0.057 0.033 0 . 057 * 

w.s. Elev (ft) • 2244.93 . Reach Len . (ft) 543.25 516.73 445 . 55 
* Crit W.S. (ft) • 2244 . 93 1' Flow Area (sq ft) 12.15 64.07 . 75.59 
• E. G. slope (ft / ft ) *0.012682 '' Area (s1 ft) 12.15 64 . 07 * 75.59 

Q Total (cfs) . 1124.00 * Flow (c s) 48.14 693 .03 382. 84 . ~~~ ~~~~~ (ft ) 60.39 • Top Width (ft) 6.93 20.55 32.92 
(ft / s) 7.40 'If Avg. Vel. (ft/ s) 3. 96 10.82 5.06 

• Max chl Dpth ( ft) . 3.51 '' Hydr. Depth (ft) . 1. 75 . 3.12 2.30 . 
* conv. Total (cfs) • 9980.9 -tr Conv. ( cfs) • 427.4 * 6153.9 • 3399. 5 * . Length Wtd. (ft) 501.83 * Wetted Per. (ft) 7.75 20.57 33.36 . Min Ch El (ft) . 2241.42 shear (lb/ sq ft) 1. 24 2.47 1. 79 
* Alpha • 1.49 Stream Power (lb / ft s) * 4.92 26 . 68 9.09 
* Frctn Loss (ft ) 4.76 * cum Volume (acre-ft) 9.46 . 10.60 8.37 
* c & E Loss (ft) 0.05 1t cum SA (acres) 6.28 • 6.39 6 . 67 
******************************************************** ******* *** *** ******* ******************* 

Warn i ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft ( 0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warn i ng: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 

1( E.G . Elev (ft ) • 2245.12 ,.f Element Left OB * Channel * Right OB * 
1' Ve 1 Head (ft ) 0.95 Wt. n-val. 0 . 057 0.033 0.057 
* w.s. El ev (ft) * 2244 . 17 -tr Reach Len. ( ft) 543.25 516.73 445 . 55 

Crit w. s . (ft) • 2244.17 * Flow Area (sq ft) 7.50 48 . 62 51. 53 
* E.G. Slope (ft / ft) *0 . 013319 • Area (s~ ft) 7 . 50 48 . 62 51. 53 

Q Total (cfs) 690 . 00 Flow ( c s) 25.92 448.37 215 . 71 
1
' To~ Width (ft) 57.09 '' Top Width (ft) 5.45 20.55 31.09 

Ve Tota 1 (ft / s) 6 . 41 * Avg . Vel. (ft/ s) 3.46 9 . 22 . 4 . 19 
* Max Ch 1 Dpth (ft ) 2.75 • Hydr . Depth (ft) 1. 38 2.37 • 1.66 
* Conv. Total (cfs ) 5978.8 * conv. (cfs) 224.6 . 3885.1 . 1869.1 
* Length Wtd. (ft) 504.24 '' Wetted Per. (ft) 6.09 • 20 . 57 • 31.39 
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* Minch El (ft) • 2241.42 • shea r ( l b/sq ft) • 1 . 02 * 1.97 * 1.36 
* Alpha 1.49 * Stream Power (lb/ ft s) '' 3.54 18.13 5. 71 
• Frctn Loss (ft) * 5.40 • Cum Volume (acre-ft) 6 . 28 8.38 * 5.11 
• c & E Loss (ft) • 0.01 • cum SA (acres) 5.17 6 . 35 5.01 * 
****** ********* *** ************ ** ************** ****** ********** ********** ******** *************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the wate r surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.930 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****** ******************************* ********************************************************** 

E.G . Elev (ft) • 2240.09 . Element Left OB * Channel . Right DB '' 
vel Head (ft) 1.07 * Wt. n-val . 0.060 0 . 033 0.057 

* w. s . Elev ( ft ) * 2239.02 * Reac h Len . ( ft) 314.10 334 . 19 353.01 
* Crit w.s. (ft ) * 2239 . 02 * Flow Area (sq ft) 51.87 100.96 76 .14 
* E.G. slope (ft/ ft ) *0.006680 * Area (s'f! ft) 51.87 100 . 96 * 76 . 14 * 
• Q Total (cfs) 1322.00 Flow (c s) * 148.31 966.46 * 207.23 * 
. 0~~ *~~~~ (ft) 107.09 0 Top Width (ft) 30.57 . 23 . 93 . 52.59 . 

(ft/ s) . 5. 77 • Avg . Vel. (ft/ s) • 2.86 * 9. 57 • 2. 72 * 
Max chl Dpth (ft ) * 4 . 45 • Hydr . Depth (ft) 1. 70 4 . 22 1. 45 

* Conv. Tot a 1 (cfs) * 16174.9 . Conv. (cfs) 1814.6 * 11824.8 2535.5 
Length Wtd. (ft) * 332.37 * Wetted Per. (ft) 30 . 89 24 . 07 52.73 

* Min Ch El (ft) . 2234.57 . Shear (lb/ sq ft) * 0.70 1. 75 0.60 
* Alpha 2.07 . stream Power (lb/ ft s) * 2.00 16.75 1. 64 * 
* Frctn Loss (ft) * 2 . 47 * cum Volume (acre- ft) * 10 . 43 . 10.39 8.84 

c & E Loss (ft) * 0.00 • cum SA (acres) 6.45 * 6 .14 6 . 48 
******** ********************* **** **** ******* ********* ***************************** ******** ***** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with t he calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
~················································· ······ ······· · · · ········· ···················· * E.G. Elev (ft) * 2241.70 * Element Left OB • Channel • Right DB • 
* Vel Head (ft) 1.88 * Wt . n- Val . 0 . 033 
* w. s . Elev (ft) * 2239.83 * Reach Len. (ft) 314.10 334 . 19 353.01 
* Crit W. S. (ft ) * 2239 . 36 * Flow Area (sq ft) 120.29 
* E.G. Slope (ft/ ft ) 0 0 . 010576 • Area (sq ft) 120 . 29 
* Q Tot a 1 (cfs) • 1322.00 Flow (cfs) 1322.00 
* Top width (ft) 23.93 • Top Width (ft) 23 . 93 

Vel Total (ft/ s) 10.99 '' AVg. Vel . (ft/ s) 10.99 
* Max Chl Dpth (ft) 5.26 * Hydr . Depth (ft) 5.03 
• Conv. Total (cfs) • 12855.1 • Conv. (cfs) • 12855.1 
• Length Wtd. (ft) 334.06 '' Wetted Per. (ft) 32.90 
* Min ch El (ft) • 2234 . 57 '' shear (lb/ sq ft) 2 . 41 
* Alpha 1.00 * Stream Power (lb/ ft s) * 26.53 
* Frctn Loss (ft) 3.83 '' Cum Volume (acre-ft) 2.36 12.33 3. 21 

* 

• c & E Loss (ft) 0.06 * cum SA (acres) 0.95 6.14 1 . 50 
****************************** ** ************** ****** ***************************** ******* ****** * 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
Warn i ng: The cross section had to be extended vertically during the critical depth calculations. 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warni ng: The parabolic search method failed to converge on critical depth. The program will try the cross section s l ice/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************ ** ****** ***** *************** ****************** ** ***** ***** **** *** ****** 
'' E.G. Elev (ft) • 2239.74 * Element Left OB Channel * Right OB * 
* Vel Head (ft) * 1.10 • Wt. n-Val. 0 . 060 0 . 033 0.057 
• w.s. Elev (ft) * 2238.65 '' Reach Len . (ft) 314.10 334 . 19 * 353.01 • 
• crit w.s. (ft) * 2238.65 • Flow Area (sq ft) 40.80 92.08 • 57 . 36 • 
• E. G. s l ope (ft/ ft) *0.007358 ,., Area (sq ft) 40.80 92.08 57 . 36 
'' Q Tota 1 (cfs) * 1124.00 Flow (cfs) * 107.97 870 . 02 146.01 
'' Top width (ft) 100 . 11 '' Top Width (ft) • 29 . 07 23 . 93 47.11 

Vel Total (ft/ s) 5.91 • Avg. Vel. (ft/ s) 2.65 9 . 45 2.55 
• Max chl Dpth (ft) 4.08 • Hydr. Depth (ft) 1.40 3. 85 1 . 22 

Conv . Total (cfs ) • 13103.6 • Conv . (cfs) 1258.7 • 10142.7 1702 . 1 
'' Length Wtd . (ft) 332 . 51 '' Wetted Per . (ft) 29 . 35 24.07 47 . 23 * 
* Minch El (ft) • 2234 . 57 Shear (lb/ sq ft) 0.64 1.76 0.56 
• Alpha 2 . 02 • Stream Power (lb/ ft s ) • 1.69 16 . 60 1.42 
• Frctn Loss (ft) 2.54 • Cum Volume (acre-ft) 9.13 9.67 7 . 69 
• c & E Loss (ft) 0.03 * cum SA (acres) 6 . 06 • 6.12 6.26 
*************** ******** ** ******* ************** ***************** ********************** ********** 
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warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subc r itical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
******************************************* ********* ******************************************* 

E.G . Elev ( ft ) * 2238.74 • Element Left DB channel * Right OB • 
• vel Head (ft) 1.01 • Wt. n-val. 0.060 0.033 0 . 057 
• w.s. Elev ( ft ) * 2237.73 • Reach Len. ( ft) 314 . 10 334.19 35 3 .01 
• crit w. s . (ft) • 2237.73 • Flow Area (sq ft) 17.52 70.02 • 22.99 
• E.G. slope (ft / ft ) *0 . 008791 * Area (sq ft) 17.52 70.02 * 22 . 99 
• Q Total (cfs) 690 . 00 Flow (cfs) 37.55 602.37 50. 09 : ~~~ *~~~~ ~ ~iJs ) : 7 g:~~ : !~~.w~~f~ ~~iJs) 1~:il 2 ~:~6 * 

2 ~: i~ 
• Max chl opth (ft ) 3.15 • Hydr. Depth (ft) 0 . 90 2.93 0.84 
• Conv. Total (cfs ) * 7359 . 4 * Conv . (cfs) 400.5 6424.7 534.2 
• Length Wtd. (ft) 333 . 30 • Wetted Per. (ft) 19.77 24.07 27 . 33 

Min ch El (ft ) 2234 . 57 Shea r ( lb/ sq ft) 0.49 1.60 0.46 * 
* Alpha 1.67 * stream Power (lb/ ft s) * 1.04 13.73 * 1.01 

Frctn Loss ( ft ) 2.68 * cum Volume (acre-ft) 6.12 7 . 68 * 4.73 
• c & E Loss (ft ) 0.07 • cum SA (acres) 5.01 6.08 4 .71 
**************************************************** ******************************************* 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warni ng: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.867 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
** ******************************** ******************** ********** ******************************* . E.G. Elev (ft) . 2235.48 • Element Left OS • channel * Right OB * 
* vel Head (ft) 1.08 * Wt. n-Val. 0.062 0.033 0.057 
* W.S. Elev (ft) . 2234.40 ,, Reach Len. ( ft) * 187.09 193 . 59 197 . 38 

crit w.s. (ft) • 2234.40 • Flow Area (sq ft) * 120.19 82 . 70 26.01 . E. G. slope (ft / ft) *0 . 008304 '' Area ( s~ ft) 120.19 82.70 26.01 
* Q Total (cfs) . 1322.00 Flow (c s) 380.20 841.14 100.66 

* ~~~ *~~~~ (ft) 101. 59 • Top width (ft) 68.65 21.17 11.77 • 
(ft/ s ) 5.78 * Avg. Vel. (ft/ s) * 3.16 . 10 .17 . 3.87 

* Max Chl Dpth (ft) 4.01 '' Hydr. Depth (ft) • 1. 75 * 3.91 • 2.21 
* Conv. Total (cfs ) * 14507.5 • Conv. (cfs) 4172 . 3 9230 . 6 1104.6 
• Length Wtd. (ft) 192 . 35 '' Wetted Per. (ft) 68.95 21.19 12.51 

Min ch El (ft) . 2230.40 . Shear (lb/ sq ft) 0.90 2. 02 1.08 
Alpha 2.09 . Stream Power (lb/ ft s) * 2.86 20.58 4.17 
Frctn LOSS (ft) 1. 59 * cum volume (acre-ft) 9 . 81 9.68 8.42 

• c & E Loss (ft) 0.00 . Cum SA (acres) 6.09 5. 97 6.22 
**************************************************************** ******************************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************** ********** **** ******** ** ******** ****** ************* ** *** ******** ***************** 
* E.G. Elev (ft) • 2237 . 82 • Element Left OB * channel • Right OB * 
• Vel Head (ft) 2.43 • Wt. n-Val. 0.062 * 0.033 * 
• w.s. Elev (ft) • 2235.39 • Reach Len. ( ft) 187 . 09 193 . 59 197.38 

Crit w.s. (ft) • 2235.39 • Flow Area (sq ft) 6.20 103.64 
'' E.G. Slope (ft/ ft ) *0.012476 '' Area (sq ft) 6.20 103.64 
• Q Total (cfs) • 1322.00 Flow (cfs) 17. 38 • 1304. 62 
*Top Width (ft) 22.56 * Top Width (ft) 1.39 21.17 * 

vel Total (ft/ s) 12 . 04 • AVg . vel. Cft/ s) 2 . 80 12.59 • 
1
' Max Chl Dpth (ft) 4.99 * Hydr . Depth (ft) 4 . 46 4.90 

1' Conv . Total (cfs ) • 11835 . 7 • Conv . (cfs) 155.6 • 11680.1 
1' Length Wtd. (ft) 193.55 '' Wetted Per . (ft) 5.80 26.17 
• Minch El (ft) • 2230 . 40 ,., shear (lb/ sq ft) 0.83 3.08 
*Alpha 1.08 '' Stream Power (lb/ ft s) * 2.34 38.82 

Frctn Loss (ft) 2 . 39 • cum volume (acre-h) 2.33 11.47 3.21 
C & E Loss (ft) 0 . 19 • Cum SA (acre s) 0.95 5.97 1.50 

***** ** ****** *************************************** ******************* ******** **************** 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The velocity head has c hanged by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
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Warning: The c ross section had to be extended vertically during the critical depth calculations . 
Warning : The ene r gy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indi cate 
the 

need for additional c ross s ections . 
Warning: During the standard step iterat1ons , when the assumed water surface was set equal to critica l depth , the cal culat ed 

water surface came back below cri t ical depth. This indicates that there is not a valid subcri tica l answe r. The 
prog ram 

defaulted to c r itical dep t h. 
Warning: The parabolic sea rch method f a iled to converge on critical depth . The program will t ry the c ross section s li ce/secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
***********************6*********************************************************************** 
* E.G. Elev ( ft ) * 2235 . 15 . Element Left OB * channel * Rit6 5~B * 
* vel Head ( ft ) 0.98 * Wt. n-val. * 0.062 * 0.033 
* W. S . Elev (ft ) • 2234 . 16 * Reac h Len . (ft) 187.09 193 . 59 197 . 38 
* Crit W.S . (ft) • 2234 .16 . Flow Area (sq ft) * 104.32 77.78 23.34 . E.G . slope (ft/ ft ) *0.007943 * Area Csj! ft ) * 104.32 77.78 23 .34 
* Q Total (cfs ) * 1124.00 * Flow ( c s) * 296.07 742. 72 85 . 21 

* ~~~ ~~~~~ ( ft ) 100 .19 * Top Width (ft) 67.86 21.17 11.16 
(ft / s ) 5.47 • Avg . Vel. (ft/ s) 2.84 9. 55 3.65 

* Max Chl Dpth (ft ) 3. 77 * Hydr. Depth (ft) 1. 54 3.67 * 2. 09 
* conv . Total (cfs ) • 12611.6 * Conv . (cfs) * 3322.0 8333.6 * 956.0 
* Length Wtd. (ft ) 192 .49 * Wetted Per. (ft) * 68.12 21.19 11.85 
* Min Ch El (ft ) * 2230 . 40 • shear (lb/ sq ft) 0.76 1.82 * 0.98 
• Alpha 2.12 * stream Power (lb/ ft s ) 2.16 * 17.38 * 3.56 
* Frctn Loss (ft ) 1.56 • c um Volume (acre-ft ) 8.61 • 9 . 02 7 . 36 
* c & E Los s (ft ) . 0.00 * Cum SA (acres) * 5 . 71 5. 95 6 . 0 2 
*********************************************************************************************** 

warn i ng : The energy equation could not be balanced within the specified number of iterations. The pr ogram used c ritica l de pth 
for the water surface and continu ed on with the ca l culations. 

warning: The energy l oss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warni ng: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************* *********** *** ** *********** **** *************************************** 

: e~~ · H~!~V(~i5 ) * 
2 2 3 6:~g : ~~~m~~~al . * Lo:66~6 C8~8~3l * Ri8~65~6 : 

• w. s . Elev (ft ) * 2233.52 • Reach Len . (ft) 187.09 193 . 59 197 . 38 
Crit w.s. (ft) • 2233 . 52 • Flow Area (sq ft) 61 . 14 64.08 16 . 67 
E.G . Slope (ft/ ft ) *0.007368 '' Area (sq ft ) 61.14 64.08 16.67 

* Q Total (cfs) 690.00 Flow (cfs) 119.73 • 517 . 95 • 52 .32 • 
* Top width (ft ) 96 . 29 * Top width (ft) 65.65 • 21 .17 • 9 . 46 • 

Ve l Total (ft/ s ) 4.86 '' Avg . Vel. (ft/ s) 1.96 8 . 08 3.14 
~ Max Chl Opth (ft ) * 3.13 * Hydr. Depth (ft) 0.93 3.03 1.76 

conv. Total (cfs ) * 8038 . 6 conv. (cfs) 1394.8 6034.2 609. 5 
* Length Wtd . (ft) 193.00 '' Wetted Per. (ft) 65 . 82 21.19 10.03 
* Min ch El (ft) • 2230.40 • shear (lb/ sq ft) 0 . 43 1.39 0.76 
* Alpha 2.13 • Stream Power ( lb/ ft s) • 0.84 11.24 2 . 40 * 
* Frctn Loss (ft) 1 . 51 * Cum Volume ( acre - ft ) * 5 . 84 7 . 16 4 . 57 * 
* c & E Loss (ft) 0.00 * cum SA (acres) 4.71 5 . 91 4.57 * 
******************************* *********************** ********** ******************************* 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy los s was greater than 1.0 ft ( 0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted t o critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 1.830 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 

E.G. Elev (ft ) * 2232.65 . Element Left OB * channel * Right OB * 
Vel Head (ft) • 1. 07 * Wt. n- val . 0.062 0.033 0.057 
w.s . Elev (ft) * 2231.58 ,, Reach Len . (ft) 273 . 57 276 . 78 * 275 . 85 

1' crit w.s . (ft) * 2231.58 ,, Flow Area (sq ft) 92 . 41 136.03 17 . 79 
* E.G. Slope (ft/ ft ) *0 . 008232 Area (sf ft ) 92.41 . 136.03 17 . 79 
• Q Total (cfs ) * 1542.00 Flow (c s ) 2 51.02 * 1245 . 42 45.56 
* To~ Width (ft) 121.97 * Top Width (ft) 66 . 02 40 . 33 15.62 

Ve Total (ft/ s) 6 . 26 ,., Avg . Vel. (ft/ s) 2. 72 9 . 16 2.56 
'' Max chl Dpth (ft ) 4 . 05 ,., Hydr. Depth (ft) 1.40 3 . 37 * 1.14 
'~' Conv. Total (cfs) * 16995.3 ,'r Conv . ( cfs ) 2766 . 7 * 13726 . 5 • 502.2 . 
• Length Wtd. (ft) 276.19 Wetted Per. (ft) 66 .18 40 . 55 15 . 79 • 
* Min Ch El (ft) * 2227.53 shear (lb/ sq ft) 0 . 72 1. 72 0. 58 
'' Alpha 1. 76 • Stream Power (lb/ ft s) * 1. 95 15.78 1.48 * . Frctn Loss (ft) 2 . 65 tt cum Volume (acre-ft) 9. 36 9.20 * 8.32 * 
'' c & E Loss (ft) 0.02 "' cum SA (acres) 5. 80 5.83 • 6 . 16 * ********************* ********************************************************* ***************** 

Warning: The energy equation could not be balanced within the specified 
for the water surface and continued on with the calculations . 

number of iterations. The 
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warning: The energ y loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step 1terations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cr1tical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****~************************* * * *********************** *** * ********** **************** ** * * ** * ** * 
* E.G. Elev ( ft) * 2233.55 * Element * Left OB * Channel * Right OB * 
• Vel Head (ft) 1.79 • Wt. n-val . 0.033 • 
• w.s. Elev ( ft ) * 2231.77 • Reac h Len . (ft) • 273.57 276.78 • 275.85 
* crit w.s. (ft) * 2231.77 • Flow Area (sq ft) * 143.71 • 
* E. G. slope (ft/ ft ) *0.012218 * Area (sq ft) 143.71 

Q Tot a 1 (cfs) • 1542,00 • Flow (cfs) * 1542.00 
Top Width ( ft ) 40.33 * Top Width (ft) 40 . 33 
vel Total ( ft / s) * 10.73 • Avg. Vel. (ft/ s) 10 . 73 

* Max Chl Dpth (ft ) * 4.24 Hydr . Depth (ft) 3.56 
• Conv. Total (cfs) 13950.4 conv . (cfs) • 13950 . 4 
• Length Wtd. (ft) 276.73 • Wett ed Per. (ft) 45.40 
• MinCh El ( ft) • 2227.53 • Shea r (lb/ sq ft) 2.41 
• Alpha 1.00 • Stream Power (lb/ ft s) * 25 .90 
• Frctn Loss (ft) 2 . 86 * Cum Volume (acre-ft) 2.32 10 . 92 3.21 
• c & E Loss (ft) 0.14 • cum SA (acres) 0 . 95 5.83 1.50 
******* ***** ********** ************** *********** ********** *************** *** **** **************** 

wa rn i ng: The e ne rgy equation could no t be balanced within the specified number of iterations. The program used critical de pth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross sect i on. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
***** ******************************************************************************** ********* * 
* E.G. Elev (ft) • 2232.33 . Element • Left OB . Channel . Right OB . 
* vel Head (ft) 0.99 * Wt . n-Val. 0.062 0.033 . 0.057 
* w.s. Elev (ft) . 2231.33 . Reach Len . (ft) 273.57 276.78 • 275.85 
• crit w.s. (ft) . 2231.33 ,, Flow Area (sq ft) 76.50 126.24 * 14.20 
* E.G. Slope (ft/ ft ) *0.008201 * Area (s~ ft) 76.50 126' 24 * 14.20 
• Q Total (cfs) * 1316 . 00 Flow (c s) 184.85 • 1097.48 33 . 66 
• To~ width (ft) 119.27 '' Top width (ft) 64.98 40 . 33 13.96 

ve Total (ft/ s) 6.07 • Avg. Vel. (ft/ s) 2.42 8.69 2 . 37 
* Max Chl Dpth (ft ) 3.80 * Hydr . Depth (ft) 1.18 3. 13 1. 02 
* Conv . Total (cfs ) 14531.7 * Conv . (cfs) 2041.2 12118' 8 371.7 * * Length Wtd. (ft ) 276.24 • Wetted Per. (ft) 65.11 40.55 14.10 
• Min ch El (ft) • 2227.53 .,, Shear (lb/ sq ft) 0.60 1. 59 0.52 
* Alpha 1. 74 stream Power (lb/ ft s) * 1.45 . 13.86 1. 22 

Frctn Loss (ft) 2.62 tr cum Vo 1 ume (acre-ft) * 8.22 * 8. 57 7.27 
• C & E Loss (ft) 0 . 03 . Cum SA (acres) • 5.42 5.81 5 . 97 
******* ***** ************** ** ************************************ ***************** ******** ****** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
fo r the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************** ************************** ********** **** ************** ******** *** ************* 

E.G. Elev (ft) . 2231.52 . Element Left OB * channel * Right OB . 
'' vel Head (ft) 0 . 81 * Wt. n-Val. 0.062 0.033 0 . 057 * * w.s . Elev (ft) * 2230.72 ,, Reach Len. (ft) 273.57 276.78 275.85 * 
• Crit w. s . (ft) . 2230.72 ,., Flow Area (sq ft) 37 . 16 * 101.32 6 . 88 • . E.G . Slope (ft/ ft ) *0.008209 • Area ( s~ ft) 37.16 • 101.32 6.88 • • Q Total (cfs) • 831.00 Flow (c s) 57.12 761.06 . 12' 82 

* 0~~ ~~~~~ (ft) * 112' 38 Top Width (ft) 62 . 34 40.33 • 9. 72 
(ft / s) • 5 '72 Avg. vel. (ft/ s) 1. 54 7 ' 51 1.86 

'' Max Chl Dpth (ft) 3 . 19 "' Hydr. Depth (ft) 0 . 60 2' 51 . 0. 71 
* conv. Total (cfs) 9171.9 * Conv. (cfs) 630 . 4 8400.0 • 141.5 • 
• Length Wtd, (ft) 276.40 • Wetted Per. (ft) 62.40 40 . 55 9.82 
* Min Ch El (ft) . 2227.53 * shear (1 b/ sq ft) 0.31 1. 28 . 0. 36 
'' Alpha 1. 59 * stream Power (lb / ft s) . 0.47 9 . 62 • 0.67 ,, Frctn Loss (ft) 2.61 ~·r Cum Vo 1 ume (acre-ft) 5.63 6.80 4.52 * 
"~• C & E Loss (ft ) * 0.04 '" cum SA (acres) . 4.43 5.77 . 4.52 
****** ********************************* ******************************** ******* ***************** 

Warn i ng : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warni ng: The energy loss was greater than 1.0 ft (0 . 3 m) , between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 1.778 

WKB1.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************ ****************** **************************************************** * 
* E.G. Elev (ft) * 2229.12 • Element Left OB * Channel * Right DB * 
* vel Head (ft) 1.00 . Wt. n-val . 0 . 057 * 0.033 0.057 
* w.s . Elev (ft) * 2228 . 12 * Reach Len . (ft) ,, 234.89 * 236 . 05 238.39 
• crit w.s . (ft) . 2228 . 05 * Flow Area (sq ft) 62.80 106.21 81.80 
• E.G . slope (ft/ ft ) *0 . 011361 * Area (sf! ft) 

,, 62.80 106 . 21 * 81.80 
• Q Total (cfs) • 1542.00 * Flow (c s) 216 . 00 * 1014 .12 * 311. 88 
• To~ width (ft) 134.13 * Top Width (ft) 45.52 * 37.85 * so. 77 

Ve Total ( ft / s) 6.15 • Avg. Vel. (ft/ s) 
,, 3.44 * 9 . 55 3. 81 . Max chl Dpth (ft) . 2 . 89 * Hydr . Depth (ft ) 1. 38 2.81 1. 61 

* conv. Total (cfs) • 14466 . 8 • conv . (cfs) 2026.5 9514.3 2926 . 0 
• Length Wtd. (ft) 236 . 76 * Wetted Per. (ft) 45.59 37.85 50 . 89 
• Min ch El ( ft) . 2225.23 * shea r (lb/ sq ft) * 0.98 . 1.99 • 1.14 
• Alpha 1.71 • stream Power (lb/ ft s) * 3.36 * 19.00 4.35 . Frctn Loss (ft ) 2.61 * Cum Volume (acre- ft) 8.87 8.43 8 . 01 

5.45 5 . 58 5. 95 . * C & E LOSS (ft) 0 . 04 * Cum SA (acres) 
*** *** ********************************************************************* ********** ********** 

warning : The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************ *********************************************************************** . E.G. Elev (ft) • 2230.42 • Element Left DB channel * Right DB * 
• vel Head (ft) * 1. 33 * Wt. n-val. 0.033 0.057 * 
• w. s. Elev (ft) * 2229.08 * Reach Len. (ft) 234.89 236.05 238.39 
* Crit w.s. (ft) . Flow Area (sq ft) 142.87 34.66 • 
• E. G. slope (ft/ ft ) *0 . 008831 • Area (sf! ft) 142 . 87 34.66 
• Q Total (cfs) • 1542.00 • Fl ow (c s) • 1379 . 97 162.03 

. 0~~ *~~~~ (ft ) 47.52 * Top Width (ft) 37 . 85 9.67 
(ft / s) 8 . 69 * Avg . Vel. (ft/s) 9.66 4 . 67 

• Max chl Dpth (ft) 3.85 • Hydr. Depth (ft) 3. 77 3.58 
• Conv . Tota l (cfs) • 16408.9 . Conv. (cfs) * 14684 . 7 1724.2 
* Length Wtd. (ft) 236.46 • Wetted Per. (ft) 41.43 13 . 15 
* Min ch El (ft) • 2225.23 • Shear (lb/ sq ft) 1.90 1. 45 
* Al pha 1.14 . stream Power (lb/ ft s) ,, 18 . 36 6.79 

* Frctn Loss (ft) 2 . 30 • cum volume (acre-ft) 2.32 10.01 3. 10 
* c & E Loss (ft) 0 . 02 * cum SA (ac res) 0.95 5 . 58 . 1. 47 . 
**************** ********************* ********************** *** ******** **** ** *************** **** 

sect i on. This may indicate 

warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
****** ****************************************** *********************************************** 
* E. G. Elev (ft) * 2228 . 80 • Element Left DB * channel . Right DB * 
• vel Head (ft) 0.90 * Wt . n-val . 0.057 0.033 0 . 057 
* w.s. Elev (ft) * 2227.90 . Reach Len . (ft) 234 . 89 236 . 05 238.39 
• Crit W.S. (ft) • 2227 . 81 . Flow Area (sq ft) 53 . 52 98.20 71. 55 . 
• E.G. s l ope (ft/ ft) •o . 011111 • Area (sf! ft) * 53.52 98 . 20 71. 55 * 
• Q Total (cfs) • 1316 . 00 . Flow (c s) . 172.52 880 . 26 263 . 22 

• 0~~ *~~~~ (ft) 126.02 • Top width (ft) ,, 42.08 37.85 46 . 09 
(ft/ s) 5.89 • Avg . Vel. (ft/ s) 3.22 8.96 3.68 

Max chl Dpth ( ft) 2.67 " Hydr. Depth (ft) • 1. 27 2 . 59 1. 55 
* Conv. Total (cfs) • 12481.2 * Conv. (cfs) 1636.2 8348 . 6 . 2496.4 
* Length Wtd. (ft) 236.73 • Wetted Per. (ft) 42 . 15 37 . 85 * 46.20 
* Min ch El (ft) 2225 . 23 • Shear (lb/ sq f t) 0.88 1.80 1.07 
* Al pha 1.66 . stream Power (lb/ ft s) 2.84 16. 14 3.95 
* Frctn Loss (ft) . 2.56 • Cum Volume (acre- ft) 7.81 7.85 7.00 

• * Cum SA ,, 5.08 * 5.57 * 5. 78 . * C & E LOSS (ft) 0 . 03 (acres) 
*** *** ****** ************* ************ **** *** ***************** **************** **************** ** 

warning: The energy loss was great er than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************** ******************************** *********** ****** ********* ******************** . E.G. Elev (ft) . 2228.00 . Element Lef t OB * Channel * Rig ht DB * 
• vel Head (ft) 0 . 66 • Wt. n-val . 0.057 0.033 0 . 057 
* w.s. Elev (ft) . 2227.34 • Reach Len. (ft) 234.89 236.05 • 238.39 
* Crit w.s . (ft) . Flow Area (sq ft) 32 . 25 * 76 . 72 • 48 . 82 
* E. G. Slope (ft/ ft ) *0.010975 * Area (sf! ft) 32 . 25 • 76 . 72 48 . 82 . 
* Q Total (cfs) 831.00 Flow (c s) 86 . 90 579 . 58 164 . 52 * 

0~~ *~~~~ 
(ft) 106.24 • Top width (ft) 32.87 37.85 35.53 
(ft / s) 5.27 AVg . Vel . (ft/ s) . 2.69 7 . 55 3.37 * 

* Max chl Dpth (ft) 2.11 Hyd r . Depth (ft) * 0.98 2 . 03 1. 37 • 
* Conv. Total (cfs) 7932. 1 • Conv . (cfs) 829 . 4 5532 . 3 1570.4 

* Length Wtd. (ft) 236 . 67 . Wetted Per . (ft) 32.92 37 . 85 35 . 62 
• Min Ch El (ft) . 2225.23 • shear (lb/ sq ft) 0.67 1. 39 0.94 
* Al pha 1. 54 • Stream Power (lb/ ft s) * 1. 81 10 . 49 3 . 16 

* Frctn Loss (ft) 2.40 * cum Volume (acre-ft) 5. 41 * 6 . 23 4 . 34 
* c & E Loss (ft) 0.02 * cum SA (acres) 4.13 * 5 . 52 4 . 38 
******************************************************************* ******** ******************** 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additiona l cross sections . 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1. 733 

WKB1.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E.G. Elev (ft) * 2226.47 * Element Left DB * channel * Ri ght DB '' 
* Ve l Head (ft) 0 .85 * Wt. n-val . 0.057 0.033 0 . 057 

* w.s . Elev (ft ) . 2225.61 Reach Len . (ft) 273. 11 276 .32 * 285.93 
• Crit w. s . (ft) * 2225.61 * Flow Area (sq ft) 8.89 . 80.26 * 192.88 * 

E.G . s l ope (ft/ft) *0.010691 * Area (s~ ft) 8 . 89 * 80. 26 • 192.88 * 
Q Total (cfs) * 1542.00 Flow (c s) 24.52 780.85 736.62 * 

* ~~~ ~~~~~ (ft ) * 148.12 Top width (ft) 8.30 25.99 113.83 * 
(ft/s) 5 . 47 • Avg. Ve l . (ft/s) 2 . 76 9.73 3.82 

* Max chl Dpth (ft) * 3. 77 * Hydr . Depth (ft) 1.07 3.09 1.69 
* Conv. Total (cfs ) * 14913.6 * Conv. (cfs) 237.2 7552.1 7124.3 
* Length Wtd. (ft) 279.85 * Wetted Per . (ft) 8 . 58 26.56 114.37 
* Min ch El ( ft ) * 2221.84 * shea r ( lb/ sq ft) 0 .69 2.02 1.13 
• Al pha 1.84 * stream Power (lb/ ft s ) ,, 1.91 19.62 4.30 

* Frctn Loss (ft) 2.39 * cum Volume (ac re-ft) 8.68 7.92 7.26 
* 5.31 5.41 5. so * C & E Loss (ft) 0.03 * cum SA (acres) 

*********************************************************************************************** 

warning: The energy equation cou ld not be balanced within the specified numb er of iterations. The program used critical depth 
f or the water surface a nd co ntinued on wi th the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the curren t and previ ous cross section. This may indicate 
the 

need fo r addit ional cross sections. 
warn ing : During the standa rd step iterations, wh en the assumed water surface was set equal to critical depth , the calculated 

water surface came back bel ow cri t i ca 1 depth. This indicates that there is not a va l id subcri t i ca 1 answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E.G. Elev ( ft) * 2228.10 Element Left DB * Channel * Right DB '' 
* vel He ad (ft) 1.49 Wt . n-Val. 0.033 0.057 
* w.s. Elev (ft ) * 2226.61 . Reach Len. (ft) 273.11 2 76. 32 285.93 
• crit w.s . (ft ) * 2226.61 . Flow Area (sq ft) 106.30 80.59 * 
* E.G. Slope (ft/ft) *0.010786 * Area (s ~ ft) 106.30 80.59 • 
• Q Total (cfs ) * 1542.00 Flow (c s) 1162 .98 379.02 . ~~~ ~~~~~ (ft) 58.98 Top Width (ft) 25 .99 32 . 99 

(ft/s) 8.25 AVg. Vel. (ft/s) 10.94 4.70 
• Max chl Dpth (ft) 4. 77 • Hydr . Depth (ft) 4.09 2.44 
* Conv. Total (cfs) * 14847 . 7 conv. (cfs) • 11198.2 3649.5 

* Length Wtd. (ft ) 278. 19 • Wetted Pe r. (ft ) 29 . 71 35 .20 
* Min Ch El (ft ) 2221.84 s hear ( lb/sq ft ) 2.41 1.54 
• Alpha 1.41 • Stream Power (lb/ft s) * 26 . 36 7.25 

Frctn Loss (ft) 2.99 * Cum Volume (ac re-ft) 2.32 9. 34 . 2 . 79 
* 0 . 95 5.41 * 1. 36 • c & E Loss (ft) 0.06 cum SA (acres) 

*********************************************************************************************** 

warning: 

warning: 
wa rning: 
war ning : 
the 

The energy equation cou ld not be bal anced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The ve locity head has changed by mo re than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections. 
The cross section had to be extended ve rti call y during the critical depth calculations. 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for addit ional cros s sections . 
warning: During the standard s tep iterations , wh en the ass umed wate r surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a vali d s ubcritical answer. The 
program 

defaulted to critical depth . 
warning: The parabol ic search met hod fail ed t o converge on critical depth. The program will try the cross sec tion slice/ secant 

method to find critical depth. 

CROSS SECTI ON OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev ( ft ) * 2226.21 ° Eleme nt Left DB ° Channel * Right OB * 
• ve l Head (ft) 0.79 • Wt . n- val . 0.057 0 . 033 0.057 
* w. s. El ev (ft) * 2225.42 '' Reach Len . ( ft) 273 .11 276 . 32 * 285.93 

Crit w.s . (ft ) * 2225 . 42 • Fl ow Area (sq ft) 7.36 75 . 27 171.10 
E.G. s lop e (ft/ ft ) *0.010522 • Area (sq ft) 7 . 36 75.27 • 171.10 

* Q Total (cfs ) * 1316.00 Flow (cfs) 18 .94 696 .12 600 . 94 
Top Width ( ft ) 146 . 71 '' Top Width (ft) 7. 56 25 . 99 113.16 
Ve l Total (ft/s) 5.19 * AVg . Ve l. (ft / s) 2.57 9.25 3.51 

* Max chl opth (ft) 3.58 * Hydr . Depth (ft ) 0.97 * 2 . 90 1 . 51 
* Conv . Total (cfs) * 12829.2 • Conv. (cfs) 184.6 6786 . 2 5858 . 4 

Length Wtd. (ft) 279.76 ''Wetted Per . (ft) 7 . 81 26 . 56 113 . 67 
* Min ch El ( ft ) 2221.84 • shear ( lb/ sq ft) 0.62 1 . 86 0 . 99 
• Alpha 1.89 '' Stream Power (lb/ ft s) • 1.59 17 .21 3 . 47 

Frctn Loss (ft) 2.59 • cum Volume (ac re-ft) 7 .6 5 7 . 38 6 .34 
* c & E Loss (ft ) 0.00 ''cum SA (acres) 4.95 5.39 5 .3 4 
*********************************************************************************************** 

warning : The energy equation could not be balanced within the specified number of iterat ions . The program used critical depth 
for the water surf ace and continued on with the calculations . 

wa rning: The energ y loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard s t ep iterati ons, when the assumed water surface was se t equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a va lid subcritical answer . The 
program 

defaulted to critica l depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
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WKBl.rep 
*********************************************************************************************** 
* E.G. Elev (ft) • 2225.59 * Element Left OB * channel . Right OB * 
* Vel Head (ft) 0.61 * Wt. n-val . 0 .057 0.033 . 0.057 

w.s. Elev (ft) • 2224.98 Reach Len . (ft) 273.11 276. 32 • 285.93 
Crit W. S. (ft) • 2224.98 Flow Area (sq ft) 4.40 63.78 * 121. 41 

* E.G. Slope (ft/ft) *0.009380 * Area (s~ ft) 4.40 63.78 121.41 
• Q Total (cfs) 831 . 00 Flow (c s) 9.00 498.68 323.32 

* ~~~ ~~~~~ (ft) 143.46 * Top Width (ft) 5.84 25. 99 111.63 
(ft/s) 4 . 38 • Avg. vel . (ft/ s) 2.05 7 .82 2.66 

* Max Chl Dpth (ft) 3.14 * Hydr. Depth (ft) 0 . 75 2.45 1.09 
* Conv. Total (cfs) 8580.1 * Conv . (cfs) 92.9 * 5148.9 * 3338 . 3 
• Length Wtd . (ft) 279.22 * Wetted Per. (ft) 6.03 26.56 112.08 
* Min ch El (ft) * 2221.84 * shear (l b/ sq ft) 0.43 1.41 * 0.63 

Alpha * 2.06 * Stream Power (l b/ ft s) * 0.87 10.99 1. 69 
* Frctn Loss (ft ) 2.58 . Cum Volume (acre-ft) 5. 31 5.85 3.88 

c & E Loss (ft) 0.01 * Cum SA (ac r es) 4.03 * 5.35 3.98 
*********************************************************************************************** 

warning: The energy equation could not be balanced wi thin the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water su rface was set equal to critical depth , the calculated 

water surface came back below c ri t ica l depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.681 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2222.38 * Element Left OB : Channel : Righ.

0
t

5
o
7

s : 
*Ve l Head (ft) 0.75 * Wt. n- Val. 0 . 057 0.033 0 
* w.s . Elev (ft) * 2221.62 * Reach Len. (ft) 336.96 333.04 • 319.82 • 
• crit w.s. (ft ) • 2221.62 • Flow Area (sq ft) 108.53 93.69 133.96 
* E.G. Slope (ft/ft) *0.006996 * Area (sq ft) 108.53 93.69 133.96 
* Q Total (cfs) • 1542 . 00 Flow (cfs) 220.89 841.55 479.56 
* Top Width (ft) 208.41 * Top Width (ft) 120.18 25.42 62 . 80 

Ve l Total (ft /s) 4 .59 • Avg. Vel. (ft/ s) 2.04 8.98 3.58 
* Max Chl Dpth (ft) 3.76 Hydr. Depth (ft) 0.90 3 . 69 2.13 

Conv. Total (cfs) * 18435 . 2 Conv. (c fs ) 2640 . 9 * 10061.1 5733.3 
* Length Wtd. (ft) 328.94 • Wett ed Per. (ft) 120 .34 25.44 63.68 
• Min ch El (ft) • 2217 . 86 • shea r ( lb/ sq ft) 0.39 1.61 0.92 
*Alpha 2.31 * Stream Power (lb/ft s) * 0.80 14 .45 3.29 
• Frctn Loss (ft) 2.76 * cum volume (ac re-ft ) 8.31 7.37 6.18 

C & E Loss (ft) 0.04 • Cum SA (acres) 4 . 91 5 . 24 4.92 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sect ions . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

wate r surface came back below critical depth . This indicates that there is not a valid s ubcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E.G. Elev (ft) • 2224.23 • Element Left 08 * channel * Right 08 * 

Vel Head (ft) 2.05 . Wt. n-Val . 0.057 0.033 0 . 057 
* w.s. Elev (ft) . 2222 .19 * Reach Len. (ft) 336.96 333 . 04 319.82 * . Crit w.s. (ft) * 2222 .19 * Flow Area (sq ft) 1.49 108.04 40.94 • . E.G. slope (ft/ ft ) *0 . 010696 . Area (s~ ft) 1.49 108.04 . 40.94 . Q Total (cfs) * 1542.00 Flow (c s) 1. 99 . 1319.43 • 220. 58 . 
~~~ width (ft) 37 . 20 . Top Width (ft) 0.38 25.42 11.40 

Total (ft/ s) 10.25 * Avg . Ve l. (ft/ s) 1.33 12.21 5.39 * 
* Max chl Dpth ( ft ) 4 . 33 ,, Hydr. Depth (ft) * 3.93 4. 25 3.59 • 

Conv. Total (cfs) * 14910.1 • Conv. ( cfs) 19 .2 * 12 758.0 2132. 9 . Length Wtd. (ft) 331.75 . Wetted Per. (ft) 4.2 9 25 .44 14.49 . Min Ch El (ft) • 2217.86 • shear ( lb /sq ft) 0.23 2.84 1. 89 . Alpha 1.25 . stream Power ( l b/ ft s) . 0 . 31 34.63 10.16 . 
Frctn Loss (ft) 3. 77 . Cum Vol ume (ac re-ft) 2. 31 8.66 2.39 • 

* c & E Loss (ft) 0.02 . Cum SA (acres) 0.94 5 . 24 1. 21 
*********************************************************************************************** 

warning: 

Warning: 
Warning: 
the 

The 
for 
The 
The 

energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth. 
warning: The parabolic search met hod failed to converge on critical depth . The program wi ll try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50 - YEAR 
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• 

WKB1.rep 
*********************************************************************************************** 
* E.G. Elev (ft) 2222 .12 . Element Left OB * channel ,, Right OB 
* Vel Head (ft) 0.83 * Wt. n-Val . 0 . 057 0.033 0.057 
* W.S. Elev (ft) * 2221.29 . Reach Len. (ft) 336.96 333.04 319.82 
• crit w.s. (ft) * 2221.29 . Flow Area (sq ft) 70 . 65 85.14 113.00 
• E.G. slope (ft/ ft) *0.008221 * Area (s~ ft) 70.65 85 .14 113.00 
• Q Total (cfs) • 1316 . 00 • Flow (c s) * 142.22 777.74 396.04 

* ~~~ ~~~~~ (ft) 183.24 * Top Width (ft) 96 . 05 25.42 61.77 
(ft/s) ,, 4.90 * Avg. Vel. (ft/s) 2.01 9.13 3.50 

* Max Chl Dpth (ft) * 3.43 . Hydr . Depth (ft) 0.74 3.35 1. 83 
conv. Total (cfs) * 14514 . 1 * Conv . (cfs) 1568.5 8577.6 4367 . 9 
Length Wtd. (ft) 329 . 05 • Wetted Per . (ft) * 96.18 . 25.44 . 62.59 . 

* Min Ch El (ft) * 2217.86 • shea r (l b/ sq ft) * 0.38 * 1.72 * 0.93 • 
* Alpha 2.23 * Stream Power (l b/ ft s) ,, 0.76 15 . 69 3 . 25 
* Frctn Loss (ft) 3.00 * cum Vo lume (acre-ft) 7.40 6 . 87 5.41 
• c & E Loss (ft) 0.02 . Cum SA (acres) 4.63 5.23 4. 77 
*************** **************************************************** ********* ******************* 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standa rd step 1terat1ons, when the assumed wate r surface was set equal to critical depth, the calculated 

water surface came back below cr1tical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to criti ca l d e pth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************C* 
• E.G . Elev ( ft ) * 2221.36 • Element Left OB Channel • Right OB * 
* Vel Head (ft) 0. 75 * Wt. n- Val. 0 . 057 0.033 * 0.057 
• w. 5. El ev (ft) • 2220.61 * Reach Len . (ft) 336.96 333.04 319. 82 
* Crit W.S. (ft) * 2220.61 Flow Area (sq ft) 28.12 67.94 72.08 
* E.G . Slope (ft / ft) *0 . 009092 * Area (sq ft) 28.12 67.94 72.08 
• Q Total (cfs) 831.00 Flow (cfs) 65.98 561.47 203.55 

* ~~~ ~~~~~ ~~i~s) 11::~~ : ~~~.w~~f~ ~~i~s) • 3~ : §~ 2~:i~ : 5~:~~ 
* Max Chl Dpth (ft) 2.75 * Hydr. Depth (ft) 0.92 2.67 1 .23 
* Conv. Total (cfs) 8714 . 9 * conv . (cfs) 691.9 5888 .3 2134. 7 

Length Wtd. (ft) 329.73 * Wetted Per. (ft) 30.68 25.44 59.52 
Min ch El (ft) • 2217.86 • Shear (lb/sq ft) 0 . 52 1.52 0.69 

* Alpha 1.99 * Stream Power (lb/ ft s) • 1.22 12.53 1.94 
° Frctn Loss (ft) 3.04 * Cum Vol ume (acre-ft) 5.21 5.43 3.24 
* c & E Loss (ft) 0.00 • cum SA (acres) 3.92 • 5.19 3.42 • 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standa r d step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.618 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************* ** ************************ *********** **** ******** ****** ** * 
* E.G. Elev (ft) * 2217.92 * Element Left OB * Channel 0 Right OB 0 

• Vel Head (ft) 1 . 15 * Wt. n-Val. 0.060 0.033 0.060 
* w.s. Elev (ft) * 2216 . 77 '' Reach Len. ( ft) 355.44 357.61 360.99 
* Crit w.s. (ft) • 2216 .77 '' Flow Area (sq ft ) 9.99 92.46 136 . 95 

E.G . slope (ft / ft) *0.010260 • Area (sq ft) * 9.99 • 92.46 136.95 
Q Total (cfs) • 1542 . 00 Flow (cfs) 27.07 964.63 550 . 31 • 

* Top Width (ft) 102.41 * Top Width (ft) * 8.55 26.47 * 67.38 * 
* Vel Total (ft/s) 6.44 • AVg. Vel. (ft/s) • 2.71 10.43 • 4.02 
• Max chl Dpth (ft) 3.87 * Hydr. Depth (ft) * 1 . 17 • 3.49 * 2 . 03 
• Conv. Total (cfs) • 15223 . 4 '' Conv . (cfs) * 267.2 * 9523.3 • 5432.9 
• Length Wtd. (ft) 358.18 * Wetted Per . (ft) 8.91 26.72 67.54 • 
• Minch El (ft) • 2212 . 90 *shear ( lb / sq ft) 0.72 2 . 22 1.30 • 

Alpha 1.78 *stream Power (lb/ft s) • 1.95 23 . 12 5.22 
• Frctn Loss (ft) 3.87 '' Cum volume (acre-ft) • 7.85 6 . 66 5.19 
• c & E Loss (ft) 0.10 '' cum SA (acres) • 4 . 41 5.05 4.44 
*********************** ************** ********************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
prog ram 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************************************************** ******************************************* 
* E.G. Elev (ft) 
'' Ve 1 Head (ft ) 

• 2220.01 * Element 
2.25 * Wt. n-Val. 

Left OB ° Channel * Right OB * 
• 0.033 0.060 
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• 

* w.s . Elev (ft ) * 2217.76 * Reach Len. (ft) 
WKBl. rep 

* 355 . 44 357.61 360.99 * * crit w.s. (ft ) * 2217.76 * Flow Area (sq ft) 118.64 17.87 
* E.G . Slope (ft / ft ) *0 . 012073 * Area ( s~ ft) 118 . 64 17.87 
• Q Total (cfs ) 1542 . 00 * Flow (c s ) * 1461.84 80 . 16 
* To~ Width (ft ) 31.00 * Top Width (ft) 26.47 4 . 53 

Ve Total ( ft /s) 11 . 30 * Avg. Vel . (ft/ s) 12 . 32 4 . 48 
* Max Chl Dpth ( ft ) 4.86 * Hydr . Depth (ft) 4 . 48 3.95 
* conv. Tot al (cf s) * 14033 . 9 * Conv . (cfs) * 13304 . 4 729.5 * 
• Length Wtd. (ft) 357 . 90 • Wetted Per. (ft) 30 . 19 * 8 . 45 

Min Ch El (ft ) * 2212 . 90 * shea r (lb/ sq ft) 2.96 • 1. 59 * 
• Alpha 1.14 . Stream Power (lb/ ft s) * 36. so * 7 .15 • . Frctn Loss (ft ) 3.84 . Cum Volume (acre-ft) 2 . 31 7 . 79 2. 17 
* C & E Loss (ft) 0.27 . cum SA (acres) 0 . 94 5.05 1.15 
******* * ***************~******* * ************** * * * ************ * * ******************************** 

Warning: 

warning: 
warning: 
warning : 
the 

The 
for 
The 
The 
The 

energy equation could not be balanced within the specified number of iterations. The prog ram used cr i ti cal depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections . 
cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previ ous cross section . This may indicate 

need for additional cross sections . 
warning : During the standard step i teratio ns , when the assumed water surface was set equa l to c ritical depth , the calcul ated 

water s urface came bac k bel ow cri t ica l depth . This indicates that there is not a val id subcritical answe r . The 
program 

Warning : 
defaulted to critical depth. 
The pa rabolic search method fa i led to converge on critical depth. The program will try the cross section s lice/s ecant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
** ************************************************************************************** ******* . E.G. Elev (ft) . 2217.57 Element Left DB * Channel * Right OB * 
• vel Head (ft) * 1.05 Wt. n-val. 0.060 0 . 033 . 0 . 060 
* W.S. Elev (ft) . 2216.52 * Reach Len. (ft) 355.44 357.61 * 360.99 
* Crit w.s. (ft) . 2216.52 * Flow Area (sq ft) * 8.01 85.95 120 . so 
• E. G. slope (ft/ ft ) *0 . 010143 * Area (s~ ft) * 8 . 01 * 85.95 120 . so 
• Q Total (cfs) . 1316 . 00 Flow (c s) * 20 . 07 * 849 . 27 446.67 . ~~~ *~~~~ (ft) 100 . 48 * Top Width (ft) * 7.62 26.47 66.38 

(ft/ s) 6.14 * Avg . vel . (ft/ s) 2.51 9.88 3. 71 
* Max Chl Dpth (ft) 3.62 * Hydr. Depth (ft) 1. OS 3.25 1.82 

conv. Total (cfs) 13066.8 * Conv . (cfs) 199.2 8432.5 * 4435.0 
Length Wtd. (ft ) 358 . 14 '' Wetted Per . (ft) 7.95 26.72 66.51 
Min Ch El (ft ) . 2212.90 * Shea r ( lb/ sq ft) 0 . 64 2.04 1.15 

* Alpha 1.80 * Stream Power (lb/ ft s) • 1.60 20 .12 4. 25 
* Frctn LO SS (ft) 3 . 82 * cum Volume (ac re-ft) 7.10 6 . 22 4 . 55 

C & E Los s (ft ) 0.09 * cum SA (acres) 4.23 5. 03 4 . 29 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E. G. Elev (ft) • 2216.74 . Element Left OB * channel . Right DB . 

Ve l Head (ft) 0.80 * Wt . n-val . 0.060 0.033 0 . 060 
w.s. Elev (ft ) . 2215.94 . Reach Len. (ft) 355.44 357.61 360.99 

* Cri t w. s . (ft ) . 2215 . 94 ,, Flow Area (sq ft) 4 . 23 70.66 82 . 83 * 
• E. G. slope (ft/ ft ) *0.009329 "' Area (s~ ft) * 4.23 70.66 82.83 * 
• Q Total ( cfs) . 831.00 Flow (c s) 8 . 32 587.59 235.10 . ~~~ *~~~~ ( ft ) 95 . 94 * Top Width (ft) . 5. 44 26 .47 . 64 . 03 

(ft / s) 5. 27 * Avg . Vel . (ft/ s) • 1.96 8 . 32 • 2 . 84 
* Max Chl Dpth (ft ) 3.04 Hydr . Depth (ft) 0.78 2.67 1. 29 
* conv. Total (cfs ) 8603.8 conv. (cfs) 86.1 6083 . 6 2434.1 * 
• Length Wtd . (ft ) 358.02 • Wetted Per. (ft) 5.69 26.72 64.09 * * Min Ch El (ft) • 2212.90 * shear (lb/ sq ft) 0.43 1. 54 • 0.75 * 

Alpha 1. 85 * Stream Power (lb/ ft s) 0.85 12.81 2.14 . Frctn Los s (ft) 3. 52 cum volume (acre-ft) 5. 08 4 . 90 2.67 . 
• c & E Loss (ft) 0.06 cum SA (acres) 3.78 4 . 99 2.97 * ************"'***********************"'*************** **** ** *** ********************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
fo r the water surface and continued on with the calculations. 

Warning: The energy loss was g reater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warn i ng: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.550 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************************************************** ****************** 
* E.G . Elev (ft) • 2212 . 49 • Element Left DB * Channel * Right OB * 
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WKBl. rep 
* Vel Head (ft) 0.81 * Wt. n-val. * 0.060 0.033 0.060 

w. s. Elev (ft) * 2211.69 * Reach Len. (ft) 329 . 03 380.95 * 410.03 
* Crit w. s. (ft) * 2211.69 * Flow Area (sq ft) 140.45 63.76 * 101.87 
• E.G . slope (ft/ ft) *0.011378 * Area (s~ ft) 140.45 63 . 76 101.87 
* Q Total (cfs) • 1542.00 * Flow (c s) * 552.63 650.79 338.57 * 
• To~ width (ft) 169.64 * Top width (ft) * 76.99 20.54 72.11 * 

Ve Total (ft/s) 5.04 * Avg. Vel. (ft/ s) 3. 93 10.21 3 . 32 * 
Max Chl Dpth (ft) 3.25 * Hydr . Depth (ft) 1. 82 3.10 1.41 * 

* Conv. Total (cfs ) 14456.2 * Conv . (cfs) 5180 . 9 6101.1 3174.1 
Length Wtd . (ft) • Wetted Per. (ft) 77.26 20.58 72 . 18 
Min ch El ( ft ) . 2208.44 * shear (lb/ sq ft) 1. 29 2. 20 1.00 * 

• Alpha 2.05 * Stream Power (lb/ ft s) * 5.08 22.47 3. 33 • . Frctn Loss (ft) * cum Volume (acre-ft) * 7.24 6.02 4 . 20 
* C & E Loss (ft) * * cum SA (acres) ,, 4.06 4.85 3.86 
***********************~*********************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************************************** ***************************************************** . E.G. Elev (ft) . 2214 . 03 . Element Left 08 Channel * Right 08 '' 
• Vel Head (ft) 1. 35 • Wt. n-val . . 0.060 0.033 0 . 060 * 
• w. s . Elev ( ft ) 2212.68 * Reach Len . (ft) * 329 . 03 * 380.95 * 410 . 03 . 
* c rit w.s. ( ft ) • 2212 . 41 * Flow Area (sq ft) ,, 54.36 * 84 .17 • 69.55 • 
• E.G. slope (ft/ ft ) *0.009598 * Area (s~ ft) 54.36 84.17 69.55 
• Q Total (cfs) • 1542 . 00 Flow (c s) 247.74 949.75 344 . 51 

* ~~~ ~~~~~ ( ft ) 60.00 * Top width (ft) 18 .53 20.54 20.93 
(ft / s) 7 . 41 Avg. Vel. (ft/ s) 4. 56 . 11 . 28 4.95 

• Max chl Dpth (ft) 4 . 24 Hydr. Depth (ft) 2 . 93 • 4 . 10 3.32 • 
* Conv. Total (cfs) . 15739.7 * Conv. (cfs) 2528 . 8 9694.4 3516.5 
• Length Wtd . (ft ) 369.92 * Wetted Per . (ft) 21.12 20.58 23 . 84 * 
* Min Ch El (ft ) . 2208.44 . Shear (lb/ sq ft) 1.54 2 . 45 1. 75 • 
* Alpha • 1. 59 • Stream Power (lb/ ft s) ,, 7.03 27.66 8.66 . Frctn Loss (ft) 4.26 * cum volume (acre-ft) 2 . 09 6.96 1. 81 
• c & E Loss (ft) 0 . 01 . cum SA (acres) 0 . 87 . 4 . 85 1.05 
**************************************************** ***************************** ************** 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
******* *** **************** ************************** ***** ************************** ************ 

E.G . Elev (ft) . 2212.25 . Element Left 08 * channel * Right 08 * 
• vel Head (ft) 0.75 * Wt. n-Val. 0.060 0.033 0 . 060 
* w.s. El ev (ft) . 2211. so . Reach Len . (ft) * 329 . 03 380 . 95 410.03 * 
* Cri t W.S. (ft) • 2211.50 . Flow Area (sq ft) • 125.87 59.84 88.39 

E.G. slope (ft/ ft ) *0 . 011243 * Area (s~ ft) . 125.87 59.84 88.39 
* Q Total (cfs) • 1316.00 Flow (c s) • 461.32 582 .15 272.54 . 

~~~ ~~~~~ (ft) 166.04 . Top Width (ft) 76.09 20.54 69.41 
• Cft/s) 4 . 80 * Avg . vel . (ft/ s) 3.66 9.73 3 . 08 

Max Chl Dpth (ft) 3 . 05 • Hydr. Depth (ft) 1. 65 2 . 91 1. 27 
* conv. Tota 1 (cfs) • 12411.0 • Conv. (cfs) . 4350.6 5490.1 2570.3 . 

Length Wtd. (ft) • Wetted Per. (ft) * 76.34 20.58 . 69.47 * 
• Min ch El (ft ) • 2208.44 • Shear (lb/ sq ft) * 1.16 2.04 * 0.89 
• Alpha . 2 .11 . Stream Power (lb/ ft s) * 4 .24 19.86 • 2.75 * 

Frctn LO SS (ft) * • cum Volume (acre-ft) 6.55 5 . 62 3.68 
• c & E Loss (ft) . cum SA (acres) 3.88 . 4.84 3.73 
*********************************************************************************************** 

warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning : The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E.G. Elev (ft ) • 2211.64 • Element Left OB • Channel . Right 08 * 
* vel Head (ft) 0.60 * Wt. n-val . 0 . 060 0.033 0.060 . 
* w.s. Elev (ft) . 2211.04 . Reach Len . (ft) 329.03 . 380.95 410.03 * * crit w.s. (ft) . 2211 . 04 • Flow Area (sq ft) 91.57 * 50.45 58.61 
* E.G. slope (ft/ ft) *0.010364 • Area (s ~ ft) 91.57 * 50 . 45 58.61 
• Q Tot a 1 (cfs) . 831.00 . Flow (c s) 265.75 420 . so 144 .75 
• To~ width Cft) * 154.89 • Top Width (ft) 73 . 94 20 . 54 60.41 . 

Ve Total ( ft / s) 4 .14 * Avg . vel. (ft/ s) 2.90 8. 33 2.47 • 
Max chl Dpth (ft) 2 . 60 . Hydr. Depth (ft) 1. 24 2.46 0 . 97 

* Conv. Total (cfs) 8162.8 * Conv . (cfs) 2610 . 4 4130. s 1421.9 
• Length Wtd. (ft) • Wetted Per . (ft) 74.14 20.58 60 . 46 
* Min Ch El (ft) . 2208.44 . Shear ( lb/ sq ft) 0.80 1. 59 0.63 . 
• Alpha 2.27 * Stream Power (1 b/ ft s) . 2.32 13 . 22 1. 55 * 

Frctn Loss (ft) * Cum Volume (acre-ft) 4.69 4.41 2.09 
* c & E Loss (ft) • cum SA (acres) 3.45 4.80 2.45 ,, 
************************************************************************** ********************* 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.478 

WKBl.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
********* * *************~******************************** ************************************ * ** . E.G . Elev (ft) * 2208.04 . Element Left OB * Channel * Right OB . 
• Vel He ad (ft) 0.60 Wt. n-val. 0 . 062 0.033 0.062 * 
• w.s. Elev (ft) . 2207.45 Reach Len. (ft) 332 . 97 334.12 313. 99 
• crit w.s . (ft) . 2207.21 . Flow Area (sq ft) 262 . 71 61.71 5. 74 
• E.G. slope (ft/ft) *0.010344 * Area (s~ ft) 262.71 61.71 5.74 . 

Q Total (cfs) . 1542 . 00 Flow (c s) 967 . 50 559 . 60 14.90 • 
To~ width (ft) 167 . 87 Top width (ft ) 141.17 . 22 .12 . 4. 58 
Ve Total ( ft / s) 4.67 * AVg. Ve 1. (ft/s) 3. 68 * 9.07 • 2.60 

* Max Chl Dpth (ft) 3 .32 • Hydr . Depth (ft) 1.86 2.79 . 1. 25 
• Conv. Tota 1 (cfs) • 15161. 5 • conv . (cfs) 9512.7 5502.2 • 146.5 
• Length Wtd. (ft) 328 . 88 * wett ed Per. (ft) 141.46 . 22.15 . 5.22 . 
* Min Ch El (ft) * 2204.39 . shea r (1 b/ sq ft) 1. 20 • 1.80 • 0.71 • 
• Alpha 1. 76 Stream Power (lb/ ft s) ,, 4.42 16 . 31 1.84 . Frctn Loss (ft) 4.06 cum Volume (acre-ft) 5. 71 5.47 3.69 

3. 24 4 . 67 3.50 • • c & E Loss (ft) 0.00 * Cum SA (acres) 
*********************************************************************************************** 

Warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E. G. Elev (ft) • 2209.78 . Element Left OB * channel * Right OB * 
• Vel Head (ft) * 1.44 * Wt. n-Val. 

,, 0.062 0.033 * 
• w.s. Elev (ft) • 2208.34 . Reach Len. (ft) ,, 332.97 334.12 313.99 
• crit w.s. ( ft) • 2208.34 . Flow Area (sq ft) • 112.95 81.41 
* E.G. Slope (ft/ ft) *0 . 014072 . Area (s~ ft) • 112.95 . 81.41 
• Q Tota 1 (cfs) • 1542.00 • Flow (c s) 600.31 • 941.69 . ~~~ *~~~~ (ft) 63 . 90 * Top Width (ft) 41.78 22 .12 

(ft/s) 7.93 . Avg. Vel. Cft/ s) 5. 31 11.57 
* Max Chl Dpth (ft) 3 . 95 • Hydr . Depth (ft) 2.70 3 . 68 • 
• Conv . Tot a 1 (cfs) . 12999.0 * Conv. (cfs) 5060 . 6 7938.4 • 
* Length Wtd . (ft) 331.55 • wetted Per . (ft) 44 . 19 25 . 55 . 
• Min ch El (ft) 2204.39 • shea r (lb/ sq ft) 2.25 2.80 • 
• Alpha 1.47 stream Power (lb/ ft s) . 11.93 32.38 . Frctn Loss (ft) 3.65 Cum Vo lume (acre-ft) 1. 46 6 . 24 1.48 

0.64 . 4.67 0.95 * C & E Loss (ft) 0.20 * Cum SA (acres) .•......•................•••.....•••....••.....••......••••...••••.....••....•••......••.....•• 
Warning: 

warning: 
warning : 
the 

The 
for 
The 
The 

energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** . E. G. Elev (ft) • 2207.80 . Element Left OB * Channel * Right OB * 
• Vel Head (ft) 0.55 * Wt. n-val. 0 . 062 0 . 033 0.062 
• w.s. Elev (ft) • 2207 . 25 . Reach Len . (ft) 332 . 97 334.12 313.99 . 
* Crit W.S. (ft) • 2207.04 * Flow Area (sq ft) 235 . 72 57.46 4.89 • 
• E.G. slope (ft / ft ) *0.010246 • Area (s~ ft) 235 . 72 57.46 4.89 
* Q Total (cfs) • 1316.00 • Flow (c s) 809 . so 494 . 51 11 .99 . ~~~ *~~~~ (ft) 166.04 * Top Width (ft) 139.69 22.12 4. 23 

(ft/ s) 4.41 • Avg. Vel. (ft/ s) 3.43 8.61 2.45 
• Max chl Dpth (ft) 3.13 . Hydr . Depth (ft) 1.69 2.60 . 1.16 
* conv . Total (cfs) • 13000.8 • conv. (cfs) . 7997.1 4885 . 3 • 118.4 

Length Wtd . (ft) 328 . 94 'fr Wetted Per. (ft) * 139 . 97 * 22.15 4.82 
Min ch El (ft) • 2204. 39 • shear (lb/ sq ft) 1.08 • 1.66 0.65 

* Alpha 1.80 • Stream Power (lb/ ft s) . 3.70 14.28 1. 59 . Frctn Loss (ft) 4.01 * Cum Vol ume (acre-ft) 5.19 5 .11 3.24 
3.07 4.65 3.39 • c & E Loss (ft) 0.00 * Cum SA (acres) 

*********************************************************************************************** 

warni ng: The energy 1 oss was greater than 1. 0 ft (0. 3 m) . between the cur rent and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E.G. Elev (ft) . 2207.21 . Element Left DB . channel * Rit66~B • Vel Head (ft) 0.43 * Wt . n-val. 0.062 • 0.033 
• w.s. Elev (ft) . 2206 . 77 ,, Reach Len. (ft) 332.97 334.12 313.99 
• crit w.s . (ft) . Flow Area (sq ft) 169 .83 46.89 3.08 . 
• E.G. slope (ft/ ft ) *0 .010125 * Area (s~ ft) 169.83 46.89 3.08 • 
• Q Tota 1 (cfs) 831.00 Flow (c s) 474.32 * 350.25 6 . 43 . ~~~ *~~~~ (ft) 161 .49 '' Top width Cft) 136.01 * 22 .12 3. 36 

(ft / s) 3.78 • Avg. Ve l. (ft/ s) 2.79 7.47 . 2.09 
* Max Chl Dpth (ft ) 2.65 • Hydr . Depth (ft) 1. 25 2.12 • 0 . 92 
* Conv . Total (cfs) 8258.7 • conv . (cfs) 4713.9 3480 . 9 63.9 . Length Wtd. (ft) 329 . 23 • Wetted Per. (ft) 136.26 22.15 3 . 83 . Min Ch El (ft) • 2204.39 * Shear ( lb / sq ft) 0 . 79 1. 34 0. 51 

* Alpha • 1.96 . stream Power (lb / ft s) . 2.20 9 . 99 1.06 . Frctn LO SS (ft) 3.92 * Cum Vo lume (acre-ft) 3. 70 3. 98 . 1.80 
• c & E Loss (ft) 0.00 * cum SA (acres) 2.66 4.61 • 2.15 
******************************************************************** ************** ** *********** 
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warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.415 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E. G. Elev (ft) * 2203.97 * Element Left OB • Channel • Right OB • 
* vel Head (ft) 0.64 * Wt . n- val . * 0.062 0.035 • 0 . 062 
• w.s . Elev (ft) * 2203 . 33 * Reach Len. (ft) 535.06 461.21 370.41 
• crit w.s . (ft) • 2203.33 • Flow Area (sq ft) 60.07 74.17 186 . 90 
• E. G. slope (ft/ ft ) *0.014970 • Area (sq ft) 60.07 74.17 186 . 90 
* Q Total ( cfs) • 1542.00 Flow (cfs) 159.98 658.03 723.99 • 
• Top width (ft) 224 . 91 : Top width (ft) '' 69.27 • 32.68 • 122 . 96 : 

Vel Total (ft / s) 4.80 Avg. Vel. (ft / s) 2.66 8.87 3. 87 
• Max chl Dpth (ft) 3.13 • Hydr. Depth (ft) 0.87 • 2.27 1 . 52 • 
• Conv . Total (cfs) • 12602.9 * conv . (cfs) 1307.5 5378.1 5917 . 2 
• Length Wtd . (ft) 433 . 02 * wett ed Per . (ft) 69 . 39 33.23 • 123.10 
* Minch El (ft) * 2200 . 20 * shea r (lb/ sq ft) 0 . 81 2.09 * 1 . 42 
• Alpha 1.79 * Stream Power (lb/ ft s) • 2.15 18.51 5.50 • 
* Frc tn Loss ( ft ) 3 . 85 * Cum Volume (acre-ft) * 4.48 4.95 * 3. 00 * 
• C & E Loss (ft) 0.03 * cum SA (acres) 2. 43 4.46 3. 04 
******************************************* ******************************** *** ***************** 

warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (ups t r eam conveyance divi ded by downstream conveyance) i s less t han 0.7 or greater than 1.4 . 

Warning: 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m). between t he current and previous cross section. This may indicate 

need for additional cross sections . 
warning: During the standard step 1terat1ons , when the assumed water surface was set equal to critical dep th , the calculated 

water surface came back below cr1tical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
******************** **** *** ******** ******** ** ******* **** **** *********************************** . E. G. Elev (ft) * 2205.09 • Element Left OS * channel * Right OS . 
• Vel He ad (ft) 0.78 * Wt . n- val. 0.062 0.035 0 . 062 • 
• w. s. Elev (ft) . 2204.32 . Reach Len . (ft) 535 . 06 461.21 370.41 
* crit w.s . (ft ) 

,, Flow Area (sq ft ) 76 . 94 106 .34 100.23 . 
* E.G. slope (ft / ft ) *0 . 008862 * Area (51 ft ) 76.94 106. 34 100 .23 • 
• Q Total (c f s) . 1542.00 Flow (c s) . 275 . 98 922.90 343.11 . 
* To~ Width (ft ) . 120.00 * Top Width (ft) • 36 . 49 32.68 50.83 • 

Ve Total (ft/ s) • 5.44 * Avg . vel . (ft/ s) 3. 59 8.68 3.42 
• Max chl Dpth (ft ) 4.12 • Hydr . Depth (ft) 2 . 11 3 . 25 1. 97 
* conv. Total (cfs) • 16380 . 5 . Conv. (cfs) 2931.7 9803.9 . 3644 .9 
• Length Wtd. (ft) 455.53 * Wetted Per. (ft) 38.38 . 33 . 23 • 53.62 
* Min Ch El (ft) • 2200 . 20 • shear ( l b/ sq ft) 1.11 • 1. 77 1. 03 
• Alpha 1.69 * Stream Power (lb/ ft s) . 3.98 15.36 3. 54 . Frctn Loss (ft) 4.45 . cum Volume (ac re- ft) 0.73 5.51 1.12 
• c & E Lo ss (ft) * 0 .14 * Cum SA (acres) 0.34 4 . 46 0.76 
*********************************************** ******* ******** ********************* **** ******** 

warn1ng: The velocit1 head has changed by more than 0.5 ft (0.15 m) . This may indicate the need 
warn1ng: The energy ass was greater than 1.0 ft (0.3 m). between the current and previ ous cross 
the 

need for additiona l cross secti ons. 

CROSS SECTION OUTPUT Profile #50-YEAR 
**************************************************************************** **** ** ** **** ******* . E.G . Elev (ft) . 2203.78 * Element ,, Left OS * channe l * Right OB * 
• Ve l Head (ft ) 0. 59 * Wt. n-val . 0.062 0.035 0.062 
* w.s. Elev (ft) • 2203.19 Reach Len. (ft) 535.06 461.21 370.41 • 
• Cr i t w.s. (ft ) • 2203.19 Flow Area (sq ft) 50.14 69.47 169. 29 . E.G . slope (ft/ ft ) *0.014732 * Area (sf ft) 50.14 69.47 169. 29 . 

Q Total (cfs) • 1316.00 Flow ( c s) 118 . 10 585.31 612 . 59 • 
To~ Width (ft ) 223. 30 * Top width (ft) 68.73 32.68 121. 89 * 
Ve Total (ft / s) 4. 56 '' Avg.ve l . (ft/ s) 2 . 36 8.43 3.62 

• Max Chl Dpth (ft ) 2 . 99 Hydr. Depth (ft) 0 . 73 2 . 13 1. 39 
* Conv. Total (cfs ) . 10842.3 * Conv . (cfs) 973.0 4822.3 5047.1 

Length Wtd. (ft ) 434.44 * wetted Per . (ft) 68.83 33.23 . 122 . 02 
* Min Ch El (ft) • 2200.20 * shear ( lb / sq ft) 0.67 1. 92 * 1.28 
• Alpha 1.84 • Stream Power (lb/ ft s ) . 1. 58 16 .20 4. 62 . Frctn LOSS (ft) 3 . 72 -fr Cum Vo 1 ume (acre-ft ) . 4 . 09 4 . 62 2 . 62 
* C & E Loss (ft) 0.02 * cum SA (acres) • 2.27 4 .44 2.93 
********* ********* ************ ******* ************* ************* ************************* ******* 

for additional cross sections. 
section . This may indi cate 

Warning: 

warning: 

warning: 
the 

The energy equation cou ld not be balanced within the specified number of iterat i ons. The program used critical depth 
for the water surface a nd continued on wi th the calculations. 
The conveyance ratio (upstream conveyance divid ed by downstream conveyance ) i s l ess than 0 . 7 or greate r than 1.4. 

This may indicate the need for addi tional cross sections. 
The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warni ng: During the standard step 1terat1ons, when the ass umed water su rface was set equal to critical depth, the calculated 

water surface came back below criti cal depth . This indicates that there is not a valid subcritical a nswer. The 
program 

defaulted to critical depth . 
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CROSS SECTION OUTPUT Profile #10-YEAR 
***********************~*********************************************************************** 

* E.G . El ev (ft) • 2203.29 * Eleme nt Left DB * channel * Ri ght OB * 
* vel Head (ft) 0.48 . Wt . n-val . 0.062 * 0.035 0.062 
• w.s. El ev (ft ) • 2202 .82 * Reach Len . (ft) 535.06 * 461. 21 370.41 
* crit w.s . ( ft ) * 2202 .82 * Flow Area (sq ft) 25 .38 57.38 124.73 
* E.G. s l ope (ft/ft) *0 . 014195 * Area (s~ ft) 25.38 57 .38 124.73 
• Q Total (cfs) • 831.00 Flow (c s) 45.96 417.80 367.24 

To~ width (ft) 210.71 • Top wi dth (ft) ,, 58.99 32.68 119.04 
Ve Tota 1 ( ft /s) 4.00 • Avg . Vel . (ft /s) 1.81 * 7.28 2.94 

• Max chl Dpth ( ft ) 2.62 . Hyd r . Depth (ft) 0.43 * 1. 76 1. OS 
* Conv. Total (cfs) 6974.7 • conv . (cfs) 385.7 3506.7 3082.3 
* Leng t h Wtd. (ft) 440.66 * Wetted Per . (ft) 59 . 05 33.23 119.14 
* Min Ch El (ft) * 2200.20 • shear ( lb/ sq ft) 0.38 1. 53 0.93 * * Alpha 1.91 • St ream Power ( lb/ft s ) . 0.69 . 11.14 2 . 73 
* Frctn Loss ( ft ) 4 .5 4 . cum Volume (ac re-ft) 2.96 * 3. 58 1. 34 * 
• c & E Loss (ft ) 0 .05 * cum SA (acres) 1.91 * 4.40 1.71 
***********************~*********************************************************************** 

Warning : 

warning: 

The ene rgy equation could not be balanced within the specified numb er of iterations . The program used critical depth 
for the water surface and con tinu ed on with the calculations. 

Warni ng : 
Warning : 
the 

Divided flow computed for t his cross-section. 
The velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additio nal cross sections. 
warning: During the standa rd step iterations, when the assumed water surfac e was set equal to critical depth , the calculated 

water su rface came bac k below critical dept h . Thi s indi cates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.32 7 

CROSS SECTION OUTPUT Profi le #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev ( ft ) * 2199.21 * Element Left 08 * channel * Right 08 * 
• Ve l Head (ft) 0.89 * Wt. n-va l . 0 . 062 0.035 0.062 
* w.s. El ev (ft) * 2198.32 • Reach Len. ( ft) 224.89 303.29 348.39 * 

Cri t w.s . (ft) * 2198.32 * Flow Area (sq ft ) 19.80 * 120 . 11 184 .34 
* E.G. slope (ft / ft) *0.005872 * Area (s j! ft) 19 . 80 * 120.11 * 184.34 
• Q Tot a 1 (cfs) * 1542.00 * Flow (c s) 56 .81 * 1075 . 55 * 409.63 
* To~ width (ft ) 173.42 • Top width (ft) 9. 34 25.89 138.19 

Ve Total (ft/s) 4 . 76 Avg. Ve l . (ft/s) 2.87 8 . 95 . 2.22 
* Max chl Dpth (ft) 5.04 • Hydr. Depth (ft ) 2 . 12 4.64 • 1.33 
* Conv. Tot a 1 (cfs ) 20122 . 3 * conv . (cfs ) 741.4 * 14035. 4 5345.5 
* Length Wtd . (ft) 305.92 • Wetted Per. (ft ) 10 . 13 26 .30 * 138. so 
* Min ch El (ft) * 2193.28 • shea r ( lb/ sq ft) 0. 72 1. 67 • 0.49 * 
* Alpha 2.54 * stream Power ( lb/ ft s) * 2 .06 14 .99 1. 08 
* Frctn Los s (ft) 2.72 * Cum Vol ume (acre-ft) 3.99 3.92 . 1. 42 
* c & E Loss (ft ) 0.05 * cum SA (ac res) 1. 95 4 .15 * 1. 93 
*********************************************************************************************** 

warning : 

Warning: 
Warning: 

Warning: 
the 

The energy equati on cou l d not be balanced with in the specified numbe r of i terati ons. The program used critical depth 
for the water surface and continu ed on with the calculations . 
The velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need f or additional cross sections. 
The conveyance ratio (ups tream conveyance divided by downstream conveyance) i s l ess than 0 .7 or greater than 1 . 4 . 
This may i ndicate the need for additional cross sections . 

The energy l oss was greater than 1.0 ft (0.3 m). between the current and previous cross section. Thi s may indicate 

need for additi ona l cross sect ions . 
warning: During the standard step iterations, when the ass umed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. Thi s indicates that there is not a val id subcritical answer. The 
program 

defaulted to c r itica l depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E.G. Elev (ft) * 2200 .51 * Element * Left 08 * Channel * Right OB * 

Vel Head (ft) 2 .19 * Wt . n- Val. 0.062 0 . 035 0.062 
* W.S . Elev (ft ) * 2198.32 . Reach Len. (ft) 224.89 303.29 348.39 
t: crit w.s . ( ft ) * 2198 . 32 ,, Flow Area (sq ft ) 2.30 120 .19 19 .7 3 ,, E.G. slope (ft / ft ) *0 . 010812 1' Area (s~ ft) 2.30 120.19 19 .73 * 
• Q Total (cfs) • 1542.00 * Flow (c s) 3. 77 • 1460 .97 77.26 . ~~~ ~~~~~ (ft ) 34.00 * Top Width (ft) 0.61 25.89 * 7. so . 

(ft/s) 10.84 fr Avg . Ve l . (ft/s) 1. 64 12 . 16 • 3.92 • 
Max ch l Dpth (ft) 5. 04 . Hydr . Depth (ft) 3.76 4.64 2.63 

tr Conv. Total (cfs) . 14829.5 ~·· Conv. (cfs) 36 . 2 14050.2 743.0 
* Length Wtd. (ft) 305.20 1' Wetted Per. (ft) 4. 30 26.30 10.01 
• Min ch El (ft) . 2193.28 -:. shea r (1 b/sq f t ) 0. 36 3.08 1. 33 
• Alpha 1.20 ~. stream Power (1 b/ ft s) * 0. 59 37.49 5.21 . Frctn Lo ss (ft) 2 . 46 1

' cum Vo 1 ume (acre-ft ) 0.24 4. 32 0.61 
'' c & E Loss (ft) 0.37 ,'r Cum SA (acres) 0.11 4.15 0. 52 
*********************************************************************************************** 

Warning: 

warning: 
warning: 
Warning: 
the 

warning: 

The 
for 
The 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by mo re than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
cross section had to be extended vertically du ring the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previ ous cross section. This may indicate 

need for additional cross sections. 
During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 
wate r surface came back below critical depth. This indicates that there is not a va lid subcritical answer. The 
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program 

defaulted to critical depth . 
Warning : The parabolic search method failed to converge on critical depth . The program will try the cross section s lice / secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
***********************A************************************************************* ********** 
* E.G . El ev ( ft ) * 2198 . 94 * Element Left OB * channel * Right OB * 

vel Head ( ft ) 0 . 84 * Wt . n-Val . 0.062 0 . 035 0 .062 
* w.s . Elev ( ft ) * 2198 .10 * Reac h Len. (ft) 224.89 30 3. 29 348 . 39 
* Crit w.s . (ft ) • 2198 . 10 * Flow Area (sq ft ) * 17.81 114 . 48 154 . 31 
* E.G. slope (ft / ft ) *0.005602 * Area (sf ft ) 17 . 81 114.48 154 .31 
* Q Total (c fs ) * 1316 . 00 * Flow (c s) ,., 48.02 969 . 60 29 8 . 38 
* To~ Width ( ft ) 172. 41 * Top Width (ft) 8. 92 25.89 137. 60 

Ve Total (ft /s) 4 . 59 * Avg. Ve l. (ft / s ) 2.70 8.47 1. 93 • 
* Max Chl Dpth (ft ) 4.82 • Hydr . Depth (ft) 2.00 4.42 . 1.12 . 
• Conv . Total (cfs ) • 17582.9 • Conv. (cfs) 641.6 * 12954.7 • 3986.6 * * Length Wtd. (ft ) 305 . 08 • Wetted Per . (ft) 9 . 66 26 . 30 137 .87 
* Min Ch El (ft ) • 2193 . 28 * s hea r (lb / sq ft) 0 . 64 1. 52 0 . 39 
* Alpha 2 . 56 Stream Powe r (lb/ ft s) 1. 74 12 .89 0. 76 
* Frctn Loss ( ft ) 2 . 52 cum Volume (acre-ft) 3 . 68 3.65 1. 24 * 
* c & E Loss (ft ) 0.03 * Cum SA (acres) 1.80 . 4.13 * 1. 83 • 
***********************A*********************************************************************** 

Warning : 

Wa r n ing: 

warning : 
the 

The energy equation could not be balanced within the specified number of iterations . The p rogram used crit i ca l de pth 
f or the water s urface and continu ed on with the calculations. 
The conveyanc e rati o (u ps tream c o nveyanc e divided by downstream conveyan c e ) i s less t han 0 . 7 or greater than 1 .4. 

This may indicate the need for additional cross sections. 
The e ne rgy loss was g re ater th an 1 .0 ft ( 0 . 3 m) . between the current and previous cross secti o n . This may indi cate 

need for additional cross sections . 
Warning : During the standard s tep i terations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profi l e #10-YEAR 
**************************** ******** **************** ********* ********************************** 
* E. G. Elev ( ft ) * 2198 . 06 • Element Left OB * Channel * Right OB * 
* vel Head (ft) 0.98 * Wt. n-val. 0 . 062 * 0 . 035 * 0 . 062 * 

W. S. El ev (ft) * 219 7 .08 '' Reach Len. (ft) 224 . 89 303 . 29 348 . 39 
crit w.s . ( ft) * 2197 .08 '' Flow Area (sq ft) 9.72 88.07 43.17 
E.G. slope (ft/ ft ) *0 . 007819 • Area (sq ft ) 9 . 72 88 . 07 43.17 

* Q Total (cfs) 831.00 Flow ( cfs ) 24.63 740.00 66. 38 
Top Width (ft) 102.60 * Top Width (ft) 6.94 25.89 

0 
69 . 77 

vel Total (ft/ s ) 5 .90 '' Avg . Vel. (ft/ s) 2.53 8 . 40 1.54 
*Max Chl Dpth (ft ) 3.80 * Hydr. Depth (ft) 1 . 40 3.40 * 0 . 62 
* Conv. Total (cfs ) 9397. 7 • conv. ( cfs ) 278 . 5 8368 . 6 750 . 6 
• Length Wtd . (ft) 303 . 06 '' Wett ed Per. (ft) 7.44 26.30 69.84 
* Min ch El (ft) 2193 . 28 • shea r ( lb/ sq ft) 0.64 1.63 0.30 
* Alpha 1 . 82 • Stream Power ( lb/ ft s ) * 1.62 13.73 0.46 
* Frctn Loss (ft ) 3.13 * Cum Volume (acre-ft ) 2 . 74 2 .81 0.62 
* C & E Loss (ft) 0 . 03 '' Cum SA (acres) 1.51 4.09 0.91 
************************************ ************************ **** ************** ***************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program us ed critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross secti on . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS : 1 . 270 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************************************************** ************************************** ***** 
* E.G . Elev (ft ) * 2194.42 * Element * Left OB * Channel * Right OB * 
* Vel Head (ft ) * 1.42 '' Wt. n-Val. 0 . 062 0. 035 0.062 
* w. s. Elev (ft ) * 2193.00 '' Reac h Len. ( ft ) 358 . 86 405.63 416 . 26 
• crit w. s . (ft ) * 2193.00 • Flow Area (sq ft) 42 . 53 135.93 14.06 
* E.G. Slope (ft / ft ) *0 . 014948 • Area ( sq ft ) 42.53 135 . 93 14 . 06 
* Q Total (cfs) * 1542 . 00 Flow (cfs) 110.89 * 1369 . 58 61.53 

~~~ ~~~~~ ~~i~s) 11~ : 8~ : !~~.w~~f~ ~~i~ s) 5i:~i i8:8~ : ~:~~ 
* Max chl Dpth ( ft ) 3. 53 * Hydr. Depth (ft) 0.78 2.72 2.12 
* Conv. Total (cfs ) * 12612 . 1 • Conv . ( cfs ) 907.0 * 11201.9 503 .2 * 
* Length Wtd . (ft) 394.39 • Wetted Per . (ft) 54.84 50 . 26 7 . 71 * 
* Minch El (ft ) • 2189 . 52 • shea r (lb/ sq ft) 0.72 • 2 . 52 * 1 . 70 
* Alpha 1.43 ,., Stream Power (lb/ ft s ) * 1.89 * 25 . 43 * 7 . 45 
* Frctn Loss (ft ) 3.39 ,., Cum Volume (acre-ft ) 3 . 83 3 . 03 0.63 
• c & E Los s (ft) 0 . 23 • cum SA (acres) 1.78 3. 88 1.35 
****************************************************************************** ***************** 

Warning: 

Warning 
warning 
Warning 

The energy equation could not be balanced within the specified number of iterati ons. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for this cross-sect i on. 
The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance ) is less than 0 . 7 or greater than 1.4 . 

This may i ndicate the need for additional cross sections . 
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Warning: The energy loss was greater than 1 .0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterat1ons , when the assumed water surface was set equal to critical depth , the calcul ated 

water surface came back below cr1 t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************** *************** ** ********** ************************************************** . E.G. Elev (ft) * 2194.94 . Element Left 08 • channel . Right 08 . 
* vel Head (ft) 0.96 * Wt. n-val . 0 . 062 0.035 • 0.062 • 
* w.s. Elev (ft) * 2193.98 * Reach Len . (ft) 358.86 * 405.63 416 . 26 
* Crit w.s. (ft) * Flow Area (sq ft) ,, 0 .17 * 185 .12 ,, 18 . 06 ,, 
• E.G . slope (ft/ft) *0 . 006253 * Area (s~ ft) * 0.17 185.12 . 18.06 
* Q Total (cfs) * 1542.00 Flow (c s) • 0.06 • 1482.08 * 59.86 

* 0~~ ~~~~~ (ft) 55 . 10 * Top Width (ft) 0.08 50 . 03 4.99 
(ft/s) 7.58 • AVg. Vel. (ft/s) 0. 34 8 . 01 3. 31 

• Max chl Dpth (ft) 4. 51 • Hydr . Depth (ft) 2 . 18 3.70 3. 62 
* Conv . Total (cfs) • 19500.9 * Conv . ( cfs) 0 . 8 * 18743.1 757 .0 
• Length Wtd . (ft ) 405 .11 • Wetted Per. (ft) 2.26 50.26 . 7.81 . 
• Min ch El ( ft ) . 2189.52 . Shea r (lb / sq ft) 0.03 1.44 * 0 . 90 • 
* A 1 pha 1.08 . Stream Power (lb/ ft s) 0.01 11.51 • 2.99 
* Frctn Loss (ft) 3.06 * Cum Volume (acre-ft) 0.24 3.25 0. 46 
* c & E Loss (ft) 0.09 * Cum SA (acres) 0 .11 3.88 0.47 
*********************************************************************************************** 

warning: 
Warning : 
the 

The ve l ocit1 head has changed by mo re than 0.5 ft (0.15 m). 
The energy ass was greater than 1 .0 ft (0.3 m). between the 

This may indicate the need 
current and previous cros s 

need for additional c ross sections . 

CROSS SECTION OUTPUT Profi 1 e #50-YEAR 
************* **************************************************** ****************************** 
* E.G . Elev (ft ) • 2194.01 . Element Left 08 • Channel * Right 08 * 
* vel Head (ft) * 1.18 * Wt. n-Val . 0.062 0.035 0 . 062 . . W.S. Elev (ft) • 2192 . 83 . Reach Len . (ft) 358.86 405.63 . 416.26 • • crit w.s . (ft) . 2192.83 . Flow Area (sq ft) 34 . 86 127.72 * 12.99 * * E.G. slope (ft/ ft) •o. 013424 . Area (s~ ft) 34.86 127.72 12.99 * * Q Total (cfs) • 1316.00 * Flow (c s) 93.63 • 1169 . 92 52.45 . 
. 0~~ ~~~~~ (ft) 97.72 * Top Width (ft) 41.30 50.03 6. 39 • 

(ft/s) . 7.50 Avg . Vel. (ft/s) 2. 69 9 .16 4.04 
• Max chl Dpth (ft) • 3 . 36 Hydr . Depth (ft) 0.84 2.55 2.03 

Conv . Total (cfs) • 11358.2 * Conv . (cfs) . 808.1 • 10097 .4 * 452.7 . 
• Le ngth Wtd. (ft) 394.72 * Wett ed Per. (ft) * 41.77 so. 26 • 7 . 41 • 
* Min Ch El (ft) . 2189.52 * shea r (lb/ sq ft) 0 . 70 2 .13 • 1.47 
• Alpha 1. 35 * Stream Power (lb/ft s) * 1.88 19 . 51 5. 93 . Frctn Loss (ft) 3.16 * Cum Volume (acre-ft) * 3 . 54 2 . 80 . 0. 57 * 
• c & E Loss (ft) 0 .18 * Cum SA (acres) • 1. 67 3.87 • 1. 25 • 
************* *********************************************************** ********** ************* 

for additional cross sections. 
section. This may indicat:e 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning: 

Warning: 
the 

Divided flow computed for this cross-section. 
The velocity head has changed by more than 0.5 ft (0 . 15 m) . This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calcul ated 

water surface came back below critical depth. This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10 - YEAR 
*************************************************************************************** ** ** **** 
* E.G. Elev (ft) • 2193.09 • Element * Left 08 • Channel • Right 08 * 
• Vel Head ( ft) 0.89 • Wt. n- val. • 0 . 062 0.035 • 0 . 062 
'' w. s . Elev (ft) • 2192 . 21 '' Reach Len . (ft) * 358.86 405.63 * 416.26 * 
'' Crit w.s. (ft) • 2192.21 ,., Flow Area (sq ft) * 15.93 96 . 56 9.30 
• E. G. slope (ft / ft) *0.014316 • Area (sq ft ) 15.93 96.56 9.30 
• Q Total (cfs) • 831.00 Flow (cfs) 38 . 32 758.06 34.63 
• Top width (ft) 77.38 • Top Width (ft) 21 . 89 50 . 03 • 5.46 • 

Vel Total (ft/ s) • 6.82 • Avg. Vel. (ft/ s) 2 . 41 7.85 * 3.72 * 
• Max chl Dpth (ft) * 2.74 '' Hydr . Depth (ft) 0 . 73 1.93 1.70 
• Conv. Total (cfs) * 6945.3 * Conv . (cfs) 320.3 6335 . 7 289.4 
• Length Wtd. (ft ) 396.82 • Wetted Per. (ft) 22 . 22 50.26 6 . 29 
• Min Ch El (ft) • 2189.52 • shear ( lb / sq ft) 0 . 64 1 . 72 1.32 

Alpha 1.23 * Stream Power ( lb/ ft s) * 1.54 13.48 • 4.92 * 
* Frctn Loss (ft) 3 . 49 '' Cum Volume ( acre-ft) 2 . 68 2 . 17 * 0.41 * 
'' C & E Loss (ft) 0.11 '' Cum SA (acres) 1.43 3.83 0 . 61 
*********************************************************************************************** 

Warning: 

Warning: 
warning : 

warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for this cross - section . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calcu l ated 

water surface came back below c ritic al depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 
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RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.193 

WKB1.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
********** * ******* * ****~**** **************** *** * * * ******* ** ********* * * * *** * ** * * ** ** ********* * ** . E.G. Elev (ft) . 2189 . 97 . Element Left OB channel * Right OB * 
• vel Head (ft) 0.64 . Wt. n-val . 0 . 062 0.033 0 . 062 • 
• w.s. Elev (ft) • 2189.32 • Reach Len . (ft) 169.70 . 156 . 02 134. 52 
* Crit W.S . (ft) . . Flow Area (sq ft) . 208.09 • 94.60 . 31.56 
• E.G. slope (ft/ ft ) *0.005567 • Area (sf ft) • 208 . 09 94.60 • 31.56 
• Q Total (cfs) * 1542.00 Flow (c s) 663.03 795.84 * 83.13 . ~~~ ~~m (ft) 127.98 * Top Width (ft) 86.99 23.71 17.28 

(ft/ s) 4.61 • AVg . vel. (ft/ s) 3.19 . 8.41 . 2 . 63 . 
• Max Chl Dpth (ft) 4 . 27 . Hydr . Depth (ft) 2.39 • 3. 99 • 1. 83 • 
* conv. Total (cfs) * 20666.4 • Conv . (cfs) 8886 . 1 • 10666 .1 1114.2 

Length Wtd. (ft) * 160.85 . Wetted Per. (ft) * 87.49 23 . 87 17.65 
Min ch El (ft) • 2185 . 05 • Shear (lb/ sq ft) • 0.83 1. 38 0.62 

• Alpha 1.94 • Stream Power (lb/ ft s) ,, 2.63 11.59 1. 64 . . Frctn Loss (ft) 0.20 * cum Vo lume (acre-ft) 2.80 1.96 0.41 • . . 1.20 3.54 . 1. 24 * C & E Loss (ft) 0.16 * cum SA (acres) 
*************** ********* ******* *********************** *************** ***************** ********* 

warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for addit ional cross sections. 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) i s less than 0.7 or greater than 1.4. 

This may indicate the need for additiona l cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) • 2191.80 . Element Left OB * Channel . Rit66~B . 
• ve l Head (ft) 1.89 * Wt. n-Val. ,, 0 . 062 . 0.033 • • . w. s. El ev (ft) • 2189.91 . Reach Len. (ft) • 169.70 • 156.02 134. 52 • 
• crit w.s . (ft) . 2189.89 * Flow Area (sq ft) * 21.77 108 . 47 39.30 

* E. G. slope (ft/ ft) *0.009299 * Area (sf ft) 21.77 108.47 39.30 . 
• Q Total (cfs) • 1542.00 Flow (c s) 85.15 • 1291.98 164.87 • . ~~~ ~~~~~ (ft) 45.00 * Top Width (ft) 6.70 23.71 14.59 

(ft / s) 9 .10 . Avg. vel . (ft/ s) . 3.91 11.91 4.20 
• Max chl Dpth (ft) 4.86 • Hydr . Depth (ft ) • 3 . 25 4 . 57 2.69 
* conv . Tota 1 (cfs) • 15990.6 * conv. (cfs) . 883.0 • 13397.9 1709.7 . Length Wtd. (ft) 155.25 * Wetted Per. (ft) ,, 9.89 * 23.87 16.07 
* MinChEl (ft) . 2185 . 05 * Shear (lb/ sq ft ) 

,, 1. 28 • 2.64 1. 42 
• Alpha 1.47 • Stream Power ( lb/ ft s) . 5.00 31.42 5.96 . Frctn LOSS (f1:) 0. 54 . cum Vol ume (acre-ft) 0.15 1.89 0.19 

• cum SA 0.08 3.54 0 . 37 • c & E Loss (ft) 0.41 (acres) 
********* **************** ************ ****** ************* ******* ****** ****** ** *********** ******* 

warning: 
warning : 

The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for add icional cross sections. 

warning: 
warning: 

The cross section had to be extended vertically during the critical depth calculations. 
The parabolic search method failed to converge on critical depth. The program will try che cross section s lice / secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************ ******************************************************************** ******** ******* 
* E.G. El ev (ft) 2189.66 • Element Left OB • Channel • Right OB '' 
* Vel Head (ft ) 0.57 • Wt. n-Val. 0.062 0.033 0.062 
* w. s. Elev (ft) • 2189 . 09 • Reach Len. (f1:) 169.70 • 156.02 134.52 
• crit w.s. (ft) • Flow Area (sq ft) 187.37 * 88.92 27.55 
• E.G . Slope (ft/ ft) *0.005306 • Area (sq ft) 187.37 88.92 27.55 
• Q Total (cfs) • 1316 . 00 Flow (cfs) 547 . 68 700.77 67.55 
* Top Width (ft) 125.93 ° Top Width (ft) 86.01 23 . 71 16.20 

vel Total (ft / s) 4.33 * Avg. ve l . (ft/s) 2.92 7.88 2.45 
• Max chl Dpth (ft) 4.03 • Hydr. Depth (ft) 2.18 3.75 1.70 
• Conv. Total (cfs) • 18066.7 • Conv . (cfs) 7518 . 9 9620.5 927 . 4 
• Length Wtd. (ft) 160.78 • Wetted Per. (ft) 86.48 23 . 87 16.55 
• MinCh El (ft) 2185 . 05 • Shea r ( lb / sq ft) 0 . 72 1 . 23 0.55 
* Alpha 1.97 * Stream Power (lb / ft s) * 2.10 9.72 1.35 * 
• Frctn Loss (ft) 0.18 • cum vo lume (acre-ft) 2.62 1 .80 0.38 
• c & E Loss (fc) • 0 .15 • cum SA (acres) • 1.14 3.52 • 1.14 • 
************** ************************************** **************************** *************** 

warning: The conveyance ratio (upstre am conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************* *************************************** **** *********************** **************** . E.G. Elev (ft) . 2188 .8 3 . Element . Left OB . Channel * Right OB * 
• vel Head (ft) 0.52 'lr Wt. n-val. 0 . 062 • 0.033 0.062 
* w.s . Elev (ft) . 2188 . 31 ,, Reach Len. (fc) 169.70 156.02 134. 52 
• Crit w.s . (ft) • ,, Flow Area (sq ft) 121.96 70.55 16.40 . E.G. slope (f1:/ ft ) *0.005948 fr Area (s~ ft) 121.96 70.55 16.40 . Q Total (cfs) • 831.00 Flow (c s) 290.75 504. 56 . 35.69 . 
• ~~~ ~~~~~ (ft) 119.17 '' Top Width (ft) 82.89 23.71 • 12.57 • 

(ft / s) 3 .98 "' AVg. Ve l . (ft/s) 2.38 7 . 15 2.18 
* Max Chl Dpth (ft) 3 . 26 ,, Hydr . Depth (ft) 1. 47 2 . 98 1. 30 
• conv. Total (cfs) • 10774.8 canv . (cfs) 3769.8 6542.1 462.8 • 
• Length Wtd . (ft) 160 . 39 Wetted Per . (ft) . 83 . 26 23 . 87 12.84 . Min Ch El (ft) • 2185 . 05 * shear (lb/ sq fc) • 0. 54 1.10 0.47 
• Alpha 2.10 • stream Power ( lb / ft s) 1.30 7 . 85 1.03 * . Frctn LOSS (ft) 0.14 * cum vo lume (acre-ft) 2.11 . 1. 39 0.29 • 
• C & E Loss (ft) . 0 .14 . cum SA (acres) . 1.00 • 3 .48 . 0 . 52 . 
******* ************ ************ **************************** ************** **************** ****** 

warning: The conveyance racio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 
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WKBl. rep 
This may indicate the need for additiona l cross sections . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 1.164 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2189 . 60 * Element * Left OB * Channel * Right OB * 
*Vel Head (ft) 0.11 * Wt . n-val . 0.062 * 0.033 0 . 062 * 
* w.s. Elev (ft) * 2189.50 * Reach Len . (ft) 132.32 71.08 40.42 
* c rit w.s. (ft ) * Flow Area (sq ft) 476.46 233.54 73 . 17 
• E. G. slope (ft/ft) *0.000540 Area (sq ft) 476 . 46 233.54 73 . 17 
* Q Total ( cfs) * 1542 . 00 Flow (cfs) 675.15 790.75 76 . 10 
* Top Width (ft ) 184.77 * Top Width (ft) 116.82 39.66 28 .29 

Ve l Total (ft/s) 1.97 * Avg. vel. (ft/ s) 1.42 3.39 1.04 
* Max chl opth ( ft ) 6.66 * Hydr. Depth (ft) 4.08 5.89 2 . 59 
* Conv. Total (cfs) * 66372 . 3 * Conv. (cfs) * 29060.6 • 34036 . 3 3275.5 
* Length Wtd. (ft) * 89 . 42 * Wetted Per . (ft) 117. 36 40 .11 28. 66 
* Min ch El ( ft ) * 2182.84 * shea r (lb/ sq ft) 0.14 0.20 0.09 
• Al pha 1 .76 • Stream Powe r (lb/ ft s) 0 .19 0 . 66 0.09 
* Frctn Loss (ft) 0 . 02 * cum Volume (acre-ft) '' 1. 46 1.37 0.25 
* c & E Loss (ft) 0 . 03 * cum SA (acres) 0 . 80 3.43 1 . 17 
**************************************** ********************************** ********************* 

Warning : The conveyance ratio (ups tream conveyance divided by downstream conveyance) i s less t ha n 0.7 or greater than 1.4 . 
This may indicate the need fo r additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
********************************************************************* ********* ********** ** ***** 
• E. G. Elev (ft) * 2190 . 84 * Element Left OB * Channel • Right OB * 
• Vel He ad (ft ) 0.52 * Wt. n- Val. 0.033 
* w.s . Elev (ft) * 2190.32 Reach Len. (ft) 132 . 32 71.08 
* Crit W. S. (ft) * Flow Area (sq ft ) 266.35 
* E.G. slope (ft / ft ) *0.001802 * Area (sq ft) 266.35 
* Q Total (cfs) * 1542.00 Flow (cfs) * 1542 . 00 

Top width (ft) 39.66 * Top width (ft) 39.66 
Vel Total (ft/ s) 5.79 * Avg . Vel. (ft/s) 5. 79 
Max Chl Opth (ft) 7.48 * Hydr . Depth (ft) 6 .72 
canv. Total (cfs) • 36326 . 7 * canv. (cfs) 36326. 7 

* Length Wtd . (ft ) 68.73 *Wetted Per. (ft) 50 . 53 
* Min ch El (ft) * 2182 . 84 * shea r (l b/ sq ft) 0. 59 

40 . 42 

* . 
• 

* Alpha 1.00 • Stream Power (lb/ft s) 3.43 • 
* Frctn Loss (ft) 0.04 * cum volume (ac re-ft) * 0.10 1 . 21 • 0.12 
* C & E Loss (ft) 0 . 20 * Cum SA (acres) 0.07 3.43 0.35 
*********************************************************************************************** 

warning: The conveyance rati o (upstream conveyance di vided by downstream conveyance ) is less than 0.7 or greater than 1 . 4. 
This may i ndi cate the need for additional cross sections . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev ( f t) * 2189.33 * Elemen t Left OB * Channel * Right OB * 

ve l Head (ft ) 0.09 * Wt . n- val . 0.062 0 . 033 0.062 
* w.s . Elev ( ft ) * 2189 .2 5 . Reach Len. (ft) 132. 32 71.08 40.42 

Crit w.s . ( ft) * Flow Area (s q ft) ,, 447 . 36 223 . 61 66 .21 
* E.G . slope (ft/ ft ) *0.000468 . Area (s~ ft ) 447.36 223. 61 66.21 
• Q Total (cfs ) * 1316 . 00 * Flow (c s) 570 . 03 684.53 61.44 

* 0~~ *~~~~ ( ft ) 182 . 46 * Top width (ft) ,, 115 . 52 39.66 27 . 29 
( ft / s) 1. 79 * Avg. ve l . (ft/s) 1. 27 3 . 06 0.93 

• Max chl Dpth (ft) 6.41 * Hydr. Depth (f t ) 3.87 5. 64 2.43 
Conv. Total (cfs) 60861.4 * Conv. (cfs) ,, 26362 . 1 31657 . 6 2841. 7 

* Length Wtd. (ft) 89.39 * Wetted Per . (ft ) 116 . 03 40.11 27 . 62 
* Min Ch El (ft ) * 2182.84 * shea r ( lb/ sq f t ) • 0 . 11 * 0.16 0 . 07 
* Alpha 1. 76 * Stream Power (lb/ ft s) ,, 0 . 14 * 0 . 50 0.06 . Frctn Loss (ft) 0.02 * cum vo lume (acre-ft) * 1. 39 1. 24 0 . 23 
* C & E Loss (ft) 0.03 * Cum SA (acres) ,, 0 . 75 3.41 1.08 
*********************************************************************************************** 

warning: The conveyance ratio (ups tream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4. 
Thi s may indicate the need for additional cross sect i ons . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) . 2188 . 55 . El ement * Left OB . channe l * Ritt OB * 
• Vel Head (ft ) 0.05 * Wt. n- val . 0.062 0. 033 . . 062 
* w.s. Elev (ft) . 2188 . 49 • Reac h Len. (ft) 132 . 32 71.08 • 40 . 42 * . Crit w. s. ( ft) Fl ow Area (sq ft) 362 . 03 193 . 79 46.82 
* E.G . Slope (ft / ft ) *0.000331 Area (s ~ ft) 362.03 193.79 46.82 
* Q Total (cf s) 831.00 Fl ow (c s) 345.66 453.90 * 31 . 44 

. 0~~ *~~~~ ( ft ) 175 . 28 * Top width (ft) 111 . 35 39 . 66 • 24.27 
(ft/s) 1. 38 Avg . Ve l . (ft/s) 0.95 2.34 0.67 

• Max chl Dpth (ft) 5 . 65 * Hydr . Depth (ft) 3. 25 4 . 89 1. 93 
Conv . Total (cfs) * 45657.2 * conv. (cfs ) * 18991.4 * 24938.4 1727 .3 

• Length Wtd. (ft ) 89 . 21 '' Wetted Per. (ft) 111.80 40.11 24.51 
* Min Ch El (ft) * 2182.84 * shear ( l b/ sq ft) 0 .07 0 .10 0.04 
* Alpha 1. 78 * Stream Power ( l b/ ft s) ,, 0.06 0 . 23 0.03 . 
* Frctn Loss (ft) 0.01 * Cum Volume (acre- ft) 1. 17 0.92 0.19 • 
* c & E Loss (ft) 0.02 * cum SA (acres) 0 . 62 3. 37 0.46 
*********************************************************************************************** 

warning : The conveyance ratio (up stream conveyance di vided by downs tream conveyance) is l ess tha n 0.7 or greater than 1 . 4. 
Thi s may indicate t he need for add i tional cross sections . 

CROSS SECTION 
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RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.150 

WKB1.rep 

CROSS SECTION OUTPUT Profile #FLOODP LAIN 
*********************************************************************************************** 
* E.G. El ev (ft) * 2189.54 * Element Left OB Channel ,'f Right OB * 
* vel Head (ft) 0 . 04 * Wt . n-val. * 0.062 0 . 035 0 . 062 
* w. s. El ev (ft) * 2189.51 * Reach Len. (ft ) * 98.63 122 .07 115 . 27 

* Crit W.S. (ft) * 2184.62 * Flow Area (sq ft) 487 . 11 305.54 461.88 
* E. G. slope (ft/ft) *0.000168 * Area (s'j! ft) 487.11 305.54 461.88 
* Q Total ( cfs) * 1542 . 00 Flow (c s) 487 .17 654.40 400.44 
* To~ Width (ft) 221.00 * Top Width (ft) 82.80 39.67 98.53 

* Ve Total (ft/s) 1. 23 * Avg. Vel. (ft/s) 1.00 2.14 0.87 . 
* Max Chl Dpth {ft) 7.97 * Hydr. Depth (ft) 5 .88 7.70 4.69 • 
* Conv. Total (cfs) *119042 .2 * Conv. (cfs) * 37609.1 50519.4 * 30913.7 
* Length Wtd. (ft) 122 . 07 * Wetted Per. (ft) 84.24 39.75 98.97 

* Min Ch El (ft) • 2181.54 * shear (lb/sq ft) 0.06 0.08 0.05 
* Al pha 1. 63 * Stream Power (lb/ ft s) '' 0.06 0.17 . 0 . 04 
* Frctn Loss (ft) * Cum Volume (acre-ft) * 0 . 93 * * 

* 0.50 3 . 36 1.11 * * C & E LOSS (ft) * cum SA (acres) 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************* ********************************************************************************** . E.G. Elev (ft) * 2190 .60 . Element * Left OB * channel . Right OB * 
* Vel Head (ft) * 0.12 * Wt. n-val . 0 . 062 0.035 0 . 062 
* w.s. Elev (ft) . 2190.48 * Reach Len. ( f t) 98.63 * 122.07 115. 27 • . Crit w. s . (ft) • 2184.95 * Fl ow Area (sq f t) 68 .32 344.28 268 . 44 * 
* E.G. Slope (ft / ft ) *0 . 000310 Area (s'j! ft) 68.32 344.28 268 . 44 

Q Total (cfs) * 1542.00 Flow (c s) 73.92 1084.43 383.65 * 
~~~ ~~~~~ (ft) 85.28 * Top Wi dth ( f t) 9.22 39.67 36.39 . (ft/s) 2.26 . Avg . ve l . ( f t /s ) 1.08 3. 15 1.43 

* Max chl Dpth (ft) 8.94 . Hydr . Depth (ft) 7.41 8 . 68 7 . 38 . conv . Total (cfs) . 87648 . 9 . Conv. (cfs) 4201.6 . 61640 . 3 . 21807.0 . 
Le ngth Wtd. (ft) 122.07 • Wetted Per. (ft) 16.62 39.75 43.02 * 
Min Ch El (ft) * 2181.54 . shear ( l b/ sq ft) 0.08 0. 17 0.12 • . Alpha 1.47 * Stream Power ( l b/ ft s) . 0 . 09 0. 53 0.17 

* Frctn Loss (ft) . cum Volume (acre-ft) 0. 72 . . 0.06 3.36 0. 33 C & E LOSS (ft) Cum SA (acres) 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profi l e #50- YEAR 
*********************************************************************************************** 
* E. G. El ev (ft) * 2189 . 28 * Element * Left 08 * Channel * Right 08 * 
• Vel Head (ft) 0 . 03 • wt. n-val. 0.062 0.035 0.062 
* w.s. Elev (ft) * 2189.25 • Reach Len. (ft) 98.63 122.07 115.27 
• c rit w. s. (ft ) * 2184.41 • Flow Area (sq ft) 466 . 36 295.54 437 . 24 
• E.G. slope (ft / ft) *0. 000139 • Area (sq ft) 466.36 295.54 437.24 
• Q Total (cfs) • 1316.00 Flow (cfs) 415. 92 563.97 336.10 
• Top width (ft) 218.69 • Top width (ft) 81.87 39 . 67 97.15 

vel Total (ft/s) 1.10 • Avg. Ve l . (ft/s) 0.89 1.91 0. 77 
• Max chl Dpth (ft) 7.71 * Hydr . Depth (ft) 5.70 7.45 4.50 
• conv. Total (cfs) *111527 . 1 • Conv . (cfs) * 35248 . 3 • 47795 . 2 * 28483.6 
• Length Wtd. (ft) 122 .07 • Wetted Per. (ft) 83.27 39.75 97.57 
• Minch El (ft ) * 2181.54 • shear (lb/sq ft) 0.05 0.06 0 . 04 
• Alpha 1.63 • stream Power ( l b/ ft s) 0.04 0. 12 0.03 
• Frctn Loss (ft) * cum volume (ac re-ft) 0.81 * 
• c & E Loss (ft) * * cum SA (acres) * 0.45 • 3 . 35 • 1.02 
******************************************************************** *************************** 

CROSS SECTION OUTPUT Profi le #10- YEAR 
*********************************************************************************************** . E.G. El ev (ft ) • 2188 . 52 * Element Left OB * c hanne l * Rig ht OB * 
* ve l Head (ft ) 0 . 02 * Wt. n- val . 0 . 062 0.035 .062 • 
* w.s. El ev (ft) • 2188.50 * Reach Len . (ft) 98.63 . 122.07 115 . 27 . Crit W.S. (ft) * 2183.92 * Flow Area (sq f t) 405 . 57 • 265.61 365.40 

* E.G. slope (ft/ft) *0. 000085 * Area (s'j! ft) 405 . 57 265 . 61 365.40 
• Q Total (cfs) . 831.00 Flow (c s) 262 . 28 368.40 200.32 . ~~~ ~~~~~ (ft) 212.28 * Top Wi dth (ft) 79.61 39 . 67 93.00 

(ft/s) 0 . 80 • Avg. Vel. (ft/s) 0 . 65 1 . 39 0. 55 
* Max Chl Dpth (ft) 6 . 96 * Hydr. Depth (ft) 5 . 09 6.70 3.93 
• Conv . Tot a 1 (cfs) * 90231.2 • Conv. (cfs) * 28478.4 • 40001.9 • 21750.8 
• Length Wtd. (ft) 122.07 * Wetted Per . (ft) 80.87 39.75 93.35 
• Min ch El (ft) . 2181.54 • shear (lb/sq ft) 0.03 0.04 0.02 
* Alpha 1. 65 Stream Power (lb/ft s) . 0 . 02 0.05 0.01 . Fr ctn Loss (ft) * Cum Volume (acre-ft) 0.54 

* cum SA 0 . 33 3.30 0.41 * c & E Loss (ft) (acres) 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.127 

CROSS SECTION OUTPUT Profi le #FLOODPLAIN 
*********************************************************************************************** . E.G. El ev (ft) * 2183 . 53 . Element Left OB * Channel . Right OB * 
* vel Head (ft) 0 . 93 * Wt. n- Val. . 0.062 0 . 035 0.062 

* w.s. Elev ( f t) * 2182.60 * Reach Len . (ft) • 179 . 80 191. 64 190.11 
• c r it w.s. (ft) * 2182 . 42 * Flow Area (sq f t ) 12 . 49 161.30 83 . 50 
* E. G. slope (ft/ ft) *0 . 006995 * Area (s'j! ft) 12.49 161. 30 83 .50 * 
• Q Total (cfs) • 1542 . 00 * Flow (c s) . 28.09 • 1334.46 179 . 45 • 
* Top width (ft) 125.62 * Top widt h (ft) • 10.08 42.17 73.38 
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• Vel Total (ft/ s) 5.99 ° Avg. Vel. (ft/ s) * 2 . 25 8.27 2 . 15 
* Max Chl Dpth (ft ) 6 . 93 ° Hyd r. Depth (ft) 1 . 24 3.82 1 . 14 
• Conv . Total (cfs ) * 18437.3 • conv . (cfs) 335.9 * 15955.8 * 2145.6 

Length Wtd . (ft) * 191.01 Wett ed Per. (ft) 10. SO 45 . 35 • 75.22 * 
Minch El (ft) • 2175.67 shea r (lb / sq ft) 0 . 52 1.55 • 0.48 

* Alpha * 1.67 * stream Power (lb / ft s) * 1.17 12.85 1.04 
* Frctn Lo s s (ft) * 1.29 * cum volume (acre-ft) 0 . 56 9 . 22 1.01 
• C & E Loss (ft) 0.16 • Cum SA (acres) 0.40 3.25 0.88 * 
****************************** ********************** ****** ***** ******************** ************ 

Warning: The velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
Warning: The energy loss was g reater than 1 . 0 ft (0.3 m). between the current and previ ous cross section. This may indi cate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************************** ****************************************************** ************ 
* E. G. Elev (ft ) * 2183.86 * Element 0 Left 08 * Channel * Right OB * 
• vel Head (ft) 0.96 • Wt. n-Val. 0.035 0.062 
• w. s. Elev (ft) • 2182.90 • Reac h Len . (ft) 179.80 191.64 190.11 
• Crit w.s. ( ft) * Flow Area (sq ft) • 173.80 44 . 51 
• E.G. slope (ft / ft ) *0.006682 Area (sq ft) * 173.80 44.51 * 

Q Total (cfs) * 1542.00 Flow (cfs) 1416. 38 125.63 * 
~~~ ~~~~~ ~~i~s) : 6j : g~ : ~~~.w~~f~ ~~i~s) 4~:i~ 2 ~:~~ : 

• Max chl Dpth (ft ) 7.23 • Hydr . Depth (ft) 4 . 12 1.96 
conv . Total (cfs ) * 18864.5 conv . (cfs) • 17327 . 7 1536.9 

• Length Wtd. (ft ) 191 . 29 • Wet ted Per. (ft) 48 . 30 25.73 
* Minch El (ft) * 2175.67 * Shea r (lb / sq ft) 1.50 0.72 
* Alpha 1. 24 • Stream Power (l b/ ft s) • 12.23 2 . 04 
* Frctn Loss ( ft) 1.32 * cum volume (acre-ft) 0 . 13 9 . 33 0.40 * 
• c & E Loss (ft) 0 . 22 • cum SA (acres) 0.05 * 3.25 0.26 
*********************** *** *************** ********* ******* ************** ************************ 

warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional c ross sections . 

CROSS SECTION OUTPUT Profile #50- YEAR 
********************************************************************************** ** *********** . E.G . Elev (ft) . 2183.18 . Element . Left OB * channel . Right 08 * 
• Vel Head (ft) 1.04 * Wt. n-val. 0.062 0 . 035 0 . 062 
* w. s. Elev (ft) * 2182.15 . Reach Len . (ft) 179.80 191.64 190.11 . crit w.s. (ft) * 2182.15 . Flow Area (sq ft) 8.22 142.15 * 50.87 
• E.G. slope (ft/ ft ) *0.008747 . Area (s~ ft) 8 . 22 142.15 • 50.87 
• Q Total (cfs) • 1316.00 • Flow (c s) 17.27 • 1208.86 89.87 
• To~ width (ft) 121.80 * Top Width (ft) ,, 8. 71 42.17 70 . 92 

Ve Total (ft/ s) 6. 54 '' Avg . Vel . (ft/ s) • 2.10 8. so 1. 77 
• Max chl Dpth (ft) . 6.48 • Hydr . Depth (ft) • 0.94 . 3 . 37 0 . 72 
• Conv. Total (cfs) * 14070.9 * Conv. ( cfs) 184.7 • 12925.3 . 960.9 
• Length Wtd. (ft) 191.12 * Wetted Per. (ft) 9 . 06 45 . 35 • 72.69 
* Min Ch El (ft) • 2175.67 * shea r ( lb/ sq ft) 0.50 1.71 0. 38 
• Alpha 1. 56 • Stream Power ( lb/ ft s ) . 1.04 14.56 0.68 . Frctn Loss (ft) 1.43 * cum Volume (ac re-ft ) 0 . 45 8. 32 0. 72 . . Cum SA . 0.35 3 . 23 0.80 * C & E LOSS (ft) 0 .10 (acres) 
*********************************************************************************************** 

wa r ning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross s ection. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
******************************************************************************** *************** 
• E. G. Elev (ft) • 2182 . 23 • Eleme nt Left os • channel • Right os * 
• vel Head (ft) 0. 72 • Wt . n-val. 0.062 0 . 035 0 . 062 
• W.S . Elev (ft) • 2181.51 • Reach Len . ( ft) 179.80 191.64 * 190.11 * 
• crit w.s . (ft) • 2180 . 80 • Flow Area (sq ft ) 3.41 115.38 • 13.27 
* E.G. Slope (ft/ ft ) *0 . 007657 • Area (sq ft) 3. 41 115 . 38 * 13.27 
• Q Total (cfs) 831 . 00 Flow (cfs) 4.77 798.83 27.40 
• Top width (ft ) 64 . 60 Top width (ft) 6.00 42.17 * 16.43 * 

Vel Total (ft / s ) 6.29 Avg. vel. (ft/ s) 1.40 6 . 92 2.06 • 
• Max chl Dpth (ft ) 5 . 84 • Hydr. Depth (ft) 0 . 57 2.74 0.81 • 
• conv . Total (cfs) 9496.5 • conv . (cfs) 54.5 9128.9 313.1 
• Length Wtd . (ft) 191. 37 • Wetted Per. (ft) 6 . 27 45.35 18.03 
* Minch El (ft) 2175.67 • shear (lb / sq ft) 0.26 1.22 0 . 35 
* Alpha 1.17 '' Stream Power (lb / ft s ) 0 . 36 8 . 42 0.73 
• Frctn Loss (ft) 1.78 • Cum Volume (acre-ft) 0.22 6.10 0 . 19 
• C & E Loss (ft) 0 . 27 • cum SA (acres) 0.24 • 3 .19 0 . 26 
************ ***** ***************************************************************** ** ******* **** 

warn i ng: Divided flow computed for this cross-section. 
warni ng: The velocity head has changed by more than 0.5 ft (0.15 m). This may i ndicate the need for additional cross sections . 
warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross s ection. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.091 
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CROSS SECTION OUTPUT Profile #FLOODPLAIN 
******************************************************************* *** ***************** ******** . E.G. Elev (ft) . 2182.09 • Element Left OB * channel * Right OB * 
• Vel Head (ft) 1.46 * Wt. n-val, . 0 . 062 . 0 . 035 0 . 062 . 
* w.s. Elev (ft) * 2180 . 62 . Reach Len. (ft) • 185 ' 33 * 191.33 203.84 • 
• crit w. s . (ft) . 2180 . 62 . Flow Area (sq ft) 27.62 120.99 74.59 
* E. G. Slope (ft/ ft ) *0.006486 • Area (s~ ft) • 27.62 120.99 ,, 74.59 
* Q Total (cfs) • 1542 . 00 Flow (c s) * 91.44 • 1280.54 * 170.03 . ~~~ ~~~~~ (ft ) 90.14 * Top Width (ft) • 11.30 21.80 • 57.04 

(ft / s) 6 . 91 • Avg . Vel . ( ft / s) 3 . 31 10 . 58 2 . 28 . 
* Max Ch l Dpth (ft ) 6 . 43 * Hydr. Depth (ft) 2.45 5.55 . 1.31 • 
* Conv . Total (cfs ) 19147.2 • Conv . (cfs) ,, 1135.4 * 15900 . 6 * 2111.2 
• Length Wtd . (ft) 192 . 01 • Wetted Per . (ft) 12 . 30 • 22 ' 21 58 . 11 
• Min ch El (ft) . 2174.19 . Shea r (lb/ sq ft) . 0.91 2 . 21 . 0 . 52 
* Alpha 1.97 . Stream Power (lb / ft s) • 3 . 01 . 23.34 • 1.18 . Frctn Los s (ft) 1.58 * cum volume (acre-ft) 0.47 • 8 . 60 0 . 66 

0.35 3.11 0 . 60 • c & E Loss (ft) 0 . 05 * cum SA (acres) 
************************************ ******* ************* *************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical dept h 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indi cate 
the 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water s urface came bac k below c ri t ical depth . This indicates that there is not a val id subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
****** ******************************************************************** ******** *** ********** . E.G. El ev (ft) * 2182.32 . Element Left DB . channel . Right DB . 
* vel Head (ft) 1.69 * Wt. n-Val. 0.062 0 . 035 0 . 062 
* w. s . Elev (ft) * 2180 . 63 . Reach Len. (ft) 185.33 191.33 203.84 . crit w.s. (ft) . 2180.63 * Flow Area (sq ft) 16.43 121.05 56.14 

* E.G . slope (ft/ ft ) *0.007151 . Area (s~ ft) * 16 . 43 121.05 56.14 
• Q Total (cfs) * 1542.00 * Flow (c s) • 55.71 . 1345 '65 140.64 . 

~~~ ~~~~~ (ft) 64.90 • Top width (ft) 4 .12 21.80 38.98 

* (ft/ s) 7.96 * Avg. Vel . (ft/ s) 3.39 11.12 2. 51 * 
* Max Chl Opth (ft) 6.44 * Hydr . Depth (ft) 3 . 99 5 . 55 1.44 * . Conv. Total (cfs) . 18235.4 * Conv. (cfs) 658.8 * 15913.4 1663.1 

* Length Wtd . (ft) 191.87 * Wetted Per . (ft) 7. 59 22.21 40.85 . Min ch El (ft) 2174.19 * shear (lb/ sq ft) . 0 . 97 2.43 0.61 
• Alpha 1. 72 * Stream Power (1 b/ ft s) • 3.28 27.04 1. 54 . Frctn Loss (ft) • 1.69 * cum volume (acre- ft) 0.09 8.68 0.18 . * 0 . 04 * 3.10 0.12 C & E Loss (ft) 0.03 cum SA (acres) 
********************************************************************************** ****** ******* 

Warn i ng : 

warni ng : 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
cross section had to be extended vertically during the critical depth calculations. 

Warni ng: 
the 

energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warni ng : During the standard step i terations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 
warning: The parabolic search method failed to converge on critical depth . The program will try the cross section slice/ secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************** *** ******** ******* ************** ****************************** *** **************** . E. G. Elev (ft) 2181.64 * Element Left OB . Channel . Right OB . 
• Vel Head (ft) 1. 38 '' Wt . n-val. 0 . 062 0 . 035 0 . 062 
* w. s. Elev (ft) . 2180.26 * Reach Len . (ft) 185.33 191. 33 203 . 84 . cri t w. s . (ft) . 2180.26 ,, Flow Area (sq ft) 23.70 113.13 54 . 28 

* E. G. slope (ft/ ft) *0.006434 * Area (s~ ft) 23 . 70 113.13 54.28 
• Q Total (cfs) . 1316 . 00 Flow (c s ) 74.21 . 1140.29 101 . 50 . 
* ~~~ ~~~~~ (ft) 87 . 83 * Top Width (ft) 10.47 21.80 55.56 • 
• (ft / s) 6 . 89 • Avg. Vel. (ft/ s) 3.13 10.08 1.87 
* Max Chl Dpth (ft ) 6 . 07 • Hydr . Depth (ft) 2.26 . 5.19 * 0 . 98 
• Conv. Total (cfs) 16407 . 0 '' Conv. (cfs) 925 . 2 • 14216 . 3 1265 . 4 
• Length Wtd . (ft ) 191.76 '' Wetted Per . (ft) 11.40 22.21 56.59 
* Min ch El (ft) . 2174 . 19 shear (lb/ sq ft) 0.84 2.05 0. 39 
* Alpha 1. 87 Stream Power (lb / ft s) . 2.62 . 20 . 62 0.72 

Frctn Loss (ft) 1. 55 cum Volume (acre-ft ) 0 . 38 • 7.76 0.49 

* * SA 0. 31 3.09 0.52 C & E Loss (ft) 0 . 03 cum (acres) 
************ *********************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************************************* ************** ******************************* * 
• E.G. Elev (ft) • 2180 .18 • Element • Left OB • channel • Right OB • 
• vel Head (ft) 1 . 61 • Wt. n-val. 0.062 * 0.035 0.062 * 
* w.s . Elev (ft) • 2178 . 57 * Reach Len . (ft) 185.33 191.33 203.84 
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* Crit w.s. (ft) * 2178.57 * Flow Area (sq ft) -~r 9 . 26 76.24 4.61 * 
* E. G. slope (ft/ ft ) *0.011599 * Area (sq ft) 9 . 26 76.24 4.61 
* Q Total (cfs) 831 . 00 * Flow (cfs) 28 . 35 793.14 9.51 * 
*Top width (ft) 33.98 *Top width (ft) 6.59 21.80 5.59 
• Vel Total (ft/ s) 9.22 * Avg. Vel. (ft/s) 3.06 10.40 2.06 
* Max Chl Opth (ft) 4.38 * Hydr . Depth (ft) 1 . 41 3 . 50 0.82 * 
• Conv. Total (cfs) 7715.9 * conv . (cfs) 263.2 7364 . 4 88.3 * 
* Length Wtd. (ft) 191.30 * Wetted Per. (ft) ,'r 7.16 22.21 6 . 44 
• Minch El (ft) • 2174 . 19 * shea r (lb/ sq ft) 0.94 2.49 0.52 
• Alpha 1.22 * stream Power (lb/ ft s) * 2 . 87 25.85 1.07 
• Frctn Loss (ft) 2 . 39 * cum Volume (acre-ft) 0 . 19 5.68 • 0.15 
• C & E Loss (ft ) 0.05 * Cum SA (acres) * 0 . 21 3.05 * 0.22 
******************************************************* ********************* ******************* 

warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : S UNNYCOVE WASH 
REACH : REACH #2 RS: 1.054 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************* ************ ********************************************************************** . E.G. Elev (ft) . 2179.51 • Element • Left OB • Channel . Right OB • 
• vel Head (ft) 1. 93 Wt. n-Val. . 0.062 • 0.035 0.062 
• w.s. Elev (ft) . 2177.59 Reach Len. (ft) • 239.07 * 304.60 * 349.02 * 
* crit w.s. (ft) • 2177 . 59 • Flow Area (sq ft) • 3. 09 * 131 . 77 • 20.74 
• E.G. slope Cft/ ft ) *0.010789 * Area (s~ ft) 3.09 * 131.77 20.74 
* Q Total (cfs) . 1542 . 00 Flow (c s) 5.86 • 1491.68 44 . 45 

* ~~~ ~~~~~ (ft) 60 . 62 • Top width (ft) 4.41 30.32 25.88 
(ft / s) 9 . 91 * AVg. vel. (ft/ s) 1.90 . 11.32 2.14 

* Max Chl Dpth (ft) 5.69 • Hydr. Depth (ft) 0.70 • 4 . 35 0.80 
Conv. Total (cfs) 14845.6 * Conv. (cfs) 56.4 • 14361.2 428.0 
Length Wtd. (ft) 305.03 • Wetted Per . (ft) 4 . 63 32.04 25 . 94 
Min Ch El (ft) . 2171 . 90 * shear (lb / sq ft) 0.45 2 . 77 0. 54 
Alpha * 1. 26 • Stream Power (lb / ft s) . 0.85 31.36 1.15 . Frctn Loss (ft) 3 . 23 * cum Vo l ume (ac re-ft) 0.41 8 .04 0.44 . . * 0.32 2 . 99 ,, 0.40 C & E Loss (ft) 0 .17 cum SA (acres) 

********************************************** **************** ********************* ************ 

Warning: 

warning: 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate Warn i ng: 

the 
need for additional cross sections. 

Warn i ng: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************************************************** ******************************************* . E.G. Elev (ft) * 2179 . 61 ,, Element * Left OB * channel * Right OB * 
* ve l Head (ft) 2 . 02 1' Wt. n-val. 0.062 0.035 0 . 062 
• w. s. Elev (ft) * 2177.60 ,, Reach Len. (ft) 239 . 07 304 . 60 349 . 02 . 
* cri t w. s. (ft) . 2177 .60 . Flow Area (sq ft) 2.14 132.03 7.43 • 
* E. G. Slope (ft/ ft ) *0.011074 * Area (s~ ft) 2.14 132 . 03 7.43 
* Q Total (cfs) . 1542 . 00 Flow (c s) 4.49 1516 . 25 21.27 
* To~ Width (ft) 37 . 00 Top Width (ft) 1. 95 30 . 32 4.73 

ve Total (ft/ s) 10.89 '' Avg. Vel. Cft/ s) 2.09 11.48 . 2 . 86 
* Max Chl Dpth (ft ) * 5.69 Hydr . Depth (ft) 1.10 4 . 35 • 1. 57 
* Conv . Total (cfs ) * 14653 . 0 Conv . (cfs) 42 . 7 • 14408.2 202.1 

* Length Wtd. (ft) 304.81 * Wetted Per. (ft) 2.84 32.04 6 . 14 
* Min Ch El (ft) * 2171.90 * Shear (lb/ sq ft) 0. 52 2 . 85 0 . 84 
• Alpha • 1.09 * Stream Power (lb/ ft s ) * 1.09 32.72 • 2.40 . Frctn Loss (ft) • 3 . 49 * cum volume (acre-ft) • 0.05 8.12 0 . 03 

0.02 2.99 0 . 02 * c & E Loss (ft) 0.14 * Cum SA (acres) 
******************************************************************** *************************** 

Warning: 

Warning: 
Warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
cross section had to be extended vertically during the critical depth calculations . 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 
warning : The parabolic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critica l depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
**************** ****** ************************************** *********************************** 
* E.G . Elev (ft) 
* vel Head Cft) 

* 2178 . 96 * Element 
1.70 * Wt. n-val. 

Left OB * Channel * Right OB * 
0 . 062 0.035 0.062 
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(ft) • 239.07 * 304.60 * 349.02 
* crit w.s . (ft) * 2177 . 26 * Flow Area (sq ft) 1.81 121.84 13.28 
* E.G. slope (ft / ft ) *0.010447 . Area (sf ft) 1.81 121.84 13.28 
* Q Total (cfs) * 1316 . 00 • Flow (c s) 2.83 * 1288.11 25.05 
• To~ width (ft) 53.30 * Top Width (ft) 3.38 30.32 19.61 

ve Total (ft/s) 9.61 • Avg. vel. (ft/s) 1. 57 10 .57 . 1. 89 
• Max chl Dpth (ft) 5 . 36 . Hydr. Depth (ft) 0. 54 4 . 02 * 0.68 
* Conv. Total (cfs) 12875.3 * Conv. (cfs) 27.7 12602 . 5 * 245.1 
• Length Wtd. (ft) 304.82 • Wetted Per . (ft) ;, 3.54 32 . 04 * 19.66 
* Min Ch El (ft ) * 2171 .90 . Shea r (lb/ sq ft) 0. 33 2.48 0.44 
* Alpha 1.19 . Stream Power (lb/ft s) ;, 0. 52 26.22 0.83 
* Frc tn Los s (ft) 3.25 * Cum Vo lume (acre-ft) . 0.32 7.24 0.33 
* C & E Loss (ft) 0.13 * cum SA (acres) • 0.28 2.98 0. 34 
********** ************************************************************************************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the wate r surface and continued on with the calculations. 

warning : The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************************* ***** ********** ************************ ******************* 
*E .G . Elev (ft) * 2177 . 52 * Element * Left OB * Channel * Right OB * 
• Vel Head (ft) 1 .43 * Wt. n-val. 0 . 035 0.062 
• w.s . Elev (ft ) • 2176.09 * Reach Len . ( ft) 239 . 07 304.60 349.02 
* crit w.s . (ft) * 2176.09 Flow Area (sq ft) 86 . 44 0.39 * 
: ~-~~t;1o~~f~jt/ft) •o.g}i:gb ~l~~ ~~fsjt) : 8~g:j! 8:~~ * 
* Top width (ft) 33. 31 • Top width (ft) 30.06 3. 26 

vel Total (ft/s ) 9.57 * Avg. Vel. (ft/ s) 9.61 0.68 
*Max chl Dpth (ft) 4 .19 * Hydr. Depth (ft) 2 . 88 0.12 
* Conv. Total (cfs) 7155 .5 '' Conv. (cfs) 7153.2 2.3 
* Length Wtd . (ft) 304.46 * Wetted Per. (ft) 31.76 3 . 27 * 
* Minch El (ft) • 2171.90 • shear (lb/ sq ft) 2.29 0 . 10 

Alpha 1 .01 * Stream Power (lb/ft s) * 22 . 02 0.07 
Frctn Loss (ft) 3 . 78 • cum volume (acre-ft) * 0.17 5 . 32 0.14 

• c & E Loss (ft) 0.15 * cum SA (acres) 0 . 20 2.93 0.19 
********************************************************* ************************************** 

Warning : The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 

Warning: 
Warning: 
the 

velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 0 . 997 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************************************************** **************************************** * 

E.G. Elev (ft) * 2171.41 • Eleme nt Left OB • Channel • Right OB 
*Vel Head (ft) 1.37 • Wt. n-Val . 0.060 0.032 0.060 
• w.s. Elev (ft) • 2170. 04 '' Reach Len . (ft) 370 .31 314.05 271.52 
• Crit W.S . (ft) * 2170.04 '' Flow Area (sq ft) 14.37 147.77 * 18 . 64 
• E. G. slope (ft / ft ) *0.010387 • Area (sq ft ) 14.37 147 . 77 • 18.64 

Q Total (cfs) * 1542.00 Flow (cfs) 46.41 * 1433.34 62.25 
* Top width (ft) 71.71 '' Top width (ft) 9. 49 SO. 30 11.92 

Vel Total (ft/ s) 8.53 * Avg. Vel. (ft/ s) 3.23 * 9.70 3.34 
*Max Chl Dpth (ft) 3.46 * Hydr . Depth (ft) * 1.51 * 2.94 1.56 
• Conv. Total (cfs) * 15130.1 * Conv. (cfs ) 455.3 * 14063.9 610 . 8 
* Length Wtd. (ft) • 314.00 *Wetted Per. (ft) 9.92 50.36 12.25 
• MinCh El (ft) 2166.58 • Shea r (lb / sq ft) 0.94 1.90 0.99 
*Alpha 1.21 '' Stream Power ( lb/ ft s) • 3.03 18 . 46 3 . 29 
• Frctn Loss (ft) 3 . 34 • cum Vo lume (acre- ft) 0.36 7.07 0.28 
• C & E Loss (ft) * 0.05 * Cum SA (acres) 0.28 2.71 0.25 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************************************************************************** ****************** 
"'• E.G. Elev (ft) * 2171.73 <~• Element Left OB * Channel * Right OB * 
• Vel Head (ft) 1. 55 * Wt. n-val. 0 . 032 * • w.s. Elev (ft) • 2170.18 * Reach Len . (ft) 370.31 314.05 2 71. 52 
* Crit W.S. (ft) • 2170.18 * Flow Area (sq ft) 154.39 
* E.G . slope (ft/ ft ) *0.011837 '' Area (sq ft) 154.39 
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• Q Tota 1 (cfs) • 1542.00 • Flow (cfs) * * 1542.00 

• ~~~ ~~~~~ ~~i~s) 5 g:~g • ~~~.w~~i~ ~~i~s) 5g:§g : 
* Max chl Opth (ft) 3.60 Hydr . Depth (ft) * 3.07 
• Co nv. Total (cfs ) • 14173.2 • conv. (cfs) * 14173.2 * 
• Length Wtd. (ft) 314.05 * Wetted Per . (ft) 55 . 54 * 
• Min ch El (ft ) • 2166 .58 • s hear (lb/sq ft) * 2.05 * 
• A 1 pha 1 . 00 * Stream Powe r (1 b/ ft s) * 20. 52 * 
* Frctn Loss (ft) 3 . 76 • cum vo lume (acre-ft ) 0.05 • 7.12 
• c & E Loss (ft) 0.07 cum SA (acres) 0.02 * 2 . 71 
***************** ******************* ****** *********************************** ****************** 

Warni ng: The energy equation could not be bal anced wi thin the specified numbe r of iterations. The pr ogram used critical depth 
for the water surface and continu ed on with the calculations. 

warni ng: critical depth could not be determined within the specified numbe r of iterations . The program used the iteration with 
the 

lowest energy. 
warning: The cross section had to be extended verticall y during the critical depth calculations. 
Warning : The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additi onal cross sect i ons. 
Warning: During the standard step iterati ons , when the assumed wate r surface was set equal to critical depth, the calculated 

water su rface came bac k below critical depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth . 
warning : The parabolic search met hod fail ed to converge on critical depth . The program wil l t ry the cross section s li ce / secant 

method to find critica l depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft ) • 2171.00 . Element Left OB * Channel Ritt OB * 
• Vel Head (ft ) 1. 25 * Wt. n-Val. 0.060 0.032 . 060 • 

w.s. Elev (ft) • 2169 . 75 ,, Reach Len . (ft) 370 . 31 314.05 271.52 • 
crit w.s. (ft ) • 2169. 75 * Fl ow Area (sq ft) 11 .79 132.99 15.25 
E.G. Slope (ft / ft ) *0.010876 • Area ( s~ ft) 11 .79 132.99 15.25 

• Q Tota 1 (cfs ) • 1316.00 Flow ( c s ) 37.87 • 1230 .37 47.76 . . ~~~ ~~~~~ (ft ) 69.55 ,, Top Width (ft) 8 . 11 50 . 30 11.15 • 
( ft / s) 8.22 . Avg . Ve l . (ft/ s) 3.21 9.25 3.13 

• Max chl Dpth (ft) 3.17 • Hydr. Depth (ft ) 1.45 2.64 1. 37 
* Conv. Total (cfs) • 12618.9 * Conv . (cfs) . 363.1 • 11797.8 45 8.0 
• Length Wtd. (ft ) . 314.03 * Wetted Per . (ft) * 8. 50 so. 36 11.43 
• Min ch El ( ft ) • 2166 .5 8 ,, shear (lb / sq ft) 0.94 1. 79 0.91 
• Alpha 1.19 . Stream Power (lb / ft s) . 3. 02 16.59 2 . 84 . Frctn Loss (ft) 3.45 ,, cum volume (acre-ft) 0.29 6.35 0.22 

0 . 25 2 . 69 0. 22 • c & E Loss (ft) 0.05 • cum SA (acres) 
** **************** ** *********************************** ********* **** ***************** ********* * 

warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
f or the water surface and continued on wi th the ca lculations . 

warning : The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross section s . 
Warning: During the standa rd s t ep iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcrit i cal answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
**************************************************************************** ** ***************** 
* E. G. El ev ( ft ) * 2170.03 . Elemen t . Left OB * channel * Ri8~56gs * 
* vel Head (ft) 0.92 * Wt . n-val. . 0.060 • 0 . 032 
* w.s . El ev ( ft ) * 2169.10 * Reach Len . ( ft ) * 370. 31 * 314 . 05 2 71. 52 . Crit W.S. ( ft) * 2169.10 ,, Flow Area (sq ft) 6.92 * 100.43 8 . 59 
* E.G . slope (ft/ ft ) *0.011486 * Area (s~ ft ) 6.92 100.43 8. 59 

* Q Tot a 1 (cfs) 831.00 Flow (c s) 17 .96 . 791.89 21.15 

* ~~~ ~~~~~ ( ft ) 66.68 '' Top Width (ft) 6.94 * 50.30 . 9 . 45 
Cft/ s) 7.17 * Avg. Ve l . Cft/s) 2.59 7.88 * 2.46 

* Max chl Dpth (ft ) 2 .5 2 . Hydr. Depth (ft) 1.00 2.00 0.91 

* Co nv. Total (cfs) 7753.8 ,, conv. (cfs) 167 . 6 7388.8 197.4 
* Length Wtd. (ft ) 314 . 01 '' we tt ed Per. (ft ) 7.17 50 . 36 9 . 61 
* Min Ch El (ft ) * 2166.58 ,, Shear (lb/ sq ft) 0 .69 1.43 0 . 64 . 
• Alpha 1.16 . Stream Power (lb/ ft s) . 1.80 11.28 * 1. 58 • 
* Fr ctn Loss (ft) 3.74 * cum Vo lume (acre-ft) . 0 .15 4.67 0.10 . . Cum SA * 0 .18 2.65 0.14 C & E Loss (ft) 0.03 (acres) 
****************************************************** ******** ********************************* 

warni ng : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy los s was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may indi cate 
the 

need for additional cross sections. 
Warning: During the standard step iterati ons , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNN YCOVE WASH 
REACH: REACH #2 RS : 0 . 937 

CROSS SECTION OUTPUT Profile #FLOOD PLAI N 
****** ******************************** ********************* ****** ************************ ****** 
• E. G. Elev (ft ) * 2166 . 78 * Element * Left OB * Channel * Right OB * 
• vel Head (ft ) 1 . 21 • wt . n- val. 0.060 0.032 0 . 060 
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* W.S. Elev (ft) * 2165.57 *Reach Len. (ft) * 293.29 212 . 90 * 164 . 16 
* crit w.s. (ft) • 2165.57 • Flow Area (sq ft) 10.76 163.43 13.52 
• E.G . Slope (ft/ ft) *0 .010877 *Area (sq ft) 10.76 163 .43 13.52 
* Q Total (c fs ) • 1542 .00 Flow (cfs) 29.37 • 1471.07 41 . 56 
*Top Width (ft) 84.06 Top Width (ft) 9 . 67 64.32 10.08 * 

vel Total (ft/s) 8.21 * AVg. vel. (ft/ s) 2.73 9.00 3.07 
• Max chl opth (ft) 3.59 * Hydr . Depth (ft) 1.11 2 . 54 1.34 
• conv. Total (cfs) • 14785 . 2 * conv. (cfs) 281.6 ° 14105.1 398.5 
• Length Wtd. (ft) 213.35 * Wetted Per. (ft) 9.91 64.50 10 . 41 
• Minch El (ft ) • 2161.98 • shear ( lb/ sq ft) 0.74 1.72 0.88 
• Alpha 1.15 * Stream Power (lb/ft s) * 2.01 15 . 49 2.71 
* Frctn Loss (ft) 2.20 * cum Vo lume (acre-ft) 0.25 5.94 0 . 18 
• c & E Loss (ft) 0 . 01 * cum SA (acres) 0.20 2.30 0.18 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************************************* ********************************************** 
* E. G. Elev (ft) * 2166 . 95 * Element * Left 08 ° Channel 0 Right 08 ° 

Vel Head (ft) * 1.32 Wt. n-Val. 0 . 032 
* W. S. El ev (ft) * 2165.64 Reach Len. (ft) 293.29 212.90 

cri t w. s. (ft) * 2165.64 * Flow Area (sq ft) 167 . 53 
E. G. slope (ft/ ft) *0 . 012122 • Area (sq ft) 167.53 

* Q Tot a 1 (cfs) • 1542.00 * Flow (cfs) 1542. 00 
* Top Width (ft) 0 64. 32 * Top Width (ft) 64. 32 

Vel Total (ft / s) * 9.20 * AVg. Vel. (ft/s) 9.20 
Max Chl Dpth (ft) * 3. 66 Hydr. Depth (ft) 2. 60 

* Conv. Total (cfs) * 14005.3 • Conv. (cfs) • 14005 . 3 
• Length Wtd. (ft) 212.90 ''wetted Per . (ft) 69.35 
• Min ch El (ft) * 2161.98 shear (1 b/sq ft) 1. 83 
* Alpha 1.00 * Stream Power (lb/ft s) * 16 . 83 
* Frctn Loss (ft) 2.41 * Cum Volume (acre-ft) 0.05 5 . 96 

164.16 
* 
* 

• c & E Loss (ft) 0.03 * cum SA (acres) 0.02 2.30 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used crit i cal depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterati ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2166.42 Eleme nt * Left OB * channel * Right 08 . 
• vel Head (ft) 1.09 * Wt. n-Val. 0.060 0.032 0.060 
* w.s. Elev (ft) * 2165 . 33 * Reach Len. (ft) 293 . 29 * 212 . 90 164 . 16 

* Crit w.s. (ft) • 2165 . 33 ,, Flow Area (sq ft) 8 . 58 * 148 . 01 11.21 
* E.G . Slope (ft/ft) *0.011123 * Area (sjl ft) 8. 58 • 148.01 11.21 
* Q Total (cfs) . 1316 . 00 Flow (c s) 22.16 . 1261.09 32 . 76 
* ~~~ ~~~~~ (ft) 82.01 '' Top Width (ft) 8. 51 64 . 32 9.17 

(ft / s) 7.84 '' Avg. Vel. (ft/s) 2.58 8.52 2 . 92 
• Max chl Dpth (ft) 3 . 35 * Hydr. Depth (ft) 1.01 2 . 30 1. 22 . Conv. Total (cfs) . 12478.2 ,, Conv. (cfs) 210 . 1 . 11957 . 5 310.6 
* Length Wtd. (ft) 213.31 '' Wetted Per. (ft) 8.74 64.50 9.48 
* Min Ch El (ft ) . 2161.98 ,, shear (lb /sq ft) 0.68 1. 59 0.82 
* A 1 ph a 1.14 * Stream Power (lb / ft s) * 1. 76 13.58 2.40 

Frctn Loss (ft) 2 . 27 ,, Cum volume (ac re-ft) 0 . 20 5.34 0 . 14 * . ,, 0.18 2.28 ,, 0 . 16 C & E Loss (ft) 0 . 00 cum SA (acres) 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, whe n the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. Thi s indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10 - YEAR 
*********************************************************************************************** 
0 E.G. Elev (ft) 

Vel Head (ft) 
* w. s. Elev (ft) 
* Crit w.s. (ft) 
* E. G. slope (ft/ft) 
* Q Total (cfs) 

Top Width (ft) 
'' Vel Total (ft/s) 
'' Max chl Dpth (ft) 
* Conv. Total (cfs) 
• Length Wtd. (ft) 
• Min ch El (ft) 
'' Alpha 

• 2165.55 
0.81 

• 2164.74 
• 2164.74 
*0.012334 
• 831.00 

77 . 26 
6.91 
2 . 76 

7482 . 4 
213 . 16 

• 2161.98 
1.10 

'1: Element 
Wt. n-val . 

• Reach Len . (ft) 
• Flow Area (sq ft ) 

Area (sq ft) 
Flow (cfs) 

* Top Width (ft) 
* Avg . vel . (ft/s) 
• Hydr. oepth (ft) 
• conv. (cfs) 
• Wetted Per. (ft) 
• shear (lb/sq ft) 
* Stream Power (lb/ft 

. 
• 

s) * 
Page 

Left 08 • 
0.060 

293 . 29 
4.26 
4 . 26 
9.15 
6.01 
2.15 
0.71 
82 . 4 
6.16 
0. 53 
1.14 

66 

channel 
0.032 

212 . 90 
109 . 65 
109.65 
805.47 

64.32 
7.35 
1. 70 

7252 . 5 
64.50 
1.31 
9.62 

0 Right 08 * 
0 . 060 

164.16 
6 . 41 
6 . 41 

16 . 38 
6 . 93 * 
2 . 56 * 
0.93 

147.5 
7 . 16 
0 . 69 
1. 76 
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* Frctn Loss (ft ) 2.52 * Cum Volume (acre-ft) * 0 . 10 3.91 0 . 06 * 
* C & E LO SS (ft ) 0.00 * Cum SA (acres) 0.12 2 .24 0.09 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within t he specified number of iterations. The program used critical depth 
for the water surface and continued on with the ca l culat i ons . 

warning: The energy loss was greater than 1. 0 ft (0.3 m) . between t he current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterati ons, when t he assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to c ritical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 0. 897 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E.G. Elev (ft) . 2163.25 Eleme nt Left OB * channel Right OB * 

vel Head (ft ) 1.19 * Wt. n-val . 0.059 0.030 0.059 
* w.s. Elev (ft) . 2162.06 . Reach Len. (ft ) 248 . 07 246.71 237.21 
• crit w.s. ( ft ) . 2162 . 06 Flow Area (sq ft) * 5 . 51 173.25 2.00 
* E. G. Slope (ft/ft) *0.009762 . Area (sf ft) 5 . 51 173.25 2.00 

Q Total (cfs ) * 1542. 00 * Fl ow (c s) 14.88 1524 .2 3 2 . 89 
* TO~ Width (ft) 80.22 * Top width (ft) 4.02 71.74 4.45 

Ve Total (ft/s) 8 . 53 Avg. Vel. (ft/s) * 2. 70 8.80 1.44 
* Max chl Dpth (ft) 2.74 '' Hydr . Depth (ft) * 1. 37 2.42 0.45 
* Conv . Tot a 1 (cfs ) . 15606.8 * conv . (cfs) * 150 . 6 * 15426 . 9 29 . 2 . Length Wtd. (ft) 246.67 • Wetted Per. (ft ) * 4 . 87 71.88 4. 54 

Mi n ch El (ft) 2159 .32 * Shea r (lb/sq ft) 0.69 1.47 0 . 27 
Alpha 1.05 * Stream Power ( l b/ ft s) 1. 86 12.92 0. 39 

* Frctn Loss (ft) 2 . 24 * cum volume (acre-ft) 0 .20 5 .12 * 0 . 15 
0 . 15 1.96 0 . 16 * C & E Loss (ft) 0 . 02 • cum SA (acres) 

************************************ ******************************* **************************** 

Warning: The energy equation could not be balanced within t he speci f ied number of iterations . The program used critical depth 
for the water surface and continued on with the calcul ations . 

warning: The energy loss was greater than 1.0 f t (0.3 m). between the current and previ ous cross section. Thi s may indicate 
the 

need for additional cross sec t ion s . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical dept h, t he cal culated 

water surface came back below critical depth. This indicates t hat there is not a valid subcritical answer. The 
program 

defau l ted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 

* Right OB * * E.G. Elev (ft) * 2163.29 ° El ement Left OB * Channel 
• vel Head (ft) 1. 23 '' Wt. n- Va l . 0.030 

237.21 • w.s . Elev ( ft) * 2162.06 '' Reac h Len . ( ft) 248.07 • 246.71 
* Crit w.s. (ft) * 2162.06 • Flow Area (sq ft) * 173 . 57 * 
* E.G . slope (ft/ft) *0.010606 • Area (sq ft) 173.57 
• Q Total (cfs) * 1542.00 Flow ( cfs) 1542 . 00 
• Top width (ft) 71.74 '' Top width (ft) 71.74 

Vel Total (ft/s) 8.88 • AVg. Vel . (ft/s) 8 .88 
*Max chl Dpth (ft) 2.74 * Hydr . Depth ( ft) * 2 . 42 
* Conv. Total (cfs) * 14973 . 1 * Co nv . (cfs) * 14973 . 1 
* Length Wtd. (ft ) 246.72 • Wetted Per. (ft) 75.51 
* Min ch El (ft) * 2159 . 32 '' shear ( l b/ sq ft) 1.52 
*Alpha 1.00 '' Stream Power ( l b/ ft s) * 13 . 52 
• Frctn Loss (ft) 2.51 • cum volume (ac re - ft) 0 . 05 5.13 • 
* C & E Loss ( ft) 0.04 ° CUm SA (acres) 0.02 1.96 * 
************* ********************************************************************************** 

warning: The energy equation could not be balanced within t he specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

warning : The energy l oss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need f o r additiona l cross sect ion s . 
warning: During the standard step iterations, when the assumed water surface wa s set equal to critical depth, the ca l cu l ated 

water surface came back be l ow critical dept h . This indicates t hat t here is not a val i d subcri t i cal answer . The 
program 

defaulted to crit i cal depth. 

CROSS SECTION OUTPUT Profil e #50-YEAR 
*********************************************************************************************** 
• E.G . El ev (ft ) * 2162.89 * El ement Left DB ° Channel * Right OB * 
• vel Head (ft) 1 . 08 * Wt . n-val. 0 . 059 • 0 . 030 0 . 059 

w. s . El ev (ft ) • 2161.82 '' Reach Len. ( ft) 248.07 * 246 . 71 237 . 21 
* crit W.S. (ft) * 2161.82 -1. Fl ow Area (sq ft) 4 . 57 * 155 . 81 1.06 

E. G. slope (ft/ft ) *0.010160 *Area (sq ft) 4 . 57 155 . 81 1 . 06 
Q Tota l (cfs) * 1316 . 00 Fl ow (cfs) 11 . 85 • 1302 . 90 1.25 

'' Top Width (ft) 78.69 '' Top width (ft) 3.67 71.74 3.28 
Vel Total (ft /s) 8.15 ,., AVg. vel. (ft/s) 2 . 59 8 . 36 1.18 

*Max chl Dpth (ft) 2.49 • Hydr . Depth (ft) 1 . 25 2 . 17 0 . 32 
* Conv . Tota l (cfs) 13055 .9 * Conv. (cfs) 117.5 • 12925 .9 12.4 

Length Wtd. (ft) 246.68 *Wetted Per . (ft) 4 . 43 71.88 3 . 34 
* Min Ch El (ft) 2159.32 * Shear (lb / sq ft) 0.65 1 .3 7 0.20 
''Alpha 1.04 '' Stream Power ( l b/ ft s) • 1.70 11.50 0.24 
* Frctn Loss (ft) 2.31 * cum vol ume (acre-ft ) 0 . 16 4 . 59 0.11 * 
* C & E Loss (ft) 0.02 * cum SA (acres) 0 . 13 '' 1.95 0.13 
*********************************************************************************************** 
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energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continu ed on with the calculations. 
energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indi cate 

the 
need for additional cross sections . 

warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 
water surface came back below cri t ica l depth . This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2162.04 . Element Left OB * Channel * Right OB * 
* vel Head (ft) * 0.80 Wt. n-val. 0 . 059 * 0.030 0.059 
* w.s . Elev (ft ) * 2161.24 Reach Len. (ft) 248.07 246.71 * 237.21 
* Crit W.S . ( ft ) * 2161.24 * Flow Area (sq ft) 2. 71 114.56 0.01 
• E.G. slope (ft/ft) *0. 011348 * Area (sf ft) 2. 71 114.56 0.01 

Q Total (cfs) 831.00 Flow (c s) . 6.23 824.77 0.00 

~~~ ~~~~~ (ft ) 74 .92 • Top width (ft) * 2 . 82 71.74 0 . 36 
Cft /s) 7 . 09 • Avg. Vel. (ft/s) 2.30 7.20 0.28 

• Max chl Dpth (ft ) * 1. 92 • Hydr . Depth (ft) 0.96 1.60 0.04 
* Conv. Tota 1 (cfs ) * 7800.9 * Conv. (cfs) 58 . 5 7742 .4 0.0 
* Length Wtd . (ft) 246.70 . Wetted Per . (ft) 3.41 * 71.88 0. 36 * 
* Min Ch El (ft) * 2159.32 * shea r (lb / sq ft) 0. 56 * 1.13 * 0.02 * 
* Alpha 1.03 ,, stream Power (lb / ft s) . 1. 29 8.13 0.01 

* Frctn Loss (ft) * 2.57 * Cum Vo lume (acre-ft) 0 . 08 3.37 0.04 
0.09 1.91 0.08 • c & E Loss (ft) 0.02 • cum SA (acres) 

************* ******************************************************************* *************** 

warning: The energy equation could not be balanced within the speci fied number of iterations. The p rogram used critical depth 
for the water surface a nd continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed wate r surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical dept h. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 0.850 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************************************** ****************************** 
* E.G. Elev (ft) * 2159.81 ,, Element Left 08 * Channel . Ri8~65~8 * 
* vel Head (ft) 1.40 * Wt. n-Val . * 0 . 059 0 . 030 
* W.S. Elev ( ft) * 2158.40 . Reach Len. (ft) 140 . 71 227.52 284.13 
• crit w.s. (ft) * 2158 . 40 " Fl ow Area (sq ft) 26 . 12 146 .70 9.73 

E.G. slope (ft/ft) *0.008449 * Area (sj! ft) 26.12 146 . 70 9.73 
Q Total (cfs) * 1542.00 Flow (c s) 78.38 • 1438 .71 24.90 

* ~~~ ~~~~~ (ft) 71.79 '' Top width (ft) 17 . 48 46.29 8.02 
(ft/s) 8 .4 5 * Avg. vel. (ft/ s) 3. 00 9.81 2.56 

• Max chl Dpth ( ft ) 3.39 • Hydr. Depth (ft) 1.49 3. 17 1. 21 
* Conv. Total (cfs) * 16775.7 * conv. (cfs) 852 .7 15652.0 270.9 * 
* Length Wtd . (ft) 224.95 • Wetted Per. (ft ) 17.69 46.40 8.36 • 
* Min Ch El (ft) * 2155.01 • Shear (lb/sq ft) * 0 .78 1.67 0.61 
* Alpha 1. 27 • Stream Power (lb/ft s) . 2.34 * 16.35 1. 57 

* Frctn Loss (ft) 2.02 * Cum Volume (acre-ft) 0.11 * 4 . 22 0.12 
• cum SA 0 . 09 1.63 0.12 * c & E Loss (ft) 0.03 (acres) 

************************************************ *********************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
• E.G . Elev (ft ) * 2160.05 * Element * Left 08 • Channel * Right 08 • 
* Vel Head (ft) 1 . 62 * Wt. n-Val. 0.059 0 . 030 * 
* W.S. Elev (ft) * 2158.44 * Reach Len . ( ft) 140 . 71 227 .52 284.13 
* crit w.s. (ft) * 2158.44 • Flow Area (sq ft) 6 . 66 148.27 
'' E.G . 51 ope (ft/ft) *0. 00975 5 '' Area (sq ft) 6 . 66 148.27 
• Q Total (cfs) * 1542.00 '' Flow (cfs) 19 . 94 * 1522 .06 
* Top Width (ft) * 49.03 '' Top Width (ft) 2. 74 46.29 * 

vel Total (ft / s) 9.95 • Avg. ve l . (ft/ s) 3.00 10.27 
* Max chl Dpth (ft) 3 . 43 * Hydr. Depth (ft) 2. 43 3 . 20 * 
'' Co nv . Total (cfs) * 15612.4 ,., Conv . (cfs) 201.9 15410 . 5 
''Length Wtd. (ft) 226.75 ,., Wetted Per . (ft) 5. 04 48.78 
'' Min ch El (ft) • 215 5. 01 shear ( 1 b/ sq ft) 0. 80 1. 85 
'' Alpha 1.05 • Stream Power (lb / ft s) 2.41 19.00 
• Frctn Loss (ft) 2.23 * cum volume (acre-ft) 0.03 4.22 
* C & E LOSS (ft) 0 . 08 * Cum SA (acres) 0.01 1.63 
*********************************************************************************************** 

Warn i ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warn i ng: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

Page 68 



• 

• 

• 

WKB1 . rep 
need for add itional cross sections . 

warning: During the standard step ite rations , when the assumed wate r surface was set equal to critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 

E.G. Elev (ft) 2159.39 * Element Left DB * Channel * Right OB * 
vel Head (ft) 1. 27 * Wt . n-val. 0.059 0.030 * 0.059 

* W. S. Elev ( ft) * 2158.11 * Reach Len. ( ft) 140.71 * 227.52 • 284.13 
* Crit W.S . (ft) • 2158.11 * Flow Area (sq ft) 21.18 * 133.20 7 . 51 
* E.G. Slope (ft/ ft ) *0.008656 * Area (sf ft) 21.18 * 133.20 7 . 51 
* Q Total (cfs) * 1316.00 Flow (c s) * 58.55 * 1239 .71 17 . 74 
* To~ width (ft) 69.79 * Top Width (ft) 16.36 46.29 7.14 

Ve Total (ft/s) 8.13 * Avg. vel. (ft/s) * 2.76 9 . 31 2.36 
* Max Chl Dpth (ft) 3.10 * Hydr. Depth (ft) * 1.29 2.88 . 1. 05 
* Conv. Total (cfs) 14145.0 * Conv. (cfs) 629.3 13325 . 1 * 190 . 7 
* Length Wtd . (ft) • 225 . 21 * Wetted Per . (ft) 16 . 53 46.40 7.43 
* Min Ch El (ft) * 2155.01 . shear (lb/ sq ft) 0 . 69 . 1. 55 * 0.55 
* Alpha 1. 24 . Stream Power (lb/ft s) ,, 1.91 * 14.44 • 1. 29 * . Frctn Loss (ft) 2.10 * Cum Volume (acre- ft) 0 . 08 3.78 0.09 
* c & E Loss (ft) 0.02 * Cum SA (acres) * 0.08 * 1.61 0.11 • 
*********************************************************************************************** 

warning: The energy equation could not be ba lanced within the specified numbe r of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: Th e energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: curing the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2158 .37 . Element Left OB * channel . Right OB 
• vel Head (ft) 0.98 * Wt. n- Val. 0 . 059 0 . 030 • 0.059 
* W.S. Elev (ft) . 2157.39 . Reach Len. (ft) 140 . 71 * 227.52 * 284.13 
* c rit w.s. (ft) • 2157.39 '' Flow Area (sq ft) 10 . 34 * 99.63 • 3.16 . E.G. slope (ft/ ft ) *0. 009577 * Area (sf ft) 10.34 99.63 3.16 
• Q Total (cfs) 831.00 Flow (c s) 21.44 803.78 5.78 

~~~ *~~~~ (ft ) 64.37 • Top width (ft) 13.31 46.29 4 . 77 
(ft/s) 7 . 35 • Avg. Ve l. (ft/ s) 2.07 . 8.07 1. 83 

* Max chl Dpth (ft) 2.38 • Hydr. Depth (ft) 0.78 • 2.15 0.66 
Conv. Total (cfs) 8491.4 ~r Conv . (cfs) 219.1 8213 . 2 59.1 

* Length Wtd. (ft) 225.97 • Wetted Per. (ft ) 13.40 46 .40 4 . 95 
• Min ch El (ft ) * 2155.01 • shear ( lb/ sq ft) 0 . 46 1. 28 0.38 
• Alpha 1.17 • stream Power ( lb / ft s) . 0 . 96 . 10.36 . 0.70 . Frctn Loss (ft) 2.33 cum Volume (ac re - ft) * 0.04 * 2 . 76 * 0 . 04 
* c & E Loss (ft) 0 . 03 Cum SA (acres) * 0.05 1. 57 0.07 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 0.807 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************** *********** ** ******* *************** ******************************************* 
* E. G. Elev (ft) . 2157.04 . Element Left OB * channel * Right OB * 
* vel Head (ft) • 1. 30 * Wt. n- val . 0.059 0.030 0.059 
* w. s . Elev (ft) * 2155.74 ,, Reach Len. (ft) 334. so 259.69 209.40 
• Crit w.s. (ft) * 2155.74 Flow Area (sq ft) 10.08 163.46 0.87 
* E.G. slope (ft / ft ) *0.009527 • Area (s~ ft) 10 . 08 163 . 46 0.87 
* Q Total (cfs) • 1542.00 Flow (c s) * 30. 14 . 1510.57 * 1.29 

~~~ *~~~~ (ft) 69 . 50 • Top width (ft) * 6.96 • 61.21 • 1.33 
(ft/ s) 8 . 84 '' Avg. Vel . (ft/ s) 2.99 9 . 24 * 1.48 

* Max chl Dpth (ft) 3.49 , .. Hydr . Depth (ft) * 1.45 2.67 • 0.65 
* Conv. Total (cfs) * 15797 . 8 ,.t conv . (cfs) * 308.8 15475 .7 13 . 2 
* Length Wtd. (ft) 259.99 • Wetted Per. (ft ) 7.52 61.85 1. 85 
* Min Ch El (ft) . 2152.25 . Shear ( l b/ sq ft) 0.80 1. 57 0.28 
• Alpha 1.07 * Stream Power (l b/ ft s) . 2.38 14 . 53 0 . 41 . Frctn LOSS (ft) 2 . 51 "' cum Vo l ume (acre- ft) 0 . 05 3 . 41 0 . 08 
* c & E Loss (ft) 0.04 ,., Cum SA (acres) o.os 1. 35 0.09 
******************* ************ **************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for addit ional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 
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defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E.G. Elev (ft) . 215 7 .10 * Element Left OB * Channel * Right OB * 
• vel He ad (ft) 1. 35 * Wt . n-val . 0 . 059 0.030 
• w.s . Elev (ft ) . 2155.75 . Reach Len . (ft) 334.50 259.69 209.40 . 
* c rit w.s. (ft) * 2155.75 . Flow Area (sq ft) 3. 28 164 .30 * 
• E. G. slope (ft/ ft ) "0.009937 * Area (s~ ft) 3.28 164 . 30 
• Q Total (cfs) . 1542 .00 Flow (c s) 7 . 57 • 15 34.43 
• To~ width (ft) * 62.46 * Top width (ft) 1. 25 61.21 

Ve Total (ft/s) 9 . 20 * Avg. Vel. (ft/s) 2.31 9.34 
• Max chl Dpth (ft ) 3.50 • Hydr. Depth (ft) 2.63 2.68 * 
* Co nv . Tot a 1 (cfs) ,, 15468.6 * Conv. (cfs) 76.0 15 392 .6 * 
* Length Wtd. (ft) 259 .87 • Wett ed Per . (ft) 3.73 63. 15 
* Min Ch El (ft) * 215 2. 2 5 . s hear (1 b/sq ft) 0 . 55 1.61 
• Alpha 1.03 * St ream Powe r (lb/ ft s) ,, 1. 26 15 . 07 . Frctn Lo ss (ft) 2.65 * Cum Vol ume (acre-ft) 0 . 01 3 .40 

0.00 1. 35 * * C & E Loss (ft ) 0.03 * Cum SA (ac res ) 
*********************************************************************************************** 

Wa rni ng : The energy equation could not be balanced within t he specified number of iterations . The p rogram used critical depth 
for the water surfa ce and continu ed on with the calculations. 

warning: The energy l oss was greater than 1.0 ft (0.3 m). between the current and previ ous cross section. This may indicate 
the 

need for additional cross se ctions. 
warni ng : During the standa rd step iterations, when the assumed water surface was set equal t o critical depth, the calculated 

water surface came back below c ritica l depth. This indi cates that there is not a va lid subcritical answer. The 
program 

defaulted to criti ca l depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
**************************************************************** ******************************* 

E.G . Elev (ft) * 2156.65 * Element * Left OB Channel * Right 08 * 
• Vel He ad (ft) 1 . 19 Wt. n- Val. 0 . 059 0 . 030 0.059 
* w.s . Elev (ft) * 2155.46 * Reach Len . (ft) 334.50 259.69 209.40 
• crit w.s. ( ft) * 2155.46 • Flow Area (sq ft) 8 . 23 146 .30 0.53 
• E. G. slope (ft / ft ) *0 .010081 • Area (sq ft) 8.23 146.30 0 . 53 
* Q Total (cfs) * 1316 .00 Flow (cfs) 23 .63 • 1291.68 0 .69 • 
* Top Width ( ft ) 68.56 * Top Width (ft) 6 . 29 61.21 1 .06 * 

Vel Total ( ft /s) 8.49 * Avg . Ve l . (ft/s) 2 .87 8.83 1.29 
Max chl Dpth (ft) 3 .21 Hydr . Depth (ft) 1.31 2.39 * 0.51 

• Conv. Total (cfs) * 13106.8 Conv . (cfs) 235 . 4 12864 . 5 * 6.9 * 
* Length Wtd . (ft) * 260.01 *Wetted Per . (ft) 6.79 61.85 1.46 
• Minch El ( ft ) • 2152 . 25 • shear ( l b/ sq ft) 0.76 1.49 0 . 23 

Alpha 1.06 stream Power (lb/ft s) * 2 . 19 13.14 0 . 30 
• Frctn Loss (ft) 2. 63 * cum Vo 1 ume (ac re - ft) 0 . 04 3. OS 0. 06 

C & E Loss (ft) 0.04 Cum SA (ac res) 0.04 1.33 '' 0.08 
*********************************************************************************************** 

warning: The energy equation could not be ba l anced within the specified number of ite rations. The program used critical depth 
for the water surface and continued on with the calcu l ations. 

warning: The energy l oss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to criti ca l dept h, the calculated 

wate r s urface came back below critical depth . This indicates that there i s not a va l i d subcritical a nswer. The 
program 

defaulted t o critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 

E.G . Elev (ft) . 215 5.72 . Eleme nt Left OB * channel * Right OB 
• Vel Head (ft) 0.88 Wt. n-val. 0 . 059 0.030 * 0.059 
* w.s. El ev ( ft ) . 2154.84 " Reach Len . (ft ) 334 . 50 * 259.69 209.40 
* Cri t w.s . (ft) . 2154.84 ,, Flow Area (s q ft) * 4. 77 * 108 . 09 0.08 

* E.G . slope (ft / ft ) • o. o11116 1' Area (s~ ft) * 4 . 77 * 108.09 0.08 
• Q Total (cfs) 831 . 00 Fl ow (c s) 11. 98 * 818.97 0 . 06 . (;~~ *~~~~ (ft) 66.41 • Top wi dth (ft ) 4 . 80 • 61.21 0.40 

(ft / s) 7 . 36 '' Avg. ve l . (ft/ s) 2 . 51 7 .58 0. 71 
• Max chl Dpth (ft ) 2 . 58 ,, Hydr. Depth (ft) 0.99 1.77 0.19 
* Conv. Total (c f s) 7881.8 "' Conv. (cfs) 113 . 6 * 7767.7 * 0.5 . 
* Length Wtd . (ft) 260 . 04 ''Wetted Per . (ft) 5. 18 * 61.85 * 0. 56 • 
* Min Ch El (ft) * 2152.25 . shear (lb/ sq ft) 0 . 64 1. 21 0.10 . 
* Alpha 1.05 ,, stream Power (lb/ft s) . 1.61 9.19 * 0.07 * 

Frctn Loss (ft) 2 . 93 1' cum Vo 1 ume (acre-ft) 0.02 2.22 * 0.03 
0 . 02 "' cum SA 0.02 1. 29 0.05 * C & E Loss (ft) (acres) 

*********************************************************************************************** 

warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critica l depth 
f or the water surface and cont inued on with the calculations . 

Warni ng : The energy loss was greater than 1 . 0 ft (0 . 3 m) . betwe en t he current and previous cross section. This may indicate 
the 

need for addi ti onal cross sections. 
warni ng : During the standard step iterations, when the assumed water surface was set equal to critica l depth, the calcul ated 

water s urface came back below critical depth. This indicates that there is not a va lid subcritical a nswer. The 
program 

defau l ted to c riti ca l depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 0.758 

CROSS SECTION OUTPUT Profile #FLOODP LAIN 
*********************************************************************************************** 
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* E.G. Elev (ft) • 2153.11 * El eme nt * Le t OB * channel * Right OB * 
• Vel Head (ft) 1.18 * Wt. n-val . ,, 0.030 0.059 
* w.s . El ev (ft) • 2151 . 93 Reach Len. (ft) 321. 53 * 343. 19 425.28 
• Crit w. s . (ft ) • 2151.93 Flow Area (sq ft) 172.84 10.10 
* E.G . slope (ft / ft ) *0.009759 • Area (s~ ft) 172 . 84 . 10.10 . 

Q Total (cfs) • 1542.00 • Flow (c s ) • 1517 .02 • 24.98 • 
* To~ Width ( f t ) . 80.95 . Top width ( f t) . 70 .96 9.99 

Ve Total (ft/ s ) * 8.43 • Avg . ve l. (ft/ s) * 8.78 . 2.47 
• Max chl Dpth (ft) 3.27 Hydr. Depth (ft ) . 2 .44 • 1.01 

Co nv . Tot a 1 (cfs ) 15609.6 Conv. (c f s) • • 15 356.8 252 .9 
Length Wtd . (ft ) 343.84 • Wetted Per . (ft) 71.94 . 10.19 . 

• Min ch El ( ft ) • 2148.66 • shea r (lb/ sq ft) . 1.46 • 0 . 60 • 
• Alpha . 1.07 Stream Power ( lb / ft s) * 12.85 1.49 
* Frctn Loss (ft) * 3 . 33 Cum Volume (acre-ft ) 0 . 01 2 .40 0.06 
• c & E Loss (ft) 0 . 02 * cum SA (ac r es) 0.03 * 0 .95 . 0 . 07 
************************************** ********************************************************* 

Warning : The energy equation cou ld not be bal a nced within the specified number of iterations. The program used critical depth 
for the water surface and cont inued on with the calculations. 

Warning : The energy loss was greater than 1 . 0 ft (0 . 3 m). betwe en the current and previous cross secti on. This may indi cate 
the 

need for additiona l cross sections . 
Warning: During the standard step i terations, when the assumed water s urface was set equal to cri ti cal depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcri tical answe r . The 
program 

defaulted t o critica l depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
********** ******************************** ***************************************************** 
* E.G . Elev ( ft) * 2153 . 17 * Element Left OB * Channel * Ri ght OB * 
• ve l Head (ft) 1.24 * Wt. n-Val . 0.030 * 
• w.s . Elev (ft) • 2151.93 * Reach Len. ( ft) 321.53 343.19 425. 28 
• crit w.s. (ft) * 2151.93 Flow Area (sq ft ) * 172.69 • 

. 
• 

• E.G. slope (ft / ft) *0 .010487 Area (s q ft) 172 . 69 
* Q Total (cfs) * 1542.00 Flow (cfs) * • 1542.00 

Top Width ( f t) 70 .95 Top width (ft ) 70 . 95 
Ve l Total (ft/ s ) 8.93 • AVg. Ve l . (ft/ s) 8.93 

* Max Chl Dpth (ft) 3 . 27 * Hydr . Depth (ft) 2 . 43 
* Conv. Total (cfs) • 15057 . 5 • Co nv . (cfs) • 15057 . 5 
• Length Wtd. (ft) 343 .19 • Wetted Per. (ft ) 73 . 93 

Min Ch El (ft) • 2148 . 66 * Shea r (1 b/ sq ft) 1. 53 
• Alpha 1.00 * Stream Power ( lb / ft s) '' 13.66 
• Frctn Loss (ft ) 3.49 • Cum Volume (acre-ft) 2.40 

* 
• C & E Los s (ft) • 0 . 01 • Cum SA (acres) * 0.95 
******* ******************* ********** **** ***** *********** ************* ** *** ************ ********* 

warning : The energy equation could not be balanced within the specified number of iterations. The program used cri tical depth 
for the water surface a nd continued on with the calculat ions. 

warning : The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need f o r additiona l cross sections . 
Warni ng: During the standard step iterations , when the assume d water surface was set equal to critical depth, the calculated 

wate r surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted t o critical depth . 

CROSS SECTION OUTPUT Profile #50- YEAR 
************** ************************************** **** *~~~ ~ ·~~~·~~**** ** * ** * ~ **************** 

* E.G. Elev ( ft ) . 2152 . 76 ,, Element * Left OB * channel * Ri ght OB * • vel Head (ft) • 1.07 * Wt . n-va l . 0 . 030 0.059 
* w.s. El ev (ft ) • 2151.68 * Reach Len . ( ft) 321.53 343 . 19 425.28 * * Crit W.S . (ft ) • 2151.68 ,, Flow Area (sq ft) 155.14 7.75 • 
* E. G. slope (ft / ft ) *0.010152 • Area ( s~ ft) 155.14 * 7 .75 
• Q Total (cfs) • 1316 . 00 Flow (c s) 1298.14 • 17 . 86 . ~~~ ~~~~~ (ft) 79 . 33 '' Top width (ft) 70 . 54 8 . 79 

( ft / s) 8.08 '' Avg. vel. (ft/ s) 8 . 37 2 . 30 
* Max chl Dpth (ft) 3.02 * Hydr . Depth (ft) 2 . 20 0.88 

Conv . Tot a 1 (cfs) • 13060.9 . conv . (cfs) * 12883.7 177.2 . Length Wtd. (ft) 343 . 74 • Wett ed Per. (ft ) 71.46 8.96 
* Min Ch El (ft) . 2148.66 * Shea r (lb/ sq ft) * 1. 38 0. 55 
• Alpha 1.06 '' stream Power ( 1 b/ ft s) . • 11.51 1. 26 . Frctn Loss (ft) 3.46 * cum volume (ac re-ft) 0.00 2 . 15 0 . 04 
* c & E Loss (ft) . 0.02 * cum SA (acres) . 0.02 . 0.94 . 0 . 06 . 
* *********~*************~~~************~************************** * ******************** ******** 

Warning: The energy equation could not be balanc ed withi n the specified number of ite rati ons . The program used critical depth 
for the water surfac e and continu ed on with the calculations. 

Warn i ng : The ene rgy l oss was greater than 1 . 0 ft (0.3 m) . between the current and previou s cros s s ection. This may indicate 
the 

need fo r additional cros s sections . 
Warn i ng : Duri ng the s t andard step i terat i ons, when the assumed water s urface was set equal to critical depth , the calcul ated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************** ******************************************* ******************* ****** **** 
* E.G. Elev (ft ) • 2151. 90 • Element Left OB * channel * Right OB * 
f ' Vel Head (ft) 0.82 , .. Wt . n- val. 0.030 0 . 059 
* W.S . Elev (ft ) • 2151.09 * Reach Len . (ft ) 321.53 343 . 19 425.28 
* cri t w.s. (ft) • 2151.09 * Flow Area (s q ft ) 113.36 3.37 
* E.G . slope (ft / ft ) *0. 011411 * Area (s~ ft ) 113 . 36 . 3.37 . 
• Q Total ( cfs) 831.00 ,, Flow (c s) 824 . 82 • 6 .18 * 
'' To~ Width (ft) 75.41 '' Top Width (ft ) 69.55 5 .87 

Ve Tot a 1 (ft / s) 7 . 12 * Avg. vel. (ft / s) 7.28 1. 83 
* Max Chl Dpth (ft) 2.43 • Hydr . Depth (ft) 1. 63 0 . 57 

Conv. Total (cfs ) 7779 . 2 * Conv . (cfs) 7721.4 57 . 8 
'' Length Wtd . (ft) 343.50 fr Wetted Per . (ft) 70 . 30 5.98 
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*Minch El (ft) * 2148.66 • shear (lb/ sq ft) • 1.15 * 0 . 40 
* Alpha 1 . 04 *Stream Power (lb/ft s) * 8.36 * 0.74 
* Frctn Loss (ft) 3 . 82 • cum Volume (acre-ft) 0.00 1.56 • 0.02 
* c & E Loss (ft) 0.01 * cum SA (acres) • 0.00 0.90 0 . 03 
*********************************************** ** ***** ************************ ***************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calcul ated 

water surface came back below critical depth . This indicates that there is not a valid subcrit i cal answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 0.693 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E. G. Elev (ft) • 2148.39 . Element * Left OB * Channel * Right 08 * 
* Vel Head (ft ) 1. 34 * Wt . n-val. 0.059 0.030 
* w. s . Elev (ft ) • 2147.05 • Reach Len . ( ft) 186.51 270 . 51 384. 68 

crit w.s . (ft) * 2147 .05 • Flow Area (sq ft) 1. 32 165.58 
* E.G . Slope (ft/ ft ) *0.009626 * Area (sf ft) 1. 32 165.58 
• Q Total (cfs) * 1542.00 Flow (c s) 1.72 * 1540.28 * 
. 0~~ *~~~~ (ft ) 65 . 22 Top Width (ft) 3.34 61.88 

(ft / s) 9.24 Avg. Vel. (ft/ s) 1.31 9 . 30 
Max chl Dpth (ft) 3.67 • Hydr . Depth (ft) * 0.40 2 . 68 

* Conv. Total (cfs) • 15716.5 . Conv. (cfs) 17 . 6 * 15699.0 
* Length Wtd . (ft) 270 . 54 • Wetted Per . (ft) 3.43 62.52 
• Min ch El (ft) • 2143.38 * Shear (lb / sq ft) 0.23 1. 59 • 
• Alpha 1.01 . Stream Power (lb/ft s) . 0. 30 14 . 81 

Frctn Loss (ft) 2.63 cum volume (acre-ft) 0.01 1.07 • 0.01 
* C & E Loss (ft) * 0.06 * cum SA (acres) 0 . 01 0.43 0.02 
************* *********************** ***************************** ***************************** * 

warning: The energy equation could not be balanced within the specified number of ite rations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warni ng: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************** ****** ********** ** ***** ******************** *************** *********************** 
* E. G. Elev (ft) * 2148.40 • Element Left 08 • Channel * Right DB * 
* Vel Head (ft) 1.35 • Wt. n-Val. 0 . 030 
* w.s. Elev (ft ) * 2147.05 • Reach Len. ( ft) * 186.51 270.51 

Crit W.S. (ft) • 2147 . 05 • Flow Area (sq ft) * 165.26 
* E. G. Slope (ft/ ft) *0.009867 '' Area (sq ft) 165 . 26 
• Q Total (cfs) * 1542.00 Flow ( cfs) • 1542 . 00 

Top Width (ft) 61.85 • Top width (ft) 61.85 
ve l Total (ft/ s) 9 . 33 • Avg. Vel. (ft/ s) 9. 33 

* Max Chl Dpth (ft ) 3.67 * Hydr . Depth (ft) 2.67 
• conv. Total (cfs ) 15523 . 7 • Conv . (cfs) * 15523.7 

Length Wtd . (ft) 270.51 • Wetted Per. (ft) 63.27 
*MinCh El (ft) * 2143.38 '' shear (lb / sq ft) 1.61 
* Alpha 1.00 • Stream Power (lb / ft s) • 15.01 
* Frctn Loss (ft) 2.75 * Cum Volume (acre-ft) 1.06 

c & E Loss (ft) 0 . 05 • cum SA (acres) 0 . 43 

384.68 

* • 

**************************************************************** ********** ********************* 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step i teratl ons, when the assumed water surface was set equal to cri ti ca 1 depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
************ *********** *************** ************** *********** ******* **** **** ******* ** **** **** 
• E.G . Elev (ft) * 2147.99 • Element * Left OB * Channel • Right OB • 

vel Head (ft) 1.23 '' Wt . n-Val. 0.059 • 0 . 030 
• W.S. Elev (ft) * 2146.75 • Reach Len. (ft) 186.51 270.51 

crit w.s. (ft) • 2146.75 '' Flow Area (sq ft) 0.52 147.49 
'' E.G. slope (ft/ ft ) *0.009972 '' Area (sq ft ) 0.52 147 . 49 
'' Q Tot a 1 (cfs) • 1316.00 Flow (cfs) 0 . SO * 1315. SO 
* Top Width (ft) 62 . 38 * Top Width (ft) 2 . 09 60.29 

Vel Total (ft/ s) 8.89 • AVg. Vel. Cft/ s) 0.97 8 . 92 
Max chl Dpth (ft) 3 . 37 • Hydr. Depth (ft) 0.25 2 . 45 

• Conv. Total (cfs ) * 13178.2 * conv . (cfs ) 5.0 * 13173.2 
'' Length Wtd. (ft) 270 . 55 '' Wetted Per. (ft) 2.14 60.90 
• Min Ch El (ft) • 2143.38 '' Shea r ( lb / sq ft) 0 . 15 1.51 
• Alpha 1.01 • stream Power (lb / ft s) • 0.15 13 . 45 
* Frctn Loss (ft) 2.75 * Cum Volume (acre-ft ) 0.00 0.96 
* C & E LOSS (ft) 0.06 * Cum SA (acres) 0.01 0.43 
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***************66666666A66666666666666666666666666666666666666666666666666666666666666666666666 

warning : The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previ ous cross section. This may indicate 
the 

need f or additional cross sections . 
Wa rn ing : Du ring the standard step ite rations, when the assumed water surface was set equa l to critical depth, the ca l culated 

water s urface came back below cri t ical depth. This indicates that the r e is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CRDSS SECTION OUTPUT Profile #10- YEAR 
***********************~*********************************************************************** . E.G. Elev (ft ) • 2147.00 . Element Left OB * Channel * Ri ght OB * 
* vel Head (ft) 0.96 Wt. n-val . . . 0.030 
• w.s. Elev ( ft ) • 2146.03 Reach Len. (ft) * 186.51 * 270 .51 384.68 
* Crit w.s. ( ft ) • 2146 . 03 * Fl ow Area (sq ft) 105 .53 

E.G . slope (ft / ft ) *0 .010857 * Area (s~ ft) 105.53 
• Q Total (cfs) 831 .00 Fl ow (c s ) 831.00 . ~~~ ~~~~~ (ft ) 55.48 • Top width (ft) 55.48 

(ft/s) 7.87 • Avg. Ve l. (ft / s) 7 . 87 
* Max Chl Opth (ft) 2.65 • Hydr . Depth (ft) 1.90 

Conv . Total (cfs) 7975.2 * Conv . Ccfs) 7975.2 
* Length Wtd . (ft) 270.52 • Wetted Per. (ft) 55 . 99 
* Min Ch El (ft) • 2143.38 . shea r ( l b/ sq ft) 1. 28 . 

Alpha 1.00 . Stream Power ( lb/ ft s) . 10.06 . • . F r ctn Loss (ft) 3.02 * cum Volume (acre-ft) 0.00 0.69 • 0.00 • 
* c & E Loss (ft) 0 . 06 * cum SA (acres) 0.00 0 . 41 0 . 00 
**************************************************** ******************************************* 

Warning : The energy equation could not be bal anced within the specified numbe r of iterations. The p rogram used critical depth 
f o r the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additiona l cross sect ions. 
warning: During the standard step i t e rations, when the ass umed water su rface was set equal to cri tical depth , the calculated 

water surface came back bel ow c ri t ical depth . This indicates that the re is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 0.642 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev ( ft ) • 2142.54 '' Element 

Ve l Head (ft) 1.14 * Wt . n- val . 
• w.s . Elev (ft) • 2141.40 * Reac h Len. ( ft) 
• Crit w.s . ( ft ) • 2141.40 '' Flow Area (sq ft) 
• E.G. slope (ft/ ft ) *0 . 009823 '' Area (s q ft) 
• Q Total (cfs) • 1542.00 Flow (cfs) 
• Top width (ft ) 83.56 • Top Width (ft) 

Vel Total ( ft / s) 8.46 • AVg. Vel. (ft/ s) 
*Max Chl Dpth (ft ) 3.30 ° Hydr . Depth (ft ) 
• Conv. Tot al (cfs) • 155 58.5 • Conv. (cfs ) 
* Length Wtd. (ft ) • Wetted Per. (ft) 
• Min ch El (ft ) • 2138.10 • Shear ( lb / sq ft) 

Alp ha 1. 03 • Stream Power ( l b/ ft s) * 
• Frctn Loss (ft ) '' Cum Volume (ac re-ft ) 

c & E Loss (ft ) • cum SA (acres) 

Left 08 • 
0.059 

Channel * Right OB * 

1.17 
1.17 
1. 56 
2.86 
1. 34 
0.41 
15.8 
2 .97 
0.24 
0.32 

0 . 030 0 . 059 * 

179 . 10 
179.10 

• 15 37 .09 
76.91 
8. 58 
2.33 

* 15509.0 
77. 48 
1.42 

12.17 

* • 

2 . 07 
2.07 
3.35 
3 . 80 
1. 62 
0. 54 
33 . 8 
3 . 95 
0.32 
0 . 52 

* 

* • 

*********************************************************************************************** 

Warning: Slope too steep for slope area to conve rge duri ng supercritical flow calculations ( normal depth i s below critical 
depth). 

Wate r surface set to critical dep t h . 

CROSS SECTION OUTPUT Profile #F LOODWAY 
*********************************************************************************************** 
* E.G . Elev (ft ) • 2142.55 * Element Left 08 Channe l • Right OB • 
*Ve l He ad (ft) 1.17 '' Wt . n- Val. 0.030 

w.s. Elev (ft ) • 2141. 38 • Reach Len. (ft) 
• Cri t W. S . ( ft ) • 2141. 38 '' Flow Area (sq ft ) 
* E.G. slope (ft/ ft ) *0.010498 Area (sq ft) 
* Q Total (cfs) * 1542. 00 Flow (c fs) 

Top Width (ft) * 76.91 * Top Width (ft) 
Vel Total (ft/ s) • 8 . 68 • Avg. Vel. (ft/ s) 

*Max Chl Dpth (ft) 3 . 28 * Hydr . Depth (ft) 
• Conv. Total (cfs) • 15049 . 5 * Conv . (cfs) 
* Length Wtd. (ft) • Wetted Per . (ft) 
• Mi nch El (ft) • 2138.10 '' s hear (lb/sq ft ) 

177.58 
177 . 58 

* 1542 . 00 
76 . 91 
8 . 68 
2. 31 

* 15049.5 
* 

* 
* 
* 

* Al pha 1.00 * Stream Power ( lb/ ft s) * 

79.34 
1.47 

12 . 74 
• Frctn Loss (ft ) cum volume (acre-ft) 
• c & E Loss (ft ) cum SA (acres ) 
*********************************************************************************************** 

Warning: slope too steep for s lope area t o converge during supercritical fl ow calculations (normal depth i s be l ow critical 
depth). 

Water s urface set to critical depth. 

CROSS SECTION OUTPUT Profile #50 - YEAR 
*********************************************************************************************** 

E.G . Elev (ft ) 
* Vel Head (ft) 

* 2142 .19 * Element 
1. 04 '' Wt. n-va l . 

Left 08 * Channe l * Right 08 * 
0 . 059 0 . 030 0 . 059 
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• w.s. Elev ( ft ) . 2141.15 . Reach Len. ( ft) • * . Crit w.s. (ft ) * 2141.15 . Fl ow Area (sq ft) 0. 57 160.25 1.24 
* E.G. Slope (ft/ ft ) *0 .010394 . Area (s~ ft) 0. 57 160.25 1. 24 

Q Total (cfs) . 1316 .00 • Flow (c s) 0.62 • 1313.64 1. 74 • 
To~ width (ft ) 81.85 * Top Width (ft) 2 . 00 76 .91 2 .94 
Ve Total (ft /s ) 8.12 . AVg . Vel . (ft/s) 1.09 8.20 . 1.41 • 

* Max Chl Dpth (ft) 3.05 • Hydr. Depth (ft) 
,, 0.29 2.08 * 0.42 

Conv . Total (cfs) . 12908.0 . Conv. (cfs) 6 . 1 * 12884.8 17.1 
Length Wtd. (ft) • Wetted Per . (ft) 2.08 77.48 3.06 

• Min ch El (ft) . 2138. 10 . s hear ( lb/sq ft ) . 0.18 . 1. 34 0. 26 . 
• Alpha . 1.02 • Stream Power ( lb/ ft s) • 0.19 • 11.00 . 0.37 • . Frctn Loss (ft) • . Cum Vo lume (acre- ft) ,, . • . . * • • c & E Loss (ft) cum SA (ac res ) 
*********************************************************************************************** 

Warning: slope too steep fo r slope area to converge during supercritical flow calculations (normal depth is below critical 
depth). 

Water surface set to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************ *********************************************************************************** 
* E. G. Elev (ft ) * 2141.37 * Element Left 08 * Channel * Right 08 * 
• Vel Head ( ft ) 0 .77 • Wt. n-val . 0.000 0.0 30 * 0 . 059 
• w. s . El ev ( ft ) • 2140.61 • Reach Len . ( ft) 
• Crit W.S. (ft ) * 2140.61 • Flow Area (sq ft ) 
* E.G. Slope (ft/ ft ) *0. 011485 * Area (sq ft ) 
• Q Total (cfs) 831 .00 * Flow (cfs) 
• Top width ( ft ) * 78.03 • Top wi dth (ft ) 
• Vel Total ( ft / s) • 7.02 • Avg. Vel. (ft/s ) 
• Max chl Dpth (ft ) 2.50 • Hydr. De pth (ft) 
* Conv. Total (cfs ) * 7754 . 2 * Conv . (cfs ) 
• Length Wtd . (ft ) * Wetted Per . (ft) 

Minch El ( ft ) • 2138 . 10 • shear ( l b/sq ft ) 
Alpha 1.00 * stream Power ( lb/ ft s) * 
Frctn Loss (ft) • cum volume (ac re-ft ) 

0.00 
0.00 
0.00 
0.09 
0.14 
0.01 
0.0 

0.09 

118.15 
118.15 
830 . 89 

76.91 
7.03 
1. 54 

7753 . 2 
77.48 
1.09 
7.69 

0 .15 
0.15 
0 .11 
1. 03 
0.73 
0.15 
1.0 

1.07 
0.10 
0.07 

• 
* 

• c & E Loss (ft ) • cum SA (acres) • * 
*********************************************************************************************** 

warning : slope t oo steep for slope area to converge during supercritical flow calculations (normal depth is below critical 
depth). 

Water surface set to critical dep t h . 

CROSS SECTION 

RIVER : SUNSET WAS H 
REACH: REACH #2 RS: 1.197 

CROSS SECTION OUTPUT Profi le #FLOODPLAI N 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2110.86 * Element 0 Left OB * Channel * Right OB * 
• vel Head (ft) 0.00 • Wt . n-val. 0.064 0.040 0.064 
• w. S. El ev (ft ) • 2110.86 • Reach Len . (ft) 139.89 140.93 142. 56 
• crit w.s. ( ft ) • Fl ow Area (sq ft) 1.66 129 .84 7.02 
• E.G. slope (ft/ ft ) *0.000027 • Area (sq ft ) 1 . 66 129 .84 7.02 
• Q Total (cfs ) 56.00 Fl ow (cfs) 0. 14 55 .04 0.83 
; Top Width (fft ) 47.95 • Top widt

1
h (ft) 2.52 38.52 6.92 

Vel Total ( t /s) 0.40 Avg. Ve . (ft /s) 0.08 0.42 0.12 
*Max chl Dpth ( ft ) 3.74 Hydr. Depth (ft ) 0.66 3.37 1.01 

Conv . Total (cfs ) • 10847.1 • conv. (cfs) 26.9 • 10660.3 • 159. 8 
• Length Wtd. (ft) • 140.89 • Wett ed Per . (ft ) 2 . 84 39 . 51 * 7 . 22 
• Mi nch El ( ft ) • 2107.12 s hea r ( lb/ sq ft ) 0.00 0.01 0.00 
*Alpha 1 . 08 stream Powe r ( lb/ ft s) ~'r 0 . 00 0 . 00 * 0.00 

Frctn Loss ( ft) 0.01 Cum Vo lume (acre - ft ) 2.65 3.07 * 0.46 
c & E Los s (ft) 0.03 cum SA (acres) * 2 . 45 1 . 22 0.79 

*********************************************************************************************** 

warni ng : The conveyance r ati o (upstream conveyance di vided by downstream conveyance) is less than 0.7 or greater than 1 .4. 
This may i nd icate the need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
0 E. G. Elev ( ft ) * 2110.86 ° Element * Left OB * Channel 0 Right OB * 
• Vel Head (ft) 0.00 • Wt . n-Val. 0 . 040 * 
• w. s. Elev (ft) • 2110.86 • Reach Len . (ft) 139.89 • 140.93 
• crit w.s. (ft) Flow Area (sq ft ) • * 129.81 
• E.G. slope (ft / ft ) *0.000031 Area (sq ft) • 129.81 
• Q Total (cfs) • 56.00 Flow (cfs) 56 . 00 • 
: Top wi dth ( ft ) • 38.52 • Top wi dth (ft) 38. 52 • 

Vel Total ( ft / s ) 0 . 43 ° Avg. Vel. (ft/ s) 0 . 43 
* Max c hl Dpth (ft ) 3 . 74 * Hydr. Depth (ft) 3 . 37 
• Conv. Total (cfs ) • 10086 . 4 Conv. (cfs) * 10086 .4 

Length wtd. (ft) 140.88 Wetted Per . (ft ) 42 . 91 
Minch El (ft) * 2107.12 *shea r (lb / sq ft) 0.01 * 

• Alpha 1.00 • Stream Power ( lb / ft s) • 0.00 * 
• Frctn Loss (ft) 0.02 • cum vo lume (acre-ft) * 0.18 3.41 0.19 

142.56 

* 

* 

• c & E Loss (ft) 0.03 • cum SA (acres) 0 . 22 1.20 0.22 
*********************************************************************************************** 

Warni ng: The conveyance ratio (upst ream conveyance di vi ded by downstream conveyance) is less than 0.7 or greater than 1 . 4 . 
This may indicate the need for additional c ross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 

E. G. Elev (ft ) • 2110.78 * Element * Left OB * Channel * Right OB • 
• ve l Head (ft) 0.00 • Wt. n- Val. 0 .064 0.040 * 0.064 
• w. s. El ev (ft ) • 2110.78 * Reach Len . (ft) 139.89 140 .93 142. 56 
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* * Crit w. s . (ft) * Flow Area (sq ft) ,, 1.46 126.73 6.47 

• E.G. slope (ft/ ft) *0 . 000021 * Area (51 ft) 1.46 126.73 6.47 ,, 
* Q Total (cfs) 48 . 00 * Flow (c s) 0.11 47.23 0.66 * . ~~~ *~~~~ (ft) 47.52 * Top Width (ft) 2.36 38.52 6.64 

(ft/ s) 0 . 36 * AVg . Ve 1 . (ft/s) . 0.07 * 0. 37 0.10 
* Max Chl Dpth (ft) 3.66 * Hydr. Depth (ft) * 0.62 * 3.29 0.97 * 
* conv. Total (cfs) 10405.3 * conv. (cfs) 22 . 8 * 10239.0 143.5 • 
* Length Wtd . (ft) 140 . 90 • Wetted Per . (ft) 2.67 39 . 51 6.94 
* Min Ch El (ft ) * 2107 . 12 . shea r (lb/ sq ft) 0.00 0 .00 0.00 
* Alpha 1.08 * Stream Power (lb/ ft s) . 0 . 00 0.00 0 . 00 . Frctn Loss ( ft) 0 . 01 * cum Volume (acre-ft) 1. 93 2 . 79 0. 36 

2.19 1.21 0. 65 * C & E Los s (ft ) 0.02 * Cum SA (acres) 
**~********************************** * ********************* ************************************ 

warning: The conveyance ratio (ups t ream conveyance divided by downstream conveyance) is les s than 0. 7 or greater than 1 .4 . 
This may indicate the ne ed for additional cros s sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************************* ******************************************** ************************** 
* E.G . Elev (ft ) * 2110 . 57 • Element Left DB * Channel • Right OB * 
• Vel Head (ft) 0.00 * Wt. n-Val. 0 . 064 * 0 . 040 0.064 * 
* w.s . Elev (ft) * 2110.56 * Reach Len. (ft) 139.89 * 140.93 142 . 56 
* crit w.s. (ft) * * Flow Area (sq ft) 1.00 * 118 . 49 5. 13 
* E.G . Slope (ft/ ft ) *0.000010 * Area (sq ft) : 1 . 00 118 . 49 5. 13 
• Q Total (cfs) * 30.00 Flow (cfs) 0.04 29 . 62 0 . 34 
* Top Width (ft) * 46.38 • Top width (ft) 1 . 96 38 . 52 * 5.91 
* Vel Total (ft/ s) 0.24 • Avg. Vel . (ft/ s) 0.04 0 . 25 0 . 07 
* Max chl Dpth (ft) * 3.44 * Hydr . Depth (ft) 0 . 51 3. 08 * 0 . 87 
* Conv . Total (cfs) 9271.7 • conv. (cfs) 13 . 7 9152 . 7 105. 2 
* Length Wtd. (ft) * 140.92 * Wetted Per . (ft) 2. 21 39 . 51 * 6 . 17 * 
• Minch El (ft) * 2107.12 * shear (lb / sq ft) 0.00 0.00 0.00 * 
* Alpha 1.07 • st r eam Power (lb / ft s) '' 0.00 0.00 * 0 . 00 
* Frctn Loss (ft) 0.01 * Cum Volume (acre-ft) 0.87 2.06 * 0 . 15 * 
* C & E LOSS (ft) 0.02 * Cum SA (acres) 0.99 1 . 18 * 0 . 34 
*********************************************************************************************** 

warn i ng : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
Thi s may indicate the ne ed for additional cross s ections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 1.170 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************************************************************************** ******************* . E.G . Elev (ft) . 2110 . 82 . Element Left DB * Channel * Right DB * 
• vel Head (ft) 0 . 26 Wt. n-val . . 0.064 0.040 * .064 
* w.s. Elev ( ft ) . 2110 . 56 Reach Len. (ft) * 299.79 277.90 234.94 * 
* Crit W. S . (ft ) . 2110 . 56 * Flow Area (sq ft) 4.24 11 . 74 0.01 * 
* E.G. slope (ft/ ft ) •o. 022424 * Ar ea (sf ft) 4.24 11.74 0.01 
* Q Total (cfs) 56.00 Flow (c s) 5.53 50.46 0 . 01 * . ~~~ *~~~~ (ft ) 35 .77 • Top width (ft) ,, 18.39 17.13 0 . 25 

( ft / s) 3 . 50 . Avg . Vel . (ft/ s ) 1. 31 * 4. 30 0 . 45 
* Max c hl Dpth (ft) 0.94 * Hydr. Depth (ft) * 0.23 * 0 . 69 0 . 05 

Conv. Total (cfs ) 374 . 0 * conv. (cfs) * 36.9 337.0 0 . 0 * 
Length Wtd. (ft) 278 . 43 * Wetted Per. (ft) * 18.40 17.29 0.27 * 

* Min Ch El (ft ) . 2109 . 62 shear (lb / sq ft) 0 . 32 0.95 0.07 * 
• Alpha . 1. 37 stream Power (lb/ ft s ) . 0.42 4.09 . 0 . 03 * 
* Frctn Loss (ft) * 4 . 30 • cum Volume (acre-ft) 2.64 * 2 . 84 * 0 . 45 

* Cum SA 2.41 * 1.13 0 . 78 * c & E Loss (ft) 0.06 (acres) 
***************** ****** ******************************************* ***************************** 

warning: 

Warn i ng: 
warni ng: 

warni ng : 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 

This may i ndicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous c r oss section. This may indicate 

need for additional cross sections. 
Warni ng : During the standard step iterations , when the assumed water surface was set equa l to critical depth, the calculated 

water surface came back below critical depth . Thi s indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) * 2110 . 82 * Element * Left OB * Channel * Right DB * 

Ve l Head (ft ) 0.26 '' Wt. n-Val . * 0 . 064 0.040 0 . 064 
w. s . Elev (ft) * 2110 . 56 '' Reach Len. (ft) 299 . 79 277.90 234.94 

* Crit w.s . (ft) * 2110.56 • Flow Area (sq ft) 3.70 11.68 0.01 * 
* E. G. Slope (ft / ft ) *0.022624 • Area (sq ft) 3.70 11.68 0.01 • 
* Q Total (cfs) * 56.00 Flow (cfs) 5. 73 50 . 27 * 0.01 
• Top width (ft) 29. 79 '' Top width (ft) 12 . 42 17.13 * 0 . 24 * 

Vel Total (ft/ s) 3.64 * Avg . Vel. (ft/ s) 1.55 4 . 30 0.44 
* Max chl Dpth (ft) 0.94 '' Hydr. Depth (ft) 0 . 30 0 . 68 0.05 
* Conv . Total (cfs) • 372.3 • Conv . (cfs) 38.1 334.2 0.0 * 
* Length Wtd. (ft) * 278 . 43 * Wetted Per. (ft) 12.58 17.29 0.26 * 
* MinCh El (ft) * 2109.62 * Shear ( lb/ sq ft) 0 . 42 0 . 95 0.06 

Alpha 1 . 28 * Stream Power (lb/ ft s ) * 0 . 64 4 . 11 0.03 
* Frctn Loss (ft) 4. 34 'lr Cum Volume ( acre-ft) * 0.17 3 . 18 0.19 
* c & E Loss (ft) 0.06 • Cum SA (acres) 0.20 1.11 0.22 
************* ************ ****************************************************************** **** 

Warn i ng : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
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warning: 
warning: 

WKBl.rep 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) i s less than 0.7 or greater than 1 . 4 . 

This may i ndicate the need for additional cross sections. 
Warning: 
warning: 
the 

The cross section had to be extended vertically during the critical depth calculations . 
The energy los s was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
war ning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
*E.G. Elev ( ft) * 2110.75 Element Left OB * Channel 
• vel Head (ft) 0 .2 4 '' Wt . n-val. 0 . 064 0. 040 

* Right OB 
0 . 000 

• w.s. Elev (ft) * 2110 .50 '' Reach Len . (ft) 299.79 277 . 90 
* Crit W.S. (ft) * 2110 . 50 • Flow Area (sq ft) 3.24 10 .76 * 

E.G. slope (ft/ft) *0 .022922 • Area (sq ft) 3. 24 10 .76 • 

234.94 
0.00 
0.00 
0.00 
0.11 

* Q Total (cfs) * 48 . 00 Flow (cfs) 3.87 44 . 13 
• Top width ( ft ) 33.63 Top width (ft) 16.39 17 . 13 

vel Tota l Cft /s) 3.43 • AVg. Vel. (ft/ s) 1.19 4 .10 
Max chl Dpth (ft ) 0.88 '' Hydr. Depth (ft) 0.20 0. 63 

* Conv. Total (cfs) 317.0 • Conv. (cfs) 25.5 291.5 
Length Wtd. (ft) 278.18 • Wetted Per. (ft) 16.39 17.29 

• Min ch El (ft) • 2109.62 * shear ( lb/ sq ft) 0 . 28 0.89 
* Alpha 1.33 ~·( Stream Power (lb/ft s) 0 . 34 3.65 

0.26 
0.02 

0 .0 
0.12 

* 

* 
• Frctn Loss (ft) 4.13 '' cum Vo lume (acre-ft) 1.92 2 . 56 0.35 
* c & E Loss (ft) 0 . 05 '' cum SA (acres) 2 . 16 1.12 0.64 * 
************************************* ********* ************************************ *********** ** 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 

Warning: 
warning: 

warning : 
the 

This may i ndicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************************************************************** ** ************************** ** 
* E.G. Elev (ft) * 2110.54 * Element * Left OB * Channel * Right OB * 
*Vel Head (ft ) 0.21 * Wt. n-val. * 0.064 0.040 ° * 

w.s. Elev (ft) * 2110.33 '' Reach Len. (ft) 299.79 277.90 234 . 94 
* Crit w. s. (ft) * 2110 .33 * Flow Area (sq ft) 1.03 7.85 * 
* E.G. slope (ft / ft ) *0.027685 • Area (s q ft) 1.03 7.85 * 
* Q Total (cfs) * 30.00 Flow (cfs) 0.93 29.07 ,, ~~~ ~~~~~ ~ms) 2U~ : !~~ .w~~f~ ~ms) * 6:§6 1~:~g 
'' Max chl Dpth (ft ) 0. 71 '' Hydr . Depth (ft) 0.11 0 . 47 
* conv. Total (cfs) 180.3 • conv. (cfs) 5.6 174.7 * 
• Length Wtd . (ft) 278.21 • Wetted Per. (ft) 9.11 16.92 * 
• Minch El (ft) * 2109 .62 * shear (lb/sq ft) 0 . 20 0 .80 
• Alpha 1.17 Stream Power (lb/ ft s) * 0.18 2 . 97 
'' Frctn Loss (ft) 3.82 '' Cum Volume (acre-ft) 0.87 1.85 0.14 
'' c & E Loss (ft) 0.03 '' cum SA (acres) 0 . 98 1.09 0.33 
*********************************************************************************************** 

warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . Warning: 

Warning : 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical dept h. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 1.117 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev (ft) 
• Ve l Head (ft) 
• w.s. Elev (ft) 
• Crit W.S . (ft) 
'' E.G . slope (ft/ft) 
'' Q Tot a 1 (cfs) 

Top width (ft) 
Vel Total (ft/ s) 

* Max Chl Dpth (ft) 
Conv. Total (cfs) 

* 2106 . 26 
0 . 86 

* 2105. 39 
* 2105 .20 
*0 . 014878 

493.00 
48 . 73 

6 . 54 
2.54 

4041.7 

,., Element 
'' Wt . n- va 1 . 
'' Reach Len. (ft) 
* Flow Area (sq ft) 

Area (sq ft) 
FlOW (cfs) 

* Top Width (ft) 
• Avg . Ve 1 . (ft/s) 
• Hydr . Depth (ft) 
• conv . (cfs) 

Left OB * 
0.064 

508.90 
10.79 
10.79 
34.84 
8.49 
3.23 
1.27 

* 285.6 
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Channel 
0.040 

531.99 
56.95 
56.95 

444.36 
25 . 20 

7.80 
2.26 

3643 . 0 

* Ri 8~66~8 * 
559.75 

7.70 
7.70 

13.80 
15.04 
1. 79 
0. 51 

113 .1 * 
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• Length Wtd. (ft) 531.53 * Wetted Per. (ft) * 8 . 86 25.21 * 15 . 28 
• MinCh El (ft) * 2102.85 • shea r (lb/ sq ft) 1.13 2.10 0 . 47 
* Alpha 1 . 30 * Stream Power ( l b/ft s) * 3.65 16.37 0 . 84 
* Frctn Loss (ft) 8.02 * cum volume (acre-ft) 2 . 59 2.62 0 . 43 

c & E Loss (ft) 0.03 * cum SA (acres) 2 . 32 1 . 00 0.74 
******* ***************************************** ************** ********************************* 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indi cate 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************************** ********************************************************* 
* E.G . Elev (ft) * 2106.26 * Element Left OB Channel * Right OB * 
• Vel Head (ft ) 0 . 87 * Wt. n-val . 0 . 064 0.040 0.064 
* W.S . Elev (ft ) * 2105 . 39 * Reach Len. (ft) 508.90 531.99 55 9. 75 
* Crit W.S. (ft ) * 2105.18 * Flow Area (sq ft) 10 . 74 56 . 80 7 . 61 . E. G. slope ( ft / ft ) *0.015016 * Area (sf ft) 10 . 74 56 . 80 7 .61 • 
* Q Total (cfs ) * 493 . 00 Flow (c s) 34.78 444 . 41 13. 82 

. ~~~ ~~~~~ ( ft ) 48.34 * Top Width (ft) 8 . 47 25 .20 14.67 
(ft /s) 6. 56 • AVg. Vel . (ft/ s) 3. 24 7 . 82 . 1. 82 

* Max chl Dpth (ft ) 2.54 * Hydr . Depth (ft) 1.27 2. 25 * 0. 52 
Conv. Total (cfs) 4023 . 2 * conv . (cfs) 283.8 3626.6 112.8 
Length Wtd. (ft) 531.53 * Wetted Per . (ft) 8 . 84 25 .21 14 . 91 

* Min Ch El ( ft) 2102.85 * shea r (lb/ sq ft) 1.14 2.11 0.48 
* Alpha 1. 30 • Stream Power (l b/ ft s) ,, 3. 69 16 . 53 * 0. 87 . Frctn Loss (ft ) 8.02 * cum volume (acre-ft) * 0 . 12 2.96 * 0 . 17 
* c & E Los s (ft) 0.03 * cum SA (acres) 0.13 0 . 98 0.18 
*********************************************************** ************************************ 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between t he current and previous cross section. This may indicate 
the 

need for add i tional cross sections. 

CROSS SECTION OUTPUT Profile #50- YEAR 
***************************** ** ********************* ***** ******************* ******************* . E. G. Elev (ft) * 2105.96 * Element Left OB * channel * Right DB '' 
* vel Head (ft) 0.74 * Wt . n-val. 0.064 0 . 040 0.064 
* w. s. El ev (ft) ,, 2105.22 * Reach Len . (ft) 508.90 531.99 559.75 
* crit w.s . (ft) * 2105.08 * Flow Area (sq ft) 9.35 52 . 53 . 5.83 
* E . G. slope (ft/ ft) *0 . 014217 * Area (sf ft) 9.35 52.53 * 5.83 
• Q Tota l (cfs) 421.00 * Flow (c s) 28.14 379 . 61 13 . 25 . ~~~ ~~~~~ (ft) * 40.71 * Top wi dth (ft) 7.90 25 . 20 7.61 

(ft / s) 6.22 * AVg. vel. (ft/ s) 3.01 7.23 2.27 
* Max Ch l Dpth (ft) 2.37 Hydr. Depth (ft) 1.18 2 . 08 0. 77 
* Conv . Total (cfs) 3530.8 * conv. (cfs) 236.0 3183 . 7 111. 1 
* Length Wtd . (ft) 531.63 * Wetted Per. (ft) 8 . 25 25 . 21 7 . 84 

* 2102.85 * shear (lb/ sq ft) 1.01 1.85 0 . 66 * Min Ch El (ft) 
* Alpha * 1. 24 * Stream Power (lb / ft s) ,, 3.03 13 . 37 1. 50 

0. 33 * Frctn Loss (ft) * 8.07 * cum volume (acre-ft) 1. 88 2.36 
2 . 08 0 . 99 0.62 * c & E Loss (ft) 0 . 03 * cum SA (acres) 

********************************* ************************************************************** 

warning : The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross 
the 

need for additional cross sections . 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************** ************************ 
* E. G. Elev (ft ) * 2105.27 * Element Left OB * Channel * Ri ght 08 * 
* vel Head (ft) 0.50 * Wt. n-val . 0 . 064 0.040 0 . 064 
* W. S. Elev (ft ) * 2104 . 77 * Reach Len . (ft) 508.90 531 . 99 559 . 75 
* Crit w. s . (ft) * Flow Area (sq ft) 6.17 41.36 3 . 22 
* E. G. slope (ft/ ft) *0.012865 Area (sq ft) 6 . 17 41.36 3 . 22 
* Q Tota l (cfs) 264 . 00 Fl ow (cfs) 15 . 40 242.41 6 . 19 
* Top Width (ft) 36.59 * Top Width (ft) 6.42 25.20 4 . 97 

Vel Total (ft/ s) 5.20 * Avg. vel. (ft/ s) 2.49 5.86 1.93 
* Max chl Dpth (ft) 1.92 * Hyd r . Depth (ft) 0 . 96 1 . 64 0.65 
• Conv. Total (cfs) 2327 . 5 * Conv . (cfs) 135 . 7 2137 . 2 54.6 

Length Wtd . (ft) 531.63 * Wetted Per. (ft) 6 . 70 25.21 5.15 
*Minch El (ft) * 2102.85 * shear (lb/ sq ft) 0 . 74 1.32 * 0 . 50 
* Alpha 1.18 * Stream Power ( l b/ ft s ) * 1.84 7.72 * 0 . 97 
* Frctn Loss (ft) 8 . 27 * cum volume (acre-ft) 0.84 1 . 70 0 . 13 
* C & E Loss (ft ) * 0.04 * cum SA (acres) 0.92 * 0 . 96 0.32 
*************************************************************** ******************** ****** ****** 

section. This may indicate 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may ind i cat e 
the 

need for additional cross section s . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #2 RS: 1.016 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****** *********** ******** ********************************************************************** 
* E.G. Elev (ft) 
• Vel Head (ft) 
* w. s . El ev (ft) 
* crit w.s. (ft) 
• E. G. slope (ft/ ft) 
• Q Total (cfs) 
* Top Width (ft) 

vel Total (ft /s) 
Max chl Dpth (ft) 

* 2098 . 21 
1 . 17 

* 2097.04 
* 2097.04 
*0.015313 

493 . 00 
30.80 

7 .95 
3.47 

* El em ent 
• Wt. n-val. 
* Reach Len . (ft) 

Fl ow Area (sq ft) 
'' Area (sq ft) 

Flow (cfs) 
* Top Width (ft) 

AVg. Vel . (ft/ s) 
* Hydr . Depth (ft) 

Left OB * 
0.064 

477.49 
4.90 
4 . 90 

11.56 
* 6. 42 

2 . 36 
0.76 
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channel 
0.040 

481.09 
53 . 46 
53.46 

473.01 
19.50 

8.85 
2.74 

* Right 08 * 
0.064 

483.72 
3.66 
3 . 66 
8.43 
4.89 
2 . 30 
0.75 
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* Conv . Tota l (cfs) 3984.0 * Conv. (cfs) • 93 . 4 3822 .5 68 . 1 
* Length Wtd. (ft) 481.07 * Wetted Per. ( ft ) 6. 59 ~ 20.02 * 5.11 
* MinCh El (ft ) * 2093 . 57 * Shea r ( lb/ sq ft) 0.71 * 2.55 * 0 . 68 
* Al pha * 1 . 19 * Stream Power ( lb/ ft s) * 1.68 22 . 58 1. 58 
* Frctn Loss (ft) * 8.23 * cum Volume (acre-ft) 2.49 1.95 0.36 
• C & E Loss (ft ) * 0 . 00 • Cum SA (acres) • 2.23 * 0.72 * 0.61 
*********************** ********************************************** ***** ************** ******* 

warning : The ene r gy equation could not be balanced within the specified number of i terat ions. The program used critical depth 
for the water surface a nd continu ed on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 
t he 

need for additional cross sect ions . 
Wa rning: During the standard step iterations , whe n the assumed wate r surface was set equal to critical depth, the calculated 

wate r surface came back below critical depth. This indicates that there is not a val id subcritical answer . The 
prog ram 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**** ********************************* ** ************* ***** *** ***** ****************************** 

E.G. El ev (ft) . 2098.21 . El em ent Left OB . channel . Ri8~66~B * 
vel Head (ft) 1.16 * Wt . n-Val. • 0.064 0.040 . • . W.S . Elev (ft) . 2097.05 * Reach Len . ( ft ) 477.49 481.09 • 483 . 72 . Crit w.s. (ft ) * 2097.05 * Fl ow Area (sq ft ) 4.95 53.62 . 3.70 . E.G . slope (ft/ ft ) *0.015154 • Area (s~ ft) 4.95 53.62 • 3 . 70 
Q Total (cfs) 493.00 Fl ow (c s) 11.69 . 472.79 8. 52 

~~~ width ( ft ) 30.80 * Top Width (ft) 6 . 41 • 19.50 4.89 * . Total ( ft /s) 7.92 * Avg . Vel . Cft/ s) 2.36 8.82 2. 30 * . Max Chl Dpth (ft ) 3.48 . Hyd r. Depth (ft) 0. 77 2 . 7 5 0.76 . Conv . Total (cfs) 4004.9 . conv. (c f s) 95 . 0 3840 .7 * 69 . 2 
• Length Wtd. (ft ) 481.07 * Wett ed Per . (ft) 6.60 ~': 20 .02 5.12 . Min c h El (ft) . 2093.57 . Shea r (l b/ sq ft) 0.71 2.53 0 . 68 
* Alpha 1. 19 .. Stream Powe r ( lb/ ft s) * 1. 68 22.34 1. 57 * . Frctn Loss (ft ) 8.15 * Cum Vo lume (ac re-ft ) * 0.03 2.29 0. 10 * 
* c & E Loss (ft) 0.00 . Cum SA (acres) 0.04 0.70 0 . 06 
** *********************** ********** ** ******** ** ********* *************** ******* ***************** 

Warning: The ene rg y equation could not be balanced within the specified number of iterati ons. The prog ram used critical depth 
fo r the water surface and continued on wi th the calculations. 

warning: The cross sec tion had to be extended verticall y during the critical depth calculations. 
Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
t he 

need for additional cross sections . 
warning: During the s tand ard step iterat1ons, when the assumed wate r surface was set equal to critical depth , the calculated 

water s urface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to criti cal depth . 
Warning: The parabolic search method fail ed to conve rge on c ritical depth. The program wi ll try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************** *************************************************** ****** 
• E.G. El ev (ft) • 2097.86 '' Element Le f t OB • Channel • Right OB 
• Vel Head (ft) 1.09 '' Wt. n- va l . 0 . 064 0.040 0.064 
* w. s. Elev (ft ) * 2096.77 • Reach Len. (ft) 477 .49 481 . 09 483 . 72 
* c ri t W. s . (ft) * 2096.77 * Flow Area (sq ft ) 3. 31 48.15 2. 45 
* E. G. slope (ft / ft ) *0.016224 • Area (s q ft) 3.31 48.15 2 . 45 
* Q Total (cfs) 421.00 Flow (cfs ) 7 . OS 408 .88 5. 08 
* Top width (ft) 28.77 '' Top Width (ft ) 5.27 19 .50 4.00 

Ve l Total ( ft / s) 7.81 • AVg. Vel. (ft/ s) 2. 13 8.49 2 . 07 
• Max chl Dpth (ft) 3 . 20 • Hydr . Depth (ft) 0 . 63 2 . 47 0 . 61 
* Conv. Total (cfs) 3305 . 3 • Conv . (cfs) 55.3 3210.1 39.9 
* Length Wtd. (ft) 481.08 • Wetted Pe r. (ft ) 5. 42 20.02 4.18 
* MinCh El (ft ) * 2093.57 * shear (lb/ sq ft) 0.62 2 . 44 0.59 
* Alpha 1.15 * Stream Power ( lb / ft s) * 1.32 20 . 68 1.23 
* Frctn Loss (ft) 8 . 68 • cum Volume (acre-ft) 1. 80 1.75 0 .28 
• c & E Loss ( ft ) 0 . 00 • c um SA (ac res) 2.00 0.72 0.54 
*********************************************************************************************** 

Warning: The energy equation could not be bal anc ed within the s pecified number of iterations . The prog ram used critical dep th 
for the water surfa ce and cont inu ed o n wi th the calculations . 

warni ng: The energy loss was greater than 1.0 ft (0.3 m). between the current and previ ous cross section . This may i ndicate 
the 

need for addit i ona l cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to criti ca l depth , the calculated 

wate r surface came back below criti cal depth. This indicates that there is not a valid subcritical answer. The 
program 

defaul ted to critical dep th . 

CROSS SECTION OUTPUT Profile #10-YEAR 

E.G. Elev (ft) * 2096 . 96 ° Element * Left OB * Channel * Right DB * 
vel Head (ft) 0.86 • Wt. n- val . * 0 . 064 0.040 0 . 064 

* W. S. Elev (ft ) * 2096. 10 • Reach Len. ( ft ) 477.49 481.09 483.72 
* crit w.s. ( ft ) • 2096.10 • Flow Area (sq ft ) 0 . 72 35.08 0.50 

E.G. slope (ft / ft ) *0 . 019190 • Area (s q ft) 0 . 72 35.08 0.50 
' ' Q Total (cfs) 264.00 Flow (cfs) * 1. 00 262.33 0 . 67 
'' Top Width (ft ) 23 . 77 ,., Top Width (ft) 2 . 46 19 . 50 1. 81 

Ve l Total (ft/ s) 7 . 27 • Avg . Vel . (ft/ s) 1. 39 7 . 48 1. 33 
* Max Chl Dpth (ft) 2 . 53 * Hydr . Depth (ft) 0 . 29 1 .80 0.28 
• Conv. Total (cfs ) 1905 . 7 '' Co nv. (cfs) 7.2 1893.7 4.8 
• Length Wtd. (ft) 481.09 * Wetted Per. (ft) 2.53 20.02 1.90 
• Min Ch El (ft) • 2093.5 7 • Shear ( lb/ sq ft) 0.34 2.10 0 . 32 
* Alpha 1.05 '' Stream Power (lb/ ft s) * 0.48 15 .70 0.42 

Frctn Loss (ft) 9 . 77 ,., cum Vo lume (ac re-ft ) 0.80 1. 23 0.11 
c & E Loss (ft ) 0 . 00 * cum SA (acres) 0.87 0.68 0 . 27 

************************************************** ************ *** ****************************** 
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warning: The energy equation could not be ba lanced with in the specified number of iterations . The program used criti ca l depth 
for the water su r face a nd continu ed on with the calculations. 

Warning : The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previou s cross section. This may indicate 
the 

need for additional cross sections . 
warni ng : During the standard step i terations , when the assumed wate r surface was set equal to critical depth , the ca l culated 

water surface came back bel ow cri t i ca 1 depth. This indicates that there is not a valid subcri ti ca 1 answe r . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #2 RS: 0.925 

CROSS SECTION OUTPUT Profil e #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2088.35 * Element . Left 08 . channel * Rit66~8 

. 
* Vel Head (ft) 1.17 * Wt. n- val. . 0 . 064 0.040 * 
* w.s . Elev (ft) • 2087.18 • Reach Len. (ft) • 243.16 242 . 03 241.97 • . crit w.s. ( f1:) . 2087 . 18 * Flow Area (sq ft) 0.04 56 . 84 0.02 . 
* E.G . slope (ft/ ft ) *0 . 019242 * Area (s~ ft) 0 . 04 56 . 84 0.02 * 
* Q Tota 1 (cfs) 493 . 00 . Flow (c s) . 0 . 02 * 492 . 97 . 0.01 

* ;;~~ ~~~~~ (ft) 24.96 * Top Width (ft) • 0. 51 24.26 * 0.19 
(f1:/s) 8.66 * Avg . Vel. (f1:/ s) 0.55 8 . 67 0. 57 

* Max chl Dpth ( ft ) 3 . 27 • Hydr. Depth (ft) 0.07 2.34 0.11 . Conv . Total (cfs) 3554.1 * Conv . (cfs) 0.2 3553.8 0.1 . Length Wtd . (ft) 242 . 05 * Wetted Per. (ft) * 0. 53 26.03 0.30 
* Min ch El (ft) • 2083 . 91 * Shear (lb/sq ft) • 0 . 09 . 2.62 0.09 
• Alpha 1.00 Stream Power (lb/ ft s) * 0.05 • 22.75 0.05 
• Frctn Loss (ft) 1.77 . cum Volume (acre-f1:) 2.47 1. 34 0.34 . . 2 . 20 0 .48 0. 58 C & E Loss (ft) 0.25 Cum SA (acres) 
·~********************************************************************************************* 

warni ng: 

warning : 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water s urface and continued on with the calculations. 
The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for add itional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is les s than 0.7 or greater than 1.4. Warning: 

warning: 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water surface was se t equal to critical depth , the calculated 

water surface came back below critical depth. Thi s indicates ~hat there is no~ a valid subcri~ical answer . The 
program 

defaulted to critical dep t h . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) * 2088.35 * Element Left 08 • Channel * Right 08 * 
*vel Head (ft) 1.16 '' Wt . n-val. 0 . 064 0 . 040 0.064 * 
• w.s. Elev (ft) * 2087.19 ,., Reach Len. ( f1:) 243 .16 242.03 241.97 
* Cri~ w.s. (ft) • 2087.19 * Flow Area (sq ft) 0.04 57.00 0 . 02 
• E.G. slope (ft/f~ ) *0.019069 * Area (sq f~) 0 . 04 57.00 0.02 
• Q Total (cfs) 493.00 Flow (cfs) • 0 . 02 492.96 0.01 
* Top Width (ft) 24.96 * Top wi dth (ft) * 0 . 51 24 . 26 • 0.19 * 

Vel Total ( ft / s) 8 . 64 '' AVg. Vel . (ft/ s) 0.58 8.65 * 0 . 58 
*Max chl Dpth (ft) 3 . 28 * Hydr. Depth (f~) 0.08 2.35 0 . 12 * 
• Conv . Total (cfs ) 3570 . 2 * conv. (cfs) • 0.2 3569 . 9 0 . 1 

Length Wtd . (ft) 242 . 03 • Wetted Per. (f~) • 0.54 26.03 0 . 30 
*Minch El (ft) * 2083.91 '' shea r (lb/sq ft) 0 . 09 2 . 61 0.09 
* Alpha 1.00 '' Stream Power (lb/ ft s) * 0.05 22.54 0 . 05 
• Frctn Loss (ft) 0.83 '' cum vo lume (ac re-ft) 0.00 1.68 0 . 08 
* c & E Loss (ft) 0.29 • cum SA (acres) • 0 . 00 0.46 0.03 
*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of itera~ions. The program used critical depth 
for the water surface and continued on wi th the calculations. 
The velocity head has changed by mo re than 0 .5 ft (0.15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 o r greater than 1 . 4 . 

Warning : 
Warning: 

Warning : 
This may i ndicate the need for addi~ional cross sections. 

The cross section had to be extended ver~ically during the critical depth calculations . 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indicate Warning : 

the 
need for additional cross sections. 

Warning: During the standard step iterations , when the assumed water su rface was set equal to critical depth, the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 

prog ram 
defaulted to critical depth. 

Warning: The parabol ic search method failed to converge on critical depth. The program will try the cross section s lice / secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
****************** ***************************************************************************** 
* E.G. Elev (ft) • 2088 .00 ,·r Eleme nt * Left OB * channel * Right 08 * 
* Vel Head (ft) 1.07 or. Wt . n-val. 0.040 . . 
* w. s. Elev (ft) • 2086.92 * Reach Len. (f1:) 243.16 242.03 * 241. 97 * 

Crit W.S. (ft) • 2086.92 '1: Flow Area (sq ft) 50.62 
• E.G. slope (ft/ft) *0 . 020203 * Area (s~ ft) 50.62 
'' Q Tot a 1 (cfs) . 421.00 Flow (c s) 421.00 
* To~ Width (ft) 23 .86 * Top Width (ft ) * * 23 . 86 

Ve Tot a 1 (ft/ s) 8.32 • AVg. Ve 1. (ft/s) * • 8. 32 
• Max chl Dpth (ft) * 3 . 01 * Hydr . Depth (ft) . 2 .12 
* Conv. Tot a 1 (cfs) • 2961.9 '' Conv. (cfs) * 2961.9 
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• Length Wtd. (ft) 242.05 • Wetted Per. (ft) '' * 25.61 
• Min ch El (ft) * 2083 . 91 • shea r (l b/ sq ft) 2 . 49 
• Alpha 1.00 • Stream Power (lb/ ft s) • 20 .74 * 
* Frctn Loss (ft) 1.70 • Cum Volume (acre-ft) 1.79 1.20 0 .2 6 
• c & E Loss (ft) 0.23 • cum SA (acres) 1 . 97 0.48 0.52 
*********************************************************************************************** 

warning: 

warning : 
warning: 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for add itional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 .4. 
This may indicate the need for additional cross sections. 

Warning: 
the 

The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections . 
warning: During the standard step 1terat1ons , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
* E.G . Elev ( ft ) • 2087.11 * Element Left OB Channel * Right OB • 
• vel Head (ft) 0.86 • Wt. n-Val. 0 . 040 
• w.s. Elev ( ft ) • 2086.25 • Reach Len. ( ft) 243 .16 242 .03 241. 97 
• Crit w.s. ( ft ) * 2086 . 25 '' Flow Area (sq ft) 35.53 

: ~·~~t;Jo~~f~jt/ft) *0.~~!~66 : ~1~! ~~~sSt) 2~~:~g 
* Top Width (ft ) 20.99 * Top Width (ft) 20 .99 

Vel Total (ft/s) 7.43 '' Avg. Ve l. (ft/ s) 7.43 • 
• Max chl Dpth (ft) * 2.34 Hydr . Depth (ft) * 1.69 * 
• Conv. Total (cfs ) 1799.5 '' Conv. (cfs) * * 1799.5 
• Length Wtd. (ft) 242.04 • Wetted Per. (ft) • • 22 . 32 
• Min ch El (ft) • 2083.91 '' shea r (l b/sq ft) 2.14 
• Alpha • 1.00 Stream Power (lb/ ft s) • 15.89 
• Frctn Loss (ft) 2.00 Cum Volume (acre-ft) 0 . 80 0.84 D.11 
• c & E Los s (ft) 0.19 • Cum SA (acres) D. 86 * D. 46 0.26 

* 

* 
* 

*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning: 

The ve locity head has changed by more than 0.5 ft (D .15 m). This may indicate the need for add itional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than D.7 or greater than 1.4. 

Warning: 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cr1tical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to crit ical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #2 

CROSS SECTION OUTPUT 

RS: 0.88D 

Profile #FLOODPLAIN 
*********************************************************************************************** ,, E. G. Elev (ft ) . 2083.D4 . Element Left OB * channel . Right OB . 
'' vel Head (ft) 0 . 35 * Wt. n-val. D.D64 O.D25 

w.s. Elev (ft) * 2082.69 " Reach Len. ( ft) 1D9.9D 115.17 96. 2D 
* Crit w.s. (ft) • 2082 . 38 :'r Flow Area (sq ft) 11.80 98.67 
* E.G. Slope (ft/ft) " 0 . 003831 '' Area (s~ ft ) 148 . 01 98.67 63 . 16 
• Q Total (cfs) . 493.00 Flow (c s) 17.39 475.61 . ~~~ ~~~~~ (ft) 541.44 * Top width (ft) 352.87 * 65.77 122.8D 

(ft/s) 4.46 • Avg. Vel . (ft/s) 1.47 4.82 . 
* Max chl Dpth (ft) 1. 73 • Hydr. Depth (ft) 1.04 1. so • 
"'' Conv. Total (cfs) 7965.0 . Conv. (cfs) 281.0 7684.0 
'' Length wtd . (ft) 113.27 ''Wetted Per. (ft) 11.36 . 65.78 . 
* Min ch El (ft) • 2D8D.96 * shear ( lb/ sq ft) 0.25 • 0 . 36 * 
• A 1 pha 1.13 • stream Power (lb/ ft s) * D.37 1. 73 

Frctn Loss (ft) . D.49 . cum Volume ( acre-ft) * 2.05 0.91 . D.16 
* c & E Loss (ft) • 0.02 ,, Cum SA (acres) * 1.21 D. 23 • D. 24 * 
*********************************************************************************************** 

Note : 
used. 

Multiple critical depths were found at this location. The critical depth with the l owest, valid, water surface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
******************************************************************** ****** ********* ******* ***** . E.G. Elev (ft ) . 2D83.49 . Element . Left OB . Channel . Right DB . 
• vel Head (ft) D.20 * Wt. n-val. O.D64 • D. 025 . 
* w.s. Elev (ft) . 2083 .2 9 . Reach Len. (ft) 109 . 90 115 . 17 * 96 .2D 
'' crit w.s. (ft) • 2082.39 . Flow Area (sq ft) 0.63 138.D9 * . E.G . slope (ft/ft) • o. oo1391 ,., Area (s~ ft) 0.63 138.09 * 
'' Q Tota l (cfs) 493.DD Flow (c s) * 0.24 492.76 

* ~~~ ~~~~~ (ft) 66 . 13 • Top width (ft) • 0.36 65.77 . 
(ft / s) 3.55 Avg. Vel. (ft/ s) D. 39 3 0 57 * 

• Max chl Dpth (ft) 2 0 33 Hydr . Depth (ft) 1. 75 2.10 
Conv. Total (cfs) • 13217 . 0 * Conv . (cfs) 6.6 * 1321D . S ,, Length Wtd . (ft) 113. 32 '' Wetted Per. (ft) 2.11 67 . 62 * 
Min Ch El (ft) * 208D.96 * Shear ( lb/ sq ft) O. D3 0.18 * 

* Alpha • 1.01 • stream Power ( lb/ ft s) . 0.01 0.63 
Frctn Loss (ft) 0.18 Cum Vo lume (ac re-ft) O.DO 1.13 0.08 

1' C & E Loss (ft) O.D2 Cum SA (acres) D.OD 0 . 21 D. 03 
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***********************~** * ******************************* * ** *********** * * * * ******** **** ******* 

Note : 
used. 

Multiple c ritical depths were found at this location. The critical depth with the lowest , valid , water surface was 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********** ******************************* **************************** ***** *********** **** ***** 
* E.G. Elev (ft ) * 2082.88 Element Left DB * Channel * Right OB * 
* vel Head (ft ) 0.29 Wt. n-val. 0.064 0 . 025 * 
* w.s. Elev (ft ) * 2082 . 59 . Reach Len . (ft) 109 . 90 * 115.17 96. 20 
* Crit w.s. (ft ) * 2082.26 . Flow Area (sq ft) 10.66 * 92.03 
* E. G. Slope (ft / ft ) *0 . 003536 Area (s~ ft) 113.14 92.03 51.17 * 

Q Total (cfs ) 421 . 00 Flow (c s ) 14.10 * 406.90 * 
. ~~~ ~~m (ft) 515.84 * Top Width (ft) 339 . 15 65.77 110.92 

(ft / s ) 4.10 • Avg . vel. (ft/ s) 1. 32 4.42 
* Max chl Dpth ( ft ) 1.63 * Hydr . Depth (ft) 0 . 94 1.40 
* Conv . Total (cfs ) 7079 . 7 * Conv . (cfs) 237.0 6842.7 
* Length Wtd . (ft ) 113 . 39 * Wetted Per . (ft) 11 . 36 65 . 78 
* Min ch El (ft ) * 2080 . 96 . shea r (lb/ sq ft) 0.21 0 . 31 
* Alpha 1.13 . Stream Power (lb / ft s) ,, 0.27 1. 37 
* Frctn LOSS (ft) 0 . 53 . cum Volume (acre-ft) 1. 47 0 . 80 * 0 . 12 

* 1. 03 0 . 23 0. 21 * C & E Loss (ft) 0.04 Cum SA (ac res) 
**************************************************** ******************************************* 

warning : Divided fl ow computed for this cross-section. 
Note: Multipl e critical depths were found at this l ocation. The critical depth with the l owest , valid , water surface was 
used . 

CROSS SECTION OUTPUT Profile #10- YEAR 
************************************* *************** ******************************************* 
* E. G. Elev (ft) * 2082.42 Element Left OB * Channel * Right OB ~( 

* vel Head (ft) 0.23 * Wt . n-val. 0 . 064 0 . 025 

* w. s . El ev (ft) * 2082.19 * Reach Len. (ft) 109.90 115 .17 96.20 * 
* Crit W.S . (ft) * 2081.98 * Fl ow Area (sq ft) 6.14 65.88 
* E.G . Slope (ft/ ft) *0.004326 * Area (s~ ft) 39.76 65.88 19 . 43 
* Q Total (cfs) ~": 264.00 Fl ow (c s) 6.22 257.78 

To~ Width (ft) 251.88 * Top width (ft) 130.65 65.77 55.46 
Ve Total (ft / s) 3.67 • AVg. vel . (ft/ s) ,, 1.01 3.91 

* Max chl Dpth (ft) 1. 23 * Hydr. Depth (ft) 0 . 54 1.00 
Conv . Total (cfs) 4013 . 8 * Conv . (cfs) 94.5 3919 . 2 
Length Wtd . (ft) 113.70 • Wetted Per . (ft) 11 . 36 65.78 

• Min ch El (ft) 2080.96 * shea r (l b/ sq ft) 0.15 0 . 27 
* Alpha 1.11 • Stream Power (lb/ ft s) ,, 0 . 15 1.06 

Frctn Loss (ft) 0 . 66 . Cum Volume (acre-ft) 0.69 0. 56 0.05 

* * 0 . 49 0. 22 0 . 11 C & E Loss (ft) 0.03 Cum SA (acres) 
********************************************************************************************** * 

Note: 
used . 

Multiple critical depths were found at this location . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 0.858 

The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************* ****************************** **************************** 
• E. G. Elev (ft) 2082.52 * Element * Left OB * Channel • Right OB * 
• vel Head (ft) 0.59 * Wt . n-val . 0.030 0 . 025 * 0.030 

w.s . Elev (ft) * 2081 . 93 * Reach Len . (ft) 94.51 155 .14 * 151.30 
crit w.s. (ft) 2081.93 * Flow Ar ea (sq ft) * 18.24 57 . 02 19.56 
E. G. Slope (ft/ ft) *0 . 004998 *Area (sq ft) 120 . 35 57 . 02 32.20 

* Q Total (cfs) 493 . 00 Flow (cfs) * 25.54 380.64 * 86 . 82 
* Top Width (ft) 271.11 * Top width (ft) 206.54 28 .17 * 36.40 * 

Vel Total (ft / s ) 5 . 20 * AVg . Vel . (ft/ s) 1.40 6 . 68 4 . 44 
* Max chl Dpth (ft) 2 . 45 * Hydr. Depth (ft) 0 . 24 2.02 1 . 59 
* Conv . Total (cfs) 6973.7 • Conv . (cfs) 361.3 5384.3 1228.1 

Length Wtd . (ft) 131.80 * Wetted Per . (ft) 77 . 51 28 . 47 13 . 71 
* Min ch El (ft) * 2079 . 48 * shea r (lb/ sq ft) 0.07 0 . 62 * 0 . 45 
* Alpha 1 . 41 * Stream Power (lb / ft s) * 0 . 10 4 . 17 * 1 . 98 
* Frctn Loss (ft) 0 . 44 * Cum Volume (acre-ft) 1 . 71 0.70 * 0 . 06 
* C & E Loss (ft) 0.15 • Cum SA (acres) * 0.50 0 . 11 * 0 . 06 
************** ************************** ************************************* ****************** 

warning: 

warning: 
Warning : 
warning: 

Warning: 
the 

The energy equation could not be ba l anced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
Di vided flow computed for this cross-section . 
The velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additiona l cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4. 

This may indicate the need for additional cross sections . 
The energy loss was g reater than 1 . 0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections . 
warning: During the standard step iterat i ons, when the assumed water surface was set equal to critical depth, the ca l culated 

water surface came back be 1 ow cri t ical depth. This indicates that there is not a valid subc ri tical answer. The 
program 

Note : 
used. 

defaulted to critical depth . 
Multiple critical depths were found at this location . The critical depth with the lowest, val i d , water s u rface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************** *********************************** ********* ********************************** 
* E.G . Elev (ft) 

vel Head (ft) 
w.s . Elev (ft) 
crit w. s . (ft) 

• 2083 . 28 
0. 37 

• 2082 . 91 
2081.84 

* Eleme nt 
• Wt. n-val . 
* Reach Len. (ft) 
* Flow Area (sq ft) 

Left OB * 

94 . 51 
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• E. G. Slope (ft/ ft ) *0.001913 • Area (sq ft) • 76.98 26.94 
• Q Total (cfs ) 493.00 Fl ow (cfs ) 396 . 98 96 . 02 
* Top Width ( ft ) 35 . 00 ° Top Width (ft) * 24.66 10. 34 

Vel Total ( ft /s) 4.74 * AVg. Vel . ( ft / s) * 5.16 3.56 
* Max chl opth (ft ) 3.43 Hydr . Depth (ft) "f 3.12 2.61 
• conv. Total (cfs ) • 11271 . 1 * conv . (cfs) 9075 . 9 2195.2 
• Length Wtd . (ft) 154.77 • Wetted Per. (ft) 27 . 56 12 . 77 
• Minch El ( ft ) • 2079.48 * shea r (lb/ sq ft) 0 . 33 0 .2 5 
• Alpha 1.06 • Stream Power ( lb / ft s) • 1 . 72 0 . 90 
• Frctn Loss (ft) 0.53 • cum Volume (acre-ft) 0.85 0.05 • 
• c & E Loss (ft) 0.07 • cum SA (acres) "" 0.09 • 0.02 • 
***********************~*********************************************************************** 

Warning: 
Warning : 

The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1.4 . 

This may indicate the need for additional cross sections . 
Note : 
used . 

Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #50-YEAR 
***** *************** ********** *** *** *** ****************************** ** ************************ 
• E.G. Elev ( ft ) * 2082 . 32 • Element * Left OB • Channel • Right OB • 
* Vel Head (ft) 0.66 • Wt. n-Val. 0.030 0 . 025 0 . 030 
• w.s. Elev (ft) • 2081.66 • Reach Len. (ft) 94 . 51 155 .14 151.30 
• crit w.s. (ft) * 2081.66 • Flow Area (sq ft) 4 . 95 49.41 16.24 
* E.G . Slope (ft/ ft) *0.006469 • Area (sq ft) 74.39 49.41 * 23.03 
• Q Total (cfs ) • 421.00 Flow (cfs ) 6.49 * 341.12 • 73 . 39 
: TVoep wT

0
idttahl ((fftt )/s) ; 198 . 83 * Top width (ft) 139.11 • 28 . 17 • 31. 55 

1 5 . 96 • Avg. vel. (ft/ s) 1.31 6.90 4.52 
• Max chl opth ( ft) 2.18 • Hydr . Depth (ft) 0 .19 1 . 75 1.32 
* Conv . Total (cfs) 5234.4 * Conv . (cfs) 80 . 7 4241.2 912.4 * 
• Length Wtd . (ft) 133 . 64 • Wetted Per. (ft) 26.23 28.47 • 13 . 44 
• MinCh El (ft ) • 2079.48 • Shear (lb/ sq ft ) 0 . 08 0.70 • 0 . 49 • 
• Alpha 1.19 • Stream Power ( lb/ ft s ) * 0 . 10 4 . 84 2.21 
• Frctn Loss (ft) 0 . 58 • Cum Volume (acre-ft) * 1.23 0.62 0 . 04 
• c & E Loss (ft) 0.17 • Cum SA (acres ) * 0.42 0.10 0.05 
************************************* ************************** ** *** ******************** ******* 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning : 
Warning: 
Warning: 

Divided flow computed for this cross-section. 
The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additiona l cross sections. 
The conveya nce ratio ( ups t ream co nveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

Thi s may indicate the need for additional cros s sections . 
Warning: 
the 

The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning : During the standard step iterat1ons, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

Note: 
used. 

defaulted to critical depth. 
Multiple critical depths were found at this location . 

CROSS SECTION OUTPUT Profile #10-YEAR 

The critical depth with the lowest, valid, water surface was 

*** ******************** **************************************** ** *********** ******* ********* *** . E.G. Elev (ft) . 2081.73 ,, Element Left OB 0 Channel . Right DB * 
Vel Head (ft) 0. 56 * Wt. n- val . 0 . 025 . 0 . 030 

• w. s . Elev (ft) . 2081.17 . Reach Len. (ft) 94.51 155.14 • 151. 30 * 
Crit w. s . (ft ) . 2081.17 ,, Flow Area (sq ft) 35 . 58 • 10 . 19 
E. G. slope (ft/ ft ) • o.oo8251 * Area (s~ ft) 22 . 22 35.58 10 . 61 

• Q Total ( cfs ) . 264 . 00 Flow (c s) 224.95 39.05 . ~~~ *~~~~ (ft ) 115. 87 0 Top Width (ft) 70.74 27 . 80 17.33 
( ft / s ) 5. 77 * Avg . vel. Cft/s ) 6 . 32 3.83 

Max chl Dpth (ft ) 1.69 Hydr . Depth (ft) 1. 28 0.83 
* conv. Total (cfs) 2906.4 ,, Conv . (cfs) . . 2476.4 * 429 . 9 

Length Wtd. (ft ) 135.17 '' Wetted Per. (ft) * • 28.08 • 12 . 95 
* Min Ch El ( ft ) . 2079 . 48 * Shea r ( lb/ sq ft) 0.65 0.41 
• Alpha 1.09 * Stream Power (lb / ft s ) . 4 . 13 1. 55 . Frctn Loss (ft) 0 . 88 . cum Volume (acre-ft ) 0.61 0.42 0.02 
• c & E Loss (ft) 0.13 '' Cum SA (acres) 0.24 0 .10 0.03 
********************************************************************* ************************** 

warning: 

Warning : 
Warning : 
the 

The energy equation could not be balanced within the specified number of i terations . The program used critica l depth 
for the water surface and continu ed on with the calculations . 
Divided flow computed for this cross-section. 
The energy loss was greater than 1 . 0 ft ( 0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to critical depth. 
Note: 
used. 

Multiple critical depths were found at thi s location . The critical depth wi th the lowest , valid , water surface was 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS : 0 . 828 

CROSS SECTION OUTPUT Pr ofile #FLOODPLAIN 
************************** ********************************************************************* 
* E. G. Elev (ft) • 2080 . 95 • Element • Left DB • channel • Right DB • 
• Vel Head (ft) 0.08 • Wt. n-Val. • 0 . 052 0.025 
* w. s . Elev (ft ) • 2080 . 87 '' Reach Len. (ft) 393 . 00 393 . 00 393 . 00 
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* Crit W.S. (ft) * Flow Area (sq ft ) * 251.93 41.42 
* E.G . Slope (ft/ft) *0.002423 *Area (sq f't) 251.93 41.42 
• Q To'ta 1 (cfs) 493.00 * Flow (cfs) 348.46 144. 54 * 
• Top Wid'th (f't) 289.78 * Top widt h (f't) 258.29 31.50 

Ve 1 Tota 1 (f't/s) 1. 68 * AVg . Ve 1 . (f't/s) 1. 38 3. 49 
• Max c hl Dp'th (f't) 2.47 Hydr. Dep'th (ft) 0.98 * 1.32 
• Co nv . Tot a 1 (cfs) * 10016. 3 • Conv . (cfs) 7079.6 * 2936 . 7 
• Leng'th Wtd. (f't) 393.00 *WeLted Per. (ft ) 258.33 31 .80 
• Mi n ch El ( f't) 2078.40 • shea r (lb/sq ft) 0.15 0.20 

. 
• 

*Al pha 1.74 *Stream Power (lb/f't s) * 0.20 0.69 
* Frc'tn Loss ( f't) 2.08 • c um volume (acre-ft) 1. 31 0 . 53 • 
* c & E Loss (f't) 0 . 15 • cum SA (acres) * 
*********************************************************************************************** 

warning: The velocity head has changed by more than 0.5 ft (0 .15 m). This may indica'te 'the need for addi'tiona l cross sec'tions. 
warni ng : The energy 1 ass was greater than 1. 0 ft (0. 3 m) . between the current and previous cross section . Th i s may indicate 
the 

need for additiona l cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G . Elev (ft) * 2082.68 * Element 
* ve l Head (ft) 1.07 • Wt. n-Val. 
* w.s. Elev (ft) * 2081.61 * Reach Len . (ft) 
• Crit w.s. (ft) * 2081.61 Flow Area (sq ft) 
* E.G. Slope (ft/ft) *0 . 007931 Area (sq f't) 
* Q Total (cfs ) 493 . 00 Flow (c fs ) 
* To~ width (ft) * 27 . 20 Top width (ft) 

Ve l Total (ft/ s) 8 . 32 • AVg. vel. (ft/s) 
* Max Ch l Dpth (f't) 3.21 * Hydr . Depth (ft) 
• Co nv. Total (cfs ) 5535 . 9 * Conv. (cfs) 
* Length Wtd. (ft) 393 .00 • WeLted Pe r. (ft) 
* Min c h El (ft) * 2078 . 40 * shear ( 1 b/ sq ft) 
• Alpha 1.00 • stream Power (lb/ft s) * 
* Frctn Loss (ft) 3.78 Cum Volume (acre-ft) * 

Left DB * 

393.00 * 
* 

channel 
0 . 025 

393.00 
59.26 
59.26 

493.00 
27 .20 

8.32 
2.18 

5535 . 9 
30.07 
0.98 
8.12 
0.61 

* Right DB 

* 
* 
* • 

• 

393 . 00 

* 
* 
* 
* . 
* 

* c & E Loss (ft ) 0 . 05 cum SA (acres) 
*********************************************************************************************** 

warning: The 
for 
The 
The 
The 

energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations . 
ve l ocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for addi'tional cross sectio ns . 
cross sect ion had to be extended verti call y during the critical depth calcul at ions. 

Warni ng: 
War ning: 
warni ng : 
the 

energy l oss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning: During the standard step 1te r at1 ons, when the assumed water s urface was se t equal to critical depth, the calculated 

water s urface came back be l ow cri t1ca l depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critic al depth. 
warn ing : The pa rabo lic search method failed to converge on critical depth. The program will try the cross section slice/secant 

method to find critica l depth . 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 
• E.G . Elev (ft) * 2080.78 * Element 
* ve l Head (ft) 0 . 09 * Wt . n- va l . 

w. s. El ev (ft) * 2080.69 '' Reach Len. ( ft) 
Crit w.s. (ft) * Flow Area (sq ft) 

* E.G . s l ope (ft/ ft) *0.00 3118 • Area (sq ft) 
* Q Total (cfs) 421.00 Flow (cfs) 
• Top width (ft) 281.38 '' Top width (ft) 

vel Tot a 1 (ft / s) 1. 74 '' Avg. Ve 1 . (ft/s) 
* Max ch l Dpt h (ft) 2. 29 '' Hydr. Depth (ft) 
* Conv. Tot a 1 (cfs) 7540.1 '' Conv . (cfs) 
• Length wt d. (ft) 393.00 * Wetted Per. (ft ) 
• Min ch El (ft) • 2078.40 * shear (lb/ sq ft) 

Alpha 1.89 '' Stream Power ( lb/ ft s) * 
• Frctn Loss (ft) 2. 41 '' Cum Vo 1 ume (acre-ft) 

Left DB * 
0.052 

393 .00 
205.88 
205.88 
287.45 
251.47 

1 .40 
0 .82 

5148. 2 
251.51 

0.16 
0. 22 
0.93 

channel 
0.025 

393.00 
35 . 88 
35.88 

133.55 
29.91 

3 .72 
1. 20 

2391.8 
30 . 20 
0 . 23 
0.86 
0 . 47 

'' Right DB * 

393.00 

• c & E Loss (ft) 0.14 • cum SA (acres) 
*********************************************************************************************** 

wa rning: The velocity head has changed by more tha n 0.5 ft (0.15 m). This may indicate the need for additiona l cross secti ons . 
war ning : The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additiona l cross sect ions . 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 

E.G. Elev (ft) * 2080 .36 * Element 
Ve l Head (ft) 0.11 Wt. n- Va l . 

• w.s . Elev (ft ) • 2080.24 • Reach Len. (ft) 
* crit w.s. (ft) '' Fl ow Area (sq ft ) 
* E.G . Sl ope (ft / ft) *0.0052 25 • Ar ea (sq ft ) 
• Q Total (cfs) 264.00 Fl ow (cfs) 
* Top Widt h (ft) 174 . 44 Top width (ft) 

Ve l Total (ft/ s) 2.07 '' Avg. Ve l . (ft/s) 
* Max chl Dpth (ft) 1. 84 '' Hydr . De pth (ft) 
• Conv. Total (cfs) 3652.4 ,., Conv. ( cfs ) 
• Length Wtd . (ft) 393.00 '' We tted Per . (ft) 
* Min ch El (ft ) • 2078.40 • shear ( l b/sq ft) 

Alpha * 1.71 ''Stream Power ( lb/ ft s) • 
Frctn Loss (ft) • 3 . 25 '' cum Volume (acre-ft) 

Left DB * 
0.052 

393.00 
104 . 36 
104. 36 
171.44 
148 . 62 

1. 64 
0 . 70 

2371.9 
148 .65 

0. 23 
0. 38 
0 . 47 

Channel 
0.025 

393 .00 
23.26 
23.26 
92 .56 
25.82 

3.98 
0.90 

1280.5 
26.08 
0.29 
1.16 
0.32 

* Right DB * 
393.00 . 

• 

. 
* 

* c & E Loss (ft) 0 .11 • cum SA (acres) 
*********************************************************************************************** 

warni ng : Divided flow computed for this cross -section . 
warning: The ve l ocity head has changed by mo re than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sect ions . 
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Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indi cate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS: 0. 753 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************ *********************************************************************************** 
* E.G. Elev (ft) * 2078.71 * Element Left 06 * Channel 
* Vel Head (ft) 1.62 * Wt . n-val. 0.031 

* Right DB 
• 

* w.s. Elev (ft ) * 2077 .10 • Reach Len. (ft) 87.41 84.79 81.91 
• Crit w.s . (ft) * 2077 . 10 • Flow Area (sq ft) 75.46 
• E.G . slope (ft/ ft) *0.011041 • Area (sq ft) 38.67 • 75.46 * 

Q Total (cfs) 770.00 Flow (cfs) '' * 770.00 * 
Top width (ft) 158.31 • Top width (ft) 135.07 23.23 * 
vel Total (ft/ s) 10.20 * AVg. Vel. (ft/ s) '' 10.20 

* Max Chl Dpth (ft) 4.66 * Hydr. Depth (ft) 3 . 25 
• Conv. Tot a 1 (cfs) 7328 . 1 • Conv . (cfs) • 7 328 . 1 * 

Length Wtd. (ft) 84.93 * Wetted Per . (ft) * 26.16 * 
* MinCh El (ft) 2072.44 * Shea r (lb/sq ft) * 1 . 99 
• A 1 pha 1. 00 • stream Power (1 b/ft s) '' * 20 . 29 
* Frctn Loss (ft) 0.32 * cum volume (acre- ft) * 0.12 * 0.55 0.00 
* c & E Loss (ft) • 0 . 63 * Cum SA (acres) * 9.26 * 2.42 2.91 

. 
* 

* • 

*** *** ********************************************************* ******************************** 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning: 
Warning : 

Divided flow computed for this cross-section . 
The velocity head has changed by more than 0 . 5 ft (0.15 m). This may 1nd1cate the need for additional cross sect1ons . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 

warning: 
the 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning : During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 
Note: 
used . 

Multiple critical depths were found at this location . The critical depth with the lowest , valid , water surface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft ) . 2078.71 ,, Eleme nt Left OB * channel ~ Right 06 
* vel Head ( ft) 1.61 * Wt. n-val. 0 . 031 * * w. s. Elev (ft) * 2077.10 * Reach Len. ( ft) 87 . 41 84.79 81.91 

Crit W.S . (ft) 2077.10 • Flow Area (sq ft) 75.52 
• E. G. slope (ft/ ft) *0 .011013 Area (sj! ft) 75.52 
* Q Total (cfs) 770.00 Flow (c s) * 770.00 

* ~~~ ~~~~~ (ft ) 23.23 '' Top width (ft) ~ 23.23 * 
(ft / s) 10.20 • Avg. Ve 1. (ft/ s ) 10.20 * * Max chl Dpth (ft ) 4.66 * Hydr . Depth (ft) 3.25 * * Conv . Total (cfs) 7337.5 * Conv . (cfs) * 7337.5 * 

• Length Wtd. (ft) 84.94 * Wetted Per. (ft) * 26.17 
• Min ch El (ft) * 2072.44 ,, shea r (lb/ sq ft) 1. 98 
* Alpha 1.00 . Stream Power (lb / ft s) * 20.23 . * 
* Frctn Loss (ft) 0.23 * cum Volume (acre-ft) 0.06 0.48 ~ 0.00 * * c & E Loss (ft) . 0.67 * Cum SA (acres) . 1. 31 * 2.54 * 0.13 * 
************************************** ** ****************************** ************************* 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning : The velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections. 
Warning : The conveyance ratio ( upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning : During the standard step i terations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 
Note : 
used. 

Multiple critical depths were found at this location . The critical depth with the lowest , valid , water surface was 

CROSS SECTION OUTPUT Profile #50-YEAR 
****************************************** *********************************** ****************** 
* E.G . Elev (ft) * 2078 . 23 • Element Left OB ~ Channel • Right OB 
• vel Head (ft) 1.49 * Wt. n-val. • 0 . 031 * 
• w.s. Elev ( ft) * 2076.74 * Reach Len. (ft) • 87.41 84.79 81.91 
• Crit W.S . (ft) * 2076.74 * Flow Area (sq ft) * 67.28 
* E.G . slope (ft/ ft ) *0.011138 • Area (sq ft) 0.23 67.28 • 
'' Q Total (cfs) 660.00 Flow (cfs) 660.00 ~ 

• ~~~ ~~~~~ ~~i~s) 4~:~~ ~ !~~.w~~f~ ~ ~i~ s) : 25.85 * 2§:~i ; 
Max Chl Dpth (ft ) 4 . 30 '' Hydr . Depth (ft) * 3.03 * 

• Conv. Total (cfs) 6253 . 8 • Conv. (cfs) 6253 . 8 
'' Length Wtd . (ft) 84.92 • Wetted Per. (ft) 24.92 
• Min ch El (ft) * 2072 . 44 • shear (lb / sq ft) 1 . 88 
* Alpha 1.00 * stream Power (lb/ ft s) 18.42 * 
* Frctn Loss (ft) 0.27 • cum Volume (acre-ft) 0 . 07 0 . 49 0 . 00 
* C & E Loss (ft) • 0 . 61 * Cum SA (acres) 8.63 2.39 2.65 

* 
* 
* 

. 
* 

** ************** ************************************************************************ ******* 
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Warning : 

warning: 

The energy equation could not be balanced within the specified number of iterations . The program used criti cal depth 
fo r the water surface and continu ed on with the calculations . 
Divided flow computed for this cross-section . 

Warning: 
warning : 

The velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Warning : 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Note: 
used. 

Multiple critical depths were found at this location. The critical depth with the lowest , valid , water s urface was 

CROSS SECTION OUTPUT Profile #10-YEAR 
********************** ************************************************************************* 
* E. G. Elev (ft) * 2077.00 . Element Left 08 • channel . Right 08 * 
* vel Head (ft) 1. 20 -r, Wt. n-Val . 0.031 • 
* W.S. Elev ( ft) * 2075.80 Reach Len. ( ft) 87.41 84.79 * 81.91 
* Crit W. S. ( ft ) • 2075.80 Flow Area (sq ft) 47.62 
* E.G. Slope (ft / ft ) *0.011781 * Area (s~ ft) 47 . 62 
• Q Total (cfs) . 419.00 Flow (c s) 419.00 

* ~~~ ~~~~~ ( ft) • 19.61 1' Top Width (ft) 19.61 
( ft /s ) 8.80 * Avg. Vel. (ft/ s) 8.80 * . Max Chl Opt:h (ft ) 3.36 * Hydr . Depth (ft ) • 2.43 * 

* Conv. Total (cfs) 3860.3 * Conv. (cfs) 3860.3 
* Length wt:d. (ft:) 84.86 -!r Wett e d Per . (ft:) 21.65 • 
• Min ch El (ft) * 2072 . 44 Shea r (lb / sq ft) 1. 62 * * 
• Alpha 1.00 ,, Stream Power (lb / ft s) . . 14.23 . Frctn Loss (ft) 0 . 17 * Cum Volume (acre-ft) 0 . 03 * 0.36 • 0 . 00 
* c & E Loss (ft) 0. 53 * cum SA (acres) 7.19 2 . 20 1. 45 
************* ************************ *** ********* ************** *********** ********************* 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: 
The velocity head has changed by more than 0.5 ft (0 . 15 m). This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4 . 

This may indicate the need for additional cross sections. 
Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 

defaulted to critical depth . 
program 

Note: 
used . 

Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.73 7 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************** ******************************************************************************* 
* E.G. Elev (ft) * 2076.30 * Element * Left OB * Channel 
• Vel Head (ft) 0.36 * Wt. n-Val . 0.041 0 . 031 

W.S. Elev (ft) 2075.94 Reac h Len . (ft) 57.97 58.68 
* Crit W.S. (ft) • 2074.40 • Flow Area (sq ft) 80.72 134.55 
* E. G. slope (ft/ ft ) *0.001879 * Area (sq ft) 80.72 134.55 
'' Q Total (cfs) 770 . 00 Flow (cfs) 85.96 682 . SO 
* Top Width (ft) 227.70 1' Top Width (ft) 191.78 32.67 

Vel Total (ft / s) 3.54 * AVg . Vel. (ft/ s) 1.06 5. 07 
'' Max Chl Dpth (ft ) 5.83 * Hyd r . Depth (ft) 0.42 4.12 * 

Conv . Total (cfs ) * 17764 . 3 ,., Conv . (cfs) 1983 . 2 * 15745.7 * 
'' Length Wtd. (ft) 58.68 '' Wetted Per. (ft) 191.85 35.27 
'' MinCh El (ft) * 2070.11 '' shear (lb/ sq ft) 0.05 0.45 
• Alpha 1.83 • Stream Power (lb / ft s ) * 0.05 2.27 
• Frctn Loss (ft) * cum Volume (acre-ft) 0 . 35 

Right OB * 
0 . 074 
59.01 
2 . 36 
2.36 
1. 54 
3.25 
0 . 65 
0. 73 
35 . 4 
3.63 
0.08 
0.05 

c & E Loss (ft) • cum SA (acres) 8.93 2 . 37 2 . 91 
****** *********************************************************** ********************** ******** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
** *********************** **** ************** ** *********************** *************** ************ 
* E.G. Elev (ft) . 2076 . 80 . Element Left 08 • channel . Right 08 . 
'' Vel Head (ft) 0.27 '~• Wt . n-Val. 0.041 0 . 031 • 0 . 074 * ,, w. s. Elev (ft) . 2076.54 ,, Reach Len. (ft) 57.97 58.68 . 59 . 01 
'~• crit w.s. (ft) • 2074 . 40 '' Flow Area (sq ft) * 56.41 153.88 * 4.28 
* E.G. slope ( ft / ft ) *0.001170 '' Area (s~ ft) • 56 . 41 153 . 88 4. 28 
• Q Total (cfs) 770.00 Flow (c s) 93.41 673.62 2.96 . ~~~ ~~~~~ (ft) 71.81 • Top width (ft) 35.89 32 . 67 3.25 

(ft / s) 3 . 59 '' Avg . Vel. (ft/ s) 1.66 4 . 38 . 0.69 
1' Max Chl Dpth (ft ) 6.43 '' Hydr . Depth (ft) 1. 57 4.71 * 1. 32 * 
1' Conv . Total (cfs ) • 22512 . 3 1' Conv . (cfs) 2731.1 • 19694.6 86 . 7 
* Length Wtd . (ft) 58.68 '' Wetted Per. (ft) 36.54 35.27 4. 23 
• Min ch El (ft) . 2070 . 11 * shea r (lb/ sq ft) 0.11 0. 32 0.07 
• Alpha 1. 33 • Stream Power (lb / ft s) . 0 . 19 1. 39 0.05 ,, Frctn LOSS (ft) * cum volume (acre-ft) 0 . 26 . 
1• c & E Loss (ft) '~• Cum SA (acres) 1. 27 2 . 49 • 0 . 13 
*********************************************************************** ************************ 

CROSS SECTION OUTPUT Profile #50-YEAR 
***************** ****************************************************************************** 
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* E.G. Elev (ft ) * 2076.17 * Element * Left OB * Channel 
* vel Head (fL) 0.28 • we. n-val . 0.041 0 . 031 
* w.s. Elev (ft) • 2075 . 89 • Reach Len . ( ft ) 57.97 58.68 
* Crit w.s . (ft) • 2073.84 • Flow Area (sq ft) * 70.58 132.76 
• E. G. slope (ft/ ft) *0.001484 • Area (sq ft) 70.58 132.76 
* Q Total (cfs) 660 . 00 Flow (cfs) 65.66 593 .11 
• Top width (ft) 214 . 09 • Top widt h (ft) 178.30 32.67 

vel Total CfL/ s) * 3 . 21 AVg . ve l . (fL/ s) 0.93 4 . 47 
* Max chl opth (ft) * 5 . 78 Hydr . Depth ( ft ) * 0.40 4.06 
* Conv. Tot a 1 (cfs ) * 17135. 5 • Conv. (cfs) 1704.7 • 15 398.8 
* Length Wtd . (fL) 58.68 weued Per . (fL) • 178.37 35.27 

* Right OB * 
0.074 
59 . 01 

2.18 
2 . 18 
1. 23 * 
3 . 12 * 
0. 57 
0 . 70 
32 . 0 
3 . 49 

* Min ch El (ft) 2070.11 shea r (lb/ sq ft) * 0 . 04 0.35 
• Alpha : 1.75 * Scream Power (lb/ ft s) : 0 . 03 1.56 

0 * Frctn Loss (ft) * Cum Volume (acre-ft) 0.30 

0.06 
0.03 

* C & E Loss (ft) • cum SA (acres) 8 . 42 • 2.34 2.65 
***************** **************************************************** ************************** 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
• E. G. Elev (ft ) * 2075.79 • Element Left OB • channel * Right OB • 
* vel Head (ft) 0.15 • Wt . n-val. 0.041 0 . 031 0.074 
• w. s . Elev (h ) * 2075 . 64 • Reach Len. (ft ) 57.97 58.68 59.01 
* Crit w. s . (h) * 2072 . 96 * Flow Area (sq fL) 34 . 87 124.68 * 1.48 

E.G . slope (ft/ ft ) *0 . 000811 * Area (sq ft) 34 . 87 124.68 * 1.48 
Q Tota l (cfs) 419 . 00 Flow (c f s) 23.49 394.96 0.55 

• Top width (h) 142.12 • Top widt h (h) 106.92 32.67 : 2.53 
0 Ve l Total (h/ s) 2.60 • Avg . ve l. (h/ s) 0 . 67 3 . 17 0.37 

* Max chl opth (ft) * 5.53 • Hydr . Depth (ft) 0 . 33 * 3 . 82 * 0.59 * 
* Conv. Total (cfs) * 14712.9 • conv, (cfs) 824.9 • 13868.8 19.2 
• Length Wtd . ( ft) 58.68 • Wetted Per. (ft) 106.96 35.27 2 .86 * 
* MinCh El (ft) * 2070 .11 ° Shear ( lb/ sq ft ) 0.02 0.18 * 0. 03 '' 
: ~~~~~ Loss Cft) 1. 40 • ~C~e~~ 1 ~~~eca~~~~~i/) ,, o. 01 : g: g o. 01 * 
• c & E Loss (ft) * cum SA (ac res) 7.08 * 2 .15 1.44 * 
*************** ****************************** ******* ******************************************* 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 726 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*************** **** ****** *************************** ******* ** ****** **** ****** ** *** *** ********** 
* E.G . Elev (ft) * 2074.90 * Element Left OB * channel Right OB * 
* Vel Head (ft) 0 . 62 * Wt. n-val . 0.041 0.031 0.074 
* w.s . Elev (ft) ,, 2074 . 28 . Reach Len. (ft) 93 . 91 93.72 93.59 
• crit w.s . (ft) • Flow Area (sq ft) 37.37 99' 52 7 . 40 
• E. G. slope (ft/ ft ) *0 . 005510 • Area (s~ h) 37.37 99.52 • 7.40 
• Q Total (cfs) 770.00 Flow (c s) 94.93 666 . 58 8.49 . ~~~ ~~~~~ (ft) 87.48 0 Top Width (ft) 40.69 35.89 10.90 

(h/ s) 5.34 * Avg. Vel. (h / s) 2.54 6.70 1.15 * 
• Max Chl Dpth (ft) 5 . 00 . Hydr . Depth (ft) 0.92 2 . 77 0.68 • 
* Conv. Total (cfs ) . 10372.9 * conv . (cfs) 1278.8 8979.7 114.3 
• Length Wtd. (ft) 93 . 74 Wetted Per. (ft) 40.73 38 . 54 10.97 . 
* Min Ch El (h) 2069 . 28 shear ( lb / sq ft) 0 . 32 0 . 89 0 . 23 * 
* Alpha 1.39 stream Power ( l b/ ft s) * 0.80 5.95 . 0 .2 7 . . Frctn Loss (ft) 0.65 Cum Volume (acre-h) . 0.52 . 0.85 * 0.02 • 
* c & E Loss (ft) * 0 . 06 * cum SA (acres) • 8.78 • 2.32 * 2.90 . 
*********************** ********************* ***************** ****** **************************** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************** ***************** ** ******** *** **** ************************************** . E.G. Elev (ft) . 2074.89 . Element Left OB * Channel * Right OB '' . vel Head (ft) 0 .61 * Wt . n-Val . 0 . 041 0.031 0.074 * 
• w. s. Elev (ft ) . 2074 . 28 * Reach Len . (ft ) 93.91 93.72 93 . 59 
* crit w. s . (ft) . Flow Area (sq ft) 34.32 99 . 40 6.96 
* E. G. Slope (ft / ft ) *0 . 005499 • Area (s~ h) 34 . 32 99.40 6.96 
* Q Total (cfs) . 770.00 Flow (c s) 96.93 664. 52 8 . 56 . ~~~ ~~~~~ (ft) 76 . 00 * Top Width (ft) 31.27 35.89 * 8 . 84 

(h/s ) 5.47 Avg . Vel. (ft / s) 2.82 * 6 . 69 • 1. 23 
Max chl Dpth (ft) 5 . 00 Hydr. Oepth (ft ) * 1.10 2. 77 0.79 

* Conv . Total (cfs) 10383.8 Conv. (cfs ) 1307' 1 8961. 3 115 . 4 
* Length Wtd . (ft ) 93.74 Wetted Per. (ft) 31.85 38.5 4 * 9 . 27 
• Min ch El ( ft ) . 2069.28 . shear (l b/ sq ft) 0.37 0 .89 0 . 26 
• Alp ha l. 32 • Stream Power (lb/ ft s ) • 1. 04 5.92 0.32 
• Frctn Loss (ft) 0.63 * Cum Volume (acre-h) 0 . 26 0.79 0.02 
* C & E LOSS (ft) 0.05 * cum SA (acres) 1. 23 2.44 0.12 
*********** ** ********************************************************************* ************* 

Profi 1 e #50- YEAR CROSS SECTION OUTPUT 
************ ************************************ *************** ****************** ******* ******* . E. G. Elev (ft) * 2074.65 . Element Left OB Cha nne l . Rig ht OB * 
• ve l Head (ft ) 0 . 57 * Wt . n-Va l . 0 . 041 0 . 031 0.074 
• w.s. Elev (ft) * 2074.08 +. Reach Len. (ft) 93.91 93.72 93 . 59 
* Crit w.s. (ft) . Flow Area (sq ft) 29.42 92 . 23 5. 29 
• E.G. s l ope (ft/ ft ) *0 . 005520 * Area (s~ ft) 29 .42 92 . 23 5.29 
• Q Total (cfs) . 660 . 00 Flow (c s) 67 . 06 587.74 5.20 . ~~~ ~~~~~ (ft ) 83.48 • Top width (ft) 37.74 35.89 9.86 

(h/ s) 5 . 20 * Avg . Vel. (h/ s) 2 . 28 6. 37 0.98 
• Max chl Dpth (ft ) 4 . 80 * Hydr. Depth (ft ) 0 . 78 2.57 0. 54 
* Conv. Total (cfs) 8883.0 * Conv. (c f s) 902 . 6 7910 . 4 70 . 0 
* Length Wtd. (ft ) 93 . 74 * Wetted Per. (h) 37.76 . 38.54 9.91 
* Mi n Ch El (h) * 2069 . 28 * shear (lb/ sq ft ) . 0.27 • 0.82 0.18 
* Alpha 1. 36 * stream Power (lb/ ft s) * 0.61 5 .2 6 • 0 . 18 . Frctn Loss (ft) 0 . 64 * cum Volume (acre-h) 0 . 38 0.78 0.02 
* c & E Loss (ft) 0.05 * Cum SA (acres) 8.28 2.29 2 . 64 
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*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E. G. Elev (ft ) * 2074.06 . Element Left DB * Channel * Right DB * 
* Vel Head (ft) 0.37 Wt. n- val . 0.041 0 . 031 0.074 
* w.s. Elev (ft ) . 2073 . 68 . Reach Len . ( ft) 93.91 93 .72 * 93.59 

* Crit w.s. ( ft ) * 2072 .56 . Flow Area (sq ft) 15.71 78.03 1. 79 

* E. G. slope (ft /ft) *0 . 004334 * Area (s~ ft) 15.71 * 78.03 * 1. 79 
* Q Tot a 1 (cfs ) * 419 . 00 Flow (c s) 24 . 01 394 . 10 * 0.89 
• To~ width (ft ) 74.33 * Top Width (ft) 30.62 35.89 • 7.83 . 

Ve Tota 1 ( ft /s) 4. 39 * Avg. vel. (ft/s) 1. 53 5.05 * 0.49 * 
• Max c hl Opth ( ft ) 4.40 Hydr . Depth (ft) 0 . 51 2.17 • 0. 23 

Conv. Total (cfs) * 6364.4 * Conv . (cfs) 364.7 5986 .2 * 13.5 * 
* Length Wtd. (ft) 93 . 73 * Wetted Per. (ft) 30.63 38.54 7.84 
* Min Ch El (ft ) * 2069.28 * shea r (1 b/ sq ft) 0 . 14 0.55 0.06 * 
* Alpha 1. 25 * Stream Power (lb/ft s) * 0 . 21 2 . 77 0.03 * 
* Frctn Loss (ft) 0.61 * cum Vo lume (acre-ft) * 0 .18 0. 58 0.01 * 
* * 6 . 99 2.10 1.44 c & E Loss (ft ) 0.14 Cum SA (acres) 
*********************************************************************************************** 

Warning: The conveyance ratio (upstream conveyance di vided by downstream conveyance ) i s le ss than 0.7 or greater than 1.4. 
Thi s may indicate the need for additional cross sections . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.708 

CROSS SECTION OUTPUT Profi l e #FLOODPLAIN 
*********************************************************************************************** 

E.G. Elev (ft) * 2074 .19 Element Left OB * Channel * Right OB * 
vel Head (ft) * 0.81 Wt. n- Val . 0.041 0.031 0 . 074 

* w.s . Elev (ft) * 2073 . 38 . Reach Len . (ft) 154.20 154 .96 155.66 
* crit w.s . (ft) * 2073.38 * Flow Area (sq ft) 31.92 88.19 2. 54 
* E.G. Slope (ft/ft) *0 . 008942 "' Area (s~ ft) 31.92 88.19 2.54 
* Q Total (cfs) * 770.00 Flow (c s) 94.71 673 . 44 1. 85 

. 0~~ ~~~i~ (ft) 89.46 • Top wi dth (ft) 39 . 58 39 . 19 10.69 
(ft/s) 6.28 * AVg. Ve 1. (ft/s) * 2 . 97 7 . 64 0.73 . 

* Max Chl Dpth (ft) 4 .01 * Hydr . Depth (ft) 0 . 81 * 2 . 25 0 .24 ,, 
• Conv. Tot a 1 (cfs) 8142 .9 * Conv. (cfs) 1001. 5 * 7121.8 19 . 6 
* Length Wtd. (ft) 154 .77 Wetted Per. (ft) 39.62 * 40 . 33 10 . 70 
• Min ch El (ft) * 2069 .37 . shea r (lb/sq ft) 0 . 45 • 1. 22 0 . 13 
* Alpha • 1. 32 . Stream Power (lb/ft s) * 1. 33 9 . 32 0 . 10 
* Frctn Loss (ft) 1.07 * cum Vol ume (acre-ft) 0 . 44 0 . 65 0 . 01 * . 8.69 2.24 2.88 * C & E Loss (ft) 0.09 Cum SA (acres) 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used cr i tical depth 
for the water surface and continued on with the calcul ations . 

Warning: The energy loss was greate r than 1. 0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning: During the s tandard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water s urface came back be l ow cri t ical dept h . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E. G. Elev (ft) * 2074.21 * Element Left DB * Channel * Right DB * 
*vel Head (ft) 0.79 Wt. n-Va l . 0.041 0.031 0 . 074 
* w.s . Elev (ft) * 2073.42 Reac h Len . (ft) 154 . 20 154 . 96 155.66 
* crit w.s. (ft) • 2073.40 * Flow Area (sq ft ) 29 . 06 89.85 * 2.10 

E.G. Slope (ft /ft ) *0. 008440 * Area (sq ft ) 29.06 89 .85 * 2 .10 
* Q Total (cfs) 770.00 Flow (c fs ) 93 . 23 674.85 1 .92 
* Top Width ( ft ) 75.00 * Top width (ft) 30.03 39.19 5.78 

Ve l Total ( ft /s) 6.36 • Avg. vel. (ft/s) 3.21 7.51 0.91 
*Max Chl Dpth (ft ) 4.05 * Hydr . Depth (ft) 0.97 2.29 0.36 
* Conv. Total (cfs) 8381.7 * Conv . (c f s) 1014 . 8 7346 . 0 20.9 * 
* Length Wtd. (ft ) 154.82 Wetted Per . (ft) 30 . 73 40 .33 6.06 

Min ch El ( ft ) * 2069.37 * shear (lb/sq ft ) 0.50 1.17 0.18 
Alpha 1.25 * stream Power (lb/ft s) * 1.60 8 . 82 0.17 
Frctn Loss (ft) 1 .13 * Cum Volume (acre-ft) 0.19 0.59 0.01 

* c & E Loss (ft) 0.00 • cum SA (acres) 1. 16 2.36 0 . 10 
*********************************************************************************************** 

Warning: Critical depth could not be determined within the specified number of iterations. The program used the iteration with 
the 

lowest energy. 
Warning: The cross section had to be extended vertical l y duri ng the critical depth calculations. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning : The par abo li c search method fai 1 ed to converge on cri ti ca 1 depth. The program wi 11 try the cross section slice/secant 

method to find critical depth. 

CROSS SECTI ON OUTPUT Profile #50- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2073.96 * Element * Left DB * Channel * Right DB* 
• vel Head (ft) 0.73 '' Wt. n-val. 0.041 0 . 031 0.074 
* w.s. Elev (ft) * 2073.23 '' Reach Len. (ft) 154.20 154.96 155 .66 
• crit w.s. (ft) * 2073.23 • Flow Area (s q ft) 26.10 82.33 1 .09 
* E. G. slope (ft / ft ) *0.008668 ''Area (sq ft) 26. 10 82.33 1.09 
* Q Tota l (cfs) 660.00 Fl ow (cfs) 68 .28 591.19 0 .53 
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• Top width ( ft ) 85 . 55 • Top width (ft) * 38.20 39 . 19 8 . 17 

vel Total (ft /s ) 6.03 * Avg . vel. (ft/ s) 2.62 7 . 18 0 . 49 
* Max chl opth ( ft ) 3 . 86 * Hydr . Depth (ft) 0 . 68 2 . 10 0 . 13 
• Con v . Total (cfs ) 7089.2 * Conv . (cfs ) 733 . 4 6350 .1 5 . 7 * 

Length Wtd . (ft ) 154 . 80 * Wetted Per. (ft) 38.23 40.33 8 . 17 
• Min ch El (ft ) • 2069.37 • shea r (lb/ sq ft) 0 . 37 1 . 10 0.07 
* Alpha 1.29 * Stream Power (lb/ ft s) 0.97 7.93 0 . 04 
* Frctn Los s ( ft ) 1.20 * cum v olume (acre-ft) 0 . 32 0 . 59 0 . 01 * 
• C & E Loss (ft ) 0.04 * Cum SA (acres ) 8 . 19 2 . 21 2 . 62 
*********************** ******************************* ************** *************** ************ 

warning: The ene rg y equa tion could not be balanced within the specified number of iterations. The program used criti cal depth 
for the water surface and continued on with the calcu l ations . 

Warning : The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross secti on. This may indicate 
the 

need for additional cross sections . 
warning : During the standard step iterations , when the assumed water surface was s et equal to critical depth , the ca l cul ated 

water s urface came back below cri t ical depth. This indicates that there is not a valid s ub c riti cal answer . The 
program 

defaulted to c ritical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 

E.G . Elev ( ft ) . 2073.31 Element * Left DB * cha nnel . Ri ght OB * 
Vel Head (ft ) 0.85 Wt . n-val . 0.041 * 0. 031 

* w.s . Elev ( ft ) . 2072 0 46 . Reac h Le n . (ft ) 154.20 15 4 .96 15 5. 66 . Crit w. s . ( ft ) . 2072 0 46 * Flow Area (sq ft) * 2 . 12 56.31 
E.G. Sl ope (ft / ft ) *0 . 010627 * Area ~~~sjt ) 2.12 56 .31 
Q Total (cfs ) * 419.00 Flow 2 . 06 416.94 
To~ wid1:h ( f1: ) 45 . 65 * Top wid1:h (ft) 16 . 02 * 29.63 * * 
ve Total (ft / s) • 7.17 * Avg . ve l . (ft/ s) 0 . 97 7 . 40 * * . Max chl Dpth (ft) 3 . 09 * Hydr . Depth (ft) 0.13 1.90 . conv. Total (cfs) 4064 . 6 . conv . (cfs) 19 . 9 4044 . 6 * 
Length Wtd . (ft) 154.88 • Wetted Per. (ft) 16 . 02 30 . 69 

* Min ch El (ft) * 2069 . 37 * shea r (lb/ sq ft) 0 . 09 1.22 

* Al pha 1.06 stream Power (lb/ ft s) * 0.09 9.01 

* Frctn Loss (ft) 1.15 . cum Volume (acre-ft) 0 . 16 0 . 44 0 . 00 
* 6.94 2.03 1.43 * C & E LOSS (ft) 0.12 cum SA (acres) 

************************* ********************************** *********** ***************** **** *** * 

Warning : The energy equation could not be balanced within the specifi ed number of iterations . The program used critical depth 
for the water surface and continu ed on with the calcu l ations. 

warning : The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross s ections . 
warning : During the standa rd s tep iterations, when the assu med water surface was set equal to critical depth , the calculated 

water s urface came back below cri t ical depth . This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical dept h . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0.679 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
• E. G. Elev (ft) • 2072 . 52 • Element Left OB • Channel * Right DB • 
• vel Head (ft ) 0 . 49 '' Wt . n-val. 0 . 041 0 . 031 0.074 • 

w.s . Elev (ft ) • 2072 . 03 '' Reach Len . ( ft ) 56 . 17 56 . 16 * 56 . 18 * 
* crit w. s . (ft) • 2072 . 03 • Flow Area (sq ft) 133.06 66.63 * 3. 32 

E. G. Slope (ft / ft ) *0.005483 Area (sq ft) 133 . 06 66 . 63 3. 32 
Q Total (cfs ) 770 . 00 Fl ow (cfs) 298 . 32 467 . 43 4 . 25 

* ~~~ *~~~~ ~~i~s) 20~:~~ : !~~ . w~~i~ ~~i~s) 17i:~4 2 ~ : 6i : i:~~ 
Max chl Dpth (ft ) 4.28 * Hydr . Depth (ft) 0 . 76 2.96 0.88 

• Conv. Total (cfs ) • 10398 . 7 * Conv. (cfs) 4028 . 8 6312 . 6 57.4 
• Length Wtd. (ft) 56.16 * wetted Per. (ft) 174.26 23.98 4 . 15 
• Minch El (ft) * 2067 . 75 '' shea r (lb / sq ft) 0.26 0 . 95 0 . 27 
* Alpha * 2.21 i• stream Power ( l b/ ft s) * 0 . 59 6 . 67 0.35 
* Frctn Loss (ft) * 0.31 * cum Volume (acre-ft) 0.15 0 . 38 0.00 * 

c & E Loss (ft) 0 . 04 * cum SA (acres) 8.31 2.13 2 . 85 
***************** ********************************* ********************************************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations . 
During the standard st ep iterations , when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below criti cal depth. This indicates that there is not a val i d subcntical answer . The 

warning: 

program 
defaulted to critica l depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G . Elev (ft ) • 2073 . 07 * Eleme nt Left DB * channe l * Right DB * 
'' vel Head (ft) 0 . 80 ,., Wt . n-val . 0.041 0.031 0 . 074 
it w. s . El ev (ft ) * 2072 0 27 ,.,. Reac h Len . ( ft) 56 .17 56 . 16 56.18 
ic crit w.s. (ft ) '' Flow Area (sq ft) 48 0 53 72 .12 3 . 30 
• E.G. s l ope (ft/ ft ) *0 . 006423 ,., Area ( s~ ft) 48 0 53 72.12 3.30 

Q Total (cfs) 770.00 Flow (c s ) 187.57 5 77 0 24 5.19 . ~~~ *~~~~ (ft ) 55 0 00 '' Top width (ft) 30.24 22 . 54 2.22 
(ft/ s) 6 0 21 ,., Avg . vel. (ft/ s) 3.87 8 . 00 1 . 57 

'' Max Chl Dpth (ft) 4 . 52 ,., Hydr . Depth (ft) 1.60 3 . 20 1.49 
Conv . Total (cfs) 9607.6 * Conv . (cfs) 2340.4 . 7202.5 64.8 

* Length Wtd. (ft) * 56 . 16 '' Wetted Per . (ft) 31 .61 • 23 . 98 3.42 
* Min ch El (ft) * 2067.75 * shea r (lb/ sq ft) * 0 . 62 • 1. 21 * 0 . 39 
'' Alpha 1. 34 Stream Power (lb/ ft s) * 2.38 9.65 * 0 . 61 
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* Frctn Loss (ft) 0.26 * Cum Volume (acre-ft) * 0.05 * 0 . 30 0.00 
* C & E Loss (ft) 0 . 06 • Cum SA (acres) 1.05 * 2.25 0.09 
******************************************** ************ ******************** ******************* 

CROSS SECTION OUTPUT Profi 1 e #50-YEAR 
*************** *********************************** ** ***************** ***** *********** ********** 
* E.G . Elev (ft ) * 2072. 36 . Element Left DB * channel * Right DB . 
• Vel Head (ft) 0.61 * Wt. n-val. 0.041 0 . 031 * 0.074 • 
* w.s . Elev (ft) * 2071. 75 . Reac h Len. (ft) 56.17 56.16 56 . 18 . Crit w.s . (ft ) * 2071. 75 . Flow Area (sq ft) 89.86 60.39 2.36 

E. G. slope (ft/ ft ) *0 . 006992 * Area (s~ ft ) 89.86 60.39 2 . 36 
Q Tota 1 (cfs) 660.00 . Flow (c s) ,, 208.98 447.97 3 . 04 

* To~ width (ft ) * 159 .35 * Top width (ft) * 133.64 * 22.54 3.17 
* Ve Total (ft / s) * 4 . 32 * Avg. vel. (ft/ s) * 2 . 33 * 7.42 1. 29 
• Max chl Dpth (ft) 4 . 00 * Hydr. Depth (ft) 0.67 2.68 0 . 74 . conv. Tot a 1 (cfs ) * 7893 . 3 . conv . (cfs) • 2499.4 5357 . 5 36.4 
* Length Wtd. (ft) • 56.16 • Wetted Per. (ft) 133.66 23.98 3.50 
* Min Ch El (ft) * 2067. 75 Shear (lb/ sq ft) ,, 0.29 * 1.10 0.29 
* Alpha * 2 . 09 stream Power (lb/ ft s) * 0.68 * 8.15 * 0 . 38 * 
* Frctn Loss (ft ) 0.35 . cum Volume (acre-ft) 0 . 11 0.34 * 0 . 00 • 
* . * 7.89 . 2.10 * 2 . 60 C & E Los s (ft) 0.01 cum SA (acres) 
*********************************************************************************************** 

Warning : 

warning: 

The energy equation could not be balanced within the specified number of iterations . The program used c r itical depth 
for the water surface and continued on with the calculations. 
During the standard s tep iterations, when the assumed water surface was set equal to critica l depth, the calcul at ed 
water s urface came bac k below critical depth. This indicates that there is not a va lid subcritical answer . The 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*************** **************************** ************** ******************* ********** ***** **** 
* E.G. Elev (ft) * 2071 . 90 . Element * Left OB * Channel * Right DB • 
* vel Head (ft) * 0.46 Wt. n-val. * 0 . 041 * 0.031 0.074 
* w.s. Elev (ft) * 2071.45 . Reach Len. (ft) 56.17 56.16 56.18 

* crit w.s . (ft) * 2071.45 . Flow Area (sq ft) 53.98 53.56 1. so . E. G. slope (ft/ ft ) *0.005519 * Area (s~ ft ) 53 . 98 . 53.56 1. so 
* Q Total (cfs) 419.00 Flow (c s) 91.60 • 325.92 1. 47 

* ~~~ *~~~~ (ft) 132 . 94 Top Width (ft) 107.88 • 22.54 2.52 . 
(ft / s) 3.84 Avg. Vel. (ft/ s) 1. 70 6.08 0.98 • 

* Max chl Dpth (ft) 3.70 Hydr. Depth (ft) 0 . so 2.38 0. 59 
* Con v . Total (cfs) 5639.9 . Conv. (cfs) 1233.0 4387 . 0 19.8 
* Length Wtd . (ft) 56.16 • Wetted Per. (ft) • 107.89 23.98 2 . 79 
* Min Ch El (ft) . 2067.75 . Shear (lb/ sq ft) 0 . 17 * 0 . 77 0.18 • 
* A 1 pha 1.99 . Stream Power (lb/ ft s) . 0.29 • 4.68 • 0.18 . Frctn Loss (ft) * 0. 31 . Cum Volume (acre-ft) 0 . 06 0 . 24 0.00 . * . cum SA 6.72 1.94 1. 42 C & E LOSS (ft) 0 . 02 (acres) 
************ ** ************************************************************** ********* ********** 

Warni ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 

warni ng: 

program 
defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0.668 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************** *** ********************* *********** ***************** ***************************** 
* E. G. Elev (ft) 0 2071.71 ° Element Left DB • channel 
* Vel Head (ft) 0.62 • Wt . n-Val. 0.041 * 0.031 
• W.S. Elev (ft) * 2071 . 09 '' Reach Len. (ft) 54.56 54.93 
* c rit w.s . (ft) • 2071.09 • Flow Area (sq ft) 98.17 69.07 
* E.G. slope (ft/ ft ) *0.00573 7 Area (sq ft) 98.17 69.07 
* Q Total (cfs) 770 . 00 Flow (cfs) 250 . 58 517.74 
* Top width (ft) 135 . 58 • Top width (ft) 109.46 * 22 . 55 

: Ri t67~B * 
• 55.20 
* 1 . 89 
* 1.89 

1. 68 
3.57 

Vel Total (ft / s) 4.55 • Avg. vel. (ft/ s) 2 . 55 7 . 50 
* Max Chl Dpth (ft) 4 . 12 * Hydr. Depth (ft) 0.90 * 3 . 06 ° 
* Conv. Tota 1 (cfs) • 10165.9 • Conv. (cfs) 3308.3 * 6835. 5 

0. 89 * 
0. 53 * 
22.1 
4.27 
0.16 
0.14 

* Length Wtd. (ft) 54.93 '' Wetted Per. (ft) * 109.49 * 23 . 28 
• Min Ch El (ft ) • 2066 . 97 • shear (1 b/ sq ft) 0. 32 • 1. 06 • 

Alpha * 1.93 * Stream Power ( lb/ ft s ) * 0.82 * 7.96 * 
Frctn Loss (ft ) • Cum Volume (acre-ft) 0.29 

* C & E LOSS (ft) * Cum SA (acres) * 8 .13 * 2 .10 2 . 85 
********************* ****************************************************************** **** **** 

Warning: During subcritical analysis, the water surface upstream of culvert went to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************** *********************************************************** ************ ******** 
* E.G. Elev (ft) 2072.75 • Element • Left DB * Channel • Right DB • 
• Vel Head (ft) 0.67 '' Wt . n-val. 0 . 041 0.031 0.074 
• w.s. Elev (ft) • 2072.07 '' Reach Len . (ft) 54.56 54.93 • 55.20 
* crit w. s. (ft) * 2071.20 * Flow Area (sq ft) 36 . 48 91.17 * 1 . 46 
* E.G. Slope (.ft / ft) *0.003501 * Area (sq ft) 36 . 48 91.17 1.46 
* Q Tota 1 (cfs) • 770.00 Flow (cfs) 126 . 67 642. 28 1. OS 
* Top width ( ft) • 38 . 40 * Top Width (ft) 15 . 28 22.55 0.57 

Vel Total (ft / s) 5 . 96 '' AVg. Vel. (ft/ s) 3. 47 7.05 0.72 
* Max Chl Dpth (ft) 5.10 * Hydr. Depth (ft) 2.39 4.04 * 2.55 
* conv. Total (cfs) 13013 .9 * conv. (cfs) 2140 . 8 * 10855 . 3 * 17.8 
* Length Wtd. (ft) 54.93 * Wetted Per . (ft) 17.70 23.28 * 3 . 08 
* Minch El (ft) * 2066.97 shear (lb/ sq ft) 0.45 0.86 * 0.10 
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*Alpha 1.22 * stream Power (lb / ft s) * 1.56 6.03 0.07 * 
* Frctn Loss (ft ) * Cum Volume (ac re-ft) • 0.19 
* C & E Loss (ft) * Cum SA (acres) '' 1.03 2.22 0.09 * 
*********************************************************************************************** 

warning: The cross section had to be extended vertical ly during the critical depth calculations. 
warning: The parabol ic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Pr ofile #50-YEAR 
*************************************************************** ******************************** 
* E.G. Elev ( ft ) * 2071.53 * Element * Left 08 * Channel * Right 08 * 
* Vel Head ( ft ) * 0.58 * Wt. n-Val . * 0.041 0 .0 31 * 0 .074 
* w.s. Elev ( ft ) * 2070 . 95 * Reach Len . (ft) 54.56 54.93 55 . 20 
* crit w. s . ( ft ) * 2070.95 * Flow Area (sq ft ) 82.74 65.82 1.48 
* E.G . slope (ft/ ft ) *0 . 005512 * Area (sq ft) 82 . 74 65 . 82 1.48 
* Q Total ( cfs) 660 . 00 Flow (cfs) 190.33 468 . 28 1.39 
* Top width (ft ) 129.44 * Top width (ft ) 104 . 64 22 . 55 2.2 5 

Vel Total (ft/ s) 4 . 40 * Avg. Vel . (ft/ s) 2.30 7.11 0.94 
* Max Chl Dpth (ft ) 3.98 * Hydr . Depth (ft) 0.79 2.92 0.66 * 
* conv . Total (cfs) 8889.6 * conv. (cfs) 2563.6 6307.3 18 . 7 * 
* Length Wtd. (ft) 54 . 93 * Wett ed Per. (ft) 104.67 23 . 28 2 . 94 * 
* Minch El (ft ) * 2066.97 * shear (lb / sq ft) 0.27 0 . 97 0.17 
* Alpha * 1. 93 * Stream Power (lb / ft s) * 0.63 6 . 92 * 0.16 
* Frctn Loss (ft) * * Cum Volume (acre-ft) 0.25 * 
* C & E Loss (ft ) • Cum SA (acres) 7.74 2.07 2. 60 
*********************************************************************************************** 

Warning: ouring subcritical analysis , the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
************ ******** ************************** ***************** ******************************** 
* E.G. Elev (ft) * 2071.05 * Element Left 08 * Channel * Right 08 * 
* Ve l Head (ft) * 0.53 * Wt. n-Val. 0.041 0.031 0 . 074 
* w.s. Elev (ft) * 2070 . 51 * Reach Len . (ft) 54.56 54 . 93 55 . 20 
* Cri t w.s . (ft) * 2070 . 51 • Flow Area (sq ft) 40 . 31 56.04 0 . 81 
* E.G. slope (ft/ ft ) *0.005403 • Area (sq ft) 40.31 56.04 0 . 81 
* Q Total ( cfs) * 419.00 Flow (cfs) 63.74 354 . 55 0 . 71 
* Top Width (ft) * 111.93 * Top Width (ft) 88.11 22.55 1.27 

Vel Total (ft/ s) 4.31 • AVg. Vel. (ft/ s) 1.58 6.33 0 . 87 
* Max chl opth (ft) 3.54 * Hydr. Depth (ft) 0.46 2.49 * 0 . 64 
* Conv. Total (cfs) 5700.5 • conv. (cfs) 867.2 4823 . 6 * 9.6 
* Length Wtd. (ft) 54.93 • Wetted Per . (ft) 88.13 23 . 28 1.80 
* Min ch El (ft) * 2066.97 * shear (lb/ sq ft) 0.15 0 . 81 0 . 15 
* Alpha 1.84 * stream Power (lb/ ft s) • 0.24 5.14 0.13 
* Frctn Loss (ft) • cum volume (acre-ft) 0 .17 
* C & E LOSS (ft) * Cum SA (acres) 6.59 1.91 1 . 42 
************************************* ************************** ********************* ** ********* 

Wa rn i ng : During subcritical ana l ysis , the water surface upstream of cul vert went to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS : 0. 658 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
********************************************************************************** ****** ******* 
* E. G. Elev (ft) * 2070.50 * Element * Left OB * Channel * Right OB * 
*Vel Head (ft) 1 . 07 * Wt. n-val. 0.041 0.031 0.074 
* w.s. Elev (ft) * 2069 . 42 * Reach Len . (ft) 58 . 62 56 . 76 56.23 
• Cr i t w. s . (ft) * 2069.42 • Flow Area (sq ft) 22.44 83.38 0.24 
• E.G. Slope (ft / ft) *0.006967 • Area (sq ft) 22 . 44 83 . 38 0.24 
• Q Total (cfs) * 770 . 00 Flow (cfs) 53 . 42 716.48 0 . 10 
* Top Width (ft) 57 . 67 * Top Width (ft) 32 . 08 23.70 1 . 89 

vel Total (ft/ s) 7.26 • Avg. Vel. (ft/ s) 2 . 38 8 . 59 0.40 
Max chl Dpth (ft) 4.52 • Hydr. Depth (ft) 0 . 70 3. 52 0 . 13 
Conv. Total (cfs) 9224. 7 • Conv . (cfs) 640 . 0 8583.6 1.2 

* Length Wtd . (ft) 56.82 * Wetted Per. (ft) 32.16 26 . 49 2.04 
* Min ch El (ft ) * 2064.90 • shear (l b/ sq ft) 0. 30 1. 37 0. OS 
• Alpha 1.31 * Stream Power (lb / ft s ) • 0.72 11.76 0.02 
* Frctn Loss (ft) 0.49 * cum Volume (acre-ft) 0.20 1 . 60 0.07 
• c & E Loss (ft) 0.15 • cum SA (acres) * 8 . 04 2 .07 * 2.84 
******************************************************************** *************************** 

warni ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 

Warning: 
Warning: 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
****************** **************************** ******* ********** ***************** *** ************ 
* E.G . Elev (ft) 
• vel Head (ft) 
* w.s. Elev (ft) 
* Cri t w.s . (ft) 
* E.G. Slope (ft/ ft ) 
* Q Total (cfs) 
* Top width ( ft ) 

Vel Total (ft / s) 
* Max Chl Dpth (ft ) 
* conv . Total (cfs ) 

* 2070.49 
1.06 

* 2069.42 
* 2069.42 
*0.007097 

770 . 00 
54 . 52 

7 . 27 
4.52 

9140.1 

," Element 
• Wt. n-val . 
* Reach Len . (ft) 
• Flow Area (sq ft) 
* Area (sq ft ) 

Flow ( cfs ) 
* Top Width (ft) 
• AVg. Vel . (ft/ s) 
• Hydr. Depth (ft) 
* conv. ( cfs) 

Left 08 * 
0.041 
58.62 • 
22 . 47 • 
22 . 47 
55 . 36 
30.82 

2 . 46 
0.73 

657.2 
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Channel * Right 08 * 
0.031 
56 . 76 56.23 
83 . 44 
83 . 44 * 

714 . 64 • 
23.70 

8 . 56 
3. 52 
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• Length Wtd. (ft) 56.83 • Wetted Per. (ft) * 30.99 * 27.02 
* MinCh El ( ft ) * 2064 . 90 * shea r (lb/ sq ft) 0.32 1 . 37 * 

A 1 pha 1. 30 * Stream Power (1 b/ ft s ) ~, 0. 79 11.72 * 
Frctn Lo s s ( ft) 0.50 * Cum Volume (acre-ft) ,·r 0 . 02 1 . 62 

* c & E Lo ss (ft) 0 . 15 • cum SA (acres) 1.00 2.19 0.09 
******************************************** ***** ********** ******* ********* **************** **** 

Wa rning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross secti ons. 
The cross section had to be extended vertically during the critical depth calculations . Warning: 

Wa rning: During the standa rd step iterations , when the assumed water surface was set equal to critical depth, the calcul ated 
water surface came back below cri t ical depth . This indicates that there is not a va l id subcritical answer . The 

program 
defaulted to critical depth . 

warning: The parabolic sea rch method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
****************************************************************** ***************************** 
* E.G. Elev (ft ) * 2070 . 16 Element * Left OB * channel * Right OB * 
* Vel Head (ft) * 1.10 Wt. n-val. 0.041 • 0 . 031 0 . 074 
* w.s. Elev (ft) . 2069 . 05 * Reach Len . (ft) * 58 . 62 56.76 56 . 23 . Crit W.S . ( ft ) • 2069 . 05 . Flow Area (sq ft) * 11.58 74.66 * 0 . 02 * . E.G. slope (ft / ft ) *0 . 008000 * Area (sf ft) 11.58 74.66 * 0 . 02 
• Q Total (cfs) * 660.00 Flow (c s) 21.33 638.67 0 . 00 

~~~ ~~m ( ft ) 50 . 87 • Top width (ft) 26.97 23 . 70 0 .20 
( ft / s ) 7 .65 • Avg. vel. (ft/ s) 1.84 8. 55 D.2 8 

• Max chl Dpth (ft ) 4.15 . Hydr . Depth (ft) 0.43 3. 15 * 0 . 08 * 
* Conv. Tot a 1 (cfs ) * 7378 . 8 * Conv . (cfs) 238.4 7140.3 * 0.0 * 
• Length Wtd . (ft) 56.79 • Wetted Per. (ft) 27.04 . 26.49 * 0 . 25 
* Min Ch El ( ft) . 2064.90 • shear (lb / sq ft) 0.21 * 1.41 * 0 . 03 * 

Alpha * 1.21 Stream Power (1 b/ ft s) . 0. 39 12 . 04 0.01 
Frctn Loss (ft) * 0 . 54 Cum Volume (acre-ft) 0.12 1.44 0.06 . * 7 . 65 2 . 04 2 . 60 C & E Los s (ft) 0 .10 cum SA (acres) 

***** ********************* *~~·~············ · ····· · ·······~····································· 
warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 

for the water surface and continued on with the calculations. 
During the standard step iterations , when the assumed water surface was set equal to crit1cal depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 

Warning: 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
**************************************************************************** ** ***************** . E.G. Elev (ft) • 2069.08 ,, Element Left OB . Channel '' Right OB 
* Vel Head (ft) 1.13 * Wt . n-Val . * 0 . 031 * 
* W.S . Elev (ft ) . 2067.95 . Reach Len . ( ft) 58.62 56 . 76 56.23 * 
• crit w.s . (ft) * 2067 . 95 . Flow Area (sq ft) . 49 . 10 • 
• E.G. slope (ft/ ft ) *0 . 012466 • Area (sf ft) * 49 . 10 
• Q Total (cfs) 419.00 Flow (c s ) 419 . 00 . ~~~ ~~~~~ (ft) 21.95 * Top Width (ft) 21.95 * 

(ft/ s) 8. 53 • Avg. Vel. (ft/ s) 8. 53 * * 
* Max chl Dpth (ft ) 3 . 05 • Hydr . Depth (ft) 2.24 • * 
* conv. Tot a 1 (cfs) 3752.7 • Conv . (cfs) 3 752.7 . 
• Length Wtd . (ft) . 56.76 Wetted Per. (ft) 24.39 * 
• Min ch El (ft) * 2064 . 90 shear (lb / sq ft) . 1. 57 
• Alpha 1.00 . Stream Power (lb / ft s ) • 13.37 

Frctn Loss (ft) 0.70 • cum volume (ac re-ft) 0.03 1.06 0 . 03 . cum SA 6. 54 1.88 1. 42 C & E Loss (ft) 0.00 (acres) 
******************************************************************************** ******** ******* 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cros s sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #1 RS: 0.647 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************** ************************************ **** *************************************** 

E.G . El ev (ft) • 2069.65 • Element Left OB * channel * Right OB * 
'' vel Head (ft) 1. 57 '' Wt. n-val. 0.041 0.031 0.074 . 
'' W. S. El ev (ft) • 2068.07 * Reach Len. (ft) 91.04 75.10 49.83 • 
-1r Crit w.s. (ft) • 2068.07 '' Flow Area (sq ft) 0. 30 * 76.42 0.14 
1c E.G. slope (ft/ ft ) *0 . 010707 '' Area (sf ft) 0 . 30 • 76 . 42 * 0.14 
'' Q Total (cfs) 770.00 Flow (c s) 0.42 769.49 • 0.10 * . To~ width (ft) 25.82 '' Top Width (ft) 1. 28 24.00 * 0. 53 • 
* Ve Total (ft / s) . 10 . 02 • Avg. Vel. (ft/ s) 1. 38 10.07 0.68 
• Max chl Dpth (ft ) * 3.84 • Hydr. Depth (ft) 0.24 3.18 . 0.26 
'' conv. Total (cfs) 7441.4 * Conv. (cfs) 4.0 7436.5 * 0.9 * 
'' Length Wtd. (ft) 75.10 . Wetted Per. (ft) 1. 37 26 . 42 0.75 
• Min ch El (ft) • 2064.23 • shear (lb/ sq ft) 0.15 1. 93 0.13 
• Alpha 1.01 stream Power (lb / ft s ) 0 . 20 19.47 0.09 * 
* Frctn LOSS (ft) 0.61 Cum Volume (acre-ft) 0.18 1.49 0 . 07 • 
* C & E Loss (ft) 0.29 • cum SA (acres) 8 . 02 2 . 04 2.84 
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************************************************** ************ **************** **************** * 

Warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross sections . 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

Warning: 
warning: 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water s urface came back below cri t ical depth. This indicates that there is not a va l id s ubcritical answer . The 
program 

defaulted to critica l depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*********************************************************************************************** 
* E.G . Elev ( ft ) * 2069 . 65 * Eleme nt Left OB * Channel * Right OB * 
• Vel Head (ft ) 1.57 • Wt . n-val. 0.031 
• w.s . Elev ( ft ) • 2068.08 * Reach Len. (ft) 91.04 75.10 49. 83 
• crit w. s . ( ft ) * 2068 . 08 Flow Area (sq ft) 76.60 
• E.G. Slope (ft / ft ) *0 . 011184 * Area (sq ft) 76 . 60 
• Q Tota 1 (cfs ) • 770.00 * Flow (cfs) 770.00 
• Top width ( ft ) 24.00 • Top width (ft) • 24.00 

vel Total ( ft / s ) 10.05 • Avg . vel. (ft/ s) • 10.05 
Max chl Dpth (ft) 3 . 85 • Hydr. Depth (ft) 3 .19 

• Conv. Total (cfs ) 7281.0 • Conv. (cfs) 7281.0 
• Length Wtd. (ft) 75.10 • Wetted Per. (ft) 27 . 43 
• MinCh El ( ft ) • 2064.23 • Shea r (lb / sq ft) 1.95 
• A 1 ph a * 1. 00 Stream Power (1 b/ ft s) * 19.60 
* Frctn Loss (ft) * 0.63 cum Volume (acre-ft) 1.51 
• C & E Loss (ft) 0.29 • cum SA (acres) 0.98 2.16 0.09 • 
*********************************************************************************************** 

Warning : The 
for 
The 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
cross section had to be extended vertically during the critical depth calculations . 

Warning: 
warning: 
Warning: 
the 

energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
warning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************** **** ********************** **** *************** . E. G. Elev (ft) 2069.19 . Element Left OB channel . Right 08 * 
• Ve l Head (ft) 1.44 * Wt. n-val . 0 . 041 0.031 0 . 074 . 

w.s . Elev (ft ) . 2067. 75 . Reach Len. (ft) 91.04 75 . 10 49.83 • ,, crit w.s. (ft) . 2067 . 75 • Flow Area (sq ft) 0.03 68.52 0 . 02 ,, E.G . slope (ft / ft ) *0 .011331 '' Area ( s~ ft ) 0 . 03 68 . 52 0 . 02 * . Q Tota l (cfs) 660 . 00 Flow ( c s) 0.02 659.97 0 . 01 * . ~~~ ~~~~~ ( ft ) 24 . 59 * Top Width (ft) 0 . 39 24.00 0.20 • 
( ft / s ) 9 . 63 • Avg. Vel. (ft/ s) 0.64 9.63 0 . 36 

• Max chl Opth ( ft ) 3 . 51 • Hydr. Depth (ft) 0.07 2.86 0.10 ,, Conv . Total ( cfs ) 6200 . 4 '' Conv. (cfs) 0.2 6200.1 0.1 * ,, Length Wtd . (ft) 75. 10 ," Wetted Per. (ft) 0.42 26 . 42 0.28 
* Min ch El (ft ) . 2064 . 23 . shear (lb / sq ft) 0.05 1. 83 0 . 05 
• Alpha • 1.00 . Stream Power (lb / ft s) * 0.03 17.67 0.02 . . Frctn Loss (ft) 0 . 65 . cum volume (ac re-ft) 0 . 11 1. 35 0.06 • ,, . cum SA 7 . 64 2.01 2.60 C & E LOSS (ft) 0. 26 (acres) 
******************** ****************************** ********************************************* 

Warning: 

wa r ning: 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections . 
energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section . This may indicate Warning: 

the 
need for additional cross sections . 

warn i ng : During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below c r itical depth. This indicates that there is not a valid subcritical answer. The 

prog ram 
defaulted to c r itica l depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
• E.G. Elev ( ft ) • 2068. 04 • Element Left OB • Channel • Right 08 * 
'' Vel Head (ft) 1.12 * Wt . n-Val. 0.031 
• W.S . Elev (ft) * 2066. 92 '' Reach Len. (ft) 91.04 75.10 * 
• Cri t w.s. (ft) • 2066 . 92 Flow Area (sq ft) 49.32 * 
• E.G. slope (ft/ ft ) *0 . 012147 * Area ( sq ft) 49.32 
* Q Tota 1 (cfs) 419 . 00 Flow (cfs) 419.00 
• Top width (ft) 22 . 21 • Top Width (ft) 22.21 

Vel Total (ft / s) 8 . 50 '' Avg. Vel. (ft/ s) 8.50 
• Max chl Dpth (ft) 2 . 69 • Hydr. Depth (ft) 2.22 * 
'' Conv. Total (cfs) 3801.8 * Conv . (cfs) 3801.8 * 
• Length Wtd. (ft) 75 . 10 Wetted Per. (ft) 24 . 18 * 
* Min Ch El (ft) • 2064.23 shear (lb/ sq ft) * • 1 . 55 • 
• A 1 pha 1. 00 • Stream Power (1 b/ ft s ) * * 13 . 14 
'' Frctn Loss (ft) 0.73 '' cum volume (acre-ft) 0.03 0.99 0.03 

49.8 3 

. 
• 

* 

'' c & E Loss (ft) 0 . 18 '' cum SA (acres) 6.54 1.85 1.42 
***************** ******************** **************************************** ****************** 

warn i ng: The energy equati on could not be balanced w1thin the specified number of iterations . The program used critical depth 
for the water surface and continued on w1th the calculations . 
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Warning : The ve l ocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indi cate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the cal culated 

water surface came back below critical depth . This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to c ritical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0 . 633 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************************** ** ******************************************* 
* E. G. El ev ( ft ) * 2068 .13 * Element Left OB * channel * Right OB '' 
• vel Head (ft ) * 0 . 62 '' Wt . n-val . 0.039 
* w.s. Elev (ft ) * 2067.51 '' Reac h Len . (ft) 123.02 136 . 65 141.33 * 
• crit w.s . ( ft ) • 2066.54 * Flow Area (sq ft) 122 . 31 
• E. G. Slope (ft/ ft ) *0 . 006421 * Area (sq ft) 18 . 25 122 . 31 
* Q Total (cfs ) * 770 . 00 Flow (cfs) 770 . 00 
* Top width ( ft ) * 83.58 * Top Width (ft) 44 . 18 39 . 40 

Vel Total (ft /s) 6.30 '' AVg. vel. (ft/ s) 6.30 
* Max chl Dpth ( ft ) 5.03 Hydr. Depth (ft) 3 .10 
* conv . Total (cf s) 9609.0 * Conv. (cfs) 9609.0 
* Length Wtd . (ft ) 136.65 * Wetted Per. (ft) 4L 31 
* Min ch El (ft ) • 2062 . 48 shea r (l b/ sq ft) 1.19 

Alpha 1.00 * stream Power (lb/ ft s) * * 7 . 47 * 
* Frctn Loss (ft) 1.23 • cum volume (acre-ft) * 0.16 * 1.32 * 0.07 * 
* C & E Loss (ft) 0 . 06 * Cum SA (acres) * 7 . 97 * 1 . 98 * 2 . 84 * 
*************************************** ****************** ************************************** 

Warning: 
warning: 

The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4 . 

This may indicate the need for additional cross sections . 
warning: 
the 

The energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previous cross section . This may indicate 

Note: 
used. 

need for additional cross sections . 
Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************************************************************** *********** ****************** 
* E. G. Elev (ft) * 2068.12 '' Element Left OB * Channel * Right 08 * 
* Vel Head (ft) 0 . 62 '' Wt . n-Val . 0.039 '' 
• w.s . Elev (ft) * 2067 . 50 '' Reac h Len . (ft) 123.02 136.65 141.33 
* cri t w. s . (ft ) • 2066. 54 '' Flow Area (sq ft) 122.12 
• E. G. Slope (ft/ ft ) *0.006498 '' Area (sq ft) 122.12 
• Q Total (cfs) * 770 . 00 Flow (cfs) 770.00 
* Top Width (ft ) 39 . 39 Top Width (ft) 39. 39 

Vel Total (ft / s) 6 . 31 '' Avg. Vel . (ft/ s) 6. 31 
* Max Chl Dpth (ft ) 5.02 '' Hydr. Depth (ft) 3.10 * 
* Con v . Total (cfs) 9552.2 '' Conv. (cfs) 9552.2 * 
• Length Wtd. (ft ) 136 . 65 *Wetted Per. (ft) 41.51 * 
• Min ch El (ft ) • 2062.48 * shea r (lb / sq ft) 1.19 * 

Alpha 1.00 * Stream Power ( l b/ ft: s) • 7.52 
Frctn Loss (ft) 1.22 '' cum Volume (acre-ft) 1. 34 
C & E LOSS (ft) 0 . 06 * Cum SA (acres) 0 . 98 * 2 . 10 0.09 

********************************* *** ********************** ************* ********* *************** 

Warning : 
warning: 

The velocity head has changed by more than 0 . 5 ft (0.15 m) . This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 

This may indicate the need for additiona l cross sections. 
Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

Note: 
used. 

need for additional c ross sections. 
Multiple critical depths were fou nd at this location . The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #50-YEAR 
** ********************************************************************************************* 
* E. G. Elev (ft ) • 2067.71 * Element Left OB * Channel * Right OB * 

Vel Head (ft) 0.59 '' Wt. n-Val. 0 . 039 
'' w.s . Elev (ft) • 2067.13 Reach Len . (ft) 123 . 02 136.65 
* Crit w.s. (ft) * 2066.21 * Flow Area (s q ft ) 107 . 48 * 
* E. G. slope (ft/ ft ) *0 . 006905 '' Area ( sq ft) 3.99 107.48 * 

Q Total (cfs) 660.00 Flow (cfs ) 660 . 00 
Top width (ft) * 62.07 Top width (ft) 24.05 38 . 01 
Vel Total (ft/ s) * 6.14 * Avg. Vel . (ft/ s) 6.14 

* Max Chl Dpth (ft) 4.65 ° Hydr . Depth (ft) 2.83 
'' Conv . Tot a 1 (cfs) 7942. 3 * Conv. (cfs) 7942. 3 
* Length Wtd . (ft) 136 . 65 Wetted Per. (ft) 39.80 
* Minch El (ft ) * 2062.48 shea r ( l b/ sq ft) 1.16 

Alpha 1.00 '' Stream Power (lb / ft s) '' 7.15 
• Frctn Loss (ft) 1 . 25 • cum Volume (acre-ft) 0.11 1 . 20 0 . 06 

141.33 * 
* 
* 

. 
* 
* 

'' C & E Loss (ft) * 0 . 05 '' Cum SA (acres) 7 . 61 1.96 2.59 
*** ********* *********************** *** *************** ************** ***** *********************** 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

Note : 
used. 

need for additional cros s sections . 
Multiple critical depths were found at this location . The critical depth with the lowest , valid, water surface was 
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CROSS SECTION OUTPUT Profi le #10-YEAR 
********************************************* ************************************************** 
* E. G. Elev (ft) * 2066 . 65 * Element Left OB * Channel * Right OB * 
*vel Head (ft) 0 . 51 • Wt. n-val. 0.039 
* W.S. Elev (ft) * 2066.14 Reach Len . ( ft ) 123 . 02 136.65 
* crit w.s. (ft) * 2065.48 Flow Area (sq ft) 73 . 15 

E.G. Slope (ft/ft) *0 . 007878 • Area (sq ft) 73.15 
* Q Total (cfs) 419.00 Flow (cfs) 419 . 00 
• Top width (ft) 31.78 • Top width (ft) * 31.78 

vel Total (ft/s) 5 .7 3 * Avg. vel. (ft/s) 5.73 
*Max Chl Dpth ( ft) 3.66 * Hydr . Depth (ft) * 2.30 
* conv. Total (cfs) 4720 . 7 * conv. (cfs) 4720.7 * 

Length Wtd . (ft) 136.65 * Wetted Per . (ft) 33.18 * 
* Min ch El (ft) * 2062 . 48 * shea r (1 b/ sq ft) 1. 08 

141.33 * • . 
• 

* • 
* Al pha 1.00 * Stream Power ( l b/ ft s) '' 6.21 
* Frctn Loss (ft) 1 .2 8 cum vo l ume (acre-ft) 0 . 03 0 . 89 0.03 * 
* C & E Loss (ft) * 0.03 * cum SA (acres) 6 . 54 * 1.80 1.42 
****************************************** ********************************* ****************** ** 

Warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previ ous cross secti on . This may indicate 
the 

Note: 
used. 

need for additional cross sections. 
Multiple critical dept hs were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION 

RI VER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 607 

CROSS SECTION OUTPUT Profil e #FLOODPLAIN 
*********************************************************************************************** 
* E. G. El ev (ft) * 2066 . 83 * El eme nt * Left OB * Channe l * Ri ght OB * 
* Ve l Head (ft) 1.24 * Wt . n-val. 0.039 
• w.s. Elev (ft) • 2065 . 60 * Reach Len . (ft) 158.01 196.30 219 . 49 
• crit w.s. (ft) * 2065 . 34 * Fl ow Area (sq ft) 86.28 
* E. G. Sl ope (ft/ft) *0 . 013527 * Area (sq ft) 86 . 28 
* Q Tota l (cfs) 770 . 00 Fl ow (cfs) 770.00 
• Top width (ft) 27.92 * Top Wi dth (ft) 27 . 92 

Ve l Total (ft/s) 8 . 92 AVg . Ve l . (ft/ s) 8.92 
• Max ch l Dpt h (ft) 4.26 • Hydr . Depth (ft ) 3 . 09 

Conv. To'tal (cfs) 6620 . 5 * Conv . (cfs) 6620 .5 
* Length Wtd. (ft) 195 .21 * Wet t ed Per . (ft) 30.19 
• Minch El ( f t) • 2061. 34 * shear ( l b/ sq f t ) 2.41 
* Al pha 1.00 • Stream Power ( l b/ ft s) * 21. 54 
* Frctn Loss (ft) 2.03 * Cum Vo l ume (acre-ft) 0 . 14 1 . 00 0 . 07 
* c & E Loss (ft) 0.18 * cum SA (acres) '' 7 . 91 1. 88 2 . 84 
*********************************************************************************************** 

Warning: The ve l oc i ty head has changed by more t han 0 . 5 ft (0 .15 m) . This may indi cate the need for additiona l cross secti ons. 
warning: The energy loss was greater than 1 . 0 ft (0 . 3 m) . bet wee n the current and previous cross sect i on. This may i ndicate 
the 

need for addit i onal cross sections . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E. G. Elev ( f t) 2066.84 * Elemen t Left OB Channel * Right OB * 
• Vel Head (ft) 1. 21 * Wt. n-Val. 0 . 039 
* w.s. Elev (ft) * 2065.63 * Reach Len. (ft) * 158 . 01 196 . 30 219 . 49 
• Crit w. s . (ft) • 2065.33 * Fl ow Area (sq ft) 87 . 29 

E.G . Slope (ft / ft ) *0.013056 Area (sq ft) 87.29 
Q Total (cfs) • 770.00 Fl ow (cfs) * 770.00 

• Top width (ft) 27.93 *Top wi dth (ft) * 27 . 93 
vel Total (ft/s) 8 . 82 * Avg . Vel . (ft/ s) 8.82 

• Max chl Dpth (ft ) 4 . 29 * Hydr . Dep th (ft) 3.13 
• Conv . Total (cfs) 6738.7 * Co nv . (cfs) 6738.7 
* Length Wtd. (ft) 196 . 30 • Wet ted Per . (ft ) 30.27 * 
• Mi n ch El (ft) * 2061. 34 * s hear ( l b/ sq ft) 2.35 * 
* Alpha 1.00 * Stream Power ( l b/ ft s) * 20.74 * 
• Frctn Loss (ft) 1 . 63 * c um Volume (acre- ft) 1 . 01 * 
• c & E Loss (ft) 0.20 * cum SA (ac r es) 0.98 2 . 00 0.09 
*********************************************************************************************** 

warn ing: 
Warning: 

The veloc i ty head has changed by more than 0 . 5 ft (0 .15 m). Thi s may indicate the need for addit i ona l cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less t han 0 . 7 or greater than 1 . 4. 

Th i s may indi cate the need for addit i ona l cross s ections . 
wa rning: 
the 

The energy loss was greater t han 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross section s . 

CROSS SECTION OUTPUT Profile #50 - YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) 
* Vel Head (ft) 

w. s. Elev (ft) 
• cr i t w.s. (ft) 
* E.G. Slope ( f t / ft ) 
• Q Total (cfs) 
* Top Wi dth (ft) 

Vel Total (ft/s) 
• Max ch l Dpth (ft) 
* Conv . Total (cfs) 
• Le ngth Wtd. (ft) 
• Min ch El (ft) 
* Al pha 
* Fr ct n Loss (ft) 

2066.42 
1.08 

• 2065.34 
• 2065.00 
*0 . 012625 
• 660 . 00 

27 . 04 
8 . 33 
4 . 00 

5874 . 0 
195 . 52 

* 2061 . 34 
1.00 
1.89 

'' El ement 
* Wt. n- Val . 
* Reach Len . (f't) 
• Fl ow Area (sq ft) 
'' Area (sq ft) 

Flow (cfs) 
Top Width (ft) 

* Avg. Ve l . (ft/ s) 
* Hydr. Dept h (ft) 
'' Conv . (cfs) 
* We t ted Per. (ft) 
• s hear ( l b/ sq ft) 

Lef t OB * 

158.01 

* Stream Power ( l b/ f t s) • 
'' cum Vo l ume (ac r e- ft) 0. 10 
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channel 
0.039 

196.30 
79 . 20 
79.20 

660 . 00 
27.04 

8 . 33 
2 . 93 

5874 . 0 
29. 16 
2.14 

17.84 
0 . 90 

* Right OB * 

219.49 
* 

. 
* 0 . 06 



• 

• 

• 
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• c & E Loss (ft) 0.15 • cum SA (acres) • 7.58 1.86 2.59 
~******************************************** * ***************** ******************************** 

warning : The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additiona l cross sections . 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
• E.G. El ev (ft) * 2065 . 34 • Element Left 08 * Channel * Right 08 * 
• vel Head (ft) 0 .77 Wt. n-Val. 0.039 
• w. s. Elev (ft ) * 2064.57 Reach Len. ( ft) 158.01 196.30 
• crit w.s. ( ft) * • Flow Area (sq ft) * 59 . 46 
• E.G. slope (ft/ft) *0.011419 • Area (sq ft) 59.46 
• Q Total (cfs) * 419.00 Flow (cfs) 419.00 
* Top Width ( ft ) 24.40 * Top Width (ft ) 24 .40 

vel Total (ft /s) 7.05 * Avg . Ve l. (ft/s ) 7.05 
*Max Chl Dpth (ft ) 3.23 * Hydr . Depth (ft) 2.44 
* Conv. Total (cfs) 3921.1 • Conv . (cfs) 3921.1 
• Length Wtd. (ft) 196 . OS * Wetted Per. (ft) 26.11 * 
* Min ch El (ft ) * 2061.34 • shear ( lb / sq ft) 1.62 * 
* Alpha 1.00 * Stream Power (lb / ft s) 11.44 
* Frctn Loss (ft) 1.43 • cum Volume (acre-ft) 0 . 03 0.68 0.03 

219.49 
* 

* 
* 

• c & E Loss (ft) 0.13 • cum SA (acres) * 6.54 1 . 72 1 . 42 
*************************************************************** ****** **** ********************** 

Warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previ ous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS: 0. 570 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E.G. Elev (ft) • 2064.63 • Element Left OB * Channel * Right OB * 
* Vel Head (ft) 0 . 64 * Wt. n-val. 0.064 0.039 
* w.s. Elev (ft) . 2063.99 Reach Len . (ft) 105 . 54 117 . 46 121.71 
• Crit W.S. (ft) * Flow Area (sq ft) 29.54 109 .63 
* E.G . Slope (ft / ft ) *0 . 008219 * Area (s f ft) 29.54 109 . 63 . 
• Q Total (cfs) 770 . 00 Flow (c s) 43.81 726 . 19 * 
. 0~~ ~~~~~ (ft) 90.28 * Top Width (ft) 49.92 * 40 . 36 

(ft / s) 5 . 53 • Avg. Ve l. (ft/ s) * 1. 48 * 6 . 62 

* Max c hl Dpth (ft) 4 . 36 . Hydr. Depth (ft) * 0. 59 2 . 72 . 
* Conv. Total (cfs) 8493.3 * Conv. (cfs) * 483.3 8010.1 * 
* Length Wtd . (ft) 117.01 *Wetted Per . (ft) 49.93 41.28 * 
* Min Ch El (ft) . 2059.62 . Shea r (lb/sq ft) 0. 30 1. 36 . 
• Alpha 1. 36 . Stream Power (lb/ft s) * 0.45 9.03 • 
* Frctn LOSS (ft) 1.19 * Cum Volume (acre-ft) 0.08 . 0. 55 . 0 . 07 

7.82 * 1. 73 * 2.84 • c & E Loss ( ft) 0.04 * Cum SA (ac res ) 
*********************************************************************************************** 

warning: The energy loss was greate r than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
*E.G. Elev (ft) * 2065.02 * Element Left OB * Channel *Right 08 * 
• ve l Head (ft) 0.55 • Wt. n-val . 0.039 
* w.s. Elev (ft) * 2064.46 • Reach Len . ( ft) 105.54 117 . 46 
• crit w.s. (ft) • Flow Area (sq ft ) 128.89 
• E.G. Slope (ft/ft) *0 . 005738 * Area (sq ft) 128.89 
• Q Total (cfs) * 770 . 00 Flow (cfs ) 770.00 
• Top Width (ft) 40.36 * Top width (ft) 40 . 36 

Vel Total (ft/s) 5.97 • Avg. Vel . (ft/ s) 5. 97 
• Max chl Dpth (ft) 4. 84 Hydr. Depth (ft ) 3.19 

conv. Total (cfs) * 10165.3 * Conv . ( cfs) • 10165 .3 
* Length Wtd . (ft) 117 .46 • Wetted Per. (ft) * 43.27 
* Min Ch El ( ft ) * 2059.62 * Shear ( lb/ sq ft) 0 1 . 07 
• Alpha 1 . 00 • Stream Power (lb/ft s ) • 6 . 37 

121. 71 

* • 

• . 
• * Frctn Loss (ft) 0.76 • cum Vo lume (ac re-ft) 0 . 53 

* c & E Loss (ft) * 0 . 01 • Cum SA (acres) 0.98 1 . 84 0 .09 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** . E.G. Elev (ft) • 2064.38 . Element Left 08 * channel * Right 08 * . vel Head (ft) 0 . 57 * Wt. n-val . . 0.064 . 0.039 • 
* w. s. Elev (ft) * 2063.81 Reach Len . (ft) * 105.54 * 117 . 46 * 121. 71 * 

Crit w.s. (ft) Flow Area (sq ft ) 21.30 102.54 . 
E.G. slope (ft / ft) *0.007627 Area (sf ft) 21.30 102 . 54 * 

• Q Total (cfs) . 660.00 Flow (c s) 26.82 633 . 18 . 
* 0~~ ~~~~~ (ft ) * 83.18 • Top width (ft) 43.52 39 . 66 • 

(ft/s) 5. 33 • Avg. vel. (ft/ s) 1.26 6.17 
0 Max Chl Dpth (ft) 4 .19 • Hydr. Depth (ft) 0 . 49 2 . 59 
• conv. Total (cfs ) 7557.5 • conv . (cfs) . 307 .1 7250 . 4 * 
• Length Wtd . (ft) . 117 .18 • We tted Per. (ft) • 43 . 53 40 . 56 • 
* Min ch El ( ft ) * 2059.62 • shear (lb/sq ft) . 0.23 1. 20 
• Alpha 1. 29 • Stream Power (l b/ ft s) * 0.29 . 7 . 43 

* Frctn Loss (ft) 1.11 * Cum Volume (acre-ft) 0.06 * 0 . 49 0.06 
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* c & E Loss (ft) 0.03 * cum SA (acres) * 7.50 1 .71 2.59 
*********************************************************************************************** 

warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
t he 

need for addi tional cross se ctions . 

CROSS SECTION OUTPUT Profil e #10- YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) * 2063 .78 * Element Left 08 channe l * Ri ght 08 * 
*Vel He ad (ft) 0.34 * Wt . n- val. 0.064 0.039 '' 
* w. s . El ev (ft) * 2063.45 * Reac h Len . ( ft ) 105 . 54 117.46 121. 71 * 
• crit w.s . ( f t) * * Fl ow Area (sq ft ) 7.85 88.42 

E. G. s l ope (ft/ft) *0.005072 Area (sq ft) 7.85 88.42 * 
* Q Total (cfs) • 419.00 Fl ow (cfs) 5. 46 413 . 54 
• Top width ( ft ) 67.05 * Top width (ft ) 28 . 83 * 38 .2 2 

vel Total (ft/s) 4.35 * AVg. Vel. (ft / s) 0 . 69 4.68 
*Max Chl Dpth (ft) 3 . 82 * Hydr. Depth (ft) 0.27 * 2.31 

Conv. Total (cfs) 5883.4 * Conv. (cfs) 76 . 6 * 5806.8 
Le ngt h Wtd. (ft) 117.56 *Wetted Per . (ft) ,., 28 . 84 39.08 

• MinCh El (ft ) • 2059.62 * Shear (lb/sq ft) 0.09 0.72 
. 
* 

* Alpha 1.14 * Stream Powe r (lb/ft s) '' 0.06 3.35 
* Frctn Loss (ft ) 0.93 • cum Volume (acre-ft) 0.01 0.35 0.03 
* C & E Loss (ft ) 0.04 * Cum SA (ac res ) 6.48 1.58 1.42 
*********************************************************************************************** 

war ning: The conveyance ratio (upstream conveyance divided by downstream conveyanc e) i s less than 0 . 7 or greater t han 1.4. 
This may indicate the need for addit ional cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 547 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. El ev (ft) * 2063. 39 Element Left OB * channe 1 
*vel Head (ft) 0.57 * Wt . n- val. 0 . 064 0 . 039 
* W.S. Elev ( ft) * 2062.83 * Reach Len. (ft) * 56 . 43 57.78 
• Crit w.s. ( ft ) * 2062.83 * Flow Area (sq ft) 39.88 87.87 
• E.G. Slope (ft / ft ) *0.012990 • Area (sq ft) 39 . 88 87.87 

Q Total (cfs) 770.00 Flow (cfs) 57.00 594.41 
* Top width (ft) 194 .69 * Top width (ft ) 100.42 44.56 

vel Total ( ft /s) 4 . 40 * AVg. Vel . (ft/ s) 1.43 6 . 76 
• Max c hl Dpth (ft) 3 . 77 • Hydr . Depth (ft) 0 . 40 1.97 
* Conv . Total (c f s) 6755.9 * Conv . (cfs) 500 . 1 5215.3 
• Length Wtd . (ft) 57 . 78 Wett ed Per . (ft) 100 . 42 • 45 . 19 
* Mi n c h El (ft) * 2059 . 06 s hea r ( lb/ sq ft ) * 0 . 32 • 1.58 
• A 1 pha 1. 88 Stream Power ( 1 b/ ft s) '' 0 . 46 10.67 

0 Right 08 * 
0.064 
58 . 01 
47 .25 
47 . 25 

118 . 59 
49 . 71 

2 . 51 
0 . 95 

1040 . 5 
51.16 
0.75 
1.88 * 

* • Frctn Loss (ft ) • c um volume (acre-ft) 0.29 
* C & E Loss (ft ) * cum SA (ac res) 7 . 63 1 . 61 2.77 
*********************************************************************************************** 

wa rning : During subcritical analysis, the water surface upstream of culvert went to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
• E.G . Elev ( ft ) * 2064 .24 • Eleme nt Left 08 • Channel • Right OB • 
* Vel He ad (ft) 0.59 * Wt . n-val . 0.039 
* w.s. Elev ( ft ) * 2063.65 * Reach Le n. ( ft) 56.43 57.78 
* Crit w.s. (ft) * 2062 . 93 • Fl ow Area (sq ft ) 124 .55 
* E. G. Slope (ft / ft ) *0.007384 • Area (s q ft) 124 .55 
• Q Tot a 1 (cfs) 770.00 Flow (cfs) 770.00 
• Top Width (ft) 44 . 56 • Top width (ft ) 44 . 56 

Ve 1 Tota 1 (ft/s) 6. 18 Avg. Ve 1. (ft / s) 6.18 
• Max c hl Dpth (ft) 4 .5 9 Hydr. Depth (ft ) 2 .80 
* Conv . Total (cfs) 8960.9 * Conv . (cfs ) 8960.9 
• Le ngt h Wt d. (ft) 57.78 * Wetted Per. (ft ) 48.00 
• Min Ch El ( ft ) • 2059.06 • Shea r (1 b/ sq ft ) 1. 20 
*Alpha 1.00 * Stream Power ( lb/ ft s) '' 7.39 

58.01 
* 
* 

* . 
* 

• Frc tn Loss (ft ) * cum volume (ac re-ft ) 0.18 
C & E Loss (ft) * cum SA (ac res ) 0.98 1.73 0.09 

*********************************************************************************************** 

War ning : The cross sec tion had to be extended vertically du ring the critical depth ca l cul ations. 
Warning : Th e parabolic searc h met hod f ai l ed t o conve rge on critical depth. The program will try the cross section s li ce/secant 

method to find critical depth . 

CROSS SECTION OUTPUT Profil e #50- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) 

ve l Head (ft ) 
* w. s. Elev (ft) 
* Crit w.s. ( ft ) 
• E.G . slope (ft/ ft ) 
* Q Total (cfs) 
• Top width ( ft ) 

Ve 1 Tot a 1 (ft/s) 
Max Chl Dpth (ft) 

* conv. Tot a 1 (cfs) 
* Length Wtd . (ft) 
* Min Ch El ( ft ) 

Alpha 
* Frctn Loss (ft) 

C & E LOS S (ft ) 

• 2063 . 23 
0. 50 

• 2062 . 73 
• 2062.73 
*0.012027 
* 660. 00 

184.94 
4.21 
3 . 67 

6018 . 2 
57 . 78 

• 2059 . 06 
1. 83 

* Eleme nt 
* Wt . n-Val . 
* Reach Len . (ft) 
* Flow Area (s q ft) 
• Area (sq ft ) 

Flow (cfs) 
Top width (ft ) 

* Avg. vel . (ft/s) 
* Hydr. Depth (ft ) 
* Conv. (cfs) 
• Wetted Per. (ft) 
• s hea r ( lb/sq ft) 

• 
* 

Left OB * 
0 . 064 
56.43 • 
30 . 71 * 
30 .71 
37.99 
90.67 
1. 24 
0 . 34 

346.4 
90 . 67 
0.25 

* Stream Powe r (lb/ ft s) * 
* cum Volume (acre-ft ) 

0 . 31 

* Cum SA (ac res ) 7 . 34 
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channel 
0 . 039 
57.78 
83.59 
83.59 

526 .33 
44.56 

6.30 
1.88 

4799.3 
45.19 
1. 39 
8.74 
0.24 
1. 59 

* Right 08 * 
0 . 064 
58.01 
42.48 
42. 48 
95. 68 
49 . 71 

2 .2 5 
* 0 . 85 
* 872.5 

51. 07 
0.62 
1.41 

2 .5 3 
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********************************************************************************* ************** 

Warning : During subcritical analys i s, the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************************** ** ********* *** ** ***** ******* ******************* *********** ******** 
0 E.G. Elev (ft) 0 2062.81 Element Left DB * Channel 0 

vel Head (ft) 0 . 48 Wt. n- val . 0 . 064 0 . 039 * 
w.s . Elev ( ft ) 2062.34 • Reach Len. (ft) 56.43 57 . 78 

• Crit w.s. ( ft) • 2062.34 * Flow Area (sq ft) 1.65 66 . 03 
• E.G. Slope (ft/ ft ) *0.013881 * Area (sq ft) 1.65 66.03 
• Q Total ( cfs) 419 . 00 Flow (cfs) 0.56 381.60 
• Top Width (ft ) 134.21 * Top width (ft) 39.94 44.56 • 
* Vel Total (ft/ s ) * 4 . 63 AVg. vel. (ft/ s) 0.34 5 . 78 * 

Max chl Dpth (ft) 3 . 28 * Hydr . Depth (ft) 0.04 1 .48 * 
conv . Total (cfs) 3556.4 • conv. (cfs) 4.7 3238.9 * 

• Length Wtd . (ft) 57.78 * Wetted Per. (ft) 39.94 45.19 * 
• Min ch El ( ft) • 2059.06 • shea r (lb/ sq ft) * 0 . 04 1.27 • 
* Alpha 1.43 * Stream Power (lb / ft s) • 0 .01 7.32 
* Frctn Loss (ft ) Cum Volume (acre-ft) 0 . 14 

Right OB 0 

0.064 
58 . 01 
22.88 
22.88 
36 . 85 • 
49 . 71 * 
1.61 
0.46 

312 . 7 
50 . 67 

0 . 39 * 
0.63 

* c & E Loss (ft) cum SA (acres) 6.40 * 1.46 1.35 
************************************ **** *********************** ******* ***** ******************* * 

Warning: During subcritical analysis, the water surface upstream of culvert went to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 

CROSS SECTION OUTPUT 

RS: 0. 5 37 

Profile #FLOODPLAIN 
********************************************************************** ************************* 
* E.G . Elev (ft) . 2062.29 . Element • Left DB * channel . Right DB . 
* Ve l Head (ft) 0 . 76 • Wt . n-val. 0.064 0 . 039 0.064 
* w. s. Elev (ft) • 2061.53 * Reach Len. (ft ) 83.75 64.74 56.13 
• crit w.s. (ft) • 2061.53 * Flow Area (sq ft) 10 . 32 104.34 58.99 * . E.G. Slope (ft/ ft ) *0 . 011791 * Area (s~ ft) 10.32 104.34 58.99 
• Q Total (cfs) • 960 . 00 Flow (c s) . 8 . 75 794 . 24 157.01 . ~~~ ~~~~~ (ft) 145.66 * Top Width (ft) * 52.90 40.00 52.76 

(ft / s) 5.53 * Avg. Vel. (ft/ s) 0 . 85 7 . 61 2.66 
0 Max Chl Dpth (ft) 5. 31 . Hydr . Depth (ft) 0 . 20 2.61 1.12 
* Conv. Total (cfs) 8841.0 • Conv. (cfs) . 80.6 7314.4 1446 . 0 . Length Wtd . (ft) 65 . 03 * Wetted Per . (ft) • 52.91 41.81 54.39 

Min Ch El (ft) * 2056.22 . shear ( lb / sq ft) 0.14 1.84 0 . 80 
Alp ha 1.61 . stream Power (lb / ft s) * 0.12 13 . 98 2.13 

* Frctn Loss (ft) 0.67 * Cum Volume (acre-ft) 7 .70 3.63 3.13 
• c & E Loss (ft) 0.03 * Cum SA (acres) . 7.53 1. 55 . 2.70 
********************** ******************************** ********* ******* ***** ************ ******* * 

warning: The energy equation could not be ba l anced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: 
the 

The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the ca l cu l ated 

water surface came back below critical depth. This indicates t hat there is not a val i d subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
******************************************************************************* **************** 
* E. G. Elev (ft ) * 2062 . 84 Eleme nt Left DB * Channel . Right DB * 
• Ve l Head (ft) 1. 23 * Wt . n-val. 0.039 • 

W.S. Elev (ft) * 2061.61 . Reach Len. (ft) 83 . 75 64 . 74 56.13 
* Crit W. S. ( ft ) * 2061.54 Flow Area (sq ft) 107.86 • 
* E. G. slope (ft / ft ) *0.016861 * Area (s~ ft ) . 107 . 86 . 
* Q Total (cfs) 960.00 Flow (c s) * 960.00 • . ~~~ ~~~~~ (ft) 40.00 * Top Width (ft) 40.00 

Cft/ s) 8.90 . Avg . Ve l. (ft/ s) * 8 .90 
* Max Chl Dpth (ft) 5.39 • Hydr. Depth (ft) * 2.70 
* Conv. Total (cfs ) . 7393 . 0 * conv . (cfs) 7393.0 
* Length Wtd. (ft) * 64 . 74 Wetted Per. (ft) 44.71 
• Min ch El (ft) . 2056.22 . shea r (lb/ sq ft) 2 . 54 
• Al pha 1.00 * Stream Power (lb/ft s) * 22.60 
* Frctn Loss (ft) 0.71 • Cum Volume (acre-ft) 1.59 4 . 25 0.12 
• C & E Loss (ft) 0.18 ° Cum SA (acres) 0.98 1.67 0.09 
********************************************** **** *** *********************************** ******* 

Warning : The conveyance ratio (upstream conveyance divided by downst ream conveyance) is l ess t ha n 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warn i ng: 
warning: 

The cross sect i on had to be extended vertically during the critical depth calculations. 
The parabol ic search method failed to converge on critical depth. The program will try the cross sect i on slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
****** ********************************************************************************** ******* 
0 E. G. Elev (ft) 

vel He ad (ft) 
• w.s . Elev (ft) 
• crit w. s . (ft) 
* E. G. Slope (ft/ ft ) 
• Q Total (cfs) 
* Top width (ft) 

Vel Total (ft/ s) 

• 2062.05 
0.76 

• 2061.29 
• 2061.29 
*0 . 012892 
• 819.00 
• 107.67 

5. 74 

* El em ent 
11 Wt. n-Val . 

Reach Len. (ft) 
• Flow Area (sq ft) 
• Area (sq ft ) 

Flow (cfs) 
'' Top width (ft) 
• Avg . Vel . (ft/ s) 

Left DB 0 

0 . 064 
83.75 
1. 42 

* 1.42 
* 0. 78 

14.91 
0.55 
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Channe l 
0.039 
64.74 
94.80 
94.80 

707 . 83 
40 . 00 

7 . 47 

* Right OB * 
0 . 064 
56.13 
46.41 
46 . 41 

110. 39 
52.76 

2 . 38 
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• Max chl Dpth (ft) 5.07 • Hydr . Depth (ft) * 0 . 10 2.37 0.88 * 
• Conv. Total (cfs) 7213. 1 • Conv . (cfs) 6 .9 6234.0 972.2 
• Length Wtd . (ft) 64 , 62 • Wetted Per. (ft) 14 .91 41.81 54.15 
* Mi n Ch El (ft) 2056.22 * Shea r (lb/sq ft ) 0 . 08 1.83 0.69 
• Alpha • 1.48 • Stream Powe r ( lb/ ft s) '' 0 . 04 13.63 1.64 
* Frctn Loss (ft) 0.73 * cum Volume (acre - ft ) 6 . 50 3.30 2.57 * 
• C & E Loss (ft ) 0.04 • Cum SA (ac res ) 7.27 1 . 54 2 . 46 * 
******************************************* ********* ***** *** ******* **** ***** *********** ******* * 

Warning: 

wa r ning: 
wa rning: 
t he 

The energy equation could not be balanced within the specified number of iterations. The program used cri t ical depth 
for the water surface and continued on wi th the cal cul at i ons. 
The cross-section end points had t o be extended vertically for the computed water su rface . 
The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections . 
warning : During the standard step 1te rat1ons, when the assumed water surface was set equal to critical depth , t he calculated 

water s urface came back below critical depth . This indicates that there is not a valid subc ritical answer . The 
program 

defaulted to crit i cal depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************* ****************************** ** ***** ********************************************* 
* E.G. Elev ( ft ) * 2060 . 97 * Element * Left OB * Channel * Right OB * 
• ve l Head (ft) 1.18 * Wt. n- Val. 0.039 0.064 
• w.s. Elev (ft) * 2059 .79 • Reach Len. ( ft ) 83.75 64.74 56 . 13 
* Crit w.s . (ft) * 2059.76 * Flow Area (sq ft ) 53 .72 0.61 

: ~-~~t;~o~~f~~t/ft ) :o · ~~b~66 * :~~~ ~~~sjt ) 4~~:i~ 8:~~ : 
• Top width (ft) • 23.78 • Top width (ft ) 21.84 1.95 

Ve l Total (ft/ s) * 8.65 • AVg. ve l. (ft/ s) 8 . 73 1.36 * 
• Max chl Dpth (ft) * 3.56 * Hydr . Depth (ft) 2 . 46 * 0 . 31 * 
• conv . Total (cfs) 3568.3 • Conv . ( cfs) 3562.0 6 . 3 
• Length Wtd . (ft) 64.65 • Wetted Per. (ft) 23.40 2.04 * 
• Min ch El ( ft ) • 2056.22 * s hea r (lb/ sq ft ) * 2.49 0. 32 • 
• Alpha 1. 02 • Stream Power (l b/ ft s) • 21.72 0. 44 
* Frc tn Loss (ft) 0.98 * cum Vol ume (acre-ft ) * 3.57 2 . 45 1.56 
• c & E Loss (ft ) 0.17 • cum SA (acres) 6.37 1.42 1. 32 
**************** ********************* ****************** ************** ***************** ***** **** 

warni ng: The ene rgy loss was great er than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for addit i onal cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 524 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
····~******* * **** ********************************************************* * ** * ************** * ** 
• E.G. Elev (ft) • 2061.28 * Element Left OB * Channel * Ri ght OB * 
• vel Head (ft) 0.87 • Wt . n-val. 0 . 064 0 . 039 • 0.064 
• W.S . Elev (ft ) • 2060 . 41 • Reach Len . (ft) • 133.18 106 .76 81.59 
* crit w.s. (ft ) * 2060 . 41 * Flow Area (sq ft) * 59.93 106.30 6.03 

E. G. slope (ft/ ft ) *0.008990 • Area (s q ft) 59.93 106 . 30 6.03 
• Q Total (cfs ) 960.00 Flow (cfs) 98.91 845.92 15 . 17 • 
* Top Width (ft ) 126 . 17 * Top Width (ft) 92 . 32 31.96 1.89 * 

Vel Total (ft / s) 5 . 57 • AVg . Vel . (ft/ s) 1.65 7.96 2 . 52 
• Max c hl Dpth (ft) 4 . 62 • Hydr . Depth (ft ) 0.65 3 . 33 3. 19 
• Conv . Total (cfs) • 10124.8 • Conv . (cfs) * 1043.2 8921.6 160.0 • 
• Length Wtd. (ft ) 109 . 91 * Wetted Per . (ft ) * 92.34 32.51 4 . 93 * 
* Mi n c h El ( ft ) * 2055.79 * Shea r ( lb/ sq ft) 0.36 1 .84 0.69 * 
• Alpha 1.81 * Stream Power ( lb / ft s ) * 0 . 60 * 14.60 1.73 * 
• Frctn Loss (ft) 0 . 89 • cum volume (acre-ft) 7.63 3.47 3.09 
• c & E Loss (ft) 0 . 03 • cum SA (acres) 7.39 1 . 50 2 . 67 
************ ************************** *** ** ** ******* ******************************************* 

warni ng : The energy equation could not be balanced within the specified number of iterations . The p rogram used critical depth 
for the wate r surface and continued on wi th the calculations. 

war ni ng: The energy l oss was greater than 1.0 ft (0 . 3 m) . betwee n the current and previous cross sect i on . This may indicate 
the 

need for additional cross sections . 
warni ng: During the standard step iterations, when the assumed wate r surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a val id s ubcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************************** *********************** *********************** ***** *************** 
* E.G. Elev (ft) • 2061 . 96 * Element Left OB • Channel * Right OB • 
• Vel Head (ft ) 0 .88 '' Wt. n- val. 0.039 
* W. S. Elev (ft) • 2061.08 '' Reach Len . (ft ) 133. 18 106 . 76 81. 59 
* crit w. s . (ft) • Flow Area (s q ft) 127 .75 
* E. G. Slope (ft / ft ) *0.007668 '' Area (s q ft) 127.75 
• Q Total (c f s) 960.00 Fl ow (cfs) 960 . 00 
* Top Width (ft) 31.96 '' Top Width (ft) 31.96 * 

Vel Total (ft / s) 7 . 51 '' AVg . Vel . (ft/s) 7 . 51 
* Max Chl Dpth (f t) 5.29 * Hydr. Depth (ft ) 4.00 * 
* Conv. Total (cfs ) • 10962.9 • conv. (cfs) • 10962.9 • 
* Length Wtd. (ft) 106.76 • Wetted Per . (ft ) • 37 .80 
• Minch El (ft) • 2055.79 * shear ( lb/ sq ft) 1.62 * 
• Alpha 1. 00 '' Stream Power ( l b/ ft s) 12 .16 * 
• Frctn Loss (ft) 0.93 • Cum Volume (ac r e-ft) 1 .59 4.08 0.12 
* C & E Loss (ft) 0 . 08 • Cum SA (ac re s) 0.98 1 . 62 0 . 09 
************* *************************************** ******************* ************************ 
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warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross s ections. 
warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2061.01 * Element ,, Left 08 * channel * Right 08 * 
* Vel Head (ft) 0.89 * Wt. n-Val . 0.064 0.039 0.064 
* W.S . Elev (ft) • 2060.12 . Reach Len . ( ft) 133.18 106 . 76 81.59 
* Crit w. s . (ft) * 2060.12 . Flow Area (sq ft) 34.59 96 . 92 5.48 . E. G. slope (ft/ft) *0.009859 * Area (sf ft ) 34.59 96.92 5.48 
• Q Total (cfs) * 819.00 * Flow (c s) 45.47 759.43 14 . 09 

* ~~~ *~~~~ (ft) 114.16 * Top width (ft) 80.31 31.96 1.89 * 
(ft /s) 5.98 • Avg. Vel. (ft/ s) 1.31 7.84 2.57 

* Max Chl Dpth (ft) 4 . 33 • Hydr . Depth (ft) 0.43 3.03 2.90 * * Conv. Total (cfs) * 8248 . 5 Conv. (cfs) . 458.0 7648 . 6 141.9 
• Length Wtd. (ft) * 109.10 Wetted Per. (ft) * 80.32 32 . 51 4.64 
* Min Ch El (ft) * 2055.79 * shea r (l b/ sq ft) 0.27 1.83 0.73 
* Alpha 1.60 * Stream Power (l b/ ft s) ,, 0 . 35 14.38 1.87 . Frctn Loss (ft) 0.94 . Cum Vo lume (acre-ft) 6.47 3. 16 2 . 53 
• c & E Loss (ft) 0 . 02 • cum SA (acres) 7.18 1.48 2.42 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculati ons. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indi cate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
• E.G. Elev (ft) * 2059 . 81 • Element Left 08 * channel * Right 08 • 
* Vel Head (ft) 0 . 84 • Wt. n- val. * 0 . 039 0.064 

W. S. Elev (ft) • 2058 . 97 * Reach Len. (ft) 133.18 106 . 76 81.59 
• Crit W.S . ( ft ) • Flow Area (sq ft) 62.09 3.31 
• E.G. slope (ft/ft) •o. 013480 • Area (sq ft) 62.09 3. 31 
* Q Total (c f s) 470 . 00 Flow (cfs) * * 461.41 8 . 59 
• Top width (ft) 29 .96 '' Top Width (ft) * * 28.07 1. 89 

Vel Total (ft/s) 7.19 '' Avg. Vel. (ft/s) 7 .43 2.60 
*Max Chl Dpth (ft) * 3.18 * Hydr . Depth (ft) 2 . 21 1.75 
• Conv. Total (cfs) • 4048.1 * conv . (cfs) 3974 . 1 74.0 
• Length Wtd. (ft) 107.67 ''Wetted Per. (ft ) * 28.51 3.49 
*Minch El (ft) • 2055.79 * shear ( lb/ sq ft) * 1 .83 0.80 
• Alpha 1.05 '' Stream Power ( lb/ ft s) * 13.62 2 .07 
• Frctn Loss (ft) 1 . 09 * cum volume (ac re-ft) 3. 57 2 . 36 1.55 
• C & E Loss ( ft) 0.01 * Cum SA (acres) 6.37 1.38 1.32 
*********************************************************************************************** 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.504 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E. G. Elev (ft) * 2060.06 * Element Left 08 * Channel * Right 08 * 
• vel Head (ft) 1.14 • Wt. n-val. 0.064 0.029 0.064 
• w.s. Elev (ft) • 2058 .92 • Reach Len. ( ft) • 252.82 228.50 • 204 . 81 • 
* crit w. s . (ft) • 2058.92 Flow Area (sq ft) * 59.91 83 . 25 * 8.93 • 
• E.G. Slope (ft/ ft ) *0.007398 '' Area (sq ft) 59.91 83 . 25 8.93 
• Q Total (cfs ) 960 . 00 Flow (cfs) 160.85 782 . 30 16.85 
* Top Width (ft) 74.21 * Top Width (ft) 38.31 26.43 9.47 

Vel Total (ft/s) 6.31 • Avg . Vel. (ft/ s) * 2.69 9.40 • 1.89 
*Max Chl Dpth (ft) 3.84 * Hydr. Depth (ft) * 1 .56 3.15 * 0.94 
* Conv . Total (cfs) 11161.2 • Conv . (cfs) 1870 . 1 9095.2 * 195.9 
*Length Wtd. (ft) • 232.76 • Wetted Per. (ft) 38.42 26.74 * 9 .71 
* Minch El (ft) * 2055 . 08 * Shear (lb/ sq ft) 0 . 72 1 .44 0.42 
• Alpha 1.84 • Stream Power (lb/ft s) • 1.93 13 . 51 • 0 . 80 
* Frctn Loss (ft) 2.05 * cum volume (acre-ft) • 7.45 3 . 24 • 3.08 
* c & E Loss (ft) 0.12 * cum SA (acres) 7. 20 1.43 2.66 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the wat er surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warni ng: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #F LOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) 

Vel Head (ft) 
• w.s. Elev (ft) 

• 2060.94 
1.71 

• 2059.24 

* Element 
• Wt. n-Val. 
'' Reach Len. (ft) 

Left 08 • 

252.82 
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Channel * Right 08 * 
0.029 

228 . 50 204.81 
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* Crit W.S. (ft) * 2059.24 * Flow Area (sq ft) * 91.60 * 
• E.G. Slope (ft/ft) *0.010087 • Area (sq ft) 91.60 
• Q Total (cfs) 960.00 Flow (cfs) 960.00 
• Top Width (ft) 26.43 • Top width (ft) 26.43 

Vel Total (ft/s) 10 . 48 • AVg. Vel. (ft/s) 10.48 
* Max Chl Dpth (ft) 4.16 * Hydr . Depth (ft) 3.47 
* Conv. Total (cfs) * 9558.6 * Conv . (cfs) 9558.6 * 
* Length Wtd . (ft) 228 . 50 • Wetted Per. (ft) 31.52 
*Minch El ( ft ) * 2055.08 * Shear (lb/ sq ft) 1.83 

* 
* 

*Alpha 1 . 00 * Stream Powe r (lb/ft s) * 19.18 * 
* Frctn Loss (ft) 2 .32 • cum Volume (acre-ft) • 1.59 3. 81 0.12 • 
* c & E Loss (ft) 0 . 21 • cum SA (ac r es) * 0.98 * 1.55 * 0.09 * 
*********************************************************************************************** 

Warning: The 
for 
The 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 

Warning: 
Warning: 
Warning: 
the 

velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standa rd step 1te rat1ons, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Warning: The parabolic sea rch method failed to converge on critical depth. The program wi ll try the cross secti on slice/secant 

method to find c riti ca l depth . 

CROSS SECTION OUTPUT Profile #50 - YEAR 
***********************6*********************************************************************** 
* E.G. Elev (ft) * 2059.71 • Element * Left OB Channel • Right OB * 
• Ve l Head (ft) * 1 . 06 • Wt . n-Val . • 0.064 0.029 0 . 064 
* w.s . Elev ( ft ) * 2058.65 • Reach Len . (ft) 252.82 228 . 50 204.81 

Crit W.S. (ft) * 2058.65 • Flow Area (sq ft ) 49 . 75 76 . 07 6.55 
• E.G. slope (ft / ft ) *0.007632 • Area (sq ft ) * 49.75 76.07 6 . 55 
• Q Total (cfs) 819.00 Flow (cfs) • 123 . 89 683.74 11.37 
• Top width (ft) 70 . 96 '' Top Width (ft) 36.48 26.43 8 . 05 

Vel Total ( ft / s) 6.19 '' Avg . Ve l. (ft/s) 2.49 8 . 99 1.74 
* Max c hl Dpth (ft) * 3.57 * Hydr . Depth (ft) 1.36 2.88 0.81 

Conv. Total (cfs) * 9374.8 Co nv. (cfs) 1418.2 7826 . 5 130.1 
* Length Wtd. (ft) 232.59 • Wetted Per . (ft) 36.58 26.74 * 8.26 
• Minch El (ft) • 2055.08 ,., shea r (lb/sq ft) * 0.65 * 1.36 • 0.38 
* Alpha 1.79 • Stream Power ( lb / ft s) * 1.61 12 . 18 0.66 
* Frctn Loss (ft) 2 . 10 * Cum Vo lume (acre-ft ) 6.34 2.95 2 . 52 * 

c & E Loss (ft) 0.12 • Cum SA (acres) 7.00 1.41 2.41 * 
**************************************************** ***** ************** ***** ******************* 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 

E.G. Elev (ft) * 2058 0 71 . Element Left OB * Channel * Ri8~66~B * • Vel Head (ft) 0 . 80 Wt . n- Val . 0 . 064 0.029 
w.s . Elev (ft) * 2057.91 Reach Len. ( ft) 252 .82 228 0 so 204 . 81 

• crit w.s. (ft) • 205 7. 91 • Flow Area (sq ft) 24 0 59 56.51 2.02 . E.G. slope (ft/ft) *0. 007922 • Area ( s~ ft ) 24 . 59 56.51 2.02 
* Q Total (cfs) 470 . 00 Flow (c s) 43.06 424.43 * 2.51 

* ~~~ ~~~~~ (ft) 62.11 * Top Width (ft) 31. so 26.43 * 4.18 
(ft/s) 5 .65 • Avg. Vel . Cft/s) 1. 75 7.51 1. 24 

• Max chl Dpth (ft) 2.83 • Hydr . Depth (ft) 0.78 2.14 0 . 48 
* Conv . Total (cfs ) 5280.4 ,, Conv. (cfs) 483.7 4768 . 5 28.2 
* Length Wtd. (ft) 231. 72 • Wetted Per. (ft) 31.54 26.74 4.32 
* Min Ch El (ft) • 2055.08 • Shea r (lb/sq ft) * 0. 39 . 1.05 0 . 23 

Alpha 1.60 * Stream Power (lb/ft s) * 0.68 * 7.85 * 0 . 29 
Frctn Loss (ft ) 2.23 . cum volume (ac re-ft) 3.53 2.22 * 1. 55 . 
c & E Loss (ft) 0.10 • Cum SA (acres) 6.33 1. 32 1.31 * *********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy l oss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS : 0.461 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2055 . 55 ° Eleme nt Left OB * Channel * Right OB * 
'' vel Head (ft) 0.73 '' Wt. n-val. 0 . 056 0 . 029 0.056 
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• w.s. Elev (ft) • 2054 . 82 • Reach Len. (ft) • 140 . 50 156 .62 176 .52 
• c rit w.s. (ft) • 2054.82 * Flow Area (sq ft) 59 . 06 98.89 7 . 39 
*E.G. slope (ft/ ft ) *0.010625 • Area (sq ft) 134.15 98.89 7.39 * 
• Q Total (cfs ) • 960.00 Flow (cfs) 202.22 747.16 10 .62 
• Top width (ft ) 252.74 • Top Wi dth (ft) 175.61 S7.76 19.37 

Ve l Total ( ft / s) 5.81 * Avg. Vel. (ft/s) 3.42 7 . 56 * 1.44 
Max c hl Dpth ( ft ) 2. 04 * Hydr. Depth (ft) 1.40 1 .71 * 0.38 
Conv . Total (cfs ) 9313.4 * Conv. (cfs) 1961.9 7248.6 103 . 0 

• Length Wtd. (ft ) 1SS.S1 • Wet t ed Per . (ft) 42.16 S7.79 19.39 
* Min c h El ( ft ) * 2052.78 * shear ( lb/ sq ft) 0 . 93 1 . 13 0.25 * 
• Alpha 1.39 • Stream Powe r (lb/ ft s) • 3 .18 8.S8 • 0.36 * 
* Frctn Los s (ft) 1.30 * c um Volume (acre-ft ) 6.89 2.76 * 3.04 
• c & E Loss (ft) 0.04 * cum SA (acres ) 6.57 1.21 2.S9 
************* ***************************************** ***************************** ************ 

warni ng : The energy equation could not be balanced within the specified number of iterati ons . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard s t ep iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a va l id subcritical answer. The 
program 

Note: 
us ed. 

defaulted to critical depth . 
Mult iple cri tical depths were found at this location . The critical depth with the lowest , valid, water s urface was 

CROS S SECTION OUTPUT Profi l e # FLOODWAY 
**************************************************** ************************** ***************** 
* E.G. Elev (ft ) * 20S6.18 * Element Left OB ° Channel * Ri gh t OB * 
• ve l Head (ft ) * 1.01 * Wt . n-Val. 0.029 * * 
• w.s . Elev (ft ) • 20SS.17 • Reach Len. (ft) 140.SO 156 . 62 
• Crit w.s . (ft) * 20SS.17 * Fl ow Area (sq ft) 118.88 
• E. G. slope (ft/ ft ) *0.010206 • Area (sq ft ) 118.88 
• Q Total (cfs) 960 . 00 Fl ow (cfs) 960.00 

~~~ *~~~~ ~ms) : s~:6~ : ~~~- w~~i~ ~ms) s~:6~ 
* Max Chl Dpth (ft ) 2. 39 '' Hydr . Depth (ft) 2.06 
• conv . Total (cfs) 9S02. 8 • conv. (cfs ) 9S02. 8 
• Le ngth Wtd. (ft) 1S6. 76 * Wetted Per . (ft) 61.01 
• Minch El ( ft ) • 20S2.78 * s hea r ( lb / sq ft) 1.24 
• Alpha 1.00 • s t ream Power ( lb / ft s) 10 . 02 
* Frctn Loss (ft) * 1 . 33 * cum Volume (acre-ft) 1.59 3.26 0.12 

176.52 
* . 
* 

* 
* 

• c & E Loss (ft) O.OS • cum SA (acres) 0.98 1 .33 0.09 
**** ****** ***** *** ******* ******* *** ******* ************** ** **** ************************** ******* 

warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used c ritical depth 
the wate r surface and continu ed on with the calculations. 
cross section had to be ex tended verticall y during the critical depth calculations. Warning: 

warni ng : 
the 

energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for addi ti onal cross sections. 
warning : During the standard step iterati ons, wh en the assumed water surface was set equal to critical depth , the calculated 

water surf ace came back below critical depth . Thi s indicates that there is not a va lid subcritical answer. The 
program 

Note: 
used. 

defaulted to critical depth. 
Mu ltiple critical depths were fou nd at this location . The critical depth wi th the lowes t , valid , water surface was 

CRDSS SECTION OUTPUT Profile #SO-YEAR 
*********** **************************** **************** ***** *** *** **** *************** *** ******* 
* E.G. Elev (ft) * 20SS.33 * El emen t * Left OB * Channel * Right OB * 
* Vel Head (ft) 0.66 * Wt. n-Val. • O.OS6 0.029 O.OS6 
• w. s . Elev (ft) * 20S4.67 * Reach Len . ( ft ) * 140 . SO 1S6.62 176.S2 
* crit w.s. (ft) • 20S 4.67 '' Fl ow Area (sq ft) 52.S7 89 . 99 4 . 71 
• E.G. slope (ft/ ft ) *0.010837 • Area (sq ft) * 108 . 19 • 89.99 4.71 
* Q Tota 1 (cf s) • 819.00 Flow (cfs) 168 . 19 * 644.86 S. 9S 
*Top width (ft) 233.92 • Top width (ft) 160 .9 3 S7.76 1S .23 

vel Total (ft / s) S.S6 '' Avg. ve l. (ft/ s) 3.20 7 . 17 1.26 
* Max Chl Dpth ( ft ) 1.89 * Hydr. Depth (ft) 1.25 1 . 56 0.31 
* Conv. Total (cfs) 7867 . 3 "'• Conv . ( cfs) 1615 .6 6194 . 5 57 . 2 
• Length Wtd. (ft) 1S5. 52 '' Wetted Per . (ft) 42 .16 57 .79 1S . 24 
* Minch El ( ft ) * 2052.78 * s hear ( lb/ sq ft) * 0.84 1 . 05 0.21 
* Alpha 1.38 * Stream Power (l b/ ft s) * 2.70 7 . SS 0 . 26 
* Frctn Loss (ft) 1.38 '' Cum Volume ( acre-ft) S.88 2.S1 2.49 

c & E Loss (ft) 0.04 '' cum SA (acres) 6.42 1.19 2.36 
********************************************************************* ************************** 

warn i ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warn i ng: The energy loss was greater than 1.0 ft (0. 3 m). between the current and pr evious cross section. This may indi cate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

wate r surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

Note: 
used. 

defaulted to critical depth. 
Multiple c riti cal depths were found at this location . The critical depth with the lowest , valid, water s urface was 

CROSS SECTION OUTPUT Profile #10- YEAR 
********* ************** *** ********** *** *********** ********** ************ *********************** 
* E. G. Elev (ft) 
'' Vel He ad (ft ) 
• w. s. Elev (ft) 
* Crit w.s. (ft) 
• E.G. slope Cft / ft) 
* Q Total (cfs) 

• 20S4.70 
0.48 

• 20S4 . 22 
* 20S4.22 
*0.011898 

470.00 

* Element 
, .. Wt . n-Val . 
* Reach Len . ( ft ) 
• Flow Area (sq ft) 
* Area (sq ft ) 

Fl ow (cfs ) 
Page 

Left OB * 
O.OS6 

140. so 
33 . 77 
48.28 
84 . 30 

101 

channel 
0.029 

1S6 . 62 
64.24 
64 . 24 

38S . 28 

* Right OB * 
O. OS6 * 

176.S2 
0. 59 * 
0. 59 * 
0.43 * 



• 

• 

• 

WKBl. rep 
* * ~~~ *~~~~ (ft ) 165 . 05 • Top width (ft) . 102 . 67 57.76 4.61 

(ft/s) 4 . 77 * Avg. Vel. (ft/s) 2 . 50 6.00 * 0.73 
• Max chl Dpth (ft) 1.44 . Hydr. Depth (ft) 0 . 80 1.11 * 0.13 * * Conv. Total (cfs) . 4308.8 . Conv. (cfs) 772.8 3532.1 3.9 

Length Wtd. (ft) * 155.63 • Wetted Per . (ft) 42.16 57 .79 4.62 . 
* Min Ch El (ft) . 2052.78 shear (lb/sq ft) 0. 59 0.83 0 . 09 * * Alpha * 1. 35 stream Powe r (lb / ft s) 1.49 4.95 0.07 . Frctn Loss (ft) 1.46 * Cum Vo lume (acre-ft) . 3.32 1.90 1. 54 
* c & E Loss (ft) 0.03 * Cum SA (acres) • 5.94 * 1.09 1. 29 
************** ************************* *** ******************************************* ** ******* * 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri tica l depth. This indicates that there is not a valid subcritical answer . The 
p rogram 

Note: 
used . 

defaulted to critical depth. 
Multiple critical depths were found at this location. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.431 

The critical depth with the lowest, valid, water surface was 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) • 2053.46 . Element Left DB • channel * Right DB * 
* Vel Head (ft) . 1.11 * Wt . n-val . * 0 . 064 . 0 . 025 . 0.064 
* w.s. Elev (ft) • 2052.35 . Reach Len. (ft) • 361.98 * 375 . 35 • 384. 72 

crit w. s. ( ft ) * 2052.35 * Flow Area (sq ft) 37 . 93 83 . 42 45 .2 0 
• E.G. slope (ft / ft) *0.006703 Area (s~ ft) 37.93 83.42 45 . 20 
• Q Total (cfs) 960.00 Flow (c s) 74.78 778 . 14 107.08 

~~~ *~~~~ (ft) 99 . 60 Top Width (ft) 35 . 80 31 . 43 32.37 
(ft/ s) 5.76 Avg. vel. (ft/ s) 1.97 9. 33 . 2.37 

• Max chl Dpth (ft) 2.75 • Hydr. Depth (ft) 1.06 2.65 • 1. 40 . 
* Conv. Total (cfs) * 11725 . 5 . Conv . (cfs) 913.4 9504 . 3 • 1307.8 • 
• Length Wtd . (ft) 372.56 • Wetted Per. (ft) 35.92 31.43 32.49 
* Min Ch El (ft) • 2049.60 . shear ( lb / sq ft) 0.44 1.11 0 . 58 * 
* Alpha 2 . 15 . Stream Power (lb / ft s) . 0.87 10.36 1. 38 * . Frctn Loss (ft) 2.18 * cum volume (acre-ft) 6.61 2.43 2.93 * 

c & E Loss (ft) 0 . 17 Cum SA (acres) 6.23 1.05 2 .48 • 
*********************************************************************************************** 

warning: The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 

Warning: 
Warning: 
the 

ve locity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warni ng: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #F LOODWAY 
*********************************************************************************************** 

E.G . Elev ( ft ) . 2054.24 ,, Element Left OB • channel * Right 08 * 
* vel Head (ft) 1. so * Wt. n-val. 0.025 0.064 
* w. s . Elev (ft ) * 2052.73 ~·I Reach Len. (ft) 361. 98 375.35 384.72 . 
* Crit w.s. (ft) * 2052.73 ,, Flow Area (sq ft) 95.58 5.97 * * E.G. slope (ft/ ft) *0 .007154 * Area (s ~ ft) 95.58 . 5.97 * * Q Total (cfs) 960.00 Flow (c s) 946.67 * 13.33 * . ~~~ *~~~~ (ft) 33.50 * Top Width (ft) 31 . 43 * 2.07 

(ft/ s) 9.45 '' Avg. vel. (ft/s) 9.90 * 2.23 
* Max chl opth (ft) 3.13 ,, Hydr . Depth (ft) 3 .04 2.88 
* Conv. Total (cfs) * 11349.7 * Conv. (cfs) 11192 . 1 157.6 
• Length Wtd . (ft) 375.41 • Wetted Per. (ft) 34 . 56 4 . 92 • 
• Min ch El (ft) * 2049 . 60 * Shear (l b/ sq ft) 1. 24 * 0. 54 * * Alpha 1.08 <1r Stream Power (lb/ ft s) * 12.23 * 1. 21 * 
* Frctn Loss (ft) 2.74 ,'r cum Vo l ume (ac re-ft ) 1. 59 2.87 * 0.11 
* C & E Loss (ft) 0.00 ,, Cum SA (acres) 0.98 1.17 • 0 . 08 
*********************************************************************************************** 

warning: 

Warning: 
warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
cross section had to be extended vertically during the critical depth calculations. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
prog ram 

defaulted to critical depth. 
Warning: The parabolic search method failed to converge on critical depth. The program will try the cross section slice/ secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2053.12 * Element * Left 08 * Channel * Right DB * 
• Vel Head (ft ) 1.06 • Wt. n-Val. 0.064 * 0.025 * 0.064 • 
* w.s. Elev (ft) • 2052.06 '' Reach Len. (ft) 361.98 375.35 384.72 
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• 

• 

• 

WKB1.rep 
* crit w.s . (ft) . 2052.06 • Flow Area (sq ft) ,, 28 . 74 • 74.26 • 36.51 
* E.G . Slope ( ft / ft ) *0.00 7373 • Area (sf ft:) 28.74 74.26 36.51 
• Q Total (c fs) 819.00 . Flow (c s) 58 . 83 672.37 87.80 * 
* ~~~ ~~~~~ (ft ) * 86.39 • Top width ( ft ) 27 .51 31.43 27. 45 

(ft / s ) 5.87 Avg. Vel . (ft/s) 2 . 05 9 . 05 2. 40 
• Max chl Opth ( f t) 2 . 46 • Hyd r. Depth (ft) 1.04 2.36 1.33 
* conv. Total (cfs) 9537.9 * conv. (c f s) 685.1 7830.4 1022 . 5 
* Length Wtd. (ft) 372.77 • Wetted Per. (ft) 27 .63 31.43 27.56 
* Min Ch El (ft ) * 2049 . 60 . Shea r Cl b/ sq ft) 0 . 48 1.09 0 .61 

Alpha 1.98 . Stream Power (l b/ ft s) ,, 0 . 98 9.85 1.47 . Frctn Loss ( ft ) 2 .16 • cum Volume (ac re-ft ) 5 . 66 2.22 2 . 41 
• c & E Loss (ft) 0.17 * Cum SA (acres) 6.12 1.03 2.27 
***********************~*********************************************************************** 

warning: 

Warning: 
Warning: 

Warning: 
t he 

The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
f o r the water s urface and cont inu ed on with the calculations . 
The velocity head has changed by more than 0 . 5 ft (0 .15 m) . This may indicate the need for additional c ros s sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less t ha n 0 . 7 or greater than 1. 4. 

This may indicate the need for additiona l cross sections . 
Th e energy loss was greate r than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additiona l cross sections. 
warni ng : During t he standard s tep ite rations, when the assumed water s urface was set equal to critical depth , the calcul ated 

water surface came back below cri t ical depth . This indicates that there is not: a valid subcritical answer. The 
program 

defaulted t o critical depth . 

CROSS SECTION OUTPUT Prof;l e # 10-YEAR 
*********************************************************************************************** 
• E.G. El ev (ft) * 2052 .15 '' Element: Left 08 * channel Right 08 * 

ve l Head (ft) * 0 . 74 Wt . n-Val . 0.064 0 . 025 0.064 * 
• w.s. El ev ( ft ) * 2051.41 * Reach Len. (ft) 361.98 375 .3 5 * 384 . 72 
* crit w.s . ( ft ) * 2051 . 41 • Flow Area (sq ft) 14.63 * 54 . 06 * 21 .03 
• E. G. slope (ft/ ft ) *0.007579 * Area (sq ft) 14 .63 54 . 06 21 .03 
* Q Total (cfs) 470.00 Flow ( cfs) 26.08 401 . 55 42.37 

Top width ( ft ) 70. 06 '' Top Width (ft) 17 . 57 31 . 43 21.05 
Vel Total (ft / s) 5 . 24 '' Avg. Vel. (ft/ s) 1.78 7.43 2 .01 

*Max Chl Dpth (ft) 1.81 1• Hydr. Depth (ft) 0.83 1.72 1.00 
* Conv. Total (cfs ) 5398.9 '' Conv. (cfs) * 299.6 4612.6 486 . 7 

Length Wtd. (ft) 373 . 51 • Wett ed Per . (ft ) * 17.67 31.43 21.13 
* Min c h El ( ft) * 2049 . 60 • Shea r (lb / sq ft ) 0.39 0.81 0 . 47 
* Alpha 1. 74 '' Stream Power ( lb/ ft s) 0. 70 6.04 0 . 95 
* Frctn Loss (ft) 1 .99 ~r Cum Volume (acre-ft) * 3 .22 1.69 1.50 

c & E Loss (ft) 0 .10 • cum SA (acres) • 5 . 74 * 0 . 93 * 1.24 • 
*********************************************************************************************** 

Warning: 

warning: 

Warning: 
the 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the wate r s urface a nd continued on wi th the calculations . 
The conveyance ratio (ups tream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

The energy l oss was greater than 1.0 ft (0 .3 m) . between the current and previous cross section . This may indicate 

need fo r additional cross sections . 
Warning: During the standard step 1terat1ons, when the assumed water surface was set equal to critical depth, the calcul ated 

wate r su rface cam e bac k below cri t ica l depth. This indicates that there is not a valid subcri tical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.360 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
• E.G. Elev (ft) • 2048.34 • Element Left OB • Channel * Right OB • 
• Ve l Head (ft) 0 .54 * Wt . n- Val. 0.064 0.025 0.064 * 
* w.s. Elev (ft ) * 2047.80 ,., Reach Len. ( ft) 343 . 30 375 . 88 414.85 
'' Crit w.s. (ft ) * 2047.80 '' Flow Area (s q ft ) 279.66 88 . 78 10.11 
• E.G . Slope (ft / ft ) *0.005239 ° Area (s q ft ) 279.66 88 .78 10.11 
• Q Tot a 1 (cfs) * 1146 . 00 Flow (cfs ) 454 .00 671.60 20. 39 
• Top width (ft) 339.84 '' Top width (ft) 294 . 52 38 .06 7.26 

vel Total ( ft /s) 3.03 * Avg. Vel . Cft/ s) 1.62 7.56 2.02 
*Max Chl Dpth (ft) 2.55 Hydr . Depth (ft) 0 . 95 2.33 1 . 39 
• Conv . Total (cfs) • 15833.0 • Conv. (cfs) * 6272.4 9278.8 281 .7 

Length Wtd . (ft) 369 . 51 '' wetted Per. (ft) 294.54 38.08 7 . 69 
• MinCh El ( ft ) * 2045 . 25 • Shear ( l b/ sq ft) 0 . 31 0.76 0.43 
*Alpha 3.78 * Stream Power ( l b/ ft s) * 0 . 50 5 . 77 0.87 * 
* Frctn Loss ( ft ) 2.12 * cum Volume (acre-ft ) 5.29 1.69 2.69 * 
• C & E Loss (ft) 0. 08 • Cum SA (acres ) 4.86 0.75 2.31 
*********************************************************************************************** 

Warning: 

warning : 
Warning: 
t he 

The 
f o r 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface a nd continued on with the calculations . 
velocity head has changed by more than 0 . 5 ft (0 .15 m). This may indicate the need for addi ti ona l cross sections. 
energy loss was greater than 1 . 0 ft (0 .3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterat i ons, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critica l depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
1
' E.G. Elev ( ft ) * 2050 . 03 • Element Left 08 ° Channel 0 Right 08 ° 
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• 

• 

WKBl. rep 
* Vel Head (ft) 1.51 * Wt. n-Val. * 0.025 
• w.s. Elev (ft) * 2048.52 • Reach Len. (ft) 343.30 375.88 
• crit w.s. (ft) • 2048.52 Flow Area (sq ft) 116 .2 8 
* E.G. slope (ft / ft) *0 . 007424 Area (sq ft) 116 .28 
• Q Total (cfs) * 1146.00 * Flow (cfs) • 1146.00 
• Top Width (ft) 38.06 * Top width (ft) 38.06 

Vel Total (ft/s) 9.86 * Avg. Vel. (ft/s) * 9.86 
* Max Chl Dpth (ft) 3.27 * Hydr . Depth (ft) '' * 3. 06 
• conv. Total (cfs) * 13300.7 • conv. (cfs) * 13 300.7 
• Length Wtd. (ft) 375.68 • Wetted Per. (ft) 43.55 
• MinCh El (ft) • 2045.25 • Shea r (lb/sq ft) 1.24 
• Alpha 1.00 • Stream Power (lb/ft s) * 12.19 
• Frctn Loss (ft ) 2.59 • Cum Volume (ac re-ft ) * 1.59 1.96 • 0.08 

414.85 * 
* 
* . 
• 

• C & E Loss (ft) 0.04 • Cum SA (acres) '' 0.98 0.87 * 0.07 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
warning: The parabolic search method failed to converge on critical depth. The program wil l try the cross section slice/secant 

method to find critical depth. 

CROSS SECTION OUTPUT Profile #50 - YEAR 
*********************************************************************************************** . E.G. Elev (ft) . 2048.18 . Element Left OB . Channel ,, Right OB . 
* vel Head (ft) 0.48 . Wt . n-val . * 0.064 * 0.025 . .064 * . W. S. Elev ( ft ) * 2047.69 • Reach Len. (ft) * 343.30 375.88 • 414.85 

* crit w.s . (ft) • 2047.69 Flow Area (sq ft) 248.38 84. 71 9.35 . E.G. Slope (ft / ft ) *0 . 004832 Area (s~ ft) * 248.38 84 . 71 9.35 
• Q Total (cfs) 975 . 00 Flow (c s) 360.93 596 . 46 . 17 . 61 . ~~~ ~~~~~ (ft) 335.76 * Top Width (ft) 290.70 . 38.06 • 7.01 

(ft / s) 2.85 • Avg. Ve l. (ft/ s) 1. 45 * 7.04 . 1.88 
• Max chl Dpth (ft) 2.44 . Hydr . Depth (ft) 0.85 2.23 • 1.33 . 
• Conv. Total (cfs) • 14026.5 . conv . (cfs) 5192 . 4 8580.8 253.3 * 
• Length Wtd. (ft) . 369.88 Wetted Per. (ft) 290.71 38.08 7.41 
* Min ch El (ft) • 2045.25 shear (lb/sq ft) 0.26 0.67 0. 38 • 
• Alpha 3.85 . Stream Power ( lb/ft s) * 0.37 4 . 72 0. 72 . Frctn Loss (ft) 2.06 . cum Vo lume (ac re-ft) 4. 51 1. 53 2.21 

* 4.80 0.73 2.12 * C & E Loss (ft) 0.07 cum SA (acres) 
*********************************************************************************************** 

Warning : 

Warning: 
warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0. 5 ft (0 .15 m). This may indicate the need for additional cross sections. 
energy loss was greater t han 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warni ng: During the stand ard step iterations, when the assumed water surface was se t equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
• E.G. Elev (ft) * 2047.76 ° Element * Left OB * Channel * Right OB * 

Vel Head (ft) 0.39 • Wt. n-Val. * 0.064 0.025 0.064 * 
• w. s. Elev (ft) • 2047.37 * Reach Len. (ft) 343.30 375.88 414.85 
* Crit w.s. (ft) • 2047.37 • Flow Area (sq ft) 156.20 72.43 7.21 
• E.G. Slope (ft / ft ) 0 0.004201 • Area (sq ft) 156 .20 72.43 7.21 
* Q Total (cfs) * 599 . 00 Flow (cfs) 159.11 428.36 11.53 
* Top width (ft) • 324.78 • Top width (ft) 280.48 38.06 6.24 

Vel Total (ft/s) 2. 54 * Avg. Ve l . (ft/s) 1. 02 5 . 91 1. 60 
• Max chl Dpth (ft) 2.12 '' Hydr. Depth (ft) 0.56 1.90 1.16 
• Conv. Total (cfs) 9241.8 • conv. (cfs) 2454.8 6609.0 177.9 
• Length Wtd . (ft) 371.57 ''Wetted Per. (ft) 280.49 38.08 6.58 • 
* Min ch El (ft) 2045.25 * Shear ( lb/ sq ft) 0.15 0.50 0.29 * 
* Alpha 3 . 93 * stream Power (lb/ ft s) * 0 . 15 2.95 0.46 
• Frctn Loss (ft) 2 . 02 • cum volume (acre-ft ) 2.51 1.14 1.37 • 
• c & E Loss (ft) 0.05 • cum SA (acres) 4.50 0 . 63 1.12 • 
*********************************************************************************************** 

warning: 

warning: 
Warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calcul ations. 
velocity head has changed by more than 0.5 ft (0 .15 m) . This may indicate the need for additional cross sections. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for addi ti onal cross sections. 
Warni ng : Du ring the standard step iterati ons, when the assumed wate r surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcri tical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.289 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
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• 

• 

• 

* E.G. Elev (ft) . 2045.52 . Element 
WKB1. re~ 

* Le t OB * Channel * Right OB * 
• vel Head (ft) 1. 35 * Wt . n-val. 0.100 0 . 025 0.100 
* w.s . Elev ( ft ) . 2044.17 . Reach Len. (ft) * 100 . 44 106.55 115.05 
* Crit w.s. ( ft) * 2044.17 . Flow Area (sq ft) * 18.62 114.43 13.21 
* E.G. slope (ft/ ft ) *0.006337 Area (s~ ft) 488 . 31 114.43 315.84 
* Q Total (cfs) * 1146.00 Flow (c s) 38 . 36 1091.07 . 16 . 58 . . ~~~ ~~~~~ (ft) 660.00 * Top Width (ft) 351.64 39 . 94 • 268 . 43 * 

(ft /s) 7.84 • AVg. Vel . (ft/s) 2.06 9. 53 1. 25 
* Max Chl Opth ( ft ) 3.79 • Hydr. Depth (ft) 2.31 2.87 1.10 

Conv. Total (cfs ) • 14395 . 7 • Conv . (cfs) 481.9 • 13705.6 208.2 
• Length Wtd. (ft) 106.51 • Wetted Per. (ft) 8.10 40.00 12.10 
* Min Ch El (ft) * 2040 .99 . Shear (lb/ sq ft) 0.91 1.13 0.43 . 
* Alpha 1.41 . Stream Power (1 b/ ft s) . 1.87 * 10 . 79 • 0. 54 • . Frctn Loss (ft) 0. 54 • cum Volume (acre-ft) * 2.26 * 0.82 1.14 
• c & E Loss (ft) 0.44 * Cum SA (acres) 2. 31 * 0.41 1.00 
*********************************************************************************************** 

Warning: 

warning: 

The 
for 
The 
The 

energy equation could not be balanced with in the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 

Warning: 
the 

velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additiona l cross sections . 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

Note: 
used. 

defaulted to critical depth. 
Multiple cri tical depths we re found at this locati on . The critical depth with the lowest, val id, water surface was 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************* ************************************************** *** ***************************** 
* E.G . Elev (ft) • 2045.54 * Element • Left OB * Channel * Right OB * 
* Ve l Head (ft) 1. 37 '' Wt. n-Val. 0.100 0 . 025 0 . 100 * 

W. S. Elev (ft ) . 2044. 17 . Reach Len . (ft) 100.44 106.55 115.05 
Crit w.s. (ft) * 2044.17 . Flow Area (sq ft) 18 . 62 114 . 43 13. 21 
E. G. slope (ft/ ft) *0.006400 * Area (s~ ft) 18 . 62 114.43 * 13. 21 

• Q Tot a 1 (cfs) • 1146.00 Flow (c s) 33.34 • 1096.43 • 16.23 . ~~~ ~~~~~ (ft) 60.00 * Top Width (ft) . 8.07 . 39 . 94 . 11.99 
(ft/s ) 7.84 Avg. Ve 1. (ft/ s) • 1. 79 * 9. 58 • 1. 23 

* Max chl Dpth (ft) 3.18 • Hydr . Depth (ft) 2.31 2 . 87 1.10 
* Conv. Total (cfs) • 14325.3 * conv . (cfs) 416 . 8 * 13705 . 6 202 . 9 
• Length Wtd . (ft) 106 . 52 * Wett ed Per. (ft) 10.07 * 40.00 12.58 
* Min Ch El (ft) • 2040.99 * shear (lb/sq ft) 0.74 1.14 . 0.42 . 
• Alpha 1.43 • stream Powe r (l b/ ft s) . 1. 32 10.95 • 0.52 • . Frctn Loss (ft) 0. 54 . cum Vo lume (acre-ft) 1. 52 0 .96 0 . 02 
* C & E Loss (ft) . ' 0.45 • cum SA (acres) 0.94 0. 53 0.02 
************************************~*************************~* ******************************* 

warning: The 
for 
The 
The 

energy equation could not be ba lanced wi thin the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 

Warning: 
Warning: 
the 

ve l ocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water s urface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

Note: 
used. 

defaulted to critical depth. 
Multiple critical depths were found at this location. 

CROSS SECTION OUTPUT Profile #50-YEAR 

The critical depth with the lowest, valid, wate r surface was 

***************************************************~******************************************* ,, E.G. Elev (ft) . 2045 .11 Element Left OB * Channel * Right OB * 
~r Vel Head (ft) 1.21 ,., Wt . n-Val. 0.100 0 . 025 0.100 
* w.s . Elev (ft) . 2043.90 . Reach Len . (ft) 100.44 106.55 115.05 
* Crit w.s. (ft) . 2043.90 . Flow Area (sq ft) 16 . 38 103.37 9.89 
• E.G. slope ( ft / ft ) *0.006506 * Area (s~ ft) 391.46 103 . 37 . 246.74 • 
'' Q Tot a 1 (cfs) 975.00 Flow (c s) 31.41 933.22 • 10.37 * 
,, ~~~ ~~~~~ (ft) 627 .11 ,, Top Width (ft) * 348.01 39.94 * 239 . 16 

(ft/s) 7. 52 ,., AVg. Ve 1 . Cft/s ) 1. 92 9.03 1. OS 
• Max chl Dpth (ft) 3.51 • Hydr . Depth (ft) 2.03 2.59 0.83 

Conv. Total (cfs) . 12088.2 • Conv . (cfs) 389 . 4 • 11570 . 2 128 .5 
• Length Wtd . (ft) 106 . so • Wetted Per. (ft) 8.10 40.00 12 .10 
'' Min Ch El (ft) . 2040.99 • shear ( lb/ sq ft) 0 . 82 1.05 0 . 33 
'' Alpha 1. 38 ,., stream Power (lb/ft s) * 1. 58 9.47 * 0.35 

Frctn LOSS (ft) 0.55 -tr Cum Vol ume (acre-ft) • 1.99 0. 72 • 0 . 99 
* C & E LOSS (ft) . 0.39 • cum SA (acres) 2.28 . 0 . 40 0 . 95 . 
**************************************************** ******************************************* 

warning: 

Warning: 
Warning: 
warning: 
the 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for this cross-section. 
The ve locity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross sectio ns. 
The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for addit ional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. Thi s indicates that there is not a val id subcritical answer. The 

defaulted to critical depth. 
program 

Note : 
used . 

Mul tiple critical depths were found at this location. The critical depth with the lowest , valid, water surface was 

CROSS SECTION OUTPUT Profile #10- YEAR 

'' E.G. Elev (ft) * 2044.09 * Element Left OB * Channel * Right OB * 
Page 105 



• 

• 

• 

WKB1.rep 
*vel Head (ft) 0.90 * Wt. n-val. * 0.100 0.025 0 . 100 * 
* w. s . Elev (ft) * 2043.19 '' Reach Len. (ft) 100 .44 106 .5 5 115 . 05 
• crit w.s. ( ft) • 2043.19 * Flow Area (sq ft) 10 .68 75 .15 3.25 
• E.G. slope (ft/ft) *0.007280 • Area (sq ft) * 152 . 43 75.15 133.91 
* Q Total (cfs) * 599.00 Flow (cfs) 16 . 28 580.17 2 . 55 

Top width (ft) 432.72 * Top Width (ft) 311.85 39 . 94 80.93 * 
Vel Total (ft/s) 6.72 * Avg. vel . (ft/s) 1.52 7 . 72 0.79 * 
Max Chl Dpth (ft) 2 . 81 Hydr . Depth (ft) 1.32 1.88 0.49 

• conv. Total (cfs) 7020.5 Conv. (cfs) 190 . 8 6799 . 7 29.9 
Length Wtd. (ft) 106 . 49 • Wetted Per. (ft) 8.10 40.00 6.65 

• Minch El (ft) * 2040.99 shea r (lb/ sq ft) 0.60 0.85 0.22 
*Alpha 1 .28 • Stream Power (lb/ ft s) '' 0.91 6 . 59 0.17 
• Frctn Loss (ft) 0 . 57 • cum Volume (acre-ft) 1 . 29 0 . 51 0.70 

c & E Loss (ft) 0 .2 9 *cum SA (acres) 2.17 0 . 30 0.70 
***********************~*********************************************************************** 

warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and cont inu ed on with the calculat i ons. 

War ning: 
Warning: 
warning: 
the 

Divided flow computed for this cross-section. 
The velocity head has changed by more than 0.5 ft (0. 15 m). This may indicate the need for additiona l cross sections. 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

Note: 
used. 

defaulted to critical depth . 
Mu l tiple critical depths were found at this location . The critical depth with the lowest, valid, water surface was 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS : 0 . 269 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) * 2044 . 20 . Element Left 08 . Channel . Right 08 * 

vel Head (ft) 0.47 * Wt . n-val . 0.100 0.036 * 
* w. s. Elev (ft) * 2043.73 ,, Reach Len . (ft) 15.00 15 . 00 * 15.00 

* Crit w.s . (ft) * 2042.54 • Flow Area (sq ft) 0. 53 208 . 42 

* E.G. slope (ft / ft) *0 . 004179 * Area (51 ft) 0.73 208 . 43 
* Q Total (cfs) . 1146 .00 Flow (c s) 0 .15 * 1145 . 85 

* ~~) *~~~~ (ft) 75.89 • Top width (ft) 6 . 14 69.76 
(ft/s) 5.48 Avg. Vel . (ft/s) 0. 29 5 .50 

Max chl Dpth (ft) 4.19 * Hydr . Depth (ft) 0.16 3.00 . Conv. Total (cfs) * 17726 . 7 . Conv . (cfs) 2 . 3 . 17724 . 3 
• Length Wtd. (ft) 15 . 00 * Wetted Per. (ft) 3.27 70.47 

Min Ch El (ft) * 2039. 54 * Shear ( lb/ sq ft ) 0 . 04 0. 77 . 
* Alpha 1.00 Stream Power ( lb / ft s) * 0.01 4.24 • . Frctn Loss (ft ) 0.12 * Cum volume (ac re-ft) 1. 70 0.42 0 . 72 

* 
. 1. 90 0.28 0.64 C & E Loss (ft) 0 . 21 cum SA (acres) 

*********************************************************************************************** 

Warning: The ve locity head has changed by mo re than 0 . 5 ft (0.15 m). This may indicate the need for addit i onal cross sections. 
warning: The conveyance ratio (upstream conveyance di vided by downstream conveyance) is less than 0.7 or greater than 1 .4. 

This may indicate the need for additional cross sections. 
Note: Mu l tip l e critical depths were found at this location . The critical depth with t he lowes t, valid, energy was used. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 

E. G. El ev (ft) • 2044.20 '' El ement Left 08 * channel * Right 08 * 
ve l Head (ft) 0 . 47 '' Wt . n-Val. 0 . 100 0.036 

• w. s. Elev (ft) * 2043 . 73 '' Reac h Len. (ft ) 15.00 15.00 
Crit W.S . (ft) * 2042.57 * Flow Area (sq ft) 0 . 53 208.43 

• E. G. slope (ft/ft) *0.004183 '' Area (sq ft) 0 . 53 208 . 43 
Q Total (cfs) • 1146.00 Flow (cfs) 0 . 15 * 1145 .85 
Top width (ft) 72.70 • Top width (ft) 3.27 69.43 
Vel Total (ft / s) 5.48 '' Avg. vel. (ft/ s) 0 . 28 5.50 

*Max Chl Dpth (ft) 4 .19 '' Hydr . Depth (ft) 0.16 3.00 
* conv. Total (cfs) • 17719.2 Conv . (cfs) 2 . 3 * 17716 .9 * 

Length Wtd. (ft) 15 .00 Wetted Per . (ft) 3. 40 70.52 
Min ch El (ft) • 2039.54 • shea r ( l b/ sq ft) 0 . 04 0.77 
Alpha 1.00 * stream Power ( l b/ft s) * 0.01 4.24 * 

• Frctn Loss (ft) 0 . 12 '' cum Vo lume (acre-ft) 1.49 0.57 

15.00 

• c & E Loss (ft) • 0.21 * cum SA (acres) 0 . 93 0.40 
************************* ** ************************* ***** ************************************** 

warning: The velocity head has changed by more than 0 . 5 ft (0 .15 m). This may indicate the need for additional cross sections. 
warning: Th e conveyance ratio ( upstream conveyance divided by downstream conveya nce) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections . 
Note : Multiple critical depths were found at this location . The critical depth with the lowest, valid , energy was used . 

CROSS SECTION OUTPUT Profi l e #50-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft ) 
'' Vel Head (ft) 
* W.S . Elev (ft) 
* crit w.s . (ft) 

E. G. slope (ft / ft) 
Q Total (cfs) 

'' Top width (ft) 
vel Total (ft/s) 

* Max Ch l Dpth (ft) 
conv . Tota 1 (cfs) 
Length Wtd. (ft) 

• 2043.82 
0.43 

* 2043.39 
• 2042.28 
*0 . 004226 

975 . 00 
66.28 

5.27 
3.85 

* 14997 .7 
15 . 00 

"'' Element 
'' Wt. n-val. 

Reach Len . (ft) 
'' Flow Area (sq ft ) 
• Area (sq ft) 

Flow (cfs) 
,., Top Width (ft) 
'' AVg. vel . (ft/s) 
'' Hyd r . Depth (ft) 
'' Conv . (cfs) 
'' Wetted Per . (ft) 

* • 

Left 08 * Channe l * Right 08 * 
0 . 036 

15 . 00 15.00 15.00 • 
185.10 
185.10 
975.00 

66.28 
5.27 

* 2. 79 
• 14997.7 * 

67 . 30 * 
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• 

• 

WKBl .rep 
• Minch El (ft) * 2039.54 • shear ( lb/ sq ft) * 0 . 73 
• Alpha 1.00 • Stream Powe r (lb/ ft s) '' · 3 .82 
• Frctn Loss (ft ) 0.12 • Cum Volume (acre-ft) 1.53 0 . 37 0.66 
• c & E Loss (ft ) 0 .20 • cum SA (acres) 1.88 0 . 27 0 . 63 
******************************* ********************** ********** ********* *********************** 

Warning: 
Warning : 

The velocity head has changed by more than 0.5 ft (0 .15 m) . This may indicate the need for additional c ross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is les s than 0. 7 or greater than 1 . 4. 

Note : 
Thi s may i ndicate the need for additional cross sections. 

Mu ltipl e c ritical depths were found at this location . The critical depth with the lowest, valid , energy was used . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E. G. Elev ( ft ) * 2042.85 Element * Left DB * Channel * Right DB * 
* Vel Head (ft) 0.32 • Wt. n-val . 0.036 
* W.S. Elev (ft) • 2042.53 • Reach Len . (ft) 15.00 15.00 * 15.00 
• cri t w. s. ( ft ) • 2041.68 • Flow Area (sq ft) 132 .17 
• E. G. slope (ft / ft ) *0.004135 • Area ( sq ft) 132 . 17 
• Q Total (cfs) • 599.00 Flow (cfs) 599 . 00 

. 0~~ *~~~~ ~ms) . 5U~ : ~~~.w~~i~ m~s) 5U~ : 
• Max chl Dpth (ft ) 2 . 99 • Hydr . Depth (ft) 2.26 
• Conv . Total (cfs ) 9315.2 • Conv . (cfs) • 9315.2 • 
• Length Wtd. (ft ) 15.00 • Wetted Per . (ft) • 59 .24 • 
• Min Ch El ( ft ) • 2039 . 54 • shea r (l b/ sq ft) 0. 58 
• Alpha • 1.00 • Stream Powe r ( lb/ ft s) * 2 . 61 • 
• Frctn Loss (ft ) * 0 .12 • Cum Volume (acre-ft) 1.12 0 . 25 0 . 52 
• c & E Loss (ft ) 0 .15 • Cum SA (acres) 1.81 0.18 0 . 59 
*********************************************************************************************** 

warning: The conveya nce ratio (upstream conveyance div i ded by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, valid, energy was used. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS : 0.260 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************************************************** ****************** 
• E.G . Elev (ft ) • 2042.47 • Element Left DB Channel * Rig ht DB * 
• Vel Head (ft) • 1.11 * Wt . n-Va l . 0 . 036 
• w.s. El ev (ft) • 2041.36 • Reach Len. (ft) 104.19 148.26 
• Crit w. s. (ft) • 2041.36 Flow Area (sq ft) 135 . 60 
* E. G. slope (ft/ ft ) *0.014699 • Area (sq ft ) 135.60 • 
* Q Total (cfs) * 1146 . 00 Flow (cfs) * 1146.00 * 
• Top Width (ft) 60.80 * Top width (ft) * * 60.80 • 

Ve l Tota l (ft / s) 8.45 • AVg . vel . (ft/ s) 8.45 
Max chl Dpth (ft) * 3.14 * Hydr . Depth (ft) * 2.23 
conv. Total (cfs) * 9452.4 * conv . (cfs) 9452 . 4 

• Length Wtd . (ft ) 130 . 92 • Wetted Per. (ft) 61.78 
• Min ch El (ft) • 2038 . 22 • shea r (lb / sq ft) 2 . 01 
• Alp ha 1. 00 * Stream Power ( l b/ ft s) * 17 . 02 

138. 32 

* 
* • 

* • 
* Frctn Loss (ft) 1.88 • Cum Volume (acre-ft) 1.70 0.26 0.72 • 

c & E Los s (ft) 0 . 40 • cum SA (acres) 1.90 0 . 21 0.64 
***************************************************************************** ****************** 

Warni ng: 

warning: 
Warning : 
the 

The 
for 
The 
The 

energy equation could not be bal a nced withi n the s pe cified number of iterat ions. The program used critical depth 
the water surface and continued on with the calcu lations. 
velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additiona l cross sec tions. 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous c ross section . This may indicate 

need for additional cross sections . 
warning: Du r ing the standard step iterati ons, when the assumed water s urface was set equal to critical depth , the calculated 

wate r surface came back below critical depth . This indicates that there is not a vali d subcritical answer . The 

defau lted to critical depth. 
program 

Note : Multiple critical depths were found at this location. The critical depth with the lowest , valid , energy was used . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2042.47 * Element Left DB * Cha nnel * Right DB * 
• Vel Head (ft) 1.07 1• Wt . n-va l . 0 . 036 
1' w.s . Elev (ft) * 2041.40 ,., Reach Len. ( ft ) 104 .19 148 . 26 138.32 
• Cr i t w.s. (ft) * 2041 . 36 • Flow Area (sq ft) 137.86 
• E. G. slope (ft / ft ) *0.013960 • Area ( sq ft) 137.86 
• Q Total (cfs ) • 1146.00 Flow (cfs) * 1146.00 
1
' Top Width (ft) 60.95 1

' Top Width (ft) * 60.95 : 
Vel Total (ft / s ) 8.31 1• AVg. Ve l . (ft/ s) 8.31 

* Max Chl Opth (ft ) 3 . 18 ~·, Hydr . Depth (ft) * 2. 26 
Conv. Total (cfs) 9699.2 1' Conv . (cfs) • 9699 . 2 

* Leng th Wtd . (ft) 128 . 61 • Wet t ed Per. (ft) 61.95 
• Minch El (ft) • 2038.22 • shea r ( lb/ sq ft) 1.94 
1' Alpha 1.00 '' Stream Power (lb / ft s) 16.12 
1' Frctn Loss (ft) 1.81 • cum Vo lume (acre-ft) 1.49 0.40 
'' c & E Loss (ft) 0.15 cum SA (acres) 0.93 0 . 33 
****** ***************************************************************** ************************ 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Note: Multiple critical depths were found at thi s location . The cri ti cal depth with th e lowest, valid, energy was used. 

CROSS SECTION OUTPUT Profile #50-YEAR 
**************************************************************************************** ******* 
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• 

• 

• 

. E.G . Elev (ft) * 2042.13 . Eleme nt 
WKBl. r~ 

6 Le t OB * channel * Right: DB * 
* Vel Head (ft:) 1.02 * Wt. n- val. * 0 . 036 
* w.s. Elev (ft:) . 2041.11 . Reach Len. (ft:) 104. 19 148.26 138 . 32 
• crit: w.s. ( ft: ) . 2041.11 . Fl ow Area (sq ft:) ,, 120 . 32 
• E. G. slope (ft: / ft:) *0.015470 * Area (sf ft:) . * 120.32 * 

Q Tot: a l (cfs) • 975.00 Fl ow (c s) • * 975.00 * 
* ~~~ ~~~~~ (ft ) 59 . 81 * Top Width (ft) * 59.81 * 

(ft: / s) 8 . 10 Avg. Vel. (ft: / s) * 8.10 * * Max Chl Dpth (ft ) 2.89 Hydr . Depth (ft:) 2.01 * 
* Conv. Total (cfs ) 7839 . 1 * Conv. (cfs) 7839 . 1 * * Length Wt:d. (ft: ) . 131.03 . Wetted Per. (ft:) 60 . 67 * 
* Min Ch El (ft: ) * 2038.22 * shea r (lb/ sq ft) 1. 92 • 
* Alpha 1.00 • Stream Power ( l b/ ft s) . 15 . 52 ,, Frctn Loss (ft:) ~'t 1.89 • Cum Vo l ume (ac r e-ft:) 1. 53 0.22 0.66 
* c & E Loss (ft:) 0 . 38 * Cum SA (acres) 1. 88 . 0 . 20 D. 63 
*************************************** **************************** *********** ***************** 

Warning: The energy equation could not: be balanced within t he specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The velocity head has changed by more than 0 . 5 ft: (0.15 m). This may indicate the need for additional cross sections . 
warning: The energy loss was greater than 1.0 ft: (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning : During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va l id subcrit:ical answer. The 
program 

Not e : 
defaulted to critical depth. 
Multipl e c ritical de pths were found at this location. The critical depth with the lowest, valid, energy was used. 

CROSS SECTION OUTPUT Profile #10- YEAR 
****************************************** ***************************************************** 
* E. G. Elev (ft) • 2041 . 28 • Element Left DB • Channel * Right DB • 
* Vel Head (ft) 0. 75 '' Wt: . n-Val. * 0.036 • • 
* w. s. El ev (ft) * 2040.52 '' Reach Len. (ft) 104. 19 * 148.26 138 . 32 
* Crit w.s. (ft) * 2040.52 '' Fl ow Area (sq ft) 85 . 92 * 

E. G. slope (ft/ ft ) *0 . 016930 * Area (sq ft) 85 . 92 • 
• Q Total (cfs) 599.00 Fl ow (cfs) 599 . 00 • 
• Top width (ft:) 57.51 • Top wi dt h (ft) 57 . 51 • 

Vel Total (ft: / s) 6.97 * Avg. ve l . (ft/ s) 6.97 
• Max chl Dpt:h (ft ) 2.30 • Hydr. Depth (ft:) 1.49 
* Conv. Total (cfs) 4603.7 • conv. (cfs) 4603.7 
* Length Wtd . (ft:) 131.62 • Wetted Per . (ft:) * 58 . 09 
• Min ch El (ft:) * 2038 . 22 '' shear (l b/ sq ft) * 1. 56 
*Alpha 1.00 '' Stream Power (lb/ ft s) * 10.90 
* Frctn LOSS (ft) 1 . 84 * Cum Volume (acre-ft ) 1.12 0. 15 0 . 52 
• c & E Loss (ft) 0 . 29 • cum SA (acres) 1 .81 0 . 12 0.59 

* 
* 

************* ****************************** ********* ***** ******* *** ***** ***** *********** ******* 

Warn i ng: The 
for 
The 
The 

energy equation could not: be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the ca l culations. 

Warning: 
Warni ng: 
the 

velocity head has changed by more than 0.5 ft: (0.15 m). This may indicate the need for additiona l cross sections. 
energy loss was greater than 1.0 ft: (0.3 m). between the current and previous cross sectio n. This may indicate 

need for additiona l cross sections. 
warn i ng: During the standard step iterations , when the assumed water surface was set equa l to critical depth, t he calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritica l answer . The 
program 

Note: 
defau l ted to critical depth. 
Multiple critical depths were found at this location . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0.232 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 

The critical depth with the lowest:, valid, energy was used . 

~**********~************************** ***** * ******** * ************* * **************************** ,, E. G. Elev (ft:) . 2039.10 ,, Element Left DB * channel * Right DB * 
1f vel Head (ft) 0. 31 1f Wt . n- Val. 0 . 035 0.036 0.069 
'If w. s . Elev (ft: ) . 2038.78 ,, Reach Len. ( ft:) * 119 . 47 * 184 . 63 . 176.91 
* cr i t w.s. (ft:) " Flow Area (sq ft) * 168.94 * 3.80 * 101.05 

E.G. slope (ft/ ft ) *0 . 014033 Area Csj! ft) 168 . 94 3. 80 101.05 • 
Q Total (cfs) . 1146 . 00 Flow (c s) 832.37 6.40 307 . 23 

* To~ width (ft) 270.46 '' Top Width (ft) 174.14 18.80 77 . 52 
Ve Total (ft/ s) 4.19 * Avg. Vel . (ft/ s) * 4.93 1. 68 3.04 * 

'' Max ch l Dpth (ft:) 1. 89 • Hydr. Depth (ft) 0.97 0.20 1. 30 
* conv. Total (cfs) 9674 . 2 * Conv. (cfs) 7026 . 6 54 . 0 2593.6 . . Length Wtd . (ft) 133. 76 • Wetted Per . (ft) 174 . 22 18.83 77.66 • 

Min Ch El (ft) . 2038.51 * Shear (l b/ sq ft) 0.85 0 . 18 1.14 
Alpha 1.15 * Stream Power (l b/ ft s) * 4.19 0. 30 3.47 * ,, Frctn Loss (ft) 1. 73 * cum volume (ac r e- ft) 1. 50 0 . 02 0. 56 

* c & E Loss (ft:) . 0.03 , .. cum SA (acres) 1.69 0.08 0. 52 
******* ****** *********** ********************** *************************** ********* *** **** ***** * 

Warning : Divided flow computed for this cross-section. 
warning : The energy loss was greater than 1.0 ft ( 0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 

* E.G . Elev (ft) 
Vel Head (ft) 

• w.s. Elev (ft) 
* Crit W. S. (ft) 
• E.G. slope (ft/ ft ) 

* 2040.51 
0. 77 

• 2039 . 73 
* 2039.73 
*0.014267 

* Element 
,., Wt:. n- Val. 
* Reach Len. (ft) 

Flow Area (sq ft) 
* Area (sq ft:) 

Le f t DB * 
0.035 

119 . 47 
140.03 
140 . 03 
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0.036 
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• 

• 

• 

WKBl. rep 
* Q Total (c fs) * 1146 . 00 * Flow (cfs) * 1022.04 123.96 
* Top Width (ft ) 109.41 * Top width (ft) 78 . 87 30 . 54 

ve l Total (ft/s) 6.85 * Avg. Vel. (ft/s) 7.30 4 . 55 
*Max Chl Dpth (ft ) 2.12 * Hydr . Depth (ft) 1.78 0 .89 
* conv. Total (cfs ) 9594.6 * conv . (cfs) 8556.8 1037 . 8 
* Length Wtd. (ft) 124 .52 Wetted Per. (ft) 81.09 * 30.73 
*Minch El ( ft) * 2038.51 * shear ( lb/ sq ft) 1 . 54 * 0.79 
*Alpha 1.06 * Stream Powe r (lb/ft s) 11 . 23 3.59 
* Frctn Loss (ft ) 1 .26 * cum volume (acre-ft) 1.33 0.12 

* 

* c & E Loss (ft ) 0.12 * cum SA (acres) 0.84 0.18 
*********************************************************************************************** 

wa rning : 

warning: 
warning: 
the 

The energ y equat ion could not be ba lanced within the specified number of iterat ions. The program used critical depth 
f or the water surface and continu ed on with the calculations. 
Div ided f low computed for thi s cross-section. 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculat ed 

wat er surface came back below critical depth . This indi cates that there is not a va lid subcritical answer . The 
prog ram 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** . E.G. Elev ( ft ) . 2038.96 . Element Left 08 * channel . Right 08 * 

ve l He ad (ft) 0 .27 Wt. n-val . 0 . 035 0.036 0.069 . 
w.s. Elev (ft ) * 2038. 69 . Reach Len . ( ft) 119.47 184 . 63 176.91 * 
crit w.s. (ft ) * * Flow Area (sq ft) 153 .5 0 2. 17 94 .19 

* E.G . Slope (ft/ft) *0. 013475 . Area (s; ft) 153.50 2 .17 94 . 19 
* Q Tot a 1 (c f s) * 975.00 Fl ow (c s) 701.48 2.57 270 . 95 
* To~ Wi dth (ft) * 265 . 72 * Top Width (ft) 171.85 17.69 76 . 18 

ve Total ( ft / s) * 3 . 90 * Avg. vel . (ft/ s) 4 . 57 1.18 * 2.88 
• Max chl Dpth (ft) 1.80 . Hydr. Depth (ft) * 0 . 89 0.12 * 1.24 

Conv. Tota 1 (cfs) 8399.1 * Conv. (cfs) * 6042 . 9 22.2 2 334 . 1 
* Length Wtd. (ft) 134 . 10 Wetted Per . (ft) * 171.92 17.71 76.30 
* Min Ch El (ft) * 2038. 51 * shea r (lb/ sq ft) 0 .7 5 0 . 10 1.04 
* A 1 ph a 1.14 . Stream Power (lb/ft s) . 3. 43 0.12 2 . 99 

* Frctn Loss (ft) 1. 70 * Cum Volume (acre- ft) 1. 35 0.01 * 0. 51 
1. 67 0.07 * 0. 51 C & E LOSS (ft) 0.02 cum SA (acres) 

*********************************************************************************************** 

warning: Di vided fl ow computed for this cross - section. 
warning : The energy loss was greater than 1.0 ft (0 .3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross s ections. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2038.63 * Element Left 08 Channel * Right 08 * 
* Ve l Head (ft) 0.17 * Wt . n-Val. 0.035 0 . 069 

w. s. Elev (ft ) • 2038 .46 * Reach Len . (ft) 119.47 184 . 63 176.91 
Crit w.s. (ft ) * Fl ow Area (sq ft) 114.10 76.98 

• E.G. slope (ft/ ft ) *0.011772 * Area (sq ft) 114 . 10 76.98 
* Q Tot a 1 (cfs) 599.00 Fl ow (cfs) 409.66 189 . 34 
• Top Width ( ft ) 236.95 * Top width (ft) 165 . 77 71.18 

ve l Total (ft /s) 3 .13 • Avg . Vel. (ft/ s) 3.59 2.46 
* Max chl Dpth ( ft ) 1 . 57 • Hydr . Dept h (ft) 0.69 1 . 08 

Conv. Total (c f s) 5520 . 9 conv. ( cfs) 3775.8 1745 . 1 
* Length Wtd. (ft ) 135 . 75 '' Wetted Per . (ft) 165.82 71.28 
*Minch El (ft ) * 2038.5 1 * Shea r ( lb/ sq ft) 0.51 0 . 79 * 
*Alpha 1.09 * Stream Power (lb/ ft s) * 1 . 82 1 . 95 * 

Frctn Loss (ft) 1 . 66 cum Volume (acre-ft) 0.98 0 .00 0.40 
* c & E Loss (ft) 0.01 Cum SA (acres) 1 . 61 0.02 0.48 
******************************************************************************* **************** 

warning: Divided flow computed for thi s cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previ ous cross section. This may indicate 
the 

need f or additi onal c ross sections. 
Warning : There is no flow in the channe l . check that the channel s tations are correctly coded. To force flow into the channel, 
a 

l evee or ineffecti ve flow may have to be added or the Manning's n of t he overbank could be increased . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0 . 197 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 

E. G. Elev (ft) • 2037.35 * Eleme nt Left 08 • channel * Right 08 * 
• ve l Head (ft) 0. 21 '' Wt. n- Val. 0.035 0.036 0.069 
* W.S. El ev (ft ) * 2037.13 Reach Len . ( ft) 154 . 52 100 .94 84.28 
* Crit w.s. (ft ) Flow Area (sq ft ) 223 . 20 3 .12 103 . 69 
• E. G. slope (ft/ft) •a. 011897 * Area (s; ft ) 223 . 20 3.12 103 . 69 
• Q Total (cfs) • 1146 . 00 Flow ( c s) 891 . 00 5 .83 249 . 17 . ~~~ *~~~~ (ft ) 390 . 52 • Top width (ft) 278 . 82 11.65 100 . 04 

(ft/s) * 3.47 * Avg . Ve 1 . (ft/ s) 3 . 99 1.87 * 2.40 
• Max chl Dpth (ft ) 1.42 Hydr . Depth (ft ) 0 . 80 0.27 * 1.04 * 

conv. Total (cfs) 10506 . 7 '' Conv. (cfs ) 8168 . 8 53.4 * 2284.4 * 
• Length Wtd. (ft) 144.95 ,~ Wetted Per. (ft) 278 . 87 11.70 * 100 . 20 

Min ch El (ft) * 2036.74 • shea r ( lb/ sq ft) 0. 59 0 . 20 0. 77 
* Alpha 1.13 Stream Power ( lb/ ft s) * 2 . 37 0 . 37 1. 85 

Frctn Loss (ft) 1. 27 '' cum Volume (acre- ft) 0.96 * 0 . 00 0.14 
* C & E LOSS (ft) 0 . 01 cum SA (acres) 1.07 * 0 . 01 0 . 16 
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*********************************************************************************************** 

warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
• E.G. Elev (ft) • 2038.33 * Element * Left OB * Channel • Right OB • 
• Vel Head (ft) 0.36 • Wt. n-val. 0.035 0.036 • 
• w.s. Elev (ft ) • 2037 . 97 * Reach Len. (ft) 154.52 • 100 . 94 * 84.28 
• crit w.s. (ft) * Flow Area (sq ft) * 224.28 * 18.19 
• E.G. slope (ft/ ft ) *0.007589 • Area (sq ft) * 224.28 18.19 
• Q Total (cfs ) • 1146.00 Flow (cfs) • 1092 . 23 53.77 
• Top width (ft) 171.06 • Top Width (ft) 146.82 • 24.24 

Vel Total (ft / s) 4.73 * Avg . Vel . (ft/s) 4.87 2.96 
*Max chl Dpth (ft) 2 .00 * Hydr . Depth (ft) 1.53 * 0.75 
• Conv. Total (cfs) • 13154.9 • Conv. (cfs) • 12537.7 617.2 
• Length Wtd. (ft) 153.17 * Wetted Per. (ft) 148 . 43 24.42 
• Min ch El ( ft ) • 2036.74 • shea r (lb/sq ft ) 0. 72 0 . 35 
*Al pha 1.03 Stream Power (lb/ ft s) • 3.49 1.04 
• Frctn Loss (ft) 1.09 cum volume (acre-ft) 0.83 0.03 
• c & E Loss (ft) 0 .00 • cum SA (acres) 0.53 0.06 
*********************************************************************************************** 

warning: Divided fl ow computed for this cross-section. 
warning: The energy loss was greater tha n 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross section s. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 

E. G. Elev (ft) * 2037.24 * Element '' Left OB * Channel * Right DB * 
vel Head (ft) 0.19 • Wt . n-val. 0 . 035 0.036 0 . 069 

* w.s . Elev ( ft ) * 2037.05 Reach Len . (ft) 154.52 100 . 94 84.28 
* crit w.s. (ft) Flow Area (sq ft) 200.20 2.21 95.41 * 
* E. G. slope (ft/ft) *0 . 012002 *A rea (sq ft) 200 .20 2 . 21 95.41 : 
• Q Total (cfs) 975.00 Flow (cfs) 752.62 3.55 218.84 
• Top width (ft) 385.24 • Top Width (ft) 275.45 10 . 39 99.39 : 

Vel Total (ft /s) 3 . 27 • Avg. Vel. (ft/s) 3.76 1.61 2 . 29 
Max chl Dpth (ft) 1 .3 4 • Hydr. Depth (ft) 0.73 * 0.21 0.96 
conv. Tota l (cfs) 8899.9 • Conv. (cfs) 6870 . 0 * 32.4 1997 . 6 

• Length wtd. (ft) 144 . 81 • wett ed Per. (ft ) 275.49 10.43 99 . 53 
Minch El ( ft ) • 2036 .74 • shea r (lb/ sq ft) 0.54 0.16 0.72 
Alpha 1 . 13 * stream Power (lb/ ft s) * 2 . 05 0 . 25 1.65 : 

• Frctn Loss (ft) 1.27 * Cum Vo lume (acre-ft) 0 . 87 0.00 0 . 13 
• c & E Loss (ft) 0.01 • cum SA (acres) '' 1.06 0.01 0 . 15 
*********************************************************************************************** 

Warning: Divided flow computed for this cross-section. 
Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 

CROSS SECT-ION OUTPUT Profile #10-YEAR 
************************************************ *********************************************** . E.G. Elev ( ft ) • 2036.97 . Eleme nt * Left OB * channel . Right OB * 
• vel Head (ft) 0.13 * Wt. n- val . * 0.035 0.036 0 . 069 
• w.s. Elev ( ft ) . 2036.83 . Reac h Len. (ft) 154 ' 52 100 .94 84.28 . 
• crit w.s. (ft ) * • Flow Area (sq ft) 141.89 0. 32 74.13 • 
• E. G. slope (ft/ ft ) *0.012671 • Area (s1 ft) 141.89 0. 32 74,13 
• Q Total (cfs) 599.00 Flow (c s) 448.87 0.19 149.94 . ~~~ ~~~~~ (ft) 367.34 . Top width (ft) 263.40 6.76 97 . 18 

(ft/ s) * 2. 77 • Avg. Ve l . (ft / s) ~'( 3 .16 0.61 2.02 
• Ma x chl opth (ft) 1.12 * Hydr. Depth (ft) 0. 54 0.05 . 0 . 76 
* Conv. Total (cfs) 5321.3 * Conv. (cfs) 3987.6 1.7 • 1332 . 0 
• Length Wtd. (ft) 144.05 • wetted Per. (ft) * 263.43 6 . 77 97 . 26 
* Min Ch El (ft) • 2036.74 . shea r (lb/ sq ft) * 0.43 0.04 0.60 
• Alpha 1.11 . Stream Power (lb/ ft s) * 1. 35 0.02 1. 22 
* Frctn Loss (ft) 1. 29 * Cum Vo lume (acre-ft) 0.63 0 . 00 * 0 . 10 

0 . 01 * Cum SA 1.02 0.01 * 0.14 * C & E Lo ss (ft) (acres) 
** ********************************************** ********************************************* ** 

Warning: Divided flow computed for this cross-section. 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.178 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G. Elev (ft) 
• vel Head (ft) 
• w. s. Elev (ft) 
• Crit w.s. (ft) 
• E.G . slope (ft/ ft ) 
• Q Total (cfs) 
0 Top Width (ft) 

Vel Tota l (ft / s ) 
* Max Chl Dpth (ft) 
• Conv. Total (cfs) 

• 2036.06 
0.17 

• 2035 .89 
• 2035.59 
*0.006702 
• 1146.00 

388. 46 
3 .18 
1. 34 

• 13998.1 

• Element 
Wt. n- Val. 
Reach Len. (ft) 

• Flow Area (sq ft) 
* Area (sq ft) 

Flow (cfs) 
* Top Width (ft) 
• AVg. Ve l . (ft/s) 
• Hydr . Depth (ft) 
• Conv. (cfs) 

Left OB • Channel • Ri5~66~B * 0.035 . 
317.86 43.03 • 
317.86 . 43.03 

* 1087.18 • . 58.82 
325.47 • 62 .98 • 

3.42 1. 37 • 
0 . 98 . 0 . 68 . 

13279 ' 7 • 718.4 • 
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* Length Wtd . (ft) • Wetted Per. (ft) • 325 . 61 

D.41 
1.40 

* Min ch El (ft) * 2036 . 70 • Shear (l b/ sq ft) 
Alpha 1.11 * stream Power (lb/ ft s) '' 
Frctn Loss (ft ) * Cum Volume (acre-ft) 

63.04 
0. 29 
0. 39 

* 
* 

c & E Loss (ft) * cum SA (acres) 
************************************************************ *** **** **************************** 

Warning: Di vided fl ow comput ed for thi s cross-section. 
warning: There i s no flow in the cha nnel. check that the channel stations are correctly coded . To force f l ow into the chann el, 
a 

l evee or ineffecti ve flow may have to be added or the Manning's n of the overbank cou l d be increased . 

CROSS SECTION OUTPUT Pr ofile #FLOODWAY 
*********************************************************************************************** 
* E. G. Elev (ft ) • 2037.24 • Element 
* vel Head (ft) 0 . 35 * Wt . n-val . 
* w. s . Elev ( ft ) • 2036.89 • Reach Len. (ft) 
• crit w. s . ( ft ) * 2036 . 48 * Flow Area (sq ft) 
• E. G. slope (ft / ft ) '' 0.006699 * Area (sq ft ) 
• Q Total (cfs ) * 1146.00 Flow (cfs) 
• Top width (ft ) 179.93 • Top width (ft) 

Vel Total ( ft /s) 4 . 66 • Avg. Vel . (ft/ s) 
• Max chl Dpth (ft ) 2.12 * Hydr . Depth (ft) 
* Co nv. Total (cfs) * 14001. 2 * Conv . (cfs) 

Length Wtd . (ft ) • Wetted Per. (ft) 

Left DB * 
0 . 035 

* 

* 241. 65 
241.65 

'' 1142. OS 
150.18 

4.73 
1.61 

* 13952 . 9 
152 . 36 

0 . 66 
3. 14 

• Min ch El ( ft ) * 2036 .70 • shea r (lb / sq ft) 
• Alpha 1.03 • Stream Power (lb / ft s) • 
• Frctn Loss (ft ) • cum Volume (acre-ft) 

Channel * Right OB * 
0.036 

4 . 27 
4. 27 
3 . 95 

29.76 
0.93 
0 . 14 
48. 3 

29 . 77 
0 . 06 
0.06 

. 
• 
* • . 
* 

* 
* 

* C & E Loss (ft) * Cum SA (acres) * 
************************************************ ** ********************************************* 

Warning : Divided f l ow computed for this cross-sect i on. 

CROSS SECTION OUTPUT Profile #50-YEAR 
****** ******* ************************* *************************** **** **************** ** ** ***** * 
* E.G. Elev (ft) 0 2035 . 95 * Element * Left OB * Channel * Right OB 0 

• Vel Head (ft) 0.15 • Wt . n-Val. 0 . 035 0 . 069 
• w. s. Elev (ft) • 2035 . 80 • Reach Len. (ft) • 
• Crit W.S. (ft) * 2035 . 52 • Flow Area (sq ft) * 287 . 87 * • 37.34 

37 . 34 
48.12 
59 . 72 

• E. G. slope (ft/ ft ) *0 . 006703 • Area (sq ft) 287 . 87 * 
* Q Total (cfs) 975 . 00 Flow (cfs) 926.88 

Top width (ft) 382 . 46 • Top Width (ft) 322.75 
Ve 1 Tota 1 (ft/ s) 3 . 00 • Avg. Ve 1 . (ft/ s) 3 . 22 

* Max Chl Dpth ( ft) 1 . 25 * Hydr. Depth (ft) 0 . 89 
• conv. Total (cfs) '' 119D9 . 1 • conv. (cfs ) '' 11321.4 
• Length Wtd . (ft ) • Wetted Per. (ft) 322 . 88 
* Min c h El (ft) * 2036 . 70 • shea r (lb/ sq ft ) 0 . 37 

Alpha 1.11 * Stream Power (lb/ ft s) '' 1.20 * 
* Frctn Loss (ft) • cum volume (acre-ft) 

1. 29 
0.63 

587 . 8 
59.77 
0.26 
0 . 34 

• c & E Loss (ft ) • cum SA (acres ) 
***********************~** * ************************************************************ * ****** * 

warning : Divided flow computed for this cross-section. 
warning : There is no flow in the channel. check that the channel stations are correctly coded . To force flow into the channel , 
a 

levee or ineffecti ve flow may have to be added or the Manning ' s n of the overbank cou ld be increased. 

CROSS SECTION OUTPUT Profile #10- YEAR 
********************* ********************************* ***************************************** 
• E. G. Elev (ft) • 2035 . 67 * Element 

Vel Head (ft) 0.11 * Wt . n-val . 
w.s . Elev (ft) * 2035.56 * Reach Len . (ft) 

* Crit w.s . (ft) • 2035 . 34 * Fl ow Area (sq ft) 
* E.G . slope (ft/ ft ) *0.006699 * Area (sq ft ) 
* Q Total (cfs ) 599 . 00 Flow (cfs) 
• Top width (ft) 361.23 • Top Width (ft) 

vel Total (ft / s) 2 . 52 AYg. Vel . (ft/ s) 
• Max chl Dpth (ft) 1 . 01 • Hydr. Depth (ft) 

conv. Tota l (cfs ) 7318 . 4 • conv . (cfs) 
Length Wtd . (ft) wetted Per. (ft) 

* Min ch El (ft) • 2036 . 70 shear (lb/ sq ft) 
• A 1 pha 1. 09 • Stream Power ( l b/ ft s) * 
* Frctn Loss (ft) * Cum Vol ume (acre-ft) 

Left DB * 
0 . 035 

212.88 
212 . 88 
570.46 
314.26 

2.68 
0 . 68 

6969 . 7 
314.36 

0.28 
0.76 

Channe l * Right OB * 
0.069 

. 
• 

24 . 80 
24 . 80 
28.54 
46 . 97 
1.15 
0. 53 

348 . 7 
47 . 01 

0.22 
0.25 

* 
* 

• c & E Loss (ft) c um SA (acres) 
*********************************************************************** ****** ****************** 

warning : Divided flow computed for this cross-section. 
warning : There is no flow in the channel. c heck that the channel stations are correctly coded. To force flow into the channel , 
a 

l evee or ineffective flow may have to be added or the Manning's n of the overbank could be increased. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #3 RS: 1. 902 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
******************************************************** ***************** ********************** 

E. G. Elev (ft) 
vel Head (ft) 

• w.s . Elev (ft) 
* Crit W. S. (ft) 
• E. G. slope (ft/ ft ) 
• Q Total (cfs) 

Top width ( ft ) 
Ve 1 Total (ft/ s) 

* 2186 . 19 
0.94 

* 2185 . 25 
• 2185.25 
*0 . 011265 
• 515 . 00 

51.35 
7 .26 

* Eleme nt 
• Wt. n- val . 
'' Reach Len. (ft) 
• Flow Area (sq ft) 
• Area (sq ft) 

Flow (cfs) 
* Top Width (ft) 

AYg . Ve 1 . (ft/ s) 

Left OB * 
0.057 

364.59 
4 . 98 
4.98 
5. 54 

19 . 49 
1.11 
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385 . 83 
64.97 
64 . 97 

507.77 
29.99 

7 . 82 

* Right OB * 
0 . 057 

386 . 41 
1.01 
1.01 
1.69 * 
1.87 * 
1. 67 
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• Max chl Dpth (ft ) 3.67 • Hydr. Depth (ft) * 0 . 26 2.17 • 0.54 
* Co nv . Total (cfs) 4852.1 * Conv. (cfs) 52 . 2 4784 . 0 * 16.0 
• Length Wtd. (ft ) 385.50 • Wetted Per. (ft) 19 . 49 31.06 * 2.16 * 
* Minch El ( ft ) * 2181.58 * shea r (lb/ sq ft) 0 . 18 1 . 47 0.33 * 
• Alpha 1.14 • stream Power (lb / ft s) • 0.20 11.50 0.55 
• Frctn Lo ss (ft ) 3.19 • cum Volume (acre-ft) 0.92 3.95 0 . 74 
• c & E Loss (ft ) 0 . 09 • cum SA (acres) 1.87 2.09 • 1 . 60 
************************************* ****** ***************** *********************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used criti cal depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************* ********* *************** ******************** ****************** ******************** 
• E.G. Elev (ft ) • 2186 . 19 . Element Left 08 • channel . Right 08 
• vel Head (ft ) 0 . 94 * Wt. n-Val. 0.057 0 .033 0 .057 
• w. s . Elev (ft ) • 2185.25 Reac h Len . (ft) 364.59 385.83 386.41 
• Crit w. s . ( ft ) . 2185 . 25 Flow Area (sq ft) 4.98 64.97 . 1. 01 * . E.G . slope (ft / ft ) *0.011265 Area (s~ ft ) 4.98 64.97 • 1. 01 
• Q Total (cfs) 515 . 00 Flow (c s ) . 5.54 507 .77 1. 69 . ~~~ ~~~~~ ( ft ) 51. 35 * Top Width (ft) • 19 . 49 • 29.99 1. 87 

(ft / s ) 7 .26 * Avg. Vel. (ft/ s) l.H 7. 82 1. 67 
* Max Chl Dpth (ft ) 3 . 67 . Hydr . Depth (ft) 0.26 2.17 0 . 54 • 
* Conv. Total (cfs ) 4852.1 Conv . (cfs) 52.2 4784.0 16 . 0 * 
• Length Wtd . (ft) 385.50 . Wett ed Per. (ft) . 19.49 . 31.06 * 2. 16 

Min ch El ( ft ) 2181. 58 • shea r (l b/ sq ft) • 0.18 • 1.47 • 0 . 33 • 
Alpha 1.14 • Stream Power (lb/ ft s ) * 0 . 20 11.50 0. 55 

• Frctn Lo s s (ft) 3.19 * cum Volume (ac re-ft) 0.92 3.95 0 . 74 
* C & E Loss (ft) 0 . 09 ,, Cum SA (acres) 1. 87 2 . 09 1. 60 
****************************** ******************** ******************************************** * 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning : During the standard s tep iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
****************************************************** **************************** ** ******* *** * . E.G. Elev (ft) . 2185 . 92 . Element Left 08 . Channel Right DB * 
• Vel He ad (ft ) 0.89 • Wt. n-Val . 0.057 0.033 0.057 
* w.s. Elev (ft ) . 2185.02 . Reach Len . ( ft) * 364 . 59 385.83 386 . 41 . Crit w.s. (ft) . 2185.02 . Flow Area (sq ft) • 1. 39 57.97 0.63 
* E. G. Slope (ft / ft ) *0.012423 * Area ( s~ ft ) 1. 39 57.97 0.63 
* Q Total (cfs) 443.00 Flow (c s) 1. 03 441.04 0.93 . ~~~ *~~~~ (ft ) 42 . 38 • Top width (ft) 10.92 29.99 1.47 

(ft/ s ) 7. 38 * Avg . Vel. (ft/ s) 0.74 7.61 1. 49 
• Max chl opth (ft ) 3.44 0 Hydr . Depth (ft) 0.13 1. 93 ,, 0.4 3 . conv. Total ( cfs ) 3974.5 ,, conv . (cfs ) 9.2 3957.0 8.4 
• Length Wtd. (ft) 385 . 77 '' Wett ed Per . (ft) 10 . 92 31 . 06 . 1. 70 
* MinCh El (ft) . 2181.58 . Shear (lb/ sq ft) 0 . 10 1.45 • 0.29 
* Alpha 1.06 . Stream Power ( lb/ ft s ) . 0 . 07 11.01 • 0 . 43 

Frctn Lo s s (ft ) 4. 53 ,, cum Volume (ac re-ft) 0.61 3 . 55 . 0.42 . C & E Lo ss (ft ) 0 . 00 * cum SA (acres) 1. 26 2.08 • 0 . 95 
******************************************************** ************ *************** ***** ******* 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
fo r the water surfa ce and continued on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
prog ram 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
************ *********************************************************************************** 
* E.G. Elev (ft ) * 2185.14 • Element Left 08 • Channel * Right 08 • 
• Vel Head (ft) 0 . 78 • Wt . n-Val. 0 . 033 * 0.057 * 
• w. s . Elev (ft ) • 2184 . 36 '' Reach Len. (ft) 364.59 385 . 83 386.41 
* Crit w.s . (ft ) * 2184 . 36 * Flow Area (s q ft) 39 . 49 0.03 * 
• E.G . Slope (ft / ft ) *0.015003 Area (sq ft ) 39.49 0.03 * 
• Q Total (cfs) • 279.00 Flow (cfs) 278 . 98 0.02 
• Top width (ft) 26.58 • Top Width (ft) 26.25 0.33 

Ve l Total (ft/ s ) 7 . 06 ,., AVg. Vel . (ft/ s) 7. 06 0. 61 
'' Max Chl Opth (ft ) 2.78 '' Hydr . Depth (ft) 1.50 0.10 
'' Conv. Total (cfs) 2277.8 '' Conv. ( cfs) 2277.6 0 . 2 
• Length Wtd . (ft ) 385.83 • Wetted Per. (ft) 27 . 24 0.38 • 

MinCh El (ft) * 2181 . 58 * Shear (lb / sq ft) 1.36 0 . 08 * 
*Alpha 1 . 00 * stream Power (lb/ ft s) * 9.59 * 0.05 
' ' Frctn Loss ( ft) 5 . 68 Cum Volume (acre-ft) 0.24 2 .58 * 0.17 
'' c & E Loss ( ft) 0.00 ,., cum SA (acres) 0.51 1.98 0.56 
************************* ************ ********* ************************************ ************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
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Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step 1terations, when the assumed water surface was set equal to critical depth , the calcul at ed 

water surface came back below cr1tical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 

CROSS SECTION OUTPUT 

RS: 1.829 

Profile #FLOODP LAIN 
***** ******************* ************* ** ***** *** ***** **** ***** ********************************** 
* E.G. Elev (ft) . 2179.76 . Element Left OB . Channel . Right OB * 
• vel Head (ft) 0.64 * Wt. n-Val . * 0 . 057 0 . 033 0 . 057 * 
• w.s . Elev (ft) . 2179 .12 . Reach Len. (ft) 292.74 275.99 239 . 47 . c r it w. s . (ft) . 2179.12 * Flow Area (sq ft) 10.21 68.21 34 . 93 . E.G. slope (ft/ ft ) *0.006347 * Area ( s~ ft) 10.21 68.21 34 . 93 

Q Total (cfs) * 515.00 Fl ow (c s) 11.91 460.48 42.61 . ~~~ ~~~~~ ( ft ) 135 . 29 . Top Width (ft) 32 . 36 25 . 42 77.51 
(ft / s) 4.54 * Avg. ve l . (ft/ s) 1.17 6.75 1.22 

• Max c hl Dpth (ft) 3 . 93 . Hydr . Depth (ft ) 0.32 2.68 * 0.45 
* Conv . Total (cfs ) 6464.5 * conv . (c f s) 149.5 5780 .1 * 534.8 * 
• Length Wt d . (ft ) 274.81 * Wetted Per. (ft ) * 32.37 26.42 • 77.61 • 
* Min Ch El ( ft ) . 2175 .19 . Shea r ( lb/ sq ft) 0.12 l..02 0.18 
• Alpha 1.98 . Stream Power ( lb/ ft s) * 0 . 15 6 . 91 0.22 
• Frctn Loss (ft ) * 1.99 * cum vo l ume (acre-ft) 0.86 3. 36 0. 58 * 
• c & E Loss (ft) 0.03 • cum SA (acres) 1. 65 1.85 1. 25 
****** *********************************************** *** ******************* ******************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with th e ca l culati ons . 

Warning: Divided flow computed for this cross -section . 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may i ndicate 
the 

need f or additional cross sections. 
warning: During the standard s t ep iterations, whe n the assumed water surface was set equal to critical depth , the calcu l ated 

water surface came back be l ow critical depth . This indicates that there is not a valid subcri ti ca l answer. The 
program 

defaulted to critica l dep t h . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************************** ************************* ************************ **** *** * . E.G . Elev (ft) • 2179.76 * Element Left OB * channel * Right OB 
* Vel Head (ft) 0 . 64 * Wt . n-val. 0.057 0.033 0.057 * * w. s. Elev ( ft) . 2179.12 . Reach Len . ( ft) 292.74 2 75.99 239.47 
* Crit W.S. (ft) . 2179.12 * Flow Area (sq ft) 10 . 21 68.21 34 . 93 
* E.G. Slope (ft/ ft ) *0 . 006347 * Area (s~ ft) 10.21 68.21 34 . 93 
• Q Total (cfs) . 515.00 Flow (c s ) 11 . 91 460 . 48 42 . 61 
• To~ width (ft ) 135 ' 29 '' Top width (ft) 32 . 36 25 . 42 77.51 

Ve Tota l (ft /s ) 4 . 54 * Avg . Vel . (ft/ s) 1.17 6 . 75 * 1. 22 . Max Chl Dpth (ft) 3 . 93 * Hydr . Depth (ft ) 0.32 2.68 * 0.45 
• Conv. Total (cfs) 6464 . 5 * Conv. (cfs) 149.5 5780.1 534.8 
• Length Wtd. (ft) 274 . 81 • Wetted Per . (ft) 32.37 26.42 77.61 
• Min ch El (ft ) * 2175.19 * Shear ( lb/ sq ft) 0.12 1.02 0.18 
• Alpha 1.98 * Stream Power ( l b/ ft s) . 0.15 6 . 91 0 . 22 * . Frctn Loss (ft) 1.99 Cum Vo lume (ac re-ft) 0.86 3.36 0 . 58 * • C & E Loss (ft) 0 . 03 cum SA (acres) 1. 65 1. 85 1. 25 
*********************************************************************************************** 

Warning : 

Warning: 
Warning : 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the ca l culat ions. 
Divided flow computed for t hi s cross-section. 
The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back bel ow critical depth . This indicates that t he r e is not a va lid subcritica l answer. The 
program 

defaulted to critical dept h . 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2179.55 • Element Left OB • Channel : Righ.t

05
o
7
e: 

* Vel Head (ft) 0.93 • Wt . n-Val. 0.057 0 . 033 0 
* W.S . Elev (ft) • 2178.63 * Reach Len. ( ft) 292.74 275 . 99 * 239.47 * 

Cri t w.s. (ft ) 2178 . 63 '' Flow Area (sq f t ) 1.75 55.62 5 . 36 
* E. G. Slope (ft / ft ) *0 . 011122 * Area (sq ft) 1.75 55.62 5.36 
• Q Total (cfs) 443.00 Flow (cfs) 1.53 433 . 80 7.67 
* Top width (ft) 49.47 • Top width (ft) 9.80 25.42 14 . 25 
. Vel Total (ft / s) 7.06 • Avg. Ve l . (ft/ s) 0.87 7.80 1.43 
• Max ch l Dpth (ft) 3.44 '' Hydr. Depth (ft) 0 . 18 2 . 19 0.38 

conv. Tota l (cfs ) 4200 , 7 ,., conv. (cfs) 14.5 4113 . 5 72.7 
• Length Wtd . ( ft ) 27 5.81 Wetted Per. (ft) 9 . 81 26 .42 14 . 28 
• Min ch El (ft ) • 2175.19 shear ( lb / sq ft) 0.12 1 .46 0.26 
* Alpha 1. 20 • Stream Power ( l b/ ft s ) * 0 . 11 11. 40 0. 37 

Frctn Loss (ft ) 3. 10 * cum Volume (acre-ft) 0.60 3.04 0.39 
c & E Loss (ft) 0.01 cum SA (acres) 1 . 17 1.84 0 . 88 

*********************************************************************************************** 

warning: The energy equation could not be balanced within the specifi ed number of i terations. The program used critical depth 
for the water surface and conti nued on with the ca l culat ions . 

Warni ng: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross sect i on . This may indicate 
the 
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need for addit ional cross secti ons . 

warni ng: During the standard step iterations, when the assumed water surface was set equal to critical dept h , the ca l cu l ated 
water surf ace came back bel ow c ri t ical depth. This indicates that there is not a val id s ubcritica l answer . The 

program 
defaulted to c ri t i cal depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2178 . 76 * Element Left OB * Channel * Right OB * 
*vel Head (ft) 0.80 Wt. n- Val . 0.033 0.057 
• w.s. Elev (ft ) * 2177.96 • Reac h Len . (ft) 292.74 275.99 239. 47 * 
• crit w.s. ( ft) * 2177.96 • Flow Area (sq ft ) 38.90 • 0.25 * 
* E.G . Sl ope (ft/ft) *0.014434 * Area (sq ft) 38.90 * 0.2 5 
* Q Total (c f s) * 279.00 Flow (cfs) 278 . 84 0.16 * 
• To~ width (ft ) 27 .24 * Top width (ft) 24 . 54 2. 70 ., 

Ve l Total (ft / s) 7 . 13 • AVg. vel. (ft /s) 7.17 0.65 
*Max chl Dpth (ft) 2.77 • Hydr . Depth (ft) 1.59 * 0.09 * 
* Conv . Tota l (cfs) 2322 .3 • Conv. (cfs) 2320.9 1.4 
* Length Wtd. (ft) 275.98 Wetted Per . (ft) 25.50 2. 70 
• Minch El (ft ) • 2175.19 • shear Clb/sq ft) 1. 37 0.08 
*Al pha 1.01 • Stream Power (lb/ft s) ,., 9.8 5 0 . 05 
• Frctn Loss (ft) 3.98 • Cum volume (acre- ft) 0.24 2.23 0. 17 
* C & E Loss (ft) 0.02 • Cum SA (ac res ) 0.51 1.76 0.55 
*********************************************************************************************** 

warn ing: The energy eq uation could not be balanced within the specified number of iterations. The prog ram used critical depth 
for the water surface and co ntinued on with the calculations. 

warn ing: The energy loss was greater than 1.0 ft (0.3 m). betwe en the current and previous cross section. This may indicate 
the 

need for additional c ross sections. 
warn ing : During the standard step it e rations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical a nswe r. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1.777 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** . E. G. Elev (ft) * 2174.66 * Element Left OB Channel . Right OB 
* Vel He ad (ft ) 0.91 Wt. n-val . 0.057 0.033 0 . 057 

w.s . Elev (ft ) * 2173.75 ,, Reach Len . (ft) 315.35 263 . 53 184 .5 0 

* Crit w.s. (ft) * 2173.75 * Fl ow Area (sq ft ) 15 . 47 61.82 6 . 55 
* E. G. Slope (ft/ ft ) *0. 008352 •'r Area (sf ft ) 15 . 47 61.82 6.55 
• Q Total (c f s) . 515.00 Flow (c s) * 21.96 486.77 6.27 

* ~~~ *~~~~ (ft) 82.84 '' Top Wi dth (ft) * 36 . 08 21.05 25.71 . 
( ft /s ) 6.14 '' Avg. Vel. (ft/s) 1.42 7 . 87 0 . 96 * . Max chl Dpth (ft ) 4 .2 6 Hydr . Depth (ft ) 0 . 43 2 . 94 0 . 25 . conv. Total (cfs ) 5635.4 ,, conv. (cfs) 240 . 2 5326 . 5 68.6 . Length Wtd. (ft ) 258.01 1r Wette d Per . (ft) 36.21 23 .3 5 25.71 . Min ch El (ft) * 2169.49 * Shear ( lb/ sq ft ) 0.22 1. 38 0 . 13 

* Alpha 1. 56 '' St ream Powe r ( 1 b/ ft s) * 0 . 32 . 10.87 0.13 
Frct n Loss (ft) 2.17 cum volume (acre-ft) * 0.77 * 2.95 0.47 

1.42 1. 70 0.96 C & E LOSS (ft) 0.03 Cum SA (ac res) 
*********************************************************************************************** 

Warning: The energy equati on cou ld not be balanced within the specified number of iterati ons . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: Divided flow computed for this cross - sect i on. 
Warning : The energy l oss was greater than 1 .0 f t (0 . 3 m). between the curre nt and previous cross section. This may indicate 
the 

need for additi onal cross sections . 
warning: Du r ing the s tandard s tep iterations, when the as s umed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. Thi s indicates that there i s not a va lid subcritical answer . The 
program 

defaulted to crit ica l depth. 

CROSS SECTION OUTPUT Profile #F LOODWAY 
*********************************************************************************************** 
• E.G. Elev (ft) • 2174 .66 * Element Left OB * Channe l Right OB • 

Vel Head (ft ) 0 .91 '' Wt . n- Va l . 0 . 057 0.033 0 . 057 * 
* w.s. Elev (ft) * 2173.75 '' Reach Len. (ft ) 315 . 35 263.53 184 . 50 

Cri t w. s. (ft ) * 2173.75 '' Fl ow Area (sq ft ) 15 . 47 61.82 6.55 
• E.G . slope (ft / ft ) *0.008352 *Area ( sq ft ) 15. 47 61.82 6 .5 5 

Q Total (cfs) 515.00 Fl ow (cfs) 21.96 486 . 77 6 . 27 * 
Top wi dth (ft ) 82.84 • Top wi dth (ft) 36.08 21. 05 • 25.71 * 
vel Total (ft/s) 6.14 ,., Avg. ve l . (ft/ s) 1.42 7.87 0.96 

* Max chl Dpth (ft ) 4 . 26 * Hyd r. Depth (ft) 0 . 43 2.94 * 0.25 
* Conv . Total (cfs) 5635 . 4 • conv. (c f s) 240.2 5326.5 68 . 6 
* Length Wtd . (ft ) 258 . 01 ''Wetted Pe r. (ft) 36.21 23.35 25 . 71 

Min ch El (ft ) • 2169 .49 * shear ( lb/ sq ft) 0 .22 1 .38 0.13 
• Alpha 1.56 * Stream Power ( lb/ ft s) * 0 .32 10 .87 0 . 13 
* Frctn Loss (ft) 2. 17 '' Cum Volume (ac re - ft) 0 . 77 2.95 0.47 
• c & E Loss (ft) 0 . 03 * cum SA (ac res) 1 . 42 1.70 0.96 
*********************************************************************************************** 

warning: The ene rgy equation could not be ba lanced within the specified number of iterations. The prog ram used critical depth 
fo r the water surface and continued on with the calculations . 

War ning : Divided fl ow computed for this cross-section. 
warning: The energy loss was greater than 1.0 ft ( 0.3 m) . betwee n the current and previ ous cross s ection . This may indicate 
the 

need for addit i ona l cross sections. 
warning: During t he standard step iterat i ons, when the assumed water surface was set equal to critical depth, the ca l culated 
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water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
****************************** **************** *** ************************ ******* *************** 
• E.G. Elev (ft) * 2174 . 37 • Element Left 08 • Channel * Right 08 * 
• Vel Head (ft) 1 . 07 • Wt. n-Val. 0 . 057 * 0.033 * 
• w.s . Elev ( ft ) • 2173.29 • Reach Len. (ft) * 315.35 * 263.53 184 . 50 
• crit w.s. ( ft) * 2173.29 • Flow Area ( sq ft) * 4.27 52.29 
• E.G . slope (ft/ ft ) *0.011329 • Area (sq ft) • 4 . 27 52 . 29 
* Q Total ( cfs ) 443.00 Flow ( cfs) * 5.51 437 .49 
* Top width (ft ) 33.73 • Top width (ft) 13 . 35 20.38 

vel Total (ft /s) 7 .83 Avg . Vel. ( ft / s) 1.29 8.37 
0 Max Chl Dpth (ft ) 3 . 80 * Hydr . Depth (ft) 0.32 2.57 
• Conv . Total (cfs ) 4162 . 0 • conv . (cfs) 51.8 4110.3 
• Length Wtd. (ft ) 258 . 63 • Wetted Per. (ft) 13.42 22 . 67 
• Min Ch El ( ft ) * 2169 . 49 • Shea r (lb/ sq ft) 0.22 1.63 
• Alpha 1.13 Stream Power (lb / ft s) * 0.29 13 . 65 
• Frctn Loss (ft) 2.51 • cum Volume (acre-ft) 0.58 2. 70 * 0.38 
• c & E Loss (ft) 0.09 • cum SA (acres) 1 . 09 1.69 * 0.84 
************************************* ****************** ************ **** *** ********************* 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations . The program used criti ca l dept h 
for the water surface and continu ed on with the calculations. 

Warning : 
the 

Divided fl ow computed for this cross - section . 
The ene rgy l oss was greater than 1 .0 ft (0.3 m). between the current and previous cross sect i on. This may indi cate 

need for additional cross sections . 
warning: During the s tanda rd s tep iterat1ons, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. Th i s indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR . E.G. Elev (ft) * 2173.36 ,, Element Left 08 * channel ,, Right 08 * 
• vel Head (ft) 1.02 * Wt. n-Val. 0.033 
• w.s. Elev (ft) . 2172.34 . Reach Len . (ft) 315 . 35 263 . 53 . 184. so . Crit W.S. (ft) * 2172.34 . Flow Area (sq ft) 34 . 45 * 
* E.G. slope (ft/ ft) *0 . 014408 * Area (s~ ft) 34 . 45 
* Q Total (cfs) 279.00 Fl ow (c s) 279.00 * 
* To~ Width (ft) 17 . 08 * Top Width (ft) * 17.08 * 

Ve Total (ft/ s) 8.10 * Avg. Vel. (ft/ s) * • 8.10 * * Max Chl Dpth (ft) . 2 .85 . Hydr . Depth (ft) * 2 . 02 
* Conv. Tota l (cfs) * 2324.4 * Conv. (cfs) 2324.4 
* Length Wtd. (ft) 261.67 Wetted Per . (ft) 18 . 78 . Min Ch El (ft) . 2169.49 . Shea r (lb/ sq ft) 1. 65 . 
• Alpha 1.00 . Stream Power (lb/ ft s ) * 13.36 * 
* Frctn Los s (ft) 3.36 . cum volume (acre-ft) 0.24 2.00 • 0 . 16 . C & E Loss (ft) 0.08 * Cum SA (acres) 0. 51 1. 63 0 . 54 
******************************************** ******************* ** ***** ** **** ******** **** *** *** * 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
f o r the water surface and continue d an with the calculations . 

Warning : The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the ca l cu l ated 

water s urface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #3 RS: 1.727 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************* ******************* **************** ************** **** **** ****** ****** *** ***** **** * 
• E. G. Elev ( ft ) • 2169.70 • Element Left 08 • channel • Right 08 • 
* Vel Head (ft) 0.83 • Wt. n- Val . 0.057 0 . 033 0.057 

w.s. Elev (ft) • 2168.87 * Reach Len . (ft) 133.01 172.54 197.32 
* Crit w. s . (ft) • 2168.8 7 '' Flow Area (sq ft) 2.92 53 . 99 36.18 
• E. G. slope (ft/ ft ) *0 . 008452 • Area (sq f t ) 2.92 53 . 99 36.18 
* Q Total (cfs) 515.00 Flow (cfs) 4 . 04 428.31 82 . 65 
* Top Width (ft) 65.08 * Top Width (ft) : 6 . 53 19.72 38.83 

Vel Total (ft / s) 5.53 • Avg. Vel. (ft/ s) 1.38 7 . 93 2.28 
* Max chl Dpth (ft) 3.46 • Hydr. Depth (ft) 0 . 45 2.74 0.93 

Conv. Total (cfs) 5601.7 '' Conv . (cfs) 43.9 4658.8 899.0 
• Length Wtd. (ft) 173.09 • Wetted Per . (ft) 6 . 67 20.35 38.87 
• Minch El (ft) • 2165.41 • shear (lb/ sq ft) • 0 . 23 1.40 0 . 49 
* Alpha 1.74 • Stream Power (lb / ft s) • 0 . 32 11.10 1.12 
• Frctn Loss (ft) 1.30 • cum volume (acre-ft) 0.71 2.60 0.38 
* C & E Loss (ft) 0.02 '' Cum SA (acres) 1.27 1.58 0.83 
********************************************************************** ** **** *********** ** ****** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning : During the standard step iterations, when the assumed water su r face was set equal to critical depth, the calculated 

water surface came back below crit i cal depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 
Page 115 



• 

• 

• 

WKBl. rep 

CROSS SECTION OUTPUT Pro f il e #FLOODWAY 
**************************************************** ****************** ************************* . E. G. Elev ( ft ) • 2169.70 . El eme nt Left OB * Channel • Ri t65~s • 
* vel Head (ft) 0.83 * Wt. n-val. 0.057 0 . 033 

w.s. El ev (ft) * 2168.87 . Reach Le n. (ft) 133.01 172.54 197.32 . 
* Crit W.S. (ft) * 2168.87 . Flow Area (sq f t) 2.92 53.99 36.18 • . E.G . slope (ft / ft ) *0.008452 * Area (s~ ft) 2.92 53.99 36.18 * . Q Total (cfs) 515.00 . Fl ow (c s) 4.04 428.31 82.65 
* To~ wi dth (ft) 65.08 • Top Widt h (ft) . 6 .5 3 19.72 38.83 

Ve Total (ft /s) * 5 . 53 * Avg . Vel. (ft/s) • 1. 38 7.93 2. 28 
* Max chl Dpth (ft ) * 3 . 46 Hydr . De pth (ft) 0.45 2.74 0.93 
* conv . Total (cfs) 5601. 7 conv. (cfs) 43.9 4658 .8 * 899.0 * 
* Length Wtd. (ft ) 173.09 * We t t ed Per . (ft ) ,, 6 .67 20.35 * 38.87 * 
* Min Ch El ( ft ) * 2165.41 * Shea r (lb/sq f t ) 0.23 1.40 0.49 
* Alpha 1. 74 . Stream Power ( l b/ ft s) . 0.32 11.10 1.12 
* Frctn Loss (ft) 1.30 Cum Vol ume (acre-ft) 0. 71 2.60 0.38 
* C & E Loss (ft) 0 . 02 Cum SA (acres) 1. 27 1. 58 0.83 
*********************************************************************************************** 

warning : The energy equation could not be balanced wi t hin the specifi ed number of i terations. The program used critical depth 
for t he water surface a nd cont i nu ed on wi t h t he ca l cul ati ons. 

warning: The energy loss was greate r than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additiona l c ross sections. 
Warni ng: Duri ng the standard step iterations, when t he assume d wat er s urface was set equal to critical depth, the calculated 

water s urface came back below cri t ical dept h . This i ndi cates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profil e #50- YEAR 
************************* ********************************************************************** 
* E. G. Elev ( f t) * 2169 . 46 . Element * Lef t OB * Channel * Right OB * 

ve l Head (ft) 0. 77 * Wt. n-Val . 0 .057 0.033 0 . 057 * 
W.S. El ev (ft) * 2168.69 * Reach Le n . (ft) 133.01 172.54 197.32 • 

* Crit w.s. ( ft ) 2168.69 * Flow Area (sq f t ) 1.86 50.38 29.24 . E.G. Slope (ft/ft) *0 . 008418 * Area (s~ ft) 1. 86 50.38 29.24 
• Q Total (cfs) 443.00 Fl ow (c s) 2 . 23 380 . 81 59.96 
* To~ width (ft) 61.63 * Top Widt h (ft) 5. 09 19.72 36.81 * Ve Total (ft/s) 5.44 * Avg. Vel. (ft/s) 1. 20 7.56 2 . 05 
* Ma x chl Dpth (ft ) 3 .2 8 * Hydr . Dept h (ft) 0 . 36 2 . 55 0 . 79 
-t• Conv . Total (cfs) 4828 . 2 Co nv. (cfs) 24.3 4150.5 . 653.5 
* Length Wtd. (ft) 173 . 20 Wetted Per. (ft ) 5.22 20.35 * 36 . 85 * * Min ch El (ft) * 2165.41 • Shear ( lb/sq ft) 0. 19 1. 30 0.42 
* Al pha 1.68 * Stream Power (lb/ft s) 0 .2 2 9 . 83 0 . 86 . Fr ctn Loss (ft) 1. 29 cum Vol ume (ac re-ft ) 0. 56 2.39 0.32 
* c & E Loss (ft) 0.01 . Cum SA (acres) 1. 02 1. 57 0. 77 
*********************************************************************************************** 

Warning : The energy equation cou l d not be balanced within t he speci f i ed numbe r of ite rations. The prog r am used c r i tica l dep th 
for t he water surface and continu ed on with the calcul ations. 

Warning: The energy loss was great er than 1 . 0 ft (0 .3 m). between the current and previous cross section. Thi s may i nd i cate 
the 

need for additional cross sections. 
Warning : During the standard step iterations , when the ass ume d wat e r su r face was set equal t o cr i tica l depth , t he ca lcul ated 

water surface came back be l ow c r itical depth. This indicates t hat there is not a val i d s ub critica l a nswe r . The 
program 

defau l ted to c r it i cal depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
*********************************************************************************************** 
• E. G. El ev (ft ) * 2168.77 • El ement * Left OB * Channe l * Right OB • 
• Vel Head (ft) 0.77 • Wt. n-val . 0.057 0.033 0.057 
• w. s. Elev (ft) * 2168.01 * Reach Len . ( ft) 133.01 172 . 54 197 . 32 * 
* Cri t w.s. (ft) * 2168.01 * Flow Area (sq ft) 0.11 36 . 96 8.43 * 
* E. G. s l ope (ft/ ft ) *0.011506 '' Area (sq ft) 0 . 11 36 .96 8.43 
* Q Total (cfs) 279.00 Fl ow (cfs) 0.09 265.69 13.22 

• ~~~ ~~~~~ ?~~~s) 4~:i~ : :~~ -w~~fh ~~~~ s) 8:;~ 1? : i~ : 2 ~:~~ 
* Max Chl Dpth (ft) 2 . 60 * Hydr . De pth (f t) 0.15 1.87 0.42 * 
* conv. Total (cfs ) 2601.0 • Conv . (cfs) 0 . 8 2476.9 123 . 2 
• Le ngth Wtd. (ft ) 173 .12 • Wetted Per . (ft) * 0 . 81 * 20 . 35 * 20 . 08 ° 
*Minch El (ft) * 2165.41 • shear ( lb/ sq f t ) 0. 10 1 . 30 0 . 30 
• Alpha 1.31 * Stream Power ( l b/ ft s) • 0 . 08 9 . 38 0.47 
* Frctn Loss (ft) 2.25 * Cum Vo lume (acre-ft) 0.24 1 . 78 0. 15 
* C & E Loss (ft) 0.04 *Cum SA (acres) * 0.50 * 1.52 0.50 * 
*********************************************************************************************** 

Wa r ni ng : The energy equation could not be ba l anced within t he speci f ied number of ite rations. The program used crit i ca l dept h 
for the water surface and continued on with the calculations. 

Warn i ng : The energy loss was greater than 1 .0 ft (0. 3 m). be t ween the current and previous cross section . This may indicate 
t he 

need for additiona l cross sect i ons. 
Warni ng : During the standard step iterations, when the assumed water surface was set equal to c r itical dept h, t he ca l cul ated 

water surface came back bel ow critical depth . This indicates that t here is not a val i d subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1.694 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E. G. Elev (ft) * 2167.39 • El ement Left OB * Chan nel * Right OB * 
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• Vel Head (ft) 0.77 * Wt. n-Val. . 0.057 0.033 0.057 • 
• w.s. Elev (ft) * 2166 . 62 • Reach Len . (ft) 161.82 237.54 267 . 87 
* crit w. s . (ft) • 2166 . 62 Flow Area (sq ft) 29.94 55.98 18.40 
• E. G. slope (ft / ft ) *0 . 006710 Area (s~ ft) 29 . 94 • 55 .98 . 18 . 40 • 
• Q Total (cfs) . 515 . 00 Flow (c s) 53 . 47 429.46 • 32 . 07 . ~~~ ~~~~~ (ft) 80 . 37 * Top Width (ft ) 38.90 16 . 55 24 . 92 . 

(ft/ s) 4 . 94 • Avg. Ve l. (ft/ s) . 1. 79 7.67 1. 74 • 
• Max chl Dpth (ft) 4. 59 • Hydr. Depth (ft) • 0.77 3 . 38 0 . 74 ,, 
* Conv. Total (cfs ) 6287 . 0 • conv . (cfs) 652.7 5242 . 8 391.5 
• Length Wtd. (ft) 232.82 • Wett ed Per. (ft) 39.14 18.66 * 24.95 
* Min Ch El (ft ) • 2162 . 03 • shea r (lb / sq ft) 0.32 1. 26 * 0. 31 
• Alpha 2 . 04 • Stream Power (lb / ft s) . 0. 57 9.64 0 . 54 
* Frctn Loss (ft) 1.89 cum volume (acre-ft) 0.66 2 . 38 . 0.26 

1. 20 1. 51 * 0 .68 • C & E Loss (ft ) 0 . 03 cum SA (acres) 
****************** ***************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used cr i tical depth 
for the water s urface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previ ous cross s ecti on . This may indicate 
the 

need for additional cros s sections . 
warning : During the standard step i terations , when the assumed water surface was set equal to critical depth , the cal culated 

water surface came back below cri t ical depth. This indicates that there is not a va l id sub critical answer . The 
pr ogram 

defaulted to critical dept h . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************** ************************************** ******************* ************************ . E.G . Elev ( ft) . 2167.39 . Element Left DB * channel * Right OB * 
• Vel Head (ft ) 0.77 * Wt. n- val. 0.057 0.033 0.057 • 
* w.s . Elev ( ft) * 2166.62 Reach Len. (ft ) 161.82 2 37. 54 * 267.87 * 
• crit w. s . ( ft) . 2166 . 62 . Flow Area (sq ft) 29.94 . 55.98 18 . 40 
• E.G . slope ( ft / ft ) *0.006710 • Area (s~ ft) 29 . 94 * 55.98 18 . 40 * 
• Q Total (cfs) • 515 . 00 Flow (c s) 53.47 429 . 46 32.07 • 

To~ width (ft) 80.37 * Top Wi dth (ft) 38 . 90 16.55 24 . 92 
Ve Total ( ft / s) 4.94 • Avg. ve l . (ft/ s) 1. 79 7.67 . 1. 74 

• Max chl Dpth (ft) 4.59 . Hydr. Depth (ft) 0. 77 3.38 • 0 . 74 * 
* Conv . Total (cfs ) 6287.0 * conv . (cf s) 652 . 7 5242 . 8 391.5 * . Length Wtd . (ft) 232.82 • Wetted Per. (ft) 39 . 14 18.66 24.95 
• Min ch El (ft) • 2162 . 03 * shear (lb/ sq ft) 0. 32 1.26 0.31 
• Alpha 2.04 Stream Power ( lb/ ft s) . 0 . 57 9.64 0. 54 

Frctn LOSS (ft) . 1.89 CUm Vo lume (ac re-ft) 0 . 66 2 . 38 . 0. 26 
• 1. 20 1. 51 • 0.68 C & E Loss (ft) 0 . 03 Cum SA (acres) 

************************************* ********************************************* ******* ****** 

warning : The energy equation cou ld not be ba l a nced wi thin the specifi ed number of iterat i ons. The program used critical depth 
for the water surface and continued on with the calcul atio ns . 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indi cate 
the 

need for additional cross sections . 
warning : During the standard step iteratio ns , when the assumed wate r surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
prog ram 

defaulted to c r itical depth . 

CROSS SECTION OUTPUT Profile #50- YEAR 
**************************************************** ****************************** ************* 
• E. G. Elev (ft) * 2167 .17 * Eleme nt Left DB * Channe l * Right DB 
• vel Head (ft) 0.74 * Wt. n- val. 0.057 0 . 033 0.057 
• w. s . Elev (ft ) * 2166.43 '' Reach Len . (ft) 161.82 237 . 54 267.87 
• Cr it w. s . ( ft ) • 2166.43 • Flow Area (sq ft) • 22.55 • 52 . 81 * 13.82 
* E. G. Slope (ft / ft ) *0 . 006666 * Ar ea ( sq ft ) * 22 . 55 * 52 . 81 * 13.82 
* Q Total (cfs) 443 . 00 Flow (cfs) 33 . 62 388 .41 20.97 
• Top Width (ft) 77.70 '' Top width (ft) 38 . 24 16.55 22 . 91 

Vel Total (ft/ s) 4 . 97 '' AVg. ve l . (ft/ s) 1.49 7.35 1.52 
• Max chl Dpth (ft) 4 . 40 • Hydr. Depth (ft) 0.59 3. 19 0.60 
• Conv. Total (cfs) 5425.7 * Conv. (cfs) 411 . 7 4757.2 256.9 
• Length Wtd . (ft) * 233.85 '' We tted Per . (ft) 38.45 18 .66 22 . 94 * 

Minch El (ft) * 2162 . 03 * shear ( lb / sq ft) 0 . 24 1 . 18 0 . 25 • 
Al pha 1.93 '' Stream Power ( l b/ ft s) * 0.36 8.66 0.38 

• Frctn Loss (ft) 1.95 '' cum Volume (acre-ft) 0.52 2. 19 0 . 22 
• c & E Loss (ft) • 0 . 03 • cum SA (acres) 0.96 1 . 50 0.63 
**************************************************** ******************************** **** ******* 

wa rning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calcu l ations. 

warning : The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indi cate 
the 

need for additional c r oss sections. 
Wa rn i ng: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a va l id subcritical answer . The 
program 

defaulted to crit i cal depth . 

CROSS SECTION OUTPUT Profil e #10-YEAR 
******************************************************************** ********* *** *************** 
oft E.G . El ev (ft ) • 2166. 33 ~" Element Left DB * channel * Right DB * 
oft ve l Head (ft) 1.12 -ft Wt . n-val. 0.033 * 
oft w.s. Elev (ft ) • 2165 . 21 ,., Reach Len. (ft) 161 . 82 237.54 267.87 
• crit w. s. (ft) • 2165 . 21 • Flow Area (sq ft) 32 . 85 
• E. G. Slope (ft / ft ) *0.014857 • Area ( s~ ft) 32 . 85 

Q Total (cfs) 279 . 00 Flow ( c s) 279 . 00 
'' To~ Width (ft ) 15.13 Top Width (ft) 15 .13 

Ve Total (ft/ s) 8.49 '' Avg . Vel . (ft/ s) 8 .49 * 
• Max Chl Dpth (ft ) 3 . 18 • Hydr. Depth (ft) 2 .17 
• Con v . Total (cfs ) 2289 . 0 * Conv . ( cfs) 2289.0 
• Length Wtd. ( ft ) 236 . 83 • Wetted Per. (ft) 17.07 

Min ch El ( ft ) • 2162 . 03 • Shea r ( lb/ sq ft) 1. 79 
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• Alpha 1.00 * Stream Power (lb/ft s) '' 15 . 16 * '' 
* Frctn Lo s s (ft) 3.18 * cum volume (acre-ft) '' 0 . 24 1.64 • 0.13 * 
* c & E Lo s s (ft) 0.09 • cum SA (acres) 0.50 1.45 * 0.45 
********************************************** ****** ****** ***** ********** ********************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warn i ng: The energy los s was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross secti on . This may indicate 
the 

need for additional c ross s ec tions . 
warn i ng : During the s tandard step i terations , when the assumed water surface was s et equal to critical depth , the calcul ated 

wat er su rface c ame back below cri t ical depth. This indicates that there is not a va l id subcri tical answe r . The 
p rog ram 

defaul t ed to c ri t ica l dep t h. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1.649 

CROSS SECTION OUTPUT Pr ofile #FLOODPLAIN 
************* ********************************************************************************** 
* E. G. Elev ( ft ) 2163.17 * Element Left OB * Channel * Right DB * 
• Vel He ad (ft ) 1.10 * Wt . n-val. 0 . 057 0 . 033 0.057 

W. S. Elev ( ft ) • 2162.06 * Reac h Len. (ft) 215 . 90 176 . 24 135.84 
* Crit w.s. ( ft ) * 2162.06 * Flow Area (sq ft) 14 . 43 53. 72 5 . 34 

E. G. Slope (ft / ft ) *0.009980 * Area (sq ft) 14 . 43 53.72 5 .34 
* Q Total (cfs ) 515.00 Flow (cfs ) 29.12 471.92 13.96 * 
'' Top width ( ft) 45 . 38 * Top width (ft) 21.02 19 . 53 4.83 * 

vel Total (ft / s ) 7 . 01 '' Avg . vel . (ft/ s) 2 . 02 8.78 2 . 61 
* Max Chl Dpth ( ft ) 3.22 * Hydr . Depth (ft) 0.69 2.75 1.11 * 
* Conv . Total (cfs ) 5155 . 2 Conv . (cfs) 291.5 4723 . 9 139 . 8 
* Length Wtd. (ft ) 180 . 41 Wetted Per. (ft) 21.15 19.68 5 . 31 

Minch El (ft) 2158.84 shea r (lb/sq ft) 0.43 1.70 0 . 63 
* Alpha 1.45 * Stream Power ( l b/ ft s) '' 0.86 14.94 1.64 
* Frctn Loss (ft) 1.82 * cum Volume (acre-ft) 0 . 57 2.08 0.18 
• c & E Loss (ft) 0 . 11 * cum SA (acres) 1 . 09 1.41 0.59 
*************************** ********* **************** ******** ****************** ***************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross section s . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical dept h. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
************************* ********************************************************************** 
* E. G. Elev (ft) • 216 3 .17 '' Element Left OB * Channel • Right OB '' 
• Vel Head (ft ) 1.10 '' Wt. n-val. 0.057 0 . 033 0 . 057 
* w. s. Elev (ft) • 2162 .06 • Reach Len . (ft) 215.90 176.24 * 135.84 • 
• Crit w.s. (ft) * 2162 . 06 • Flow Area (sq ft) 14.43 53.72 * 5.34 * 

E. G. Slope (ft/ ft ) *0.009980 Area (sq ft) 14 . 43 53.72 5 . 34 * 
Q Total (cfs) * 515.00 Flow (cfs) 29.12 471.92 13.96 * 

• Top width (ft) 45 . 38 • Top width (ft) 21.02 19 . 53 4.83 • 
vel Total (ft / s) 7.01 • Avg . vel. (ft/ s) 2.02 8.78 2.61 * 

* Max chl Dpth (ft) 3.22 * Hydr. Depth (ft) 0.69 2.75 1 . 11 
Con v . Total (cfs ) 5155.2 • conv . (cfs) 291.5 4723.9 139.8 

* Length wtd . (ft) 180 . 41 '' Wetted Per . (ft) 21.15 19 . 68 5. 31 
* Min ch El (ft) * 2158.84 • shear (lb / sq ft) 0.43 1 . 70 0 . 63 
• Alpha 1.45 '' Stream Power (lb / ft s) '' 0.86 14.94 1.64 * 
* Frctn Loss (ft) 1 . 82 * Cum Vol ume (acre-ft) 0.57 2.08 0.18 * 
* C & E Loss (ft) 0 . 11 * Cum SA (acres) 1.09 1.41 '' 0.59 
***************************************************** ****************************************** 

Warning: The energy equation could not be ba l anced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations . 

Warning: The energy loss was greater than 1 .0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** ,, E. G. Elev (ft) ,, 2162 . 83 ,., Element Left OB . channel . Right OB * 
* Vel Head (ft ) 1.04 '' Wt. n-Val . 0 . 057 0.033 * 0 . 057 * 
• w.s . Elev (ft) . 2161.79 ,, Reach Len. (ft) 215.90 176 . 24 135.84 

* Crit w.s. (ft) * 2161.79 . Flow Area (sq ft) 9.90 48.41 4.11 
E.G. slope (ft/ ft ) *0.010698 -:: Area (s~ ft) 9.90 48 . 41 4.11 ,, Q Total (cfs ) 443.00 Flow (c s) 22 . 05 410.76 10 . 19 

,, 0~~ ~~~~~ (ft) 36.83 '' Top Width (ft) 13 . 06 19.53 4.23 
(ft / s) 7 . 10 '' Avg. Vel. (ft/ s) 2 . 23 * 8 . 49 . 2.48 

* Max Chl Dpth (ft) * 2 . 95 * Hydr . Depth (ft) 0 . 76 2 . 48 * 0.97 
Conv. Total (cfs) * 4283.1 conv. (cfs) 213 . 2 3971.4 98.5 . ,, Length Wtd. (ft) 179.92 '' Wett ed Per. (ft) 13.18 19.68 4 . 66 • 

'~: Min ch El (ft) * 2158.84 ,, shea r ( l b/ sq ft) 0. so 1.64 0. 59 
• A 1 ph a 1. 33 . Stream Power ( l b/ ft s) * 1.12 13.94 1.46 . Frctn Loss (ft) 1.86 . cum Volume (acre-ft) 0 . 46 1.91 0.16 . C & E Loss (ft) 0 . 11 cum SA (acres) 0 . 86 1.40 0. 55 
************************** ****** ** ********************************** *************** ** ********* * 
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Warning: The energy equation could not be balanced wi thin the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations . 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additiona l cross sect ions. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************** ************************** ********* ******************************************* 
* E.G. Elev (ft ) 2161.99 * Element Left OB * channel * Right OB * 
* vel Head (ft) 0.83 * Wt . n-Val . 0.057 0.033 0.057 
* w.s. Elev (ft) • 2161.16 * Reach Len. (ft) 215.90 176.24 135. 84 
* Crit W.S . (ft ) * 2161.16 * Flow Area (sq ft) 3.62 36.05 . 1. 87 . E.G. slope (ft / ft ) *0 . 012203 Area (s'jl ft) 3.62 36.05 * 1. 87 
* Q Tota l (cfs ) 279.00 Flow (c s) 6.79 268.41 3.80 
• To~ width ( ft) 29.17 * Top Width (ft) 6.79 19 . 53 . 2 . 85 * 

ve Total ( ft / s ) 6. 72 • Avg. vel. (ft/ s) 1. 88 7.45 * 2.04 
• Max chl Dpth ( ft ) 2.32 * Hydr . Depth (ft) 0. 53 1. 85 . 0 . 65 * 
* Conv. Total (cfs ) 2525.7 * Conv . (cfs) 61.5 2429.8 * 34.4 • 
• Length Wtd . (ft) 177.98 * Wetted Per. (ft) 6 . 88 19 . 68 3 . 14 
* Min Ch El ( ft ) 2158.84 * shea r (lb / sq ft) 0 . 40 1.40 0.45 . Alpha 1.19 ,, stream Power ( l b/ ft s) . 0.75 10.39 0.92 
• Frctn Loss (ft ) 1.96 * Cum Volume (acre-ft) 0.24 1.45 * 0 . 12 
* C & E Loss (ft: ) . O. OB * Cum SA (acres) 0.49 1. 35 • 0 . 44 
************* ************************ ***************** ******** ********************************* 

warning: The energy equation could not be ba l a nced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . Thi s indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1.616 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************* ************************************* *** *********** ******* 
• E. G. Elev (ft) • 2159.59 * Element * Left OB * Channel * Right OB • 
• vel Head (ft) 0.74 * Wt . n- val. 0 . 057 0 . 033 
• w.s. Elev (ft) * 2158.86 * Reach Len. (ft) 256 . 40 311.15 305.11 

Crit w.s. (ft) • 2158 . 86 * Flow Area (sq ft) 35 . 81 56.00 
• E.G . Slope (ft/ ft ) *0.010251 '' Area (sq ft) 35.81 56.00 
• Q Total (cfs) * 515.00 Flow (cfs) 93. 50 421. 50 
• Top width (ft) 61.44 '' Top width (ft) 36.08 25.36 

vel Total (ft / s) 5 . 61 * Avg. Vel. (ft/ s) 2 . 61 7 . 53 
Max chl Dpth (ft ) 3.02 Hydr . Depth (ft) 0.99 2.21 

• conv. Total (cfs ) 5086 . 6 '' conv . (cfs) 923.4 4163.1 
• Length Wtd . (ft ) 304 . 75 '' Wetted Per. (ft) 36.40 26.40 
• Minch El (ft) 2155.83 • shear (lb/ sq ft) 0.63 1.36 
* Alpha * 1.51 • stream Power (lb/ ft s) * 1.64 10.22 
• Frctn Loss (ft) 2.94 * cum Volume (acre- ft) 0.45 1 . 86 0 .18 

c & E Loss (ft) 0.03 * cum SA (acres) 0 . 95 1.32 0.58 
************* ****************************************************** **** ************************ 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calcu lations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Wa rning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the cal cu lated 

water surface came back below critical depth . This indicates that there is not a val id subcritical a nswer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***************************************************************** ************** ********** ****** 
* E. G. Elev (ft) . 2159 . 59 * Element Left OB * channel * Right OB * 

vel Head (ft) 0.74 * Wt . n- val. 0 . 057 0 . 033 
,, w.s. Elev (ft) . 2158.86 . Reach Len. (ft) 256.40 311.15 * 305 .11 . 
'' crit w.s. (ft) . 2158.86 ,, Flow Area (sq ft) 35 . 81 56.00 • • 
• E.G . slope (ft/ ft ) *0 . 010251 ''t Area Cs'jl ft) 35 . 81 56.00 . 
* Q Total (cfs) . 515.00 Flow (c s) 93.50 421. 50 * 
* ~~~ ~~~~~ (ft) 61.44 '' Top width (ft) 36 . 08 25.36 

(ft/ s) 5.61 * Avg . Vel. (ft/ s) 2 .61 7.53 
'' Max chl Dpth (ft) 3.02 ,, Hydr. Depth (ft) 0.99 2.21 
ft conv. Total (cfs ) 5086 . 6 ,, Conv . (cfs) 923 . 4 4163.1 
'' Length Wtd. (ft ) 304.75 Wett ed Per. (ft) 36.40 26 . 40 . Min Ch El (ft) . 2155.83 . shear (l b/ sq ft) 0.63 1. 36 
* Alpha 1. 51 * stream Power (l b/ ft s) . 1.64 10.22 
* Frctn Loss (ft) 2.94 * Cum Volume (acre-ft) 0.45 1. 86 . 0.18 
'' c & E Loss ( ft) 0 . 03 •'t cum SA (acres) 0 . 95 1. 32 * 0 . 58 
************************************************************************************ *********** 

warni ng: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warn i ng: The energy loss was greater than 1 . 0 ft ( 0.3 m). between the current and previous cross section . This may indicate 
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the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
• E.G. Elev (ft) * 2159.38 * Element Left OB * channel * Right OB . 
• Vel Head (ft) 0.68 * Wt. n-Val. 0.057 0.033 
* w.s. Elev (ft) * 2158.70 . Reach Len. (ft) 256.40 311.15 305 .11 * 
* Crit w.s. (ft) * 2158.70 . Flow Area (sq ft ) 30.36 52.18 * . E.G . Slope (ft/ft) *0 .009989 * Area (s~ ft) 30.36 52.18 
* Q Total (cfs) 443.00 Flow (c s) 70.47 372.53 
* 0~~ ~~~~~ ( ft ) 60.94 * Top width (ft) 35.83 25.11 

( ft: / s) 5.37 . AVg. Vel. ( ft: / s) 2.32 7.14 
* Ma x chl Dpth (ft) • 2.87 * Hydr . Depth (ft) 0.85 2.08 
* Conv . Total (cfs) 4432.3 * conv. (cfs) 705.1 * 3 727. 3 
* Length Wtd. (ft) 305.94 • Wetted Per. (ft) 36.11 * 26.11 * * 
* Min Ch El (ft) * 2155.83 * shear (lb / sq ft) 0.52 1. 25 * 
* Alpha . 1. 52 . Stream Power (]b / ft s) ,, 1.22 8.90 

Frctn LOSS (ft) * 3.07 . Cum Vo lume (acre-ft) 0.36 1.71 * 0 . 16 . cum SA 0.74 1.31 • 0. 54 C & E LO SS (ft) 0.04 (acres) 
******************************************** *************************************************** 

warning: The energy equation could not be balanced wi thin the specified number of iterations. The program used critical depth 
for the water surface and continu e d on with the ca lculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
• E. G. Elev (ft) • 2158.82 * Element * Left OB • channel * Right OB * 

Vel Head (ft) 0.56 * Wt. n-Val. * 0.057 0.033 * 
w.s . Elev (ft) * 2158.26 '' Reach Len. (ft) * 256.40 311.15 * 305 . 11 

* Crit w.s. (ft) * 2158.26 '' Flow Area (sq ft) 14.64 41.20 * 
• E.G. slope (ft/ ft ) *0.009952 • Area (sq ft) 14.64 41.20 • 
• Q Total (cfs) 279.00 Flow (cfs) 21.53 257.47 

Top width (ft) 58.50 '' Top width (ft) * 34.27 24.23 
vel Total (ft/s) 5.00 • AVg. Vel . (ft/s) 1.47 6.25 

* Max chl Dpth (ft) 2.43 • Hydr . Depth (ft) 0.43 1.70 
• Conv. Total (cfs) 2796.7 • Conv. (cfs) 215.8 2581.0 
• Length Wtd. (ft) 308.67 • Wetted Per. (ft) 34.43 25.10 
• Minch El (ft) • 2155.83 • Shear ( lb/sq ft) 0.26 1.02 
• Alpha 1.45 '' Stream Power ( lb/ ft s) • 0.39 6.37 

Frctn Loss (ft) 3.51 '' Cum Vol ume (acre-ft) 0.19 1.30 0.12 

. 
* 

• c & E Loss (ft) 0.03 • cum SA (acres) 0.39 1.26 0.44 
~~·************************************************* ************************ ******************* 

warning : 

warning : 
Warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on wi th the calculations. 
Divided flow computed for this cross-section . 
The energy loss was greater than 1.0 ft (0 .3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warn i ng: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1. 557 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
• E.G. Elev (ft) • 2155.13 • Element * Left OB * Channel * Right OB * 
• ve l Head (ft ) 1.05 • Wt . n-Val. • 0.057 0.033 * 0.057 

W.S . Elev (ft) * 2154 .08 *Reach Len. (ft) 269.73 286 . 67 291.54 
* cr i t w.s. (ft) * 2154.08 * Flow Area (sq ft) * 15 . 08 57.57 0.90 
* E.G . Slope (ft / ft ) *0.009091 * Area (sq ft ) * 15 . 08 57 . 57 0.90 

Q Tota 1 (cfs) • 515 . 00 Flow (cfs) 26.84 486.86 1. 30 
Top Width (ft) 46 . 61 ~·~ Top wi dth (ft) * 24.72 20.12 1 . 77 
Vel Total (ft/ s) 7.00 • Avg. Ve l . (ft/s) 1.78 8.46 1.44 

• Max chl Dpth (ft) 3.36 • Hydr. Depth (ft) 0.61 2.86 0.51 
• Conv. Total (cfs) 5401.4 * Conv. (cfs) 281.5 5106.3 13.6 
• Length Wtd . (ft) 286. 24 • Wetted Per . (ft) 24 . 87 20 . 82 2. 04 
• Min Ch El (ft) • 2150 . 72 • shear (lb/sq ft) 0.34 1.57 0.25 
• Alpha 1.38 • Stream Power (lb/ft s) • 0.61 13.27 0.36 
• Frctn Loss (ft) 3.12 • Cum Volume (acre-ft) 0.30 1 .46 0.17 
• c & E Loss (ft) 0.07 • cum SA (acres) 0 . 77 1.15 0.58 
************* ** ************************************* ** ********** ******************************* 

Warni ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy los s was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
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water surface came back below cri t ical depth. 

defaulted to critical depth. 

WKB1.rep 
This indicates that there is not a valid subcritical answer . The 

program 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
************************************* ***** ********************* ***** ***** ******* *************** . E.G . Elev (ft ) • 2155.13 * Element Left OB * Channel Right OB * 
* Vel Head (ft) 1.05 Wt . n-val . 0.057 0.033 0.057 
• w.s. Elev (ft) . 2154.08 * Reach Len . (ft) 269 . 73 286.67 . 291. 54 
• crit w.s . (ft) * 2154.08 * Flow Area (sq ft) 15.08 57.57 • 0.90 
* E. G. Slope (ft/ ft) *0.009091 * Area (s~ ft) 15.08 57.57 0.90 
* Q Total ( cfs) * 515.00 * Flow (c s) 26.84 486 . 86 1. 30 
* To~ Width (ft ) * 46 . 61 • Top Width (ft) 24.72 20 . 12 . 1.77 

Ve Tota l (ft / s ) 7.00 * Avg. vel . (ft/ s) 1. 78 8 . 46 * 1.44 * 
* Max Chl Opth (ft) 3.36 . Hydr . Depth (ft) 0.61 . 2.86 0 . 51 
* conv. Total (cfs ) 5401.4 * conv . (cfs) 281.5 * 5106.3 13.6 
* Length Wtd. (ft ) 286.24 * Wetted Per. (ft) 24.87 20.82 2.04 . 
* Min Ch El ( ft ) • 2150.72 • shea r (lb/ sq ft) 0 . 34 1. 57 0. 25 • 
• Alpha 1. 38 * Stream Power (l b/ ft s ) 0 . 61 13.27 0.36 . Frctn Loss (ft) 3.12 * cum Volume (acre-ft) 0.30 1.46 0.17 
• c & E Los s (ft) 0.07 * cum SA (acres) 0. 77 1.15 0. 58 
****************************** *************** ***** *** *** ** ************************ ************* 

wa r ning : The ene rgy equat i on could not be balanced within the specified numbe r of iterations. The p rogram used critica l dept h 
f o r the wate r surface and continu ed on with the calculations. 

wa r ning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross s ecti o ns . 
Warning: During the standard step iterations, when the assumed water surface was set equal to criti ca l depth , the calculat ed 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) * 2154.82 * Element Left OB * Channel * Right OB * 
• vel Head (ft) * 1.03 • Wt. n-val. 0 . 057 * 0 . 033 0.057 
• w. s. Elev (ft ) • 2153.79 • Reach Len . (ft) 269 . 73 286.67 291.54 
• crit w. s . ( ft) • 2153 . 79 • Flow Area (sq ft) 8.73 51.71 0.46 
* E.G. Slope (ft/ ft ) *0.010082 * Area (sq ft) 8.73 51.71 0.46 
• Q Total (cfs) 443.00 Flow (cfs) 13.73 428.72 0.56 
• Top Width ( ft) 39 . 97 * Top width (ft) 18.58 20.12 1 . 27 

Vel Total (ft / s ) 7 . 27 * Avg. vel. (ft/ s) 1.57 8.29 1.21 
• Max chl Dpth (ft ) 3 . 06 * Hydr . Depth (ft) 0.47 2.57 0.36 
• Con v . Total (cfs ) 4412 . 0 • Conv . (cfs) 136.7 4269 . 7 5 . 5 
• Length Wtd . (ft ) * 286.41 • Wett ed Per. (ft) 18.73 20.82 1.46 
* Minch El ( ft) • 2150.72 * shea r (lb/ sq ft) 0.29 1.56 0 . 20 

Alpha 1.26 * Stream Power (lb/ ft s ) * 0.46 12.96 0.24 
• Frctn Loss (ft) 3.40 * cum Volume (acre-ft) 0.25 1.33 0.15 
* C & E Loss (ft) 0.08 * cum SA (acres) 0.58 1 . 15 0 . 54 
****** ***************** ** ***** ********** *** ********* ***************************** ******** ****** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

~~~ning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross section s . 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

wate r surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
********************************************** *********** ************************ ************** 
* E.G. Elev (ft) . 2153.90 * Element Left OB * Channel * Right OB 
• Vel Head (ft) 0.87 ~· Wt . n-Val. . 0.057 . 0.033 
* W.S. Elev (ft) • 2153.04 ,, Reach Len. ( ft) * 269.73 * 286 . 67 . 291.54 
* crit w.s. (ft) • 2153.04 ,, Flow Area (sq ft) 2.11 • 36.62 • 

E.G. slope (ft / ft ) *0.013080 * Area (s~ ft) 2.11 36 . 62 . Q Total (cfs) 279 . 00 Flow (c s) 3.78 275.22 
• To~ width (ft) 24 . 49 '' Top Width (ft) 4.42 20.08 

ve Total (ft/ s ) 7.20 * Avg. Vel . (ft/ s) 1. 79 7. 52 
• Max chl Dpth ( ft ) 2. 31 * Hydr. Depth (ft) 0.48 • 1. 82 • 

Conv . Total (cfs ) . 2439.5 Con v . ( cfs) . 33 . 1 2406.4 
Length Wtd. ( ft) * 286.56 * Wetted Per . (ft) * 4.52 20.77 
MinCh El (ft) 2150.72 ,, shear (l b/ sq ft) 0.38 1.44 

* Alpha 1.07 ,, Stream Power (l b/ ft s) * 0.68 10 . 82 . Frctn LOSS (ft) 4.06 t: cum Volume ( acre-ft ) 0 . 14 1.02 0.12 
* C & E Loss (ft ) . 0.07 '' cum SA (acres) 0.28 1.11 • 0.44 
******************* **************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

~~~n i ng: The energy loss was greate r than 1.0 ft ( 0 . 3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #3 RS: 1.502 
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CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************************ ************ *** ************************ ******** 
* E. G. Elev (ft) • 2150.21 . Elemen t Left OB '' channel * Right OB * 
• Vel Head (ft) 0.81 * Wt . n-Val. * 0 . 033 * 0 . 057 
• w. s. Elev ( ft) * 2149.40 . Reach Len . (ft) 220 . 80 . 190.84 144.65 
• Crit w.s . ( ft) * 2149.40 • Flow Area (sq ft) • 71.19 1. 50 
* E. G. s lope (ft/ ft ) *0.013283 * Area (s~ ft) 71.19 1. 50 
• Q Total (cfs ) 515.00 Flow (c s) 513.41 1. 59 . ~~~ *~~~~ ( ft) 50.09 • Top width (ft ) 42.99 . 7.10 

( ft /s) 7.09 * Avg. Ve l . (ft/ s) 7 . 21 * 1.06 
* Max Chl Dpth ( ft ) 2 . 95 . Hydr . Dept h (ft ) 1.66 0. 21 
* conv. Total (cfs ) 4468 . 4 • Conv. (cfs) 4454.6 13.8 

* Length Wtd. (ft) 189.50 . Wetted Per . (ft) 43 . 45 7.11 

* Min ch El ( ft ) 2146.45 • shea r (lb/ sq ft) 1. 36 0.17 
* Al pha 1.03 • Stream Power ( lb/ ft s) . 9.80 0.19 . Frctn Los s (ft) 0.09 * cum volume (ac re-ft ) 0 .25 1.03 0.16 

0.69 0 . 95 0. 55 * c & E Loss (ft) 0. 39 * cum SA (acres) 
*********************************************************************************************** 

warning: The energy equation cou ld not be balanced within the specified number of iterations. The program used critical depth 
for the water s urface a nd continued on with the calculations . 
The ve l ocity head has cha ng ed by mo r e than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections . 
The conveyance ratio (ups tream conveyance di vided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

warning: 
Warning: 

warning: 
This may indicate the need for additional cross sections . 

During the standard step iterations, when the assumed wat e r surface was set equal to c ri t ical depth , the calculated 
water su rface came back below cri t ical depth. This indicates that there is not a val id subcritical answer. The 

program 
defaul t ed to c ri t ical de pth . 

CROSS SECTION OUTPUT Profil e #FLOODWAY 
*********************************************************************************************** 
• E.G . Elev (ft) • 2150 . 21 • Element Left OB • Channel • Right OB • 
* Vel Head (ft) 0 . 81 Wt. n-val . 0.033 * 0.057 * 
* w.s . Elev ( ft ) * 2149.40 Reach Len . ( ft) 220.80 190.84 * 144.65 

Cri t W. S. (ft) * 2149.40 * Flow Area (sq ft ) 71.19 * 1. 50 
E.G. slope (ft/ ft ) *0 . 013283 Area (sq ft) 71.19 1. 50 

• Q Total (c f s) * 515 . 00 Flow ( cfs ) 513.41 1.59 
• Top width (ft) • 50 . 09 • Top width (ft) 42 .99 7.10 

Vel Total ( ft / s ) * 7.09 • AVg. Ve l. (ft/ s) * 7.21 1.06 
*Max Chl Dpth (ft) 2.95 Hydr. Depth (ft ) 0 1 .66 0 . 21 * 
* conv. Total (cfs ) 4468. 4 • Conv. (cfs) 4454 .6 13 .8 * 

Length Wtd . (ft) 189. 50 Wetted Per . (ft ) 43. 45 7.11 
Min Ch El ( ft ) 2146 . 45 '' Shear ( lb/ sq ft) 1.36 0 . 17 

• Al pha 1. 03 • Stre am Power ( 1 b/ ft s) • 9. 80 0.19 
° Frctn LO SS (ft) 0 . 09 * CUm Volume (acre-ft) 0.25 1 . 03 0.16 
• c & E Loss (ft) 0 . 39 • cum SA (acres) 0.69 0 . 95 0.55 
*********************** ****** ******* ******* ** ******** ******* *********************************** 

Warni ng: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and conti nu ed on with the calcul at ions. 
The velocity head has changed by more than 0.5 ft (0.15 m). Thi s may indicate the need for add itional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveya nce ) is less than 0.7 o r greater than 1 . 4. 

Warning : 
Warni ng : 

warning : 
This may i ndicate the need for additional cross sections. 

During the standard step iterations, when the assumed water s ur face was set equal to critical depth, the calculated 
water surface came back below critical depth. This indicates that there i s not a val id s ub critical answer. The 

program 
defaulted to c rit ical depth . 

CROSS SECTION OUTPUT Profi le #50-YEAR 
******************************************************** *************************************** 

E.G. Elev (ft) • 2149.97 '' Element Left OB • Channel .• Righ.
0
t

5
o
7

s 
0
° 

* Ve l Head ( ft ) 0. 76 * Wt. n-Val. 0.033 0 
* W. S. Elev (ft ) * 2149 . 22 • Reach Len . (ft) 220.80 190 . 84 * 144 . 65 * 
• Crit w. s . (ft) • 2149.22 • Flow Area (sq ft ) 63.34 0 . 45 
* E.G. Slope (ft / ft ) •o. 014159 '' Area (sq ft ) 63 . 34 0. 45 
• Q Total (c fs ) 443.00 Flow (c fs ) 442.68 0. 32 * 
* Top wi dth (ft ) 46.17 • Top width (ft) 42 .07 4 . 10 * 

Ve l Total (ft / s) 6.95 • Avg. Ve l . (ft/ s) 6 . 99 0.71 
*Max Chl Dpth (ft) 2.77 * Hydr . Depth (ft) 1 . 51 0.11 

Con v . Total (cfs ) 3723 . 0 '' conv. (cfs) 3720 . 3 2.6 
• Length Wtd . (ft ) 189.53 • Wetted Per . (ft ) 42 . 51 4.10 
• Min ch El (ft ) * 2146 . 45 • Shear ( lb / sq ft ) 1 .32 0.10 
• Alpha 1. 01 * Stream Power ( l b/ ft s ) 9. 20 0. 07 
* Frctn Loss ( ft ) 0 . 07 * Cum Volume ( acre - ft ) 0.22 0. 96 0 . 15 
• c & E Loss (ft) 0 .36 * cum SA (acres ) 0 . 52 0.94 0.52 
**************************************************** ******************************************* 

War ni ng : The energy equation could not be balanced withi n the speci fied numbe r of i terations. The program used critical depth 
for the wate r surface and continued on with the calculations . 
The velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for addi tional cross sections. 
The conveyance ratio (upstream conveyance di vided by downstream conveyance) i s less than 0.7 or greate r than 1.4. 

warni ng: 
warni ng : 

Warni ng : 
This may i ndi cate the need for addi ti onal cros s secti ons . 

During the sta nda rd step ite rations , wh en the assumed water s urface was set equal t o critical depth, the calculated 
wate r surface came back bel ow cri tical depth . This indicates that there is not a va lid subc ri tical answer. The 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
********************************************* ******************************** **** ************** 
,., E. G. El ev (ft) • 2149.36 * Element Left OB * Channel * Right OB 0 

* vel Head (ft ) 0.62 * Wt . n- val . . 0.033 
* w.s. Elev (ft ) • 2148.73 * Reach Len. (ft) 220.80 • 190 .84 144.65 
'' Cri t w. s . (ft ) * 2148.73 '' Flow Area (sq ft) 44 . 13 
-ir E. G. slope (ft/ ft ) *0.015399 '' Area (s~ ft) 44 . 13 

Q Total (cf s) . 279.00 Flow (c s) 279.00 . 
* To~ Width (ft) 36 . 29 * Top Width (ft) 36.29 * 
• Ve Total (ft/ s) 6.32 • Avg. Ve l . (ft/ s) 6.32 
'' Max ch 1 Dpth (ft) 2.28 • Hydr. Depth (ft) 1. 22 
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* conv. Tota l (cfs) 2248.3 * conv. (cfs) • 2248.3 
* Le ngth Wtd. (ft) 189.47 * Wetted Per . (ft) 36 . 67 
• Min Ch El ( ft) • 2146.45 * Shea r (lb/ sq ft) 1.16 
* Alpha 1.00 * Stream Power (lb/ft s) '' 7.31 
* Frctn Loss (ft) 0. 04 • cum Vo 1 ume (acre-ft) '' 0.14 0. 75 0 .12 
• c & E Loss (ft) 0.30 • cum SA (acres) 0 . 26 0.92 0.44 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the wate r surface and continued on with the calculations. 
The velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for add itional cross sections . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

Warning: 
warning : 

Warning: 
This may indicate the need for additiona l cross sections. 

curing the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 

program 
defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1. 466 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E. G. Elev (ft) • 2149.52 • Element Left 08 * channel * Right OB * 

vel Head (ft) 0.04 * Wt . n-val . 0 . 057 0.033 0.057 
* w.s. Elev (ft) . 2149 . 48 . Reach Len. (ft) 105 .42 102.76 * 118 . 28 * 
* Crit w.s. ( ft) * 2145.50 Flow Area (sq ft) " 99.84 264.08 * 97.25 * . E. G. slope (ft / ft ) *0. 000138 * Area (s~ ft) 99.84 264.08 97 . 25 

Q Total (cfs) * 515.00 Flow (c s) 34.20 430.42 • 50.38 ,, 

. 0~~ ~~~~~ (ft) 184.93 • Top width (ft) 92.92 48 . 04 * 43.96 
(ft/s) 1.12 Avg. Ve l. (ft/s) 0 . 34 1. 63 * 0.52 

Max chl Dpth (ft) 6 .41 * Hydr. Depth (ft) 1. 07 5.50 2 . 21 . Conv. Total (cfs) . 43796.8 ,, Conv. (cfs) 2908.7 . 36604.0 4284.1 
• Length Wtd. (ft) 102.76 , .. Wetted Per. (ft) 93.23 48.90 . 44.27 
* Min ch El (ft) . 2143.07 . shear ( lb / sq ft) 0.01 0.05 * 0 . 02 
* Alp ha 1.81 Stream Power (lb / ft s) * 0 . 00 0.08 0.01 
* Frctn LOSS (ft) . cum Volume (ac re-ft) 0.30 

0.46 0.75 0.46 * C & E LO SS (ft) cum SA (acres) 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 

E. G. Elev (ft) 2149.52 Element Left 08 * Channel * Right 08 * 
* Ve l Head (ft) 0.04 * Wt . n-val . 0.057 0 . 033 0.057 
* w.s . El ev (ft) * 2149.48 * Reach Len. (ft) 105 . 42 102.76 118. 28 

* Crit w.s . (ft) . 2145 . 50 . Flow Area (sq ft) 99.84 * 264.08 97.25 
E.G. slope (ft/ft) *0. 000138 * Area (s~ ft) 99 . 84 * 264.08 97 . 25 

* Q Total (cfs) 515 . 00 Flow (c s) 34.20 430.42 50.38 

* 0~~ ~~~~~ (ft) 184.93 Top width (ft) 92.92 48 . 04 43 . 96 
(ft/s) 1.12 • Avg. Vel. Cft/ s) 0. 34 1. 63 0.52 * 

* Max Chl Dpth ( ft) 6.41 . Hydr . Depth (ft) 1. 07 5.50 2.21 
* Conv. Total (cfs) . 43796 . 8 . conv. (cfs) 2908.7 . 36604.0 4284.1 

Length Wtd. (ft) 102.76 • Wetted Per. (ft) 93.23 48 . 90 44.27 
* Min Ch El (ft) 2143.07 shea r (lb/sq ft) 0.01 0.05 0.02 

Al pha 1.81 . Stream Power (lb/ ft s) * 0.00 0.08 . 0.01 . Frctn Loss (ft) * Cum v olume (acre-ft) 0 . 30 * 
* . 0.46 0.75 0.46 C & E Loss (ft) cum SA (acres) 
************************************ *** ************** ****************************************** 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) * 2149.36 * Element Left OB ° Channel 
• vel Head (ft ) 0.03 * Wt. n- val. 0.057 * 0.033 

* Rit65?8 * 
w. s. Elev ( ft ) • 2149 . 33 • Reach Len. (ft) 105.42 102 .76 
Crit W.S. (ft) * 2145 . 33 Flow Area (sq ft) 86.75 256 . 81 

* E.G. slope (ft/ft) *0.000115 • Area (sq ft) 86.75 256.81 * 
• Q Total (cfs) 443.00 Flow (cfs) 26.30 374.92 * 
'' Top width (ft) 171.57 • Top width (ft) * 80.92 48.04 ; 

Vel Total (ft /s) 1.02 AVg. Vel. (ft / s) 0.30 1.46 
* Max c hl Dpth (ft) 6.26 • Hydr . Depth (ft) 1.07 5.35 

Conv. Total (cfs ) * 41284.4 Conv. (cfs) 2450.7 * 34939.7 
* Length Wtd . (ft) 102.76 • Wetted Per. (ft) 81.20 48.90 
*Mi nCh El ( ft ) * 2143 .07 * shear ( lb/ sq ft) 0 . 01 0.04 
* Alpha 1.76 • stream Power ( l b/ ft s) * 0.00 0 . 06 

118 . 28 
90 . 70 
90 . 70 
41. 78 * 
42.61 

0 . 46 
2.13 

3894.1 
42.91 

0 . 02 
0.01 

* Frctn Loss (ft) cum Volume (acre-ft) 0 . 26 
* C & E Loss (ft) * Cum SA (acres) 0 . 32 0.74 0.44 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************** ** ******************************** ************** ****** ****** 
* E.G. El ev (ft) • 2148.88 * Element Left 08 • channel . Right 08 * 
* vel Head (ft) 0.02 Wt. n-val . 0.057 0.033 • 0.057 
* w.s. Elev (ft) * 2148 .87 * Reach Len. (ft) 105 . 42 102.76 118.28 
* c r it w.s. (ft) • 2144.90 * Flow Area (sq ft) 53.45 • 2 34.50 71.88 * 
* E.G . Slope (ft/ ft ) *0.000067 '' Area (s~ ft) 53.45 * 2 34.50 71.88 

Q Total (cfs) 279.00 • Flow (c s) 10 . 19 245.66 23.14 
* To~ width (ft ) 149.46 Top Width (ft) 62.95 48.04 38 . 46 

Ve Total (ft/s) 0.78 • Avg. Ve 1 . (ft/s) 0.19 1.05 0.32 
* Max ch l Dpth ( ft) 5.80 Hydr. Depth (ft ) 0.85 4.88 1.87 
• conv. Total (cfs ) * 34104.4 * Conv. (cfs) 1246.2 • 30029.3 2829 . 0 
* Length Wtd . (ft) 102.76 • Wetted Per. (ft) 63.21 48 . 90 38 . 74 
• Min ch El (ft) • 2143 . 07 • Shear ( lb / sq ft) 0.00 0.02 0.01 

Alpha 1. 62 Stream Power ( lb / ft s) * 0 . 00 0.02 0.00 
* Frctn Loss (ft) • Cum Volume (acre-ft) 0.14 
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• c & E Loss ( ft) * cum SA (acres) '' 0 . 10 0.74 * 0.38 * 
**************************************************** ******************************************* 

CROS S SECTION 

RIVER: SUNSET WASH 
REACH : REACH #3 RS: 1.447 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*************************************************************** ******************************** 

E. G. Elev (ft ) * 2143 . 65 Element Left DB • Channel Right DB • 
Vel Head (ft ) * 0 . 69 * Wt . n-Val . 0 . 057 0 . 033 

• W.S. Elev (ft ) • 2142 . 96 * Reach Len. (ft) 254 . 74 257 . 87 
• crit w.s . (ft ) * 2142.96 * Flow Area (sq ft) 21 . 16 71 . 24 
• E. G. slope (ft/ ft ) *0. 009461 • Area (sq ft) 21.16 71.24 
• Q Tota l (cfs) * 515 . 00 Flow (cfs) 27.40 487.60 
* Top width (ft ) 96 . 43 • Top width (ft) 63.99 32.44 

vel Total (ft /s) 5 . 57 • Avg. vel . (ft/ s) 1.30 6 . 84 
* Max chl Dpth (ft ) 5 . 38 * Hydr . Depth (ft) 0.33 2.20 
• Conv. Total (c f s) 5294 . 6 * Conv . (cfs ) 281.7 5012 .9 
* Length Wt d . ( ft ) 258.09 *Wetted Per . (ft) 64.14 36 . 47 

260.66 * . 
* 

• Min ch El (ft ) • 213 7 .58 • shea r (lb / sq ft) 0 . 19 1.15 
* Alpha 1 . 43 * Stream Power (lb/ ft s ) * 0.25 7.90 * 
* Frctn Loss ( ft ) 2.36 * cum Volume (acre-ft) 0.09 0.85 0.33 * 

C & E Loss ( ft ) 0.02 * Cum SA (acres) 0 . 27 0 . 65 0. 40 
*********************************************************************************************** 

warning: 

warning : 

The energy equation could not be balanced within the specified number of iterations . The program used c ritical depth 
for the water surface and continued on with t he calculations. 

Warning: 
the 

Divided flow computed for this cross - section. 
The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning : During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical dept h . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************************************************************************** ************ ***** ,, E. G. Elev (ft) . 2143 . 65 ,, Element Left 08 * Channe l * Right OB * 

vel Head (ft ) 0.69 Wt. n-Val . 0 . 057 0 . 033 
w. s . Elev ( ft) . 2142.96 * Reach Len . (ft) 254 . 74 25 7 .87 260 . 66 * 

* Crit w. s. (ft) * 2142 . 96 Flow Area (sq ft) 21.16 71.24 
* E. G. slope (ft/ ft ) *0.009461 * Area ( s~ ft) 21.16 71.24 

Q Total (cfs ) 515 . 00 Flow (c s ) 27 . 40 487 . 60 * . ::;~~ ~~~;~ (ft) 96 . 43 * Top Width (ft) 63.99 32.44 
(ft / s) 5.57 . AVg. Vel. (ft/ s) 1. 30 6.84 

* Max chl Dpth ( ft) 5 . 38 * Hydr. Depth (ft) 0. 33 2.20 
* Conv . Tota l (cfs) 5294.6 • Conv . (cfs) 281.7 5012.9 
* Length Wtd . (ft ) 258.09 * Wetted Per. (ft) 64.14 36.47 
* Min Ch El (ft ) . 2137 . 58 * Shea r (lb/ sq ft) 0.19 1.15 
• Alpha 1.43 • Stream Power (lb/ ft s) * 0.25 7.90 

Frctn LOS S (ft) 2.36 * cum v olume (acre-ft) 0 . 09 0 . 85 0 . 33 * 
* Cum SA 0 . 27 0 . 65 0 . 40 C & E Loss (ft ) 0 . 02 (acres) 

****************************************************************************** ***************** 

Warning: The ene r gy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

Wa rning: Di vided flow computed for thi s cross-section. 
Warning : The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
******************************************************** *************************************** 
* E. G. Elev (ft) * 2143.44 '' Element Left OB * Channel * Right DB * 
* vel Head (ft) 0.77 * Wt. n-val . 0.057 0.033 • 
• W. S. Elev (ft ) * 2142.67 '' Reach Len . (ft) 254.74 257.87 * 260.66 

crit w.s. (ft) * 2142.67 Flow Area (sq ft) 5 . 63 61.88 
• E.G. slope (ft/ ft ) *0 . 012002 '' Area (sq ft) 5 . 63 61.88 • 

Q Total (c f s ) 443 . 00 Flow (cfs) 4.82 438.18 * 
• Top width (ft) 68.38 '' Top width (ft) 36.35 32 . 04 

Ve l Total (ft/s ) 6 . 56 '' Avg. Vel . (ft / s) 0 . 86 7.08 
Max Chl Dpth (ft) 5.09 * Hydr. Depth (ft) 0.15 1.93 

* conv . Total (cfs ) 4043 . 7 * Conv. (cfs ) 44.0 3999 . 7 
• Length Wtd. (ft ) 258.14 * Wett ed Per . (ft) 36.47 35 . 97 
* MinCh El (ft ) • 2137.58 * Shea r (lb/ sq ft) 0.12 1.29 
• Alpha 1.15 '' Stream Power ( lb/ ft s) * 0 . 10 9.13 

Frctn Loss (ft ) 2 . 48 * Cum Volume (acre-ft) 0 . 04 0 . 78 0 . 29 
c & E Loss (ft) 0 . 07 * cum SA (acres ) 0.18 0 . 65 0 . 38 

*********************************************************************************************** 

warning : The energy equati on could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface a nd continu ed on with the calculations. 

Warning : Di vided flow computed for this cross-section. 
warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water s urface came back bel ow cri t ical depth. This indicates that there is not a va 1 i d subcri ti ca 1 answer . The 
program 

Page 124 



• 

• 

• 

WKB1 . rep 
defaulted to c r itical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
*************************************************************************** ***** *************** 
* E.G . Elev (ft ) . 2142.73 . Eleme nt Left DB * Channel * Right DB * 
• Vel Head ( f t ) 0. 71 * Wt. n- val . 0.033 
* w.s . Elev (ft ) . 2142.02 . Reac h Len . (ft) 254.74 257.87 260 . 66 . c rit w.s . (ft ) * 2142 . 02 . Flow Area (sq ft) 41.25 . E.G . sl ope (ft / f t ) *0 . 017107 * Area ( s~ ft) 41.25 * 
* Q Total (cfs) 279 . 00 Flow (c s) 279 . 00 . ~~~ *~~~~ (ft ) 29 . 96 * Top width (ft) 29 . 96 

(ft /s) 6.76 * Av g . Vel . (ft/ s) 6.76 . 
Max chl Dpth (ft ) 4 . 44 * Hydr. Depth (ft) 1. 38 • 

1': conv . Total (cfs ) * 2133 . 1 . Conv. (cfs) 213 3.1 * . Length Wtd . ( ft ) . 258.02 • Wetted Per . (ft) 33.52 
• Min ch El (ft) * 2137.58 * Shear (lb/ sq ft) 1.31 
• Alpha 1.00 . Stream Power ( l b/ ft s) . 8.89 
* Frctn Loss (ft) * 2.90 . cum volume (acre-ft) . 0 . 00 0 . 58 • 0.14 
• * * 

,, 0 . 03 0.64 0 . 32 C & E Loss (ft) 0.08 cum SA (acres) 
*************************************************************** ******************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used criti cal depth 
f o r the water surface and continu ed on with the calculations . 

Warning : 
wa rning: 

Divided fl ow computed for this cross-section . 
Th e conveya nce rati o (upst r eam conveyance divided by downstream conveyance) is les s than 0. 7 o r greater than 1 . 4 . 

Thi s may i ndicate the ne ed for additional cross sections . 
Wa rning : 
the 

The energy loss was great e r than 1.0 ft (0 . 3 m). between the current and pr eviou s c r oss s ecti on. This may indi cate 

ne ed fo r additional cros s secti ons . 
wa rning: Du ring the s tandard step iterations, when the assumed water surface was set equal to critical depth, the cal culated 

water surface came back below critical depth . This indicates t hat there is not a va l id subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1.398 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
******************** ********** ************************************************** *************** . E.G . Elev (ft ) * 2138.08 . Element Left DB * Channel . Ri8~65~B 
* vel Head (ft) 0 . 74 11 Wt. n-val. 0.062 0 . 033 

W.S. Elev ( ft ) * 2137 . 34 * Reach Len. (ft) 269.98 276.25 268.52 
crit w.s. (ft ) * 2137.34 Flow Area (sq ft) 4.04 50.00 * 52.94 
E. G. slope (ft/ ft ) '' 0. 008845 Area ( s~ ft) 4.04 50.00 • 52.94 
Q Total (cfs) 515.00 Flow (c s) 4 . 69 391.80 118. 51 

~~~ *~~~~ ( ft ) 90.42 * Top Width (ft) 10.92 18.87 60.63 
(ft/ s) 4.81 • Avg. Vel. (ft/ s) 1.16 7.84 2 . 24 

• Max chl Dpth (ft) 3 . 64 Hydr. Depth (ft) 0 . 37 2 . 65 0 . 87 
con v . Total (cfs) 5475 . 9 * conv. (cfs) 49.9 4165 . 9 * 1260.1 ,, Length Wtd. (ft) 275.28 * Wetted Per. (ft) 10.95 19.86 * 60 . 67 

* Min Ch El (ft) . 2133 . 70 ,, Shear (lb / sq ft) 0.20 1. 39 * 0.48 
• Alpha 2 . 07 . Stream Power (lb / ft s) . 0 . 24 10.89 • 1.08 . Frctn Loss (ft) 3 . 33 cum Vol ume (acre-ft) 0 . 02 0 .49 0 . 17 
* cum SA 0.05 0 . 50 0 . 22 c & E Loss (ft) 0 .11 (acres) 
****************************************************** ********************************* ** ***** * 

Warning : 

Warning: 

Warning: 
the 

The energy equation could not be balanced within the spec i fied number of iterations . The program used critical depth 
for the water surface and continued on with the calcu l ations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may i ndicate the need for additional cross sections . 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need f o r additional cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

wate r surface came back below c r itical depth. This indicates that there is not a va l id subcritical answer. The 
program 

defa ulted to c r iti cal depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************************************************** *********** ******************************** 

E. G. Elev (ft) * 2138.08 * Element Left DB * Channel * Right DB * 
* vel Head (ft) 0.74 * Wt . n-val. 0 . 062 0.033 0.057 
• w. s . Elev (ft) * 2137 . 34 ,., Reach Len. ( ft ) 269.98 276 . 25 268.52 
* Crit W.S . (ft ) * 2137 . 34 ,., Flow Area (sq ft) 4.04 50.00 52.94 

E.G . sl ope (ft/ ft ) *0.008845 '' Area (sq ft) 4.04 50.00 52.94 
Q Total (cfs ) 515 . 00 Fl ow (cfs) 4.69 391. 80 118.51 

* Top Width (ft) 90.42 " Top Width (ft) 10.92 18.87 60.63 
Vel Total (ft/ s) 4.81 '' AVg . Vel . (ft/ s) 1. 16 7.84 2 . 24 

* Max Chl Dpth (ft) 3 . 64 * Hydr. Depth (ft) 0 . 37 2 . 65 0 . 87 
* Conv . Total (cfs) 5475 . 9 '' Conv . (cfs) 49 . 9 4165 . 9 1260.1 

Length Wtd. (ft) 275 . 28 *Wetted Per. (ft) 10.95 * 19 . 86 60 . 67 
* Minch El (ft ) * 2133.70 * shea r (lb/ sq ft) 0.20 * 1.39 0.48 

Alpha 2.07 '' Stream Power (lb / ft s) * 0.24 * 10 . 89 * 1.08 
• Frctn Loss (ft ) 3.33 ,., Cum Volume ( acre-ft) 0 . 02 * 0.49 0 . 17 
• c & E Loss (ft ) 0.11 1' cum SA (acres) 0 . 05 0.50 0.22 
************************************** ************** *************** **** ************************ 

warning: 

warning: 

Warning: 
the 

The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater t han 1.4 . 

This may i ndicate the need for additional cross sections. 
The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 

need for additional cross section s . 
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Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
********************************************** *** ********************************************** 
* E.G. Elev (ft) * 2137.88 Element Left OB * channel * Right OB 
* vel Head (ft) 0.64 Wt. n-val. 0.062 0.033 0.057 

w.s. Elev (ft) * 2137 . 24 . Reach Len. (ft) 269.98 2 76 0 25 268.52 
* Crit w.s. (ft) * 2137.24 . Flow Area (sq ft) 3.03 48.12 47.03 
* E.G. slope (ft/ft) *0 . 007837 * Area (s~ ft) 3.03 48.12 * 47.03 
* Q Total (cfs) * 443.00 • Flow (c s) 3.01 345.98 * 94.01 

,, ~~~~ ~~~~~ (ft) 86 . 61 * Top Width (ft) 9 . 45 18.87 58.29 
(ft/s) 4.51 1

" Avg . Vel. (ft/ s) 0.99 7 . 19 2.00 
* Max Chl Dpth (ft ) 3.5 4 • Hydr . Depth (ft) 0.32 2.55 0.81 * * conv . Tota 1 (cfs) 5004 . 1 * Conv. (cfs) 34.0 3908.2 1062.0 * 
* Length Wtd. (ft) 275.36 * Wetted Per. (ft) 9.47 19.86 58.34 * * Min Ch El (ft) * 2133.70 • shea r (1 b/ sq ft) 0.16 1.19 0. 39 * * Alpha 2.03 . Stream Power ( lb / ft s) ,, 0.16 8 . 52 0.79 . Frctn Los s (ft) 3.14 . cum Vo lume (acre-ft) 0 . 01 0 . 45 0.15 
* C & E LOSS (ft) 0.09 * Cum SA (acres) ,, 0.04 0. 50 0. 21 
*********************************************************************************************** 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the ca l cu l ations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 o r greater than 1 . 4 . 

Thi s may i ndi cate the need for additional cross sections. 
Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may i ndicate 

need for additional cross sect ions. 
warning: During the standard step iterations, when the assumed water surface was set equal to cri tical depth , the calculated 

water s urface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
** ************** ********************************** *************** *********************** **** *** 
* E.G. Elev (ft) * 2137 0 34 * Element Left OB * channel * Right OB * 

vel Head (ft) * 0 . 56 • Wt. n-val. 0 .062 0.033 0.057 
W. S. Elev (ft) * 2136.78 • Reach Len. (ft) 269.98 276 . 25 268 0 52 . Crit w.s. ( ft) * 2136 . 78 . Flow Area (sq ft) 0 . 24 39.35 22.00 

* E.G . slope (ft/ ft ) *0.007958 {r Area (s~ ft) 0.24 39.35 22.00 
• Q Tot a 1 (cfs) * 279.00 Flow (c s) 0 . 11 249 0 34 29.55 

~~~ ~~~~~ (ft) * 71.53 • Top width (ft) 2.58 18.87 50.07 * 
(ft/ s) 4 0 53 • Avg. Vel. (ft/ s) 0.44 6.34 1. 34 • 

Max chl Dpth (ft) 3.08 . Hydr . Depth (ft) 0.09 2.09 0 . 44 
* Conv. Total (cfs) 3127 0 5 * Conv . (cfs) 1.2 2795 0 0 331.3 
* Length Wtd. (ft) 275.81 '' Wetted Per. (ft) 2.59 19 .86 50.10 
• Min ch El (ft) • 2133 0 70 * shear (1 b/ sq ft) 0.05 0.98 0.22 

Alpha 1. 76 * Stream Power ( lb/ ft s) * 0.02 6 . 24 * 0.29 
Frctn Loss (ft) 3.30 . Cum Vo lume (ac re-ft) 0.00 0.34 0.07 
c & E Loss (ft) 0.09 -:r Cum SA (acres) 0 . 02 0.50 0.17 

*********************************************************************************************** 

Warning : 

warning: 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is le ss than 0.7 or greater than 1.4. 

Th i s may indicate the need for additional cross sections. 
Warning: 
the 

The energy loss was greater than 1 .0 ft (0. 3 m). between the current and previous cross section. This may indicate 

ne ed for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1 . 346 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
• E.G . Elev (ft) • 2127 . 08 Element 
• ve l Head (ft) 0.37 '' Wt . n-Val. 
* W. S. El ev (ft) * 2126.72 ,., Reach Len. (ft) 

cri t w. s. (ft) * 2126.72 • Flow Area (sq ft) 
• E.G. slope (ft/ft) *0 . 017535 • Area (sq ft ) 
'' Q Total (cfs) 515.00 Flow (cfs) 
'' Top width (ft) 154.45 '' Top widt h (ft) 

Vel Total (ft/ s ) 4. 75 • AVg. Vel. (ft/ s) 
• Max chl opth (ft) 0.95 * Hydr. Depth (ft) 
• conv. Total (cfs) 3889.1 • Conv. (cfs) 
'' Length Wtd. (ft) ,., wetted Per. (ft) 
• Min Ch El (ft) * 2125.77 • shear ( lb/ sq ft) 
'' A 1 pha 1. OS '' Stream Power (1 b/ ft s) • 
* Frctn Loss (ft ) '' Cum Vo lume (acre-ft) * 
* C & E LOSS (ft) * Cum SA (acres) * 

Left OB * 
0.057 

1. 93 
1. 93 
3.62 
4.72 
1. 88 
0.41 
27 . 4 
4.79 
0 . 44 
0.83 

* • 

Channel * Right OB • 
0.033 0.057 

103 . 38 
103.38 
506.74 
138 0 70 

4.90 
0 . 75 

3826.8 
138 . 71 

0.82 
4 . 00 

3.12 
3 . 12 
4.64 

11.02 
1.49 
0.28 
35.0 

11.04 
0. 31 
0.46 

* 
* 

*********************************************************************************************** 

warni ng: Slope too steep for s lope area t o converge during supercritical flow calculations (normal depth is below critical 
depth). 

Water surface set to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
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*********************************************************************************************** 
*E . G. El ev (ft) • 2127.08 * Element Left OB * channel • Ri ght OB '' 
*Ve l Head (ft) 0.37 * Wt . n-Val. 0.057 * 0.033 0.057 
• w.s. Elev (ft ) • 2126.72 • Reach Len . (ft) 
* crit w.s. (ft ) * 2126 . 72 • Flow Area (sq ft ) 
* E.G. Sl ope (ft / ft ) *0.017535 Area (sq ft) 
• Q Tota 1 (cfs) 515 . 00 Flow (c fs) 

Top Width ( ft ) 154.45 * Top Width (ft) 
Ve 1 Tota l (ft/s) 4. 75 • AVg. Ve 1 . (ft/s) 

* Max ch l Dpth (ft) 0.95 • Hydr . Depth (ft) 
• Conv . Tot a 1 (cfs) 3889 .1 Conv . (cfs) 
• Length Wtd. (ft) Wetted Per . (ft ) 
• Min ch El ( ft) • 2125 .7 7 • shea r (lb/ sq ft ) 
*Alpha 1.05 * St r eam Power (lb/ ft s) ,., 
* Frctn Loss (ft) • Cum Volume (acre-ft) 

1. 93 
1. 93 
3.62 
4. 72 
1.88 
0 . 41 
27 .4 
4.79 
0.44 
0.83 

* C & E Loss (ft ) • Cum SA (acres) • 

103 .38 
103.38 
506.74 
138.70 

4.90 
0.75 

3826.8 
138.71 

0.82 
4.00 

. 
• 

3.12 
3 . 12 
4.64 

11.02 
1.49 
0 . 28 
35.0 

11 . 04 
0 . 31 
0.46 

********************************************************* *********************** *************** 

warning: Slope too steep for slope area to converge during supercritical flow calculations (normal depth is be l ow critical 
depth). 

Water su rface set to critical dep t h. 

CROSS SECTION OUTPUT Profil e #50-YEAR 
********** ******************************** *** ************************************************** 
• E.G . Elev (ft) * 2126.98 * Element 
*Ve l Head (ft) 0.3 3 • Wt. n-Val . 
* w.s . Elev (ft) * 2126 . 65 • Reach Len. (ft) 
* Crit W.S. (ft) * 2126 . 65 * Flow Area (sq ft ) 

E.G. s l ope Cft / ft) *0 . 018083 • Area (sq ft) 
* Q Total (cfs) * 443.00 Flow (c fs ) 
• Top width ( ft ) 152.68 * Top width (ft) 

Ve l Total ( ft / s) 4.53 • Avg. ve l . (ft / s ) 
* Max chl Dpth (ft) 0 . 88 • Hydr. Depth (ft ) 
* Conv. Tot a 1 (cfs) 3294 . 4 • Con v . (cfs) 
* Length Wtd. (ft) • Wetted Pe r. (ft) 
*Minch El ( ft ) • 212 5.77 • shear ( lb/ sq ft) 

~·r 

• Alp ha 1.04 • Stream Power ( lb / ft s) • 
• Frctn Loss (ft ) • Cum Vo lume (acre-ft ) 

C & E Loss (ft) * Cum SA (acres) 

Left OB * 
0.057 

1.61 
1.61 
2 . 90 
4.32 
1.80 
0. 37 
21.6 
4.38 
0.41 
0 . 75 

* 
* 

. 
* 

Channel * Right DB * 
0.033 • 0.057 

93.70 
93.70 

436. 79 
138 . 70 

4.66 
0.68 

3248.2 
138.71 

0.76 
3 .55 

• 
2.40 
2 . 40 
3. 31 
9.66 
1. 38 
0.25 
24 .6 
9 . 68 
0.28 
0. 39 

. 
• 

* 
* 

*********************************************************************************************** 

Wa rni ng: Sl ope too steep for slope area to converge during supercritical fl ow calculations ( norma l depth is below critical 
depth ) . 

Water surface se t to critical dept h . 

CROSS SECTION OUTPUT Pro fil e #10-YEAR 
****~****************************************************************************************** 

E. G. Elev (ft ) * 2126.72 • Element 
• vel Head (ft) 0 . 25 • Wt . n- val. 
* w.s. Elev (ft) * 2126.47 * Reach Len. (ft) 
* Crit w.s. ( ft) * 2126 . 47 • Flow Area (sq ft ) 
* E. G. Sl ope (ft / ft) *0.019943 * Area (sq ft) 
* Q Total (c f s) * 279.00 Flow (c fs) 
• Top width (ft) 148 . 21 • Top width (ft) 

Vel Total ( ft / s) 3.93 * Avg. Ve l . (ft/s) 
*Max Chl Dpth (ft) 0 .70 * Hydr . Depth (ft) 
* Conv . Total (cfs ) 1975.6 * conv. (cfs) 
* Leng th Wtd . (ft) • Wetted Per. (ft) 
• MinCh El (ft ) * 2125 .77 • Shea r ( lb/ sq ft) 

• 

Left OB * Channel * Ri ght OB * 
0 . 057 0 . 033 0.057 

69.15 
69 .15 

276.45 
138. 70 

4.00 
0. 50 

195 7.6 
138.71 

0.62 

0.99 
0.99 
1. 07 
6. 22 
1.08 
0 .16 

*Alpha 1.03 • Stream Powe r ( lb / ft s) '' 

0.94 
0 . 94 
1. 48 
3 . 29 
1. 58 
0.28 
10.5 
3 . 34 
0.35 
0.55 2 .48 

7.6 
6. 22 
0.20 
0 . 21 

Frctn Loss (ft ) * cum Volume (acre-ft) 
• c & E Loss (ft ) • • cum SA (ac res ) 
*********************************************************************************************** 

warning : slope too s teep fo r s lope area to converge during supercritical f l ow calculations ( norma l depth is below criti cal 
depth). 

Water s urface set to critical dep t h . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.256 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************** ***************************************************************************** 

E. G. Elev (ft ) * 2155.76 • Element Left OB • Chan ne l * Righ.t
05

o
7

B 
• vel Head (ft ) 0.55 • Wt. n-val. 0.030 0 
* w.s. Elev (ft ) • 2155.21 * Reach Len . (ft) 201.37 201.18 200.68 
* Crit w.s. ( ft ) • 2155.21 • Flow Area (sq f t ) 68.42 2 .04 * 
• E. G. s l ope (ft/ft ) *0.013217 * Area (sq ft ) 68. 42 2.04 * 
• Q Total (cfs) 412 . 00 Flow (c fs ) 408 . 77 3. 23 
* Top Wi dth ( ft ) 67.45 * Top Width (ft) 62.20 5.25 

Vel Total (ft/ s) 5.85 • Avg. Vel . (ft/ s) 5 . 97 1.59 
* Max Ch l Dpth (ft) 3.88 * Hydr. Depth (ft ) 1.10 0 .3 9 
• Conv . Total (cfs ) 3583.7 * conv. (cfs ) 3555.6 28. 1 
• Length Wtd. (ft) 201.18 • Wetted Per. (ft) 63.67 5. 31 
• MinCh El ( ft) • 2151.33 • Shear ( lb / sq ft) 0 . 89 0.32 
• A 1 pha 1. 04 • St ream Power ( 1 b/ ft s) * 5. 30 0. 50 
• Frct n Loss (ft) 2.56 • Cum Volume (ac re-ft ) 0 . 42 0.01 
• c & E Loss (ft) 0.01 • Cum SA (acres) 0.09 1.75 0 . 10 
*********************************************************************************************** 

Warning : The energy equation cou ld not be balanced within the specifi ed number of iterations. The program used critical depth 
for the wate r surface and conti nued on wi th the calculations. 

warni ng: The energy loss was greater than 1.0 ft (0. 3 m). between the current and previous cross section. This may indicate 
the 

Page 127 



• 

• 

• 

WKBl.rep 
need for additiona l cross sections . 

warning: During the standard step iterations , when the assumed water surface was set equa l to critical depth, the calculated 
water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
***********************A***************************************** ****************************** 
* E.G . Elev (ft) * 2155.76 * Element Left OB * channel * Right OB * 
• vel Head (ft) * 0. 55 * Wt. n-val. 0.030 * 0.057 
* W.S. Elev (ft) * 2155.21 Reach Len . (ft) 201.37 201.18 200 .68 

Crit w.s. (ft) * 2155.21 • Flow Area (sq ft) * 68.42 * 2.04 
* E. G. slope (ft/ ft ) *0.013217 * Area (sj! ft) * * 68.42 * 2.04 
* Q Total (cfs) 412.00 Flow (c s) * 408.77 3 . 23 

* ~~~ ~~~~~ (ft ) 67 . 45 * Top Width (ft) 62.20 5.25 
Cft / s) 5.85 * Avg. vel . (ft/ s) 5.97 1. 59 

* Max chl Dpth (ft) 3.88 • Hydr . Depth (ft) 1.10 0 . 39 * 
* Conv. Total (cfs) 3583.7 Conv . (cfs) 3555 .6 28 . 1 • 
* Length Wtd. (ft) 201.18 Wetted Per. (ft) 63.67 5. 31 * 
* Min Ch El ( ft) . 2151. 33 * Shear (1 b/ sq ft) 0.89 0. 32 * 
* Alpha 1.04 . Stream Power (lb/ft s) ,, 5.30 0. so 
* Frctn Lo ss (ft) * 2.56 . Cum Volume (acre-ft) ~·· 0.42 0.01 

C & E Lo ss (ft) • 0.01 • cum SA (acres) 0.09 1. 75 0.10 
******************** *************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
******************************************************************** ****** ********* ****** ****** . E. G. Elev (ft) . 2155.59 ,, Element Left OB Channel . Right OB * 
* Vel Head (ft) 0.50 Wt. n-val. 0.030 .057 * 

W.S . Elev (ft) * 2155.09 Reach Len. (ft) 201. 37 201.18 200.68 * 
* Crit w.s. ( ft) * 2155.09 Flow Area (sq ft) 61.03 1. 46 . E.G. slope (ft / ft) • o. 013723 * Area (sj! ft ) 61.03 1. 46 
* Q Total (cfs) 350 . 00 Flow (c s) 347.89 2 . 11 

~~~ ~~~~~ (ft) 65.67 • Top width (ft) 61.23 . 4.44 
(ft/s) 5.60 * Avg. Vel. (ft/s) 5.70 * 1. 45 * 

* Max chl Dpth (ft) 3.76 • Hydr . Depth (ft) * 1.00 0. 33 
Conv. Total (cfs) 2987.7 Conv. (cfs) 2969.7 18 .0 

* Length Wtd. (ft) 201.18 * Wetted Per. (ft) 62 . 67 4.49 
* Min ch El C ft) * 2151.33 * shear (lb / sq ft) 0.83 0. 28 
• Alpha 1.03 ,, Stream Power (lb/ft s) . 4.76 0.40 
* Frctn Loss (ft) 2.67 * Cum Volume (acre-ft) 0. 38 0 .01 
* C & E Loss (ft) 0.01 . Cum SA (acres) 0.08 1.72 0.08 
***************************************************************************** ****************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The prog r am used critical depth 
for the water surface and continued on with the calculations. 

Warning: Di vided flow computed for this cross-section. 
Warning: 
the 

The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to cr i tical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
**************************************************** *** ********** ************** ** **** **** ** ** ** . E.G. Elev (ft) . 2155.18 . Element Left OB • channel • Right OB * 
• vel Head (ft) 0.41 * Wt. n-val. 0.030 0 . 057 

w. s. Elev (ft) * 2154.77 ,, Reach Len. (ft) 201.37 201.18 200.68 
* crit w.s. (ft) * 2154.77 ,., Flow Area (sq ft) 42.61 0 . 39 
* E.G. Slope (ft / ft ) *0.015331 , .. Area (sf ft) 42.61 0 . 39 . Q Total (cfs) 220 . 00 * Flow (c s) 219.62 0. 38 • To~ width (ft) 56.30 . Top Width (ft) 54.01 2.29 

Ve Total (ft / s) 5.12 * Avg. Vel . (ft/ s) . 5.15 0.98 
* Max Chl Dpth (ft) 3.44 . Hydr. Depth (ft) * 0.79 0 . 17 * . Conv. Tot a 1 (c fs ) 1776 . 8 ,., Conv . (cfs) • 1773.7 3.1 

Length Wtd. (ft) 201.18 '' Wetted Per. (ft) 55 . 31 2. 31 
* Min Ch El (ft) * 2151.33 . shear ( lb / sq ft) 0 . 74 0.16 . 

Alpha 1.01 . Stream Power (lb/ ft s) . 3.80 0.16 * 
Frctn LO SS (ft) 2.98 ,, cum Volume (acre- ft) 0. 27 0.00 
C & E Loss (ft) 0 . 01 ,., cum SA (acres) 0.02 1.49 0 . 03 

*********************************************************************************************** 

Warn i ng : 

Warn i ng: 
Warning: 
the 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for this c ross-section. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

Page 128 



• 

• 

• 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.218 

WKB1.rep 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************ ***** *************** **************************** **** ***** ************** 
0 E. G. Elev (ft) 0 2151.42 ° Eleme nt Left DB ° Channel 
• Vel Head (ft) 0.59 * Wt. n-val. 0.030 
• w. s. Elev (ft) * 2150.82 • Reach Len. (ft) 43.05 43.12 
• crit w.s. ( ft) * 2150.82 • Flow Area (sq ft) 66.19 
0 E. G. Slope ( ft / ft ) *0.012226 ° Area (sq ft) 66.19 
• Q Total ( cfs) 412.00 Flow (cfs) 409.73 

Top Width ( ft ) 62.74 Top Width (ft) 54.41 
vel Total ( ft / s ) 6.03 Avg. vel. (ft/ s) 6.19 

• Ma x c hl Dpth ( ft ) 1.56 • Hydr . Depth (ft) 1 . 22 
• conv . Total (cfs ) 3726.2 • conv . (cfs) 3705.7 
• Length Wtd. ( ft ) 43 . 12 • Wetted Per. (ft) 55 . 09 
• Min c h El ( ft) * 2149.26 * shea r (lb / sq ft) 0.92 
*Alpha * 1 . 05 Stream Power (lb / ft s) * 5 . 68 

. Right OB 0 

0.064 
43 . 30 

2.17 
2.17 
2.27 
8 . 33 
l. 05 
0.26 * 
20.5 * 
8.35 
0. 20 
0. 21 

* Frctn Loss ( ft) * cum Vo 1 ume (ac re-ft) 0.11 
• c & E Loss (ft) • cum SA (acres) 0 . 09 1.48 0.07 
****************** ** ***************** *********** ****** ********************************* ***** *** 

Warning: During subcritical analysis, the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
********************* ********************************************** *********** ***************** 
" E. G. El ev ( ft ) * 2151.42 • Eleme nt '' Left OB • Channe 1 • Right OB • 
• Vel Head (ft) 0.59 • Wt. n-val. 0 . 030 0.06 4 
• w. s . Elev ( ft) * 2150.82 * Reach Len . (ft) * 43.05 * 43.12 * 43.30 * 
* crit w.s. (ft) * 2150.82 * Flow Area (sq ft) * * 66 . 19 * 2.17 
• E.G . Slope (ft/ ft) *0.012226 • Area (sq ft) * 66.19 2.17 
• Q Total ( cfs ) 412 . 00 • Flow (cfs) * 409.73 2.27 * 
• Top width ( ft) 62.74 • Top width (ft) 54.41 8. 33 

Vel Total (ft / s ) 6. 03 • Avg. Ve 1. (ft/ s) 6.19 l. 05 
Max chl Dpth (ft ) 1.56 * Hydr. Depth (ft) 1 . 22 0.26 

• Conv. Total (cfs ) 3726 . 2 • conv . (cfs) 3705 . 7 20 . 5 
• Length Wtd. (ft) 43.12 • Wetted Per. (ft) 55.09 8.35 • 
• MinCh El (ft ) • 2149.26 • shear (lb / sq ft) 0 . 92 0.20 • 
• Alpha 1.05 • Stream Power (lb / ft s ) • 5.68 0.21 • 
• Frctn Loss (ft) • Cum Volume (acre-ft) • 0.11 • • 
* c & E Los s (ft) • cum SA (acres) '' 0 . 09 1.48 * 0.07 * 
************** ********** ************************** ***************** **************************** 

warning: During subcritical analysis, the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************ ************************************************************* ****** ** ************** 
• E.G. Elev (ft ) '' 2151.23 • Element Left DB * Channel 
• Vel Head ( ft ) 0.55 • Wt. n-val. 0.030 
• w.s. Elev (ft ) * 2150.68 • Reach Len. (ft) 43.05 • 43.12 
• Crit w.s. (ft) • 2150 . 68 • Flow Area (sq ft) • 58.57 
• E. G. slope (ft / ft ) *0.012831 • Area (sq ft) 58.57 
• Q Total ( cfs ) • 350 . 00 Flow (cfs) 348 . 95 
* Top Width (ft) * 58.73 * Top Width (ft) * 52.91 
• Vel Total (ft/ s) 5.86 • Avg. Vel. (ft/ s) 5.96 
• Max chl Dpth (ft) * 1.42 • Hydr. Depth ( ft) • 1 . 11 

Conv . Total (cfs) 3089.8 * Conv. (cfs) * 3080 . 6 
Length Wtd. (ft) 43.12 • Wetted Per. (ft) 53 . 52 

* Right OB * 
0.064 
43.30 • 
1.17 * 
1.17 
l. 05 
5.82 
0.90 
0.20 

• Min Ch El (ft) • 2149.26 • shear (1 b/ sq ft) 0 . 88 
* Alpha 1.03 * Stream Power (lb/ ft s) * 5 . 22 * 
• Frctn Lo s s (ft) • cum Volume (acre-ft) * 0.10 • 

9 . 2 
5.84 
0 . 16 
0.14 * .. 

• C & E Loss (ft) * • Cum SA (acres) 0.08 • 1.46 0.05 
************ ******************************************************************* **************** 

warning: During subcritical analysis, the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR 
****************************************************************** ************ ***** ************ 
* E.G. Ele v (ft) 2150 . 78 * Element * Left DB Channel * Right DB * 
• Ve l Head ( ft ) 0.43 • Wt . n-val. 0 . 030 • 0 . 064 
• w.s . Ele v ( ft) • 2150.3 5 • Reach Len. (ft) 43.05 43.12 • 43.30 * 
• Cri t W.S. ( ft) * 2150 . 35 • Flow Area (sq ft ) 41.75 0 . 07 

: ~·~~t~1°{~f~jt/ft ) : o·~}6~66 • ~l~~ ~~~sjtl 2i~:~~ 8 : 8~ • 
• Top width ( ft ) 50 . 69 • Top width (ft) • 49 . 40 1.30 * 
• vel Total (ft/ s ) 5 . 26 • Avg . vel. (ft/ s) * 5 . 27 0 . 41 * 
• Max chl Dpth ( ft ) 1.09 • Hydr. Depth (ft) • 0.85 0.06 • 
• conv. Total (cfs ) 1836.9 • Conv. (cfs) • 1836.7 0 . 2 • 
• Length Wtd. (ft ) 43.12 • Wetted Per. (ft) 49 . 87 1.30 
• MinCh El (ft) * 2149 . 26 • Shear (lb/ sq ft) 0.75 0.05 
* Alpha 1.00 * Stream Power (lb / ft s ) * 3.95 0.02 
* Frctn Loss (ft) * cum volume (acre-ft) 0.07 
• c & E Loss (ft) • cum SA (acres) 0.02 1.25 0.03 
************************************************************* ****************** **************** 

warning : During subcritical a nalysis, the water surface upstream of culvert went to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS : 0.209 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************************************************************************** ******************* 
* E. G. Elev (ft) * 2151.02 * Element * Left DB * Channel 0 Right DB * 
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* • Vel Head (ft) 0. 58 * Wt. n-val. • 0.064 0.030 * 0.064 

* w.s. Elev (ft) • 2150.45 * Reach Len . (ft) 165.84 169.01 176 .85 
crit w.s. (ft) • 2150.45 Flow Area (sq ft) 3.96 65 . 04 4.85 
E.G. slope (ft / ft ) *0.010822 Area (s~ ft) 3.96 65 . 04 4.85 

* Q Total (cfs) * 412.00 Flow (c s) 4.12 401.12 6.76 . 
• To~ width (ft) 74.52 • Top width (ft) 13.90 49.60 . 11.01 • 

Ve Total (ft/s) 5.58 • Avg . Vel. (ft/s) 1.04 6.17 * 1.40 
• Max chl Dpth (ft) 1. 55 . Hydr . Depth (ft) 0.28 1.31 0.44 
* Conv. Total (cfs) 3960.4 • Conv . (cfs) 39.6 3855.8 65.0 
* Length Wtd. (ft) * 169.02 * Wet t ed Per. (ft) 13.99 49.66 11.05 
* Min Ch El (ft) * 2148.89 • Shear ( lb/ sq ft) 0 .19 0.88 0. 30 . Alpha * 1.19 * Stream Power (lb/ ft s) • 0.20 5.46 0.41 
* Frctn Loss (ft) * 2.00 • cum volume (acre-ft) 0.03 0.48 • 0.01 

0.09 1.43 0.06 * c & E Loss (ft) 0.01 * cum SA (acres) 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step ite ratio ns, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profil e #FLOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) * 2151.02 * Element Left OB • channel • Right OB • 
• Vel Head (ft) 0 . 58 * Wt. n-val. * 0.064 0.030 * 0.064 * 
• w.s. Elev (ft) * 2150.45 * Reach Len. (ft) 165.84 * 169.01 * 176.85 * 
* Crit W.S. (ft) • 2150.45 • Flow Area (sq ft) 3.96 65.04 4.85 
* E.G. slope (ft/ ft) *0.010822 * Area (sq ft) 3.96 65 . 04 4.85 * 
• Q Total (cfs) * 412.00 Flow (cfs) 4.12 401.12 6.76 

: ~~~ ~~~~~ ~~i~s) : 7 ~:~~ r~~ - w~~f~ ~~i~s) 1i:6~ 4~:~~ 1i:~6 
* Max chl Dpth (ft) 1.55 * Hydr . Depth (ft) 0.28 1 . 31 0.44 * 
* Conv. Total (cfs) 3960.4 * Conv. (cfs) 39 . 6 3855 . 8 65.0 • 
• Length Wtd. (ft) 169.02 • Wetted Per. (ft) 13.99 49.66 11 . 05 
• Minch El (ft) • 2148.89 * shear (lb/ sq ft) 0.19 0.88 0.30 

Alpha 1.19 stream Power (lb / ft s) 0.20 5.46 0.41 
• Frctn Loss (ft) 2.00 • Cum Vo lume (acre-ft) 0.03 0.48 0.01 
• c & E Loss (ft) '' 0.01 * Cum SA (acres) 0.09 1.43 0.06 
**************************************************** ******************************** **** ******* 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sect ions. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid s ubcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) * 2150.84 ° Element Left OB * Channel * Right 08 * 
*vel Head ( ft ) 0.54 Wt. n-Val. 0.064 0 . 030 0.064 
* W.S. Elev (ft) • 2150 . 30 '' Reach Len . ( ft) 165.84 169 .01 176 .85 
• Crit w.s. (ft) • 2150.30 • Flow Area (sq ft) 2.04 58.00 3.41 
• E. G. Slope (ft/ ft) *0.011663 • Area (sq ft) 2.04 58.00 3.41 
• Q Total (cfs) • 350.00 Flow (cfs) 1 . 55 344.07 * 4 . 38 
• Top width (ft) 71.07 '' Top width (ft) 12 .19 49.60 • 9.28 

Vel Total (ft/ s) 5.52 Avg. Vel. (ft/s) 0 . 76 5 . 93 1.28 
* Max Chl Opth (ft) 1.41 * Hydr . Depth (ft) 0 . 17 1.17 * 0 . 37 
• Conv. Total (cfs) * 3240.9 • Conv. (cfs) * 14 . 4 3186.0 * 40.5 
• Length Wtd. (ft) * 169.02 • We tted Per. (ft) * 12.26 49 . 66 9. 31 
• Min ch El (ft) * 2148.89 • shear (lb/ sq ft) 0.12 0.85 0.27 
• Alpha * 1 . 14 * Stream Power (lb/ ft s) * 0.09 5.04 0.34 
* Frctn Loss (ft) 2 . 12 • cum volume (acre-ft) • 0.02 0.42 0.01 * 
° C & E LOSS (ft) * 0 . 00 ° Cum SA (acres) 0 0.07 * 1.41 * 0.05 ° 
********************************************************************* ******* ******************* 

warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: Divided flow computed for this cross-section. 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
f• E. G. Elev (ft) • 2150 . 40 , .. Element Left OB * Channel . Right OB * 
f• vel Head (ft) 0.42 ,., Wt . n-val. 0 . 064 0.030 • 0.064 
* w.s. Elev (ft) * 2149.98 f• Reach Len. (ft) 165.84 169 .01 176.85 
* Crit W.S . (ft) * 2149.98 • Flow Area (sq ft) * 0.01 42.13 1.08 . 
• E.G. slope (ft/ ft ) *0.013717 '' Area (s~ ft) * 0.01 42.13 1.08 • 
'' Q Total (cfs) 220 .00 Flow (c s) 0.00 218.97 1.02 * 
'' To~ Width (ft) 55.30 '' Top Width (ft) 0.46 49.60 . 5.24 • 

ve Total (ft/ s) 5. 09 * Avg. Vel. (ft/ s) 0.21 5.20 • 0 . 95 
• Max chl Dpth (ft) 1.09 * Hydr. Depth (ft) 0.02 0.85 0.21 
• Conv. Total (cfs) 1878.5 '' Conv. (cfs) 0 . 0 1869 . 7 8.8 
• Length Wtd . (ft) 169 . 03 • Wetted Per. (ft) 0.46 49.66 5.26 
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* Minch El ( ft ) * 2148.89 * shea r (lb/ sq ft) * 0 . 02 0 . 73 0.18 * 
* Alpha 1.04 • stream Power (lb/ ft s) * 0.00 3.78 0.17 

Frctn Loss (ft) * 2 . 29 * Cum Volume (acre-ft) 0 . 00 0.28 0.00 * 
c & E Lo ss (ft) * 0.06 * Cum SA (acres) 0.02 1.20 0.02 

***************************** ***************** ************************************** *********** 

wa rning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning : The energy los s was greater than 1 .0 ft (0.3 m). between the current and previous cross secti on. This may indi cate 
the 

need for additional cros s sections . 
wa rning: During the standard step i terations, when the assumed water surface was set equal to critical depth , the calculated 

wate r surface c ame ba ck below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaul ted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS : 0 . 177 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
************************************* ********************************************************** 
* E.G . Elev (ft) • 2147 . 41 • Element Left OS * Channel * Right 08 * 
* Vel Head (ft ) 0.61 • wt. n-val. 0.064 0.030 0 . 057 
* w. s . El ev ( ft ) * 2146.80 * Reach Len. (ft) 97.07 • 98.08 * 101.23 * 
* Crit w.s. (ft) . 2146.80 . Flow Area (sq ft) 6.16 63.58 0.01 
* E.G. Slope (ft / ft ) *D.D13D28 * Area (sf ft) 6.16 63. 58 0.01 * 
• Q Tota l (cfs) 412 . 00 Flow (c s) 10 . 27 401.72 * 0.00 * 
* ;;~~ ~~~~~ (ft ) 64.98 • Top width (ft) 12.30 . 52 . 33 D. 36 

( ft / s) 5 . 91 Avg . vel. (ft/ s) 1. 67 * 6.32 * 0.32 * 
• Max chl Dpth (ft ) 4.32 Hydr . Depth (ft) 0. so 1. 22 0.04 

Co nv. Total (cfs ) 3609 . 5 Conv. (cfs) 90 . 0 3519 . 5 D.O 
Length Wtd. (ft ) 98 . 07 * Wetted Per. (ft ) 12.34 53.82 0. 36 

* Min ch El (ft) . 2142 . 48 . shea r (lb/ sq ft ) 0 . 41 0.96 0 . 03 
* Alpha 1.12 . Stream Power (lb/ ft s) . 0.68 6.D7 0.01 
* Frctn LOSS (ft) 1.13 * Cum Volume (acre-ft) 0 . 01 0 . 23 0 . 00 * 

* cum SA 0.04 1. 23 0 . 04 • * C & E Loss (ft) 0.06 (acres) 
************ ***************************************************************** ****************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross section s . 
warning : During the standard step iterations , when the a ssumed water surface was set equal to critical depth, the ca l culated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLDODWAY 
*********************************************************************************** ************ 

: 0~~ - H~!avc ~~5 ) • 
2146 : ~i : ~i~m~~0al . • L6:a6~ 6 

• cg~g~6 1 
• Ri8~65~ 8 

• 
* w. s . Elev (ft ) * 2146 . 80 Reach Len. (ft) 97.07 98.08 101.23 
* Crit w. s . (ft) * 2146 . 80 Flow Area (sq ft) 6 . 16 63 . 58 0.01 
* E.G. sl

1
opef(f)t/ ft ) *0 . 013028 * Area (sq ft) 6.16 63.58 0 . 01 • 

* Q Tota (c s 412 . 00 Flow (cfs) 10 . 27 401.72 D.OO 
* Top Width (ft) 64.98 * Top width (ft) 12.30 52.33 0.36 * 

Vel Total (ft / s) 5 . 91 Avg. vel. (ft/ s) 1.67 6.32 0.32 
* Max chl Dpth (ft) 4 . 32 Hydr . Depth (ft) 0.50 1.22 0.04 
* Conv . Total (cfs ) 3609 . 5 * Conv. (cfs) 90 . 0 3519 . 5 0.0 * 
* Length Wtd . (ft) 98.07 * Wetted Per. (ft) 12 . 34 53.82 0.36 * 
* Min ch El (ft) • 2142.48 '' shear (lb / sq ft) 0.41 0 . 96 D.03 
* Alpha 1.12 '' Stream Power (lb / ft s) • D. 68 6 . D7 * D.D1 * 
• Frctn Los s (ft) 1.13 • cum Volume (acre-ft) 0 . 01 0 . 23 * 0.00 * 
* C & E LOSS (ft) 0 . 06 * Cum SA (acres) 0.04 1.23 0 . 04 
***************************************************** ************************ ****************** 

wa rning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the wate r su r face and continu ed on with the calculations . 

warning: The ene r gy loss was greater than 1.0 ft ( D.3 m) . between the current and previou s cross section . This may indicate 
the 

need fo r addi tional cros s sections. 
warn i ng: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back bel ow critical depth. This indicates that there is not a valid subcritical answer. The 
p re g ram 

defaulted to c r itical depth. 

CROSS SECTION OUTPUT Profil e #50- YEAR 
*********************************************************************************************** 
* E. G. Elev (ft ) * 2147.23 -rr Eleme nt Left os • channel * Right DB * 
-rr Vel Head (ft) 0. 55 '' Wt . n-val. 0.064 0 . 030 . . 
• w.s. Elev (ft) • 2146 . 68 -rr Reach Len. (ft) 97.07 98.08 • 101.23 * 

crit w. s . (ft) * 2146.68 '' Flow Area (sq ft) 4 . 72 57.08 
• E. G. slope (ft/ ft ) •o. 013495 '' Area (s~ ft) 4.72 57.08 
'' Q Total (cfs) 350 . 00 Flow (c s) 7. 33 342 . 67 

* ;;~~ ~~~~~ (ft) 62 . 85 * Top Width (ft) 10.79 52.06 * 
(ft/ s) 5.66 • Avg. Ve 1 . (ft/ s) * 1. 55 6.00 * * 

• Max chl Dpth (ft) 4 . 20 '' Hydr. Depth (ft) * 0.44 1.10 * • 
1r conv . Tot a 1 (cfs ) 3012 . 8 '' Conv. (cfs) 63.1 2949.8 
* Length Wtd. (ft ) 98 . 07 • Wetted Per. (ft) 10.82 53.55 • 
• Min ch El (ft ) * 2142 .48 • Shear ( lb/ sq ft) 0 . 37 0.90 
• Alpha 1.10 '' stream Power (l b/ ft s ) • D. 57 5 . 39 
* Frctn Loss (ft ) 1. 33 • cum Volume ( acre-ft ) 0.01 0.20 
-!r ( & E LOSS (ft ) 0.01 • Cum SA (acres) 0.03 1. 21 0.03 
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***************** ********************** ********* **************************************** ****** * 

Warning: The energy equation could not be balanced wi thin the specifi ed number of iterations. The program used critical depth 
for the water surface a nd continued on wi t h the calcu l ations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between t he current and previous cross section. This may indicate 
t he 

need for additional cross sections . 
warning: During the standard step ite rations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below crit i cal depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
******************************************************************** *************************** . E.G . Elev (ft ) * 2146 .73 * Element Left OB * Channel * Right OB * 
• ve l Head (ft) 0.61 * Wt. n-Val. 0.064 0.030 
* w.s. Elev (ft) • 2146.12 . Reach Len. (ft) 97 . 07 98.08 101.23 
* Crit w. s. ( ft) * 2146.12 . Flow Area (sq ft) 0. 58 35.02 • . E.G. Slope (ft/ ft ) *0.013376 Area (s~ ft) 0. 58 * 35 . 02 
* Q Total (cfs) * 220.00 Flow (c s) 0.43 * 219.57 * 

~~~ *~~~~ 
(ft ) * 33 . 04 • Top width (ft) 3 . 90 29.14 * 
(ft/ s) 6.18 • Avg. vel . (ft/s) . 0 . 75 6 . 27 

• Max chl Dpth (ft) 3.64 * Hydr . Depth (ft) * 0.15 1. 20 
• conv . Total (cfs) 1902.2 * Conv . (cfs) 3.7 1898.4 
• Length Wtd . (ft) 98.08 • Wetted Per. (ft) 3.91 30 . 59 * 
* Min Ch El ( ft ) * 2142.48 • s hea r (l b/ sq ft) 0.12 0.96 
* Al pha • 1.03 • Stream Power ( l b/ ft s) ,, 0.09 5:99 * * . F r ctn Loss (ft) 1. 35 * Cum Vo lume (acre-ft) 0.00 0.13 • • 

0.01 1. 05 0.01 * c & E Loss (ft) 0.09 * cum SA (ac res) 
********************************************************* ************** ************************ 

warning: The energy equation cou l d not be balanced wi t hin the specified number of iterations . The program used critical depth 
for the water surface a nd continued on wi t h the ca l culations . 

warning: The energy loss was greater than 1.0 ft (0.3 m). be t ween the cur rent and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning : During the standard step iterations, when the assumed water s urface was set equal to cr i tical depth , the cal culated 

water surface came back below crit i cal depth . This indi cates t hat there is not a val i d s ubcri t ical answer. The 
program 

defaulted to critical dept h. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0.159 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev (ft) • 2144.93 '' El ement * Left OB • Channel * Right OB * 
• vel Head (ft) 0.49 • Wt. n-val . 0.030 
• W. S. El ev (ft) * 2144.44 '' Reach Len. (ft) 33. 51 33. 72 34 . 48 * 
• crit w.s. (ft) * 2144 . 35 • Flow Area (sq ft) 73.45 
* E.G. slope (ft / ft ) *0.010275 • Area (sq ft) 73.45 
* Q Total (cfs) • 412 . 00 Flow (cfs) 412.00 
* Top width (ft) 61.26 Top width (ft) 61.26 

Vel Total (ft/ s) 5 . 61 AVg. Vel . (ft/ s) 5 . 61 
* Max chl Dpth (ft) 3.73 • Hyd r. Dep t h (ft) 1 . 20 
* Conv. Tota 1 (cfs) 4064. 5 '' Conv. (cfs) 4064. 5 
* Length Wtd . (ft) 33 .72 • Wetted Per. (ft:) 62 .19 
* Minch El (ft) • 2140.71 • shear ( l b/ sq ft) 0.76 
* Al pha 1.00 • stream Power ( l b/ ft s) * 4 . 25 
• Frctn Loss (ft) '' cum vo lume (ac re-ft) 0. 08 
• c & E Loss (ft) • cum SA (acres) 0.02 1 . 10 0 . 03 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
****************************************************************************** ***************** 
* E.G. Elev (ft) * 2144.93 * Element Left OB * Channel * Right 08 * 
* Ve l Head (ft) 0.49 '' Wt . n- val . 0 . 030 
• w. s. Elev (ft) • 2144.44 '' Reach Len . (ft) 33.51 * 33 . 72 34 . 48 
• Crit w. s . (ft:) * 2144.35 '' Flow Area (sq ft) 73 . 45 
• E.G. slope (ft/ ft ) *0 . 010275 • Area (sq ft) 73.45 
* Q Tot a 1 (cfs) 412 . 00 Flow (cfs) 412.00 

Top width (ft) 61.26 '' Top Width (ft) 61.26 
Ve l Total (ft/ s ) 5.61 '' AVg. Vel. (ft/ s) 5.61 

* Max Chl Dpth (ft ) 3.73 * Hydr. Depth (ft) 1 . 20 
• conv. Total (cfs ) 4064 . 5 • Conv. (cfs) 4064.5 
* Length Wtd . ( ft) 33.72 * Wetted Per. ( f t ) 62 .19 * 
• Min ch El (ft) • 2140.71 • shear (lb/ sq ft) 0.76 * 
* Alpha 1.00 '' Stream Power (lb/ft s) * * 4 . 25 
• Frctn Loss (ft) '' cum vol ume (acre- ft) * 0 . 08 * 
• c & E Loss (ft) * • cum SA (acres) 0 . 02 1.10 0 . 03 * 
**** ********************************************************************** ********************* 

CROSS SECTION OUT PUT Profil e #50- YEAR 
** ********************************************** ****************************** ***************** 
* E. G. El ev (ft) * 2144.75 * El ement * Left OB * c han nel * Rig ht OB * 
* Vel Head (ft) 0. 53 'fr Wt, n-val . 0 . 030 
* W. S. Elev ( ft ) • 2144.21 'fr Reach Len. (ft) 33.51 33.72 34.48 
• crit w. s . (ft) * 2144.21 • Fl ow Area (sq ft) 59.86 
* E.G. slope (ft / ft ) •a. 013659 • Area (s~ ft) 59.86 
• Q Total (cfs) 350.00 Fl ow (c s) 350 . 00 

To~ Width (ft) 58. 06 '' Top wi dth (ft) 58 . 06 
Ve Total (ft/ s ) 5.85 '' AVg . Vel. (ft/ s) . 5 . 85 

• Max chl Dpth (ft ) 3.50 • Hydr . Depth (ft) • 1.03 
Conv . Total (cfs) 2994 . 7 • conv. (cfs) 2994. 7 
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• Length Wtd . (ft ) 33.72 • Wetted Per. (ft) * 58.96 * 
• Min ch El (ft) * 2140 . 71 • shea r (l b/ sq ft) 0. 87 
• Alpha 1.00 • stream Powe r (lb / ft s) '' 5.06 
• Frctn Loss (ft) • cum Volume (acre-ft) 0.07 

,, 

• c & E Loss (ft) • cum SA (acres) 0.02 1.09 0.03 
************************ ******************* ***************** *********** ********* *************** 

warning: During subcriti ca l analys i s, the water surface upstream of culvert went to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
****************************** ** ************* ************************************** ************ 
0 E.G. Elev (ft) * 2144.32 * Element * Left 08 * Channel 0 Right 08 ° 
*Vel Head (ft) 0 . 42 Wt. n-Val. 0.030 * 
* w.s. Elev (ft) * 2143.90 Reach Len. (ft) 33 . 51 33.72 
• crit w.s. (ft ) • 2143.90 • Flow Area (sq ft) 42 .16 
* E.G . Slope (ft / ft ) *0 . 014163 • Area (sq ft) 42.16 

Q Total (cfs) * 220.00 Flow (cfs) 220.00 * 
Top width (ft) * 49.77 • Top width (ft ) 49 . 77 • 
vel Total (ft/ s) 5.22 • Avg . vel. (ft/ s) 5.22 

* Max Chl Opth (ft) 3.18 * Hydr. Depth (ft) . 0 .85 * 
• Conv. Total (cfs ) 1848.6 * Conv. (cfs) 1848.6 * 
• Length Wtd . (ft ) 33.72 * Wetted Per. (ft) 50.62 
• Minch El (ft) 2140.71 • shea r (lb/ sq ft) 0.74 
• Alpha 1.00 • Stream Power (lb/ ft s) * 3.84 
• Frctn Loss (ft) * Cum Volume (acre-ft) 0.05 

34.48 

* 
* 

* c & E Loss (ft) • cum SA (acres) 0.01 • 0 . 96 0.01 
*********************************************************************************************** 

warning: During subcritic a l analysis , the water surface upstream of culvert went to critical depth. 

CROS S SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.152 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
**************** ************************ ********* ************ ********** ************************ 
0 E.G. El ev (ft) . 2144 .14 . Element Left OB 0 Channel 0 Right 08 * 
• vel Head (ft) 0 . 57 * Wt . n- Val . 0.030 0 . 057 
* w.s. Elev (ft) * 2143 . 58 . Reach Len. (ft) 45.98 40.80 21.30 * 
fr Crit W. S . ( ft ) ,, 2143 . 58 . Flow Area (sq ft ) 68.19 0 . 23 * 

E.G. slope (ft/ ft) *0.013163 Area (s~ ft) 68.19 0. 23 
• Q Total (cfs) . 412.00 . Flow (c s) 411.79 0. 21 . ~~~ *~~~~ (ft) 62 . 81 • Top width (ft ) 61.55 1. 26 

(ft / s) 6 . 02 • Avg. Ve l . (ft/s) 6 . 04 0 . 93 
• Max chl Dpth (ft) 3.17 . Hydr . Depth (ft) 1.11 0 . 18 
* Conv. Tota l (cfs) 3591.0 conv . (cfs) 3589.2 1.8 
• Length Wtd. (ft) 40.75 Wetted Per. (ft) 62 . 25 1.31 
• Min ch El (ft) . 2140.41 • shea r ( lb / sq ft) 0 . 90 0.14 
• Alpha • 1.01 • Stream Power (lb / ft s) . 5.44 0.13 

Frctn Loss (ft) 0 . 53 * cum Volume (acre-ft) 0.00 0 . 21 0.00 
0.02 1.05 0.03 C & E Loss (ft) 0.01 * Cum SA (acres) 

************************************ ************************************************ *********** 

warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
During the standa r d step iterati ons, when the assumed water surface was set equal to cr1t1cal depth, the calculated 
water surface came back below critical depth. This indicates that there is not a val 1d subcr1 ti ca l answer . The 

Warning: 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
************ ******************************* ************** ************************ *** *********** 
• E. G. Elev (ft) • 2144.14 • Element Left OB • Cha nne l * Righ.

0
t

5
o
7

s * 
• ve l Head (ft) • 0.57 • Wt. n- val. 0 . 030 0 
• W.S. Elev (ft) • 2143.58 • Reach Len. (ft) 45.98 40.80 21.30 
• Crit W.S. (ft) • 2143.58 • Flow Area (sq ft) 68.19 0.23 

E. G. slope (ft/ ft ) *0 . 013163 * Area (sq ft) 68.19 0.23 
* Q Total (cfs) • 412.00 Flow (cfs) 411.79 0 . 21 
* Top Wi dthl ( fft ) 62.81 * Top Wi dtl h (ft) 61. 55 1. 26 

0 Vel Tota ( t / s ) 6.02 • Avg. Ve . (ft/ s) 6.04 0.93 
• Max ch l Dpth (ft ) 3 .17 • Hydr. Depth (ft) 1.11 0.18 
• Con v . Total (cfs ) 3591.0 • conv. (cfs) 3589.2 1.8 

Length Wtd . (ft ) 40.75 • Wetted Per. (ft) 62.25 1. 31 
• MinCh El ( ft) • 2140 . 41 • Shear (lb / sq ft) 0 . 90 0.14 * 
• Alpha 1 . 01 • stream Power ( lb/ ft s) • 5.44 0 . 13 
• Frctn Loss (ft) 0 . 53 • cum Volume (acre-ft) 0.00 • 0.21 0 . 00 
° C & E LOSS (ft) 0 . 01 ° Cum SA (acres) 0.02 ° 1. 05 0.03 
******************************************* ********** ************************** ** *** ****** ***** 

warning: The energy equat i on could not be ba lanced within the specifi ed number of iterations. The program used critical depth 
for the water surface and cont inu ed on with the calculations. 
During the standard step iterations , whe n the assumed water surface was set equal to c riti cal depth , the calculated 
water surface came back below critical depth. This indicates that there is not a va lid s ubcritical answer. The 

Warning: 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
***************************************************** ***************************** ************* 
* E.G . Elev (ft ) 
* Ve l Head (ft) 
• w.s. Elev (ft ) 
• crit w. s . (ft ) 
• E.G . slope (ft / ft ) 
• Q Total (cfs) 
• Top width (ft ) 

2143 . 97 
0 . 50 

• 2143.47 
• 214 3. 47 
*0 . 013 380 

350.00 
62.12 

* Element 
Wt . n-Val. 

'' Reach Len. (ft) 
• Flow Area (sq ft) 
• Area (sq ft) 

Flow (cfs) 
'' Top Wi dth (ft) 

Left OB * 
45.98 
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0 . 030 
40.80 
61.42 
61.42 

349.92 
61.25 

0 Right OB * 
0.057 
21.30 
0.11 
0 . 11 
0.08 
0.87 
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• Vel Total (ft / s) 5 . 69 • Avg. Ve l. (ft/ s) * 5.70 * 0.73 * 
• Max chl Dpth (ft) 3.06 * Hydr . Depth (ft) l.DO 0 . 12 
• Con v . Total (cfs ) 3025.8 conv . (cfs) 3025 . 2 0.7 * 
• Length Wtd. (ft) 40 . 77 Wetted Per. (ft) 61.93 0. 91 '' 
* Minch El (ft) R 2140.41 * shear (lb / sq ft) 0 . 83 0.10 
*Alpha 1.00 * Stream Power ( l b/ft s) * 4.72 0 . 07 
* Frctn Loss (ft) 0.54 * Cum Vo lume (acre-ft) 0 . 00 0.18 * 0 . 00 * 
• C & E Loss (ft) 0 . 01 * Cum SA (acres) 0 . 02 1.04 • 0.03 ;, 
**************************************************** **************** ******** ******* ************ 

wa rning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below crit i cal depth. This indicates that there is not a va l id subc ritical answer . The 

Wa rning : 

program 
defaulted to c ritical depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
************************************* **************************** *********** ******************* 
* E. G. Elev ( ft ) * 2143.57 * Element Left DB * Channel * Right DB * 
• vel Head (ft ) * 0 . 39 ;, Wt . n- val. 0 . 030 * 
• w. s . Elev ( ft ) * 2143.18 • Reach Len. (ft) 45 . 98 40.80 
* crit w. s . ( ft) • 2143.17 • Flow Area (sq ft) 43.75 
• E. G. Slope (ft/ ft ) *0 . 015365 • Area (sq ft) 43.75 
• Q Total (cfs) * 22D.OO Flow (cfs) 220.00 
* Top width (ft) 58.40 • Top width (ft ) * 58.40 

Vel Total ( ft / s ) 5.03 • AVg. vel. (ft/ s) 5 . 03 
* Max Chl Dpth ( ft ) 2.77 * Hydr. Depth (ft) * 0.75 * 

conv. Total (cfs) 1774.8 • conv. (cfs) 1774.8 
• Length Wtd. (ft) 40.80 • Wett ed Per. (ft ) 59.D4 * 
* Min ch El ( f t) * 2140 . 41 * shear ( lb/sq ft) " 0 . 71 * 
• Alpha 1.00 • Stream Power (lb/ ft s) 3.57 
* Frctn Loss (ft) 0 . 62 * cum Volume (acre-ft) 0.00 0.13 

21. 30 

* 
* 

* c & E Loss (ft) 0.01 * Cum SA (acres) 0.01 0 . 92 0 . 01 
************************ ********************** ****************** **************** ************** * 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS : 0.145 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****** ***** ******************** ***** ** ****************** ********** ****** **** ******************* 
* E.G. Elev (ft) * 2143 . 55 * Element Left DB * Channel* Right DB * 
* Ve l Head (ft) 0.60 • Wt. n- Val. 0.030 0 . 057 
• w.s. Elev (ft) • 2142 . 95 • Reach Len. (ft) 38 . 52 35.07 * 22.34 * 
* Cri t w.s . (ft) • 2142 . 94 • Flow Area (sq ft) 65.85 1.47 
* E.G . slope (ft/ ft ) *0.012693 • Area (sq ft) 65 . 85 1.47 
• Q Total (cfs) • 412.00 Flow (cfs) 409 . 99 2.01 
• Top Width (ft) 59.36 • Top width (ft) 54.82 4. 54 

vel Total (ft / s) 6.12 * Avg . vel. (ft/ s) 6 . 23 1.37 
* Max chl Dpth (ft) 3.40 • Hydr. Depth (ft) 1 .20 0.32 
• Conv . Total (cfs) 3657 . 0 Conv . (cfs) 3639.1 17.9 
• Length Wtd. (ft) 35.04 Wetted Per. (ft) 55 . 88 4.59 
• Minch El (ft ) * 2139 . 55 • shear (lb / sq ft) 0.93 0.25 
* Alpha 1.03 • Stream Power ( lb / ft s ) 5.81 0.35 
• Frctn Loss (ft) 0 . 26 * Cum Vo lume (acre- ft) 0.00 0. 14 0 . 00 
• C & E Loss (ft) 0.14 • Cum SA (acres) 0.02 1 . 00 0 . 03 * 
************ ************************** ************ ******************************* *** *********** 

warn i ng : The conveyance ratio (upstream conveyance divided by downstream conveyance) is l ess than 0.7 or greater than 1.4. 
Thi s may indicate the need for additional cross sections . 

CROSS SECTION OUTPUT Profil e #FLOODWAY 
************ ****** ***** ***************** ******** ***** ******* ******** ****** ************** ******* . E.G . Elev (ft) * 2143 . 55 . Element Left OB • channel Right DB * 
• Ve l Head (ft) 0.60 * Wt . n-val. 0 . 030 0 . 057 
* w.s . Elev ( ft) * 2142 . 95 ,, Reach Len. (ft) 38.52 35 . 07 22.34 
• Crit W. S . (ft) * 2142 . 94 . Flow Area (sq ft) 65.85 * 1. 47 
• E. G. slope (ft/ ft) *0 . 012693 * Area (s~ ft) • * 65.85 • 1.47 
* Q Total (cfs) • 412.00 Flow (c s) * 409 . 99 2 . 01 

. ~~~ ~~m (ft) 59.36 • Top width (ft ) 54.82 . 4. 54 
( ft / s) 6.12 * Avg. vel . (ft/ s) 6.23 * 1. 37 

• Max Chl Dpth (ft ) . 3 . 40 • Hydr . Depth (ft ) 1. 20 * 0 . 32 
* conv. Total (cfs) * 3657 . 0 * Conv. (cfs) * 3639.1 17 . 9 
* Length Wtd . (ft) 35 . 04 * Wetted Per. (ft ) • 55 . 88 4 . 59 
• Min ch El (ft ) . 2139 . 55 • shear (lb/ sq ft) • 0.93 * 0.25 
* Alpha 1.03 * Stream Power (lb/ ft s) * 5 . 81 0 . 35 . Frctn LOSS (ft) 0 . 26 * cum Volume (acre-ft) 0.00 0 .14 0.00 

0.02 1.00 0 . 03 • c & E Lo s s (ft) 0 . 14 * cum SA (acres) 
* **********************~*** * ***************************** ****************** ** ** **************** 

Warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is l ess than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sect i ons. 

CROSS SECTION OUTPUT Profi l e #50-YEAR 
********* *** ************ ** *********************** ************* ************* ******************** 
* E.G. El ev (ft) • 2143 . 37 • Element Left DB * Channel Right DB * 
• Vel Head (ft) 0 . 54 Wt. n- val . 0 . 030 0 . 057 . 
• w.s. Elev (ft) * 2142 . 83 * Reach Len. (ft ) 38 . 52 35.07 22.34 * 
• crit w.s . (ft) • 2142.83 Flow Area (sq ft) 59 .19 0.94 . E.G. slope (ft/ ft) *0 . 013039 * Area (s~ ft) 59 . 19 0.94 * 
* Q Total (cfs) 350.00 Flow (c s) 348.94 1.06 
* To~ Width (ft) 58 . 64 • Top width (ft) 54 . 59 4.06 
• Ve Total (ft / s) 5. 82 • AVg. Ve l. (ft/ s) 5.90 1.12 
* Max c hl Dpth (ft) 3. 28 • Hydr . Depth (ft) 1. 08 0. 23 
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• Conv. Total (cfs) 3065.1 • Conv . (cfs) • * 3055 . 8 * 9 . 3 * 

Length Wtd . (ft) 35.05 • Wetted Per. (ft ) 55.61 4.09 
*Minch El (ft) * 2139.55 * shea r ( lb/ sq ft) * 0.87 0.19 
*Alpha 1.02 • Stream Power ( lb / ft s) • 5.11 0.21 
• Fr ctn Loss (ft ) 0 . 29 cum Volume (ac re-ft ) 0.00 0.13 0.00 

c & E Loss (ft) 0 .12 • cum SA (acres) 0.02 0.99 0 . 02 
************************************************************************************* *** ******* 

Warning: The energy equation could not be ba lanced within the specified numbe r of ite rations. The p rogram used critical depth 
for the water su rface and cont inu ed on with the calcul at ions . 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) i s les s than 0 .7 or greater than 1 .4. 
This may indicate the need for additional cros s sections. 

Warning: Du r ing the standa rd step ite ratio ns , when the assumed water surface was set equa l to cri tical depth , the calculated 
wat e r surface came bac k below cri t ical depth . This indicates that there is not a vali d subcritical answer . The 

program 
defau lted to critical depth . 

CROSS SECTION OUTPUT Profile #10-YEAR . E.G. El ev ( ft ) • 2142.94 . Element Left OB . Channel 0 Right OB * 
• vel Head (ft) 0 . 41 0 Wt . n-val . • 0.030 
* W. S. Elev ( ft ) 2142 . 53 . Reach Len. ( ft) 38.52 35.07 22 . 34 . 
• crit w.s. ( ft) 2142.53 • Flow Area (sq ft ) 42.71 . • 

E. G. slope (ft/ft) *0.015127 * Area (s~ ft) 42.71 • • 
• Q Total (cfs) 220.00 • Flow (c s) 220 . 00 
'' To~ Width ( ft) . 53.98 ,, Top Width (ft) 53.98 

Ve Total (ft /s) * 5.15 * Avg. Ve l. (ft/ s) 5.15 . 
* Max chl Dpth (f1:) 2.98 . Hydr . Depth (ft) 0. 79 • 
* Conv . Total (cfs ) 1788.7 * Conv. (cfs) 1788.7 
• Length Wtd. (ft) 35 .07 . Wett e d Per . (ft) 54.93 • * 
• Min ch El (ft ) * 2139.55 * s hea r ( lb/ sq ft) * * 0.73 * * 
• Alpha 1.00 . stream Power ( lb/ ft s) . 3.78 . Frctn Loss (ft ) 0.34 . Cum Volume (ac re-ft ) • 0.00 0.09 
• c & E Loss (ft) 0.09 . cum SA (acres) 0.01 0.86 0 . 01 
************** ********************************************************************************* 

Warning: The energy equation cou ld not be balanced within the specified number of iterations . The pr ogram used critical depth 
for the water s urface and continued on with the calculations. 

warning: The conveya nce ratio (upstream conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1.4 . 
This may indicate the need for addit i ona l cross sections . 

Warning: During the standard step iterations , when the assumed wate r surface was se t equal to critical depth , the calculated 
water s urface came back below c ritical depth . This indicates that there is not a valid s ub cri tical a nswer. The 

prog ram 
defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0 . 138 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
** **********************~···········~················ ······································ ·· ·· 
* E.G. Elev (ft) * 2143.15 * Element Left OB Channel * 

Vel Head (ft) 0.32 • Wt. n-Val . 0.064 0.030 * 
• W. S. Elev (ft) • 2142.83 • Reac h Len . (ft) 32.04 32 .07 
• crit w.s . (ft ) • 2142.44 • Flow Area (sq ft) 2.84 89 . 87 • 
• E.G . Slope (ft / ft ) *0.004996 • Area (sq ft) 2.84 89.87 * 
• Q Total (c f s) 412 .00 Flow ( cfs ) 2.39 409 . 30 
• Top width (ft) 68.93 • Top Width (ft) 7.70 59.64 

Ve l Total (ft/s ) 4 .42 Avg. Ve l . (ft/ s) 0 . 84 4.55 
*Max Ch l Dpth (ft) 3.74 Hydr . Depth (ft) 0 .37 1.51 

Conv . Total (cfs) • 5829.1 • Conv. (cfs) 33.8 5790.9 
• Length Wtd . (ft ) • 32 . 07 • Wetted Per . (ft) 7 . 73 60.57 
• Minch El ( ft ) * 2139.09 • shear ( lb/ sq ft) 0.11 0.46 
• Alpha 1.05 • stream Power ( lb / ft s) • 0.10 2 . 11 
* Frctn Loss (ft ) * Cum Vol ume (acre-ft ) 0.08 

Right OB * 
0 . 057 
32.29 
0.42 
0.42 
0. 31 
1. 59 
0.74 
0.27 
4.4 

1. 68 
0.08 
0 . 06 

• C & E Loss (ft ) • Cum SA (acres) 0.02 0.95 0.03 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** . E. G. Elev (ft ) • 2143.15 . Eleme nt Left OB * channel * Ri ght OB * 
• vel Head (ft) 0.32 * Wt. n- Va l . 0.064 0 . 030 . 0 .05 7 

w.s. Elev (ft) . 2142.83 . Reach Len. ( ft ) 32.04 32.07 • 32.29 
• Crit w.s. ( ft ) • 2142.44 • Flow Area (s q ft) 2 . 84 89 . 87 0 . 42 
* E.G . Sl ope (ft / ft ) *0.004996 1' Area Cs ~ ft) 2 . 84 89.87 0.42 . 
• Q Total (c f s) . 412 . 00 Flow (c s) 2.39 • 409.30 0. 31 • . ~~~ *~~~~ (ft) 68.93 0 Top Width (ft) 7.70 59.64 1. 59 

(ft /s) 4 . 42 • Avg. Vel. Cft/ s) 0 .84 4.55 0.74 
• Max ch l Dpth ( ft) 3.74 '' Hydr . Depth (ft) 0 . 37 1. 51 0. 27 
* Conv. Total (cfs) 5829 . 1 "' Conv. (cfs) 33.8 5790.9 4.4 
• Length Wtd. (ft) . 32.07 . Wetted Per. (ft ) * 7.73 . 60.57 . 1. 68 
• Min c h El (ft ) • 2139.09 • shear ( lb / sq ft) * 0. 11 • 0.46 • 0.08 
• Alpha 1.05 . stream Powe r ( lb / ft s) . 0.10 2 .11 0 .06 

Frctn Loss (ft ) '' Cum Volume (acre-ft) 0 .08 
• c & E Loss (ft) f• Cum SA (acres ) 0.02 0.95 0 .03 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 

E.G. Elev (ft) 
vel Head (ft) 

• w.s. El ev (ft) 
Cr i t w.s . (ft) 

• E.G . slope (ft / ft ) 
• Q Tota 1 (cfs) 

2142 . 94 
0 . 31 

• 2142.64 
• 2142. 34 
*0.005726 

350.00 

"• Element 
'' Wt. n-val . 
'' Reach Len . ( ft) 
• Flow Area (sq ft) 

Area (sq ft) 
Flow (cfs) 

Left OB * 
0 . 064 
32 . 04 
1. 55 
1. 55 
1.14 
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Channe l 
0.030 
32 . 07 
78 . 37 
78.37 

348.76 

Right OB 
0.057 
32.29 
0.17 * 
0.17 * 
0 . 10 
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• Top width (ft) 66.34 • Top width (ft) • 5 . 68 59 . 64 

vel Total (ft / s) 4.37 '' Avg. Vel . (ft/ s) 0.74 4.45 
* Max chl Opth (ft ) 3.55 * Hydr . Depth (ft) 0.27 1.31 * 
• Conv . Total (cfs ) 4625.5 • Conv. (cfs) 15.1 4609.1 

1. 02 
0 . 58 
0.17 
1.3 

1.07 
0 . 06 
0 . 03 

• Length Wtd. (ft) 32 . 07 • Wetted Per. (ft) 5. 71 60 . 57 
• Min ch El (ft) • 2139.09 • shea r (lb/ sq ft) 0.10 0.46 
* Alp ha 1.03 * stream Power (lb/ ft s) * 0.07 * 2 .06 

* * Frctn Los s (ft) * cum v olume (ac re-ft) * 0 . 07 
* c & E Loss (ft) • cum SA (acres) 0.02 0 . 94 0 . 02 
************************************** ************************************* ******************** 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev ( ft) 2142.51 * Element • Left OB * Channel * Right OB * 
* vel Head ( ft) 0.23 • Wt. n-Val . 0.064 0.030 * 
* w. s . Elev ( ft) * 2142.27 • Reach Len. (ft) 32.04 32.07 • 32.29 
* crit w.s. ( ft ) • 2142.04 • Flow Area (sq ft) 0.17 56.64 

: ~·~~t~1o~~f~jt/ft ) • o . ~~g~66 • ~l~~ ~~~sjt) 8:6~ 2i~:~! 
0 Top Width ( ft) 61.07 * Top Width (ft) 1.88 59.19 

Vel Total ( ft / s ) 3.87 "' Avg. Vel. ( ft / s) 0.38 3.88 : 
• Max chl Dpth (ft ) 3 .18 • Hydr . Depth (ft) 0 . 09 0 . 96 
• Conv . Tota l (cfs ) 2697 . 0 • Conv. (cfs) 0.8 2696.3 
• Le ngth Wtd. (ft ) 32. 07 • Wetted Per. (ft) 1.89 60.12 
• Minch El ( ft) * 2139.09 • shea r (lb/ sq ft) 0.04 0 . 39 
* Al pha 1.01 • Stream Power (lb / ft s) '' 0.01 1.52 
• Frctn Loss (ft ) * cum Volume (acre-ft) 0 . 05 
* c & E Loss ( ft ) * * cum SA (acres) 1t 0.01 0.82 0 .01 * 
****** ********************************* ******************************************************** 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0 . 132 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
****************** *** ********************************************* ********** *** **************** 
• E. G. Elev (ft) * 2142.51 . Element . Left OB . channel . Right OB . 
• Vel Head (ft) 0 . 57 * Wt. n- Val . 0 . 064 0.030 0.057 
* w.s . El ev (ft) • 2141.94 . Reach Len. (ft) 29 . 34 29.46 * 29.92 
* crit w.s . (ft) . 2141.94 • Flow Area (sq ft) 1. 43 67.34 * 0.74 
* E.G. slope (ft/ ft ) *0.012191 * Area (s~ ft) 1.43 67 . 34 0.74 
• Q Tot a 1 (cfs) . 412.00 Flow (c s) 1. 67 409.68 0 . 65 . ~~~ *~~~~ (ft) 65.73 * Top Wi dth (ft ) 4. 59 56 .75 4.40 . 

(ft/ s) 5.93 • Avg . Ve l . (ft/ s) 1.17 6.08 0.88 * . Max chl Opth (ft) 3 . 29 * Hydr . Depth (ft ) 0. 31 1.19 0.17 
• conv. Tota 1 (cfs) 3731 . 4 * conv . (cfs) 15 . 1 3710.4 5 . 9 
* Length Wtd. (ft) 29.46 • Wetted Per. (ft ) 4.63 57 . 39 4.41 . 
• Min ch El (ft) . 2138.65 . shear (l b/ sq ft) 0.23 0.89 0 .13 • 
• Alpha 1.05 . Stream Power (lb/ ft s) 0.27 5.43 0.11 . . Frctn Loss (ft) 0. 36 * cum Volume (acre-ft) 0 . 00 0.18 0.01 * 

* Cum SA 0 . 01 0.91 0 . 03 * c & E Loss (ft) 0.00 (acres) 
******************************************************************* **************************** 

wa rning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on wi th the calculations . 
During the standard step iterations, when the assu med water surface was set equal to critical depth, the calcul ated 
water surface came back below critical depth. Thi s indicates that there is not a val i d subcritical answer. The 

Warning: 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLODDWAY 
***************** ******************************* ** ************************** ***************** ** . E. G. Elev (ft) . 2142.51 . Element Left OB * c ha nne l * Ri ght OB * 
• vel Head (ft) • 0. 57 * Wt. n- val . 0.064 0.030 . 057 
* W.S. Elev (ft) * 2141.94 . Reach Len . (ft) 29 . 34 29.46 29.92 

Crit W.S. (ft) . 2141.94 * Flow Area (sq ft) 1. 43 67 . 34 0.74 
E.G . slope (ft/ ft ) *0.012191 * Area (s~ ft) 1. 43 67 . 34 0.74 

* Q Total (cfs) . 412 . 00 Flow (c s) 1. 67 409 . 68 0.65 . 
~~~ *~~~~ 

(ft) 65.73 • Top width (ft) 4 . 59 56.75 4.40 
• (ft / s) 5 . 93 • Avg. vel. (ft/ s) 1.17 6.08 0.88 
• Max Chl Dpth ( ft ) 3 . 29 . Hydr . Depth (ft) 0.31 1.19 0.17 
* Conv . Total (cfs) 3731.4 * Conv. (cfs) 15.1 3710 . 4 5.9 

Length Wtd. (ft) 29 . 46 • Wetted Per. (ft) 4.63 57.39 4.41 
* Min Ch El (ft) . 2138.65 . shea r (lb/ sq ft ) 0 . 23 0.89 * 0 . 13 • 
• Alpha 1.05 . Stream Power ( lb/ ft s ) . 0 . 27 5.43 0.11 . Frctn LOSS (ft) 0 . 36 * cum volume (acre-ft) 0 . 00 0 . 18 0.01 

0 . 00 * cum SA 0 . 01 0 . 91 0.03 • c & E Loss (ft) (acres) 
***************************************** ******************************************* **** ******* 

Warning: The energy equation could not be ba l anced within the specified number of iterations. The program used critical dep th 
for the water su rface and continued on with the calcu lati ons . 
During t he standard step iterati ons , whe n the assumed water s ur face was set equal to critical depth, the calculated 
water su rface came back below critical depth. This indicates that there is not a va lid subcritical answe r. The 

warning: 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
***************************************************** *** ** ********************** *************** 
* E.G . Elev (ft) 
• ve l Head (ft ) 
* w. s. Elev (ft) 
• crit w.s. (ft) 
• E.G . slope (ft/ ft ) 
• Q Total (cfs) 
• Top width (ft) 

• 2142 . 34 
0.5 2 

• 2141.82 
• 2141.82 
*0.012832 
• 350.00 

63.16 

• Element 
'' Wt. n- val. 
* Reach Len. (ft) 
'' Flow Area (sq ft) 
• Area (sq ft) 

Flow (cfs) 
• Top Width (ft) 

Left OB * 
0.064 
29.34 
0 . 91 
0.91 
0.94 
3.66 
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channel 
0 . 030 
29.46 
60.22 
60.22 

348.87 
56.75 

* Right OB * 
0.057 * 
29 . 92 • 

0. 29 * 
0 . 29 * 
0.19 
2.75 
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~ Vel Total (ft/ s) 5.70 * AVg . vel . (ft/s) * 1.03 5.79 0.66 
~ Max chl Dpth (ft ) 3 . 17 * Hydr . Depth (ft) 0.25 1.06 0.11 
* Conv . Tota 1 (cfs ) 3089 . 7 * conv. (cfs) 8. 3 3079.7 1. 7 
• Le ngth Wtd . (ft ) 29 . 46 * Wetted Per. (ft) 3 . 70 57.39 2 .76 

Mi n ch El ( ft) • 2138.65 * shea r (lb/ sq ft) 0.20 0.84 0 . 08 
Alpha 1.03 * Stream Power (lb/ ft s) * 0 . 20 4.87 * 0.06 

* Frctn Loss (ft ) 0.38 * cum Volume (acre-ft) 0.00 * 0.16 * 0 . 01 
C & E Loss (ft ) 0 . 00 * Cum SA (acres) 0 . 01 0.90 0 . 02 

*********************************************************************************************** 

warning: The ene rg y equa tion could not be balanced within the specified number of iterat ions . The prog r am used critical depth 
f o r the wat e r s urface and continued on with the calculations . 
During the standard step i terations, when the assumed water surface was set equal to criti cal depth , the calcul ated 
water surface came back below cri t ical depth . This indicates that there is not a val1d subc r1tical answer. The 

Warning: 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
***************** ***************************************** ************** *********************** . E. G. Elev ( ft ) . 2141.92 . Element Left os . channel . Right 08 * 
* Vel Head ( ft ) 0. 39 * Wt. n-val. 0.064 0.030 
* w. s . Elev ( ft ) . 2141.53 . Reac h Len . (ft) 29 . 34 29.46 29 . 92 

* c rit w.s . ( ft ) ~ 2141.53 ~ Flow Area (sq ft) 0.16 43 . 81 
~ E.G. s lope (ft / ft ) *0.014366 * Area (s~ ft) 0.16 43 . 81 
• Q Tota 1 (cfs) 220 . 00 Flow ( c s) 0.10 219 . 90 

. 0~~ ~~~~~ (ft ) 57.2 3 * Top Width (ft) 1. 52 55 . 71 
( ft /s) 5 . 00 Avg . vel. (ft/ s) 0 . 61 5.02 

• Max chl Dpth (ft ) 2.88 * Hydr . Depth (ft) 0 . 11 0. 79 
* Conv . Total (cfs ) 1835.5 ~ Conv . ( cfs) 0.8 1834.7 

Length wt d. (ft) 29.46 • Wetted Per. (ft) 1.54 56.35 
• Min ch El (ft) 2138 . 65 -!~ shea r (lb/ sq ft) * 0.09 * 0.70 * 
• Alpha 1.01 * Stream Power (lb/ ft s) * 0 . 06 3. 50 • 

Frctn Loss (ft) 0 . 44 . cum volume (acre- ft) * 0 . 00 * 0 .11 * 0 . 00 • 
* * 0.00 * 0 . 78 0 . 01 C & E Los s (ft) 0 . 00 cum SA (acres) 
************************************* ****************************** ***** *** *** ***************** 

warning : 

Warning: 

program 

The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the wate r surface and continued on with the calculations . 
During the standard step iterations, when the assumed water surface was set equal to cr1t1cal depth, the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcr1tical answer. The 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0 .126 

CROSS SECTI ON OUTPUT Profile #FLOODPLAIN 
******************************************************************************** *************** 

E. G. Elev (ft) * 2141.82 '' Element Left OS * Channel * Right 08 * 
• Vel Head (ft ) 0 . 58 '' wt . n-val . 0.030 0.057 * 
• w. s. Elev (ft) • 2141.24 '' Reach Len. (ft) 25 . 03 24 . 89 24 . 50 * 

Cri t W. S . (ft) • 2141.24 '' Fl ow Area (sq ft) 67 . 18 1. 04 
* E. G. slope (ft/ ft ) *0.012566 '' Area (sq ft) 0 . 00 67.18 1.04 

Q Total (cfs) 412 . 00 Flow (cfs) 410.93 1.07 
* Top Width (ft) 62 . 17 '' Top Width (ft) 57.25 4.92 * 

Ve 1 Tota 1 (ft / s ) 6. 04 '' Avg. Ve 1 . (ft/ s) 6.12 1. 03 
* Max Chl Dpth (ft) 3. 38 '' Hydr . Depth (ft) 1.17 0.21 
* Con v . Total (cfs) 3675 . 3 '' conv. (cfs) 3665 . 8 9.5 
~ Le ngth Wtd. (ft ) 24.87 * Wetted Per. (ft ) 58.09 4. 94 * 
* Mi n ch El (ft) 2137 . 86 '' shea r (lb / sq ft) 0.91 0.16 * 

Alpha 1.02 '' stream Power (lb / ft s) 5.55 0.17 
• Frctn Loss (ft) 0.14 '' Cum Volume (acre-ft) 0 . 00 0 . 13 0.01 
• c & E Los s (ft) 0 .18 * cum SA (acres) 0 . 01 0.87 0.03 
******* ***************************** ******* *** ****** ********** ************************** ******* 

warning : 

Warning : 

warning: 

program 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (ups t ream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4 . 

This may indicate the need for additional cross sections. 
During the standard step iterations, when the assumed water surface was set equal to cr1t1cal depth, the calculated 
water s urface came back below critical depth . This indicates that there is not a val1d subcritical answer . The 

defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
**************************************************** ******************************************* 
* E.G. Elev (ft) • 2141.82 '' Element Left OB * Channel * Right OS * 

Vel Head (ft) 0.58 ,, Wt. n-Val. 0.030 0.057 
* w.s. Elev (ft ) * 2141.24 '' Reach Len . (ft) 25 . 03 24.89 24.50 

Crit w.s . (ft) * 2141.24 * Flow Area (sq ft) 67.18 1.04 
* E.G. slope (ft / ft ) *0.012566 * Area (sq ft) 0.00 67.18 1 . 04 

Q Total (cfs) • 412 . 00 Flow (cfs ) 410.93 1.07 
Top Width (ft) 62.17 '' Top Width (ft) 57 . 25 4 . 92 
Vel Total (ft / s) 6 . 04 AVg . Vel. (ft/ s) 6.12 1.03 

* Max Chl Opth (ft ) 3. 38 '' Hydr . Depth (ft) 1.17 0 . 21 
• Con v . Total (cfs ) 3675.3 '' conv. (cfs) 3665 . 8 9.5 

Length Wtd . (ft ) 24 . 87 * Wetted Per. (ft) 58 .09 4.94 
Min ch El (ft) • 2137 . 86 • Shea r (lb / sq ft) 0.91 0.16 

* Alpha 1.02 Stream Power (lb / ft s) * 5. 55 0.17 
• Frctn Loss (ft) 0.14 '' cum Volume (acre-ft) 0 . 00 0.13 0 . 01 
• c & E Los s (ft) 0.18 '' cum SA (acre s) 0.01 0.87 0.03 
*********************** ****************************** *************** ************** ** *********** 

warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
Page 137 



• 

• 

• 

WKBl. rep 
for the water surface and continued on with the calculations . 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

Warning: 
This may indicate the need for additional cross sections. 

During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 
water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 

program 
defaulted to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
*********************************************************************************************** 
* E. G. Elev ( ft ) * 2141.64 * Element * Left OB * Channel * Right OB * 
* vel Head (ft ) 0.52 • Wt. n-val. 0.030 0.057 
• w.s . Elev ( ft) * 2141.12 * Reac h Len. (ft) 25.03 24.89 * 24.50 
• Crit w.s . ( ft) • 2141.12 • Fl ow Area (sq ft) 60.10 * 0.52 
• E.G. Slope (ft / ft ) *0.013053 • Area (sq ft) 60 .10 0.52 • 
* Q Tota 1 (c f s) • 350.00 Flow (cfs) 349 . 57 0. 43 
* Top Width ( ft) * 60 . 32 * Top width (ft) 56 . 85 3.47 * 

vel Total (ft/s) 5.77 • Avg. Vel. (ft/ s) 5.82 0.83 
Max chl Dpth ( ft ) 3. 26 • Hydr . Depth (ft) 1.06 0.15 

• conv . Total (cfs) 3063.4 * Conv. (cfs) 3059.7 • 3.8 
• Length Wtd. (ft ) 24.87 * Wetted Per. (ft ) 57.68 * 3. 48 
• Min ch El ( ft ) • 2137.86 • shea r ( lb/ sq ft) 0 . 85 • 0.12 
* Alpha 1 .01 * Stream Power ( lb/ ft s) * 4 . 94 0.10 
* Frctn Loss (ft ) • 0 . 14 Cum Volume (acre-ft) 0.00 0. 12 0.01 

c & E Loss (ft ) • 0.17 Cum SA (acres) 0.01 0.86 0.02 
********************************************************************************* ************** 

Warning: Th e e nergy equat ion could not be ba l anced within the specified numb er of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: Th e conveyance ratio ( upstre am conveyance divided by downstream conveyance) is less than 0 .7 or greater than 1.4 . 
This may indicate the need for additi ona l cross sections . 

Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below cri t i cal depth. This indicates that there is not a val id subcritical answer. The 

program 
defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** . E.G. El ev ( ft ) • 2141.22 * Element Left OB * channel * Right OB * 
• Vel Head (ft) 0.41 'fr Wt . n- va l . 0.030 
* W.S. Elev (ft) • 2140 . 81 ,, Reach Len . (ft) 25.03 24.89 24 . so 
* Crit W.S. (ft) * 2140 . 81 * Fl ow Area (sq ft) 43.01 
• E. G. slope (ft/ ft ) *0.015372 ,•r Area (s~ ft) 43.01 
• Q Tot a 1 ( cfs) 220.00 Flow (c s) 220.00 . . ~~~ *~~~~ (ft ) 55.80 '' Top Width (ft) 55.80 • 

(ft/s) 5 . 12 1
' Avg . Vel. (ft/s) 5 .12 . . 

* Max Chl Dpth (ft) 2.95 * Hydr. Depth (ft) 0. 77 • • 
* Conv. Total (cfs) 1774.4 * Conv . (cfs ) 1774.4 
• Length Wtd . (ft) 24.88 • Wetted Per . (ft) 56.58 
* Min Ch El ( ft ) . 2137 . 86 ,, shea r ( 1 b/ sq ft) 0.73 
• Al pha 1.00 * stream Power ( lb / ft s) . 3.73 . Frctn Loss (ft ) 0.15 cum Volume (acre-ft ) 0.00 0 . 08 0.00 

C & E LOSS (ft ) 0.14 * cum SA (acres) 0 .00 0.74 0.01 
***************************************************************** ****************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: The conveyance ratio ( upstream conveyance di vided by downstream conveyance) is less than 0.7 or greater than 1.4. 

warning: 
This may i ndicate the need for additional cross sections. 

During the standard step iterations , whe n the assumed water su rface was set equal to critical depth, the calculated 
wat e r surface came back below critical depth. This indicates that there is not a val id subcritical answer. The 

program 
defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0. 122 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************** ********* *********** ********************* ************************* ************ 

E.G. Elev (ft ) . 2141.48 . Elemen t Left OB * c hannel * Right OB * 
Ve l He ad (ft) 0 .2 2 * Wt . n-Val. 0.064 0 . 030 0.057 
w.s . Elev (ft) 2141. 26 ~·r Reach Len . (ft) 29 . 95 29.95 30 . 02 

'' Crit w.s . ( ft ) 2140 . 72 ,, Flow Area (sq ft) 4.96 95.02 ,, 22 . 77 
• E.G. slope (ft/ft) *0. 003231 * Area (s~ ft) 4.96 95 . 02 22 . 77 
• Q Tot a 1 (cfs ) 412 .00 Flow (c s) 4.12 371.58 36.29 . ~~~ *~~~~ (ft ) 87.76 '' Top width (ft ) 9.85 . 57.68 20.23 * 

(ft/s ) 3 . 36 '' Avg. vel. (ft/ s) 0.83 * 3 .91 * 1. 59 * 
'' Max chl Dpth (ft) 2 . 83 '' Hydr . Depth (ft) 0. so 1. 65 1.13 
* Conv. Total (cfs) 7248.1 , .. conv . (cfs) 72.5 6537.1 638 .5 
* Length Wtd. (ft) 29.95 • Wetted Per . (ft) 9.90 58 . 04 20.42 
* MinChEl (ft) . 2138.43 * Shea r ( lb / sq ft) 0.10 0. 33 0. 22 
* Alpha * 1. 24 . Stream Power ( lb / ft s) . 0 . 08 1.29 0 . 36 * ,, Frctn Loss (ft) * '' cum Vo 1 ume (acre-ft) . 0 . 08 . 
1' C & E Loss (ft ) . , .. Cum SA (acres) 0.01 * 0.84 • 0.02 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #F LOODWAY 
*********************************************************************************************** 
* E.G. Elev (ft) 
• Vel He ad (ft ) 
• w.s. Elev (ft ) 
• crit w. s . ( ft ) 
'' E.G. Slope (ft / ft ) 
'' Q Total (cfs) 

• 2141.48 
0 . 22 

• 2141. 26 
* 2140 . 72 
*0 . 003231 

412.00 

'' Element 
"' Wt . n-Va 1 . 
* Reach Len. (ft) 
'' Flow Area (sq ft) 

Area (sq ft ) 
Fl ow (c fs ) 

Left OB * 
0.064 
29.95 

4 . 96 
4 . 96 
4.12 
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channel 
0.030 
29.95 
95.02 
95.02 

371.58 

'' Right DB * 
0.057 
30.02 
22 . 77 
22.77 
36.29 
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* Top width (ft) 87.76 *Top width (ft) * 9.85 57.68 

Vel Total (ft/s) 3.36 * Avg. Vel. (ft/s) 0 . 83 3.91 
Max chl Dpth (ft) 2.83 * Hydr . Depth (ft) ,-r 0.50 1.65 
conv. Total (cfs) 7248 .1 * Conv. (cfs) 72.5 6537.1 * 

• Length Wtd. (ft) 29.95 • Wetted Per. (ft) 9 . 90 58.04 
Min ch El (ft ) * 2138.43 shea r ( lb/ sq ft ) 0 . 10 0.33 * 

*Alpha 1.24 * Stream Power ( lb /ft s) * 0.08 1.29 * 
• Frctn Loss (ft) * Cum Volume (acre-ft) 0.08 

20.23 
1. 59 
1.13 

638.5 
20 .42 

0 . 22 
0 . 36 

* c & E Loss (ft) • cum SA (acres) 0.01 0.84 0 . 02 
******************* ** ************************************************************************** 

CROSS SECTION OUTPUT Profile #50- YEAR 
*********************************************************************************************** 

* E.G. Elev (ft) 2141. 32 Element Left DB * Channel . Right OB '' 
* Ve l Head (ft) 0.19 * Wt . n-Val. 0 . 064 0 . 030 0.057 
* w.s. Elev ( ft) . 2141.12 . Reach Len. (ft) 29.95 * 29.95 . 30 .02 

crit w.s. ( ft) . 2140.62 * Flow Area (sq ft) 3.69 * 87.03 • 20.00 

* E.G. slope (ft/ft ) *0 . 003168 * Area (s~ ft) 3 . 69 87 .03 20 . 00 
* Q Total (cfs ) ,, 350.00 Flow (c s) 2.75 317.88 29.37 

* ~~~ ~~~~~ (ft ) 85.99 * Top Width (ft) 8.50 57. 68 * 19 .81 
(ft /s) 3.16 • Avg . vel. (ft/s) 0.75 3.65 1.47 

Max Chl Opth (ft ) 2.69 • Hydr . Depth (ft) 0 . 43 1. 51 1.01 
conv. Total (cfs ) 6218 . 2 • conv. (cfs) 48.9 5647.4 521.8 

* Length Wtd . (ft) 29.95 Wetted Per. (ft) 8. 54 58 .04 * 19.98 
• Min ch El (ft) ,, 2138 .43 shea r (lb/sq ft) 0 . 09 0 . 30 • 0. 20 
• Alpha 1.23 . Stream Power (lb / ft s) ,, 0 . 06 1.08 0. 29 

Frctn Loss (ft ) . Cum volume (acre-ft) 0 .07 * . . . 0.01 0 . 83 • 0.01 * C & E Loss (ft) cum SA (acres) 
*********************************************************************************************** 

CROSS SECTION OUTPUT Profile #10 -YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) '' 2140.92 Element Left OB * Channel 
• Vel Head (ft) 0.13 * Wt. n-Val. 0.064 0 . 030 

w.s. Elev (ft) * 2140.78 * Reach Len. (ft) 29.95 29.95 
Crit w.s. (ft) * 2140.38 Flow Area (sq ft) 1.35 67 . 25 

• E. G. Slope (ft/ ft ) *0.003080 • Area (sq ft) 1.35 67 . 25 

* Right DB * 
0.057 * 
30.02 * 
13.38 
13.38 

* Q Total (cfs) 220.00 Flow (cfs) 0.71 203.90 

* ~~~ ~~~~~ ~~i~s) 8~:~~ : !~~.w~~f~ ~~i~s) ~:~~ : 5 ~:g~ : 
* Max chl Dpth (ft) 2.35 * Hydr . Depth (ft) 0.26 1.17 

15.39 
18.78 
1.15 
0 . 71 

277.3 • Conv. Total (cfs) 3964.3 • conv. (cfs) 12.8 3674.3 
* Length Wtd. (ft) 29 . 95 *Wett ed Per. (ft) 5. 17 58.04 
*MinCh El (ft) * 2138 . 43 * Shear (lb / sq ft) 0.05 0.22 

Alpha 1.20 Stream Power ( lb / ft s) * 0 . 03 0.68 

18.89 
0.14 
0.16 

• Frctn Loss (ft ) * cum Volume (acre-ft) 0.05 
* C & E Loss (ft) • Cum SA (acres) 0.00 0.71 0.01 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.116 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . Elev (ft) * 2141.18 * Element Left DB * Channel * Right OB 
• Vel He ad (ft) 0.59 '' Wt. n-Val. 0.030 0.057 
• w.s. Elev (ft) * 2140.59 • Reach Len. (ft) 72 . 19 72.14 72.08 * 
• Crit w.s . (ft) * 2140 .5 9 * Flow Area (sq ft) 66.73 0.89 * 
* E.G. Slope (ft/ft) *0 . 012757 Area (sq ft) 66.73 0.89 
* Q Total (cfs) 412 . 00 Flow (cfs) 411.24 0. 76 

Top width (ft) 62.52 * Top Width (ft) 56.87 5. 66 
vel Total (ft /s) 6.09 • Avg. ve l. (ft/s) 6.16 0.85 

*Max Chl Dpth (ft) 3 .39 Hydr . Depth (ft) 1.17 0.16 
• Conv . Total (cfs) 3647.8 • conv. (cfs) 3641.1 6.7 

Length Wtd . ( ft) 72.14 Wetted Per. (ft) 57.71 5. 66 
Minch El (ft) * 2137 .20 * shear (lb/ sq ft) 0.92 0.12 

*Alpha 1.02 * Stream Power (lb / ft s) '' 5 .67 0.11 
• Frctn Loss (ft) 0.92 * cum Volume (acre-ft) 0.00 0.39 0.00 
• c & E Loss (ft) * 0.01 * cum SA (acres) * 0 . 01 0 . 80 0 . 01 * 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for addit i onal cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical answer . The 
program 

defaulted to crit i cal depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G . El ev (ft) 2141.18 * Eleme nt Left OS * channel * Right OB * 
• vel Head (ft) 0. 59 ic Wt. n- val . 0.030 0 . 057 

w.s. El ev (ft) • 2140.59 * Reach Len. (ft) 72.19 72.14 72 .08 
* Crit w. s. (ft) • 2140.59 Flow Area (sq ft) 66.73 0 . 89 
• E. G. slope (ft/ft) *0.012757 • Area (s~ ft) 66 . 73 0.89 
* Q Total (cfs) 412.00 Flow (c s) 411 . 24 0 . 76 
* To~ Width (ft) 62 .5 2 '' Top Width (ft) 56.87 5.66 

Ve Total (ft/s) 6.09 Avg. Ve l . (ft/s) 6 .16 0 .85 
• Max chl Dpth (ft) 3 . 39 * Hydr . Depth (ft) 1.17 0 . 16 

Conv. Total (cfs) 3647.8 Conv. (cfs) 3641.1 6.7 
Length Wtd . (ft) 72.14 Wett ed Per . (ft) 57 . 71 5.66 
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• Min Ch El (ft) • 2137.20 • shea r (lb / sq ft) • 0 . 92 * 0.12 
* Alpha 1.02 • Stream Powe r (lb/ft s) • 5 . 67 0 . 11 
• Frctn Loss (ft ) 0 . 92 • cum Volume (acre-ft) 0.00 0.39 0.00 
• c & E Loss (ft ) 0 . 01 • cum SA (acres) * 0.01 0.80 0 .01 
***************************************************************** **** ************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used c r itical depth 
f o r the water s urface and continu ed on with the calculations. 

warning : The ene rgy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previ ous cross secti on . This may indicate 
the 

need fo r addi tional c ross s ections . 
warn i ng : During the standard s tep i terations , when the assumed water surface was set equa l to critical depth , the calcul ated 

water s urface came bac k below cri t ical depth. This indicates that there is not a val i d subcri ti cal answer. The 
program 

defaulted t o c ritica l depth . 

CROSS SECTION OUTPUT Profil e #50-YEAR 
*********************************************************************************************** 

E.G. El ev ( ft ) * 2141.00 * Element * Left OB * Channel * Right OB * 
• Vel He ad (ft ) 0 .5 3 • Wt . n-va l . 0 . 030 * 0 . 057 
* w. s. El ev ( ft ) * 2140 . 47 • Reac h Len. ( ft) 72 . 19 72 . 14 72 . 08 
• Crit w. s. ( ft ) • 2140 . 47 • Flow Area (sq ft) • 59.98 0 .34 • 
* E. G. sl ope ( f t/ft ) *0 .01305 8 * Area ( sq ft ) * 59 . 98 0 . 34 * 
• Q Total (cfs) 350 .00 Fl ow (cfs) 349. 79 0.21 
0 Top Width ( ft ) 60 . 02 * Top Width (ft) * 56 .51 3. 50 

Vel Tota l ( ft / s ) 5.80 • Avg . Vel. (ft/ s) • 5.83 0 .63 
• Max chl Dpt h (ft ) 3 .27 • Hydr . Depth (ft) 1.06 0 .10 
• Conv. Tota l (c f s) 3062 . 9 • Conv. (c f s) 3061.0 1.9 
* Length Wtd. ( ft ) 72. 14 * Wett e d Per. (ft) 57.34 3. 51 
• Min Ch El ( ft ) • 2137 . 20 • shea r (lb/ sq ft) * 0.85 • 0.08 * 
• Alpha 1.01 * Stream Power (lb/ ft s) * * 4.97 * 0.05 * 
• Frctn Loss (ft) 0.98 • cum volume (acre-ft) * 0.00 * 0 . 34 0 . 00 
• c & E Los s (ft) 0.00 • cum SA (acres) • 0 . 01 * 0.79 0.01 
************** *** *** ******* ****** ************* ****** **************** ********************* ** **** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
fo r the wate r su r face and continu ed on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additi o nal c ross sections . 
Warning: During the standa rd step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water s urface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaul ted to c ritica l depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************** **** *** ***** 

E. G. Elev (ft ) * 2140.58 * Eleme nt Left OB ° Channel * Right OB * 
* Vel He ad (ft) 0 . 41 '' Wt. n-Val. 0.030 
• W. S. El ev (ft) * 2140.17 '' Reac h Len. ( ft) 72 .19 72 .14 72.08 
• Crit W.S . (ft ) * 2140.17 * Flow Area (sq ft) 42 . 94 * 
• E.G. sl ope (ft / ft ) *0 . 014 662 • Area (sq ft ) 42.94 * 
* Q Total (cfs) 220 . 00 Flow ( cfs ) 220.00 
'' Top width (ft) 53 . 61 '' Top width (ft) 53 . 61 

Vel Total (ft/s) 5 . 12 '' Avg . vel . (ft/ s) 5.12 
• Max chl Dpth ( ft ) 2 .97 • Hydr . Depth (ft) 0.80 
• Con v. Total (cfs ) 1816.9 * conv. (cfs) 1816 . 9 
* Length Wtd. (ft ) 72.14 • Wett ed Per. (ft) 54 . 38 
• Mi n Ch El (ft ) 213 7. 20 Shear ( lb/ sq ft) 0.72 
• Alpha 1.00 * Stream Power ( lb/ ft s ) * 3 . 70 

Frctn Loss (ft ) 1.09 • Cum Volume ( acre-ft ) 0.22 
• c & E Loss (ft) 0 . 00 * cum SA (acres) 0 . 67 
**************************************************** ********************* ************ ********** 

Warn i ng : The energy equat i on could not be balanced within the specified numbe r of iterations . The program used critical depth 
for the water surface a nd continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft ( 0 . 3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross s ections. 
Warn i ng : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a va lid subcritical a nswer. The 
prog ram 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WAS H 
REACH: TRIBUTARY 1 RS : 0.102 

CROSS SECTION OUTPUT Profile #FLOODPLAIN 
*********************************************************************************************** 
* E.G . El ev (ft ) * 2139. 69 
• vel Head (ft ) 0 . 57 
* W.S. Elev (ft ) • 2139.11 
'' cri t w.s. (ft) • 2139 . 11 
* E.G . slope (ft / ft ) *0.012803 
'' Q Total (cfs) 412.00 
* To~ Width (ft) 62.33 

Ve Total (ft / s) 6 . 05 
* Max Chl Dpth (ft ) 3 .37 
• Conv . Total (cfs ) 3641.1 
'' Length Wtd . (ft ) 67 . 52 

Min Ch El (ft) 2135 . 74 
• Alpha 1.01 
* Frctn LO SS ( ft ) 0 . 86 
'' C & E Los s (ft) 0 . 01 

* Element Left OB * 
* Wt . n- Val . 0 . 064 
'' Reach Len . ( ft) 68 .14 
* Flow Area (sq ft) 0 . 01 
'' Area ( s~ ft) 0.01 

Flow (c s) 0.01 
'' Top width (ft) 0 .10 
,., Avg. Ve l . (ft/ s) 0 . 35 
• Hydr. Depth (ft) 0.14 
• Conv . (cfs) 0.0 
l'r Wetted Per. (ft) 0. 30 
* shear (lb/ sq ft) 0 . 04 
'' Stream Power (l b/ ft s ) • 0 . 01 
* cum volume (acre-ft ) 0 . 00 

Cum SA (acres) 0 . 01 
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Channel 
0 . 030 
67.52 
67.70 
67 . 70 

411.70 
59 .10 

6 . 08 
1.15 

36 38. 5 
59.90 
0.90 
5.49 
0.28 
0.70 

* Right OB 
0 . 057 
68.34 

0 . 40 
0 . 40 
0.29 
3.13 
0.74 
0 . 13 

2.6 
3 . 14 
0.10 
0 . 08 
0 . 00 

* 0 . 00 

* . 
• 

* • 
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*************************************************************** ******************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: The energy loss was greater than 1. 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step ite rations, when the assumed wate r surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #FLOODWAY 
*********************************************************************************************** 
* E.G . Elev (ft) * 2139.69 * Element Left OB * Channel * Righ.t

05
D
7

B * 
• Vel Head (ft) 0 . 57 • Wt. n-val. * 0.064 0.030 0 
• w.s. Elev (ft) • 2139.11 • Reach Len . (ft) 68.14 67.52 • 68.34 
• crit w.s. (ft) • 2139.11 • Flow Area (sq ft) 0 . 01 67 . 70 • 0.40 
• E. G. slope (ft/ft) *0 . 012803 * Area (sq ft) 0 . 01 67.70 0.40 
• Q Total (cfs) 412.00 Flow (cfs ) 0.01 411.70 0.29 * 
* Top Width ( ft) 62.33 * Top Width (ft) 0.10 59.10 3.13 

Vel Total (ft/s) * 6 . 05 Avg. Ve l. (ft/s) 0.35 6.08 0.74 • 
*Max chl Dpth (ft) * 3.37 Hydr. Depth (ft) 0.14 1.15 • 0 . 13 
• conv. Total (cfs) 3641.1 • conv. (cfs) 0.0 3638.5 • 2.6 
• Length Wtd. (ft) 67.52 • Wetted Per. (ft) 0.30 59.90 3.14 
* MinCh El (ft) '' 2135.74 * Shear (lb/sq ft) 0.04 * 0.90 0.10 
*Alpha 1.01 • stream Power (l b/ ft s) 0 . 01 * 5.49 • 0.08 
• Frctn Loss (ft) 0.86 • Cum Vo lume (acre-ft) 0 . 00 * 0 .28 * 0.00 
* c & E Loss (ft) 0.01 • cum SA (acres) 0.01 0.70 o.oo 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the wate r surface and continued on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50 - YEAR 
*********************************************************************************************** . E.G. El ev (ft) . 2139. 51 . Element Left OB . channel * Rit65?B 

. 
• ve l Head (ft) * 0. 53 '' Wt. n-Val. 0 . 001 0.030 • 
• w. s. Elev ( ft ) . 2138.98 • Reach Len . (ft) 68.14 67 . 52 68.34 
* Crit w.s. (ft) . 2138.98 . Flow Area (sq ft) 0.00 59.67 • 0.08 
* E. G. Slope (ft/ ft ) *0.014097 * Area (s~ ft) 0.00 59 . 67 0.08 
• Q Total (cfs) 350.00 Flow (c s) 0 . 00 349.96 0.04 . ~~~ *~~~~ (ft:) 60.60 '' Top width (ft) . 0.05 59 . 10 1. 45 

(ft/ s) 5.86 * Avg. Vel. (ft/ s) * 0.24 5.87 0.47 
Max Chl Dpth (ft) 3.24 . Hydr . Depth (ft) 0.07 1.01 . 0.06 . . conv. Total (cfs) 2947.9 ,, Conv . (cfs) * 0.0 2947 . 5 * 0.3 • . Length Wtd . (ft) 67.52 'fr Wetted Per. (ft) • 0.16 59.90 1. 45 . Min Ch El (ft) . 2135.74 ,, shear ( lb/ sq ft) 0.88 . 0 . 05 
Alpha 1.00 ;, Stream Power (lb/ft s) * 5.14 • 0.02 . Frctn Loss (ft) 0.95 . Cum Volume (ac re-ft ) 0.00 0 . 24 0 . 00 . C & E Loss (ft) 0.00 . Cum SA (acres) 0 . 01 0 . 69 0.00 

**************************************************** ** ***************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the wate r surface and continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed wat:er su rface was set equal to critical depth, the calculated 

wate r surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2139.10 * Element Left OB * Channel * Right OB * 

Vel Head (ft) 0.41 * Wt . n-Val. 0.030 
• W.S. Elev (ft: ) • 2138.69 * Reach Len. (ft) 68.14 67.52 68.34 

cri t w. s . (ft) • 2138. 69 Flow Area (sq ft) 43.00 
'' E.G. Slope (ft/ft) *0.015484 ,., Area ( sq ft ) 43.00 * 
• Q Total (cfs) 220.00 Flow (cfs) 220 . 00 
1' Top Width (ft) 56 . 06 * Top Width (ft) 56.06 

Ve 1 Tot a 1 (ft/s) 5 .12 • AVg. Ve 1. (ft/ s) 5.12 
''Max Chl Dpth (ft) 2.95 * Hydr. Depth (ft) 0.77 * 

Conv. Total (cfs) 1768.0 * Conv. (cfs) * 1768 . 0 * 
'' Length Wtd. (ft) 67.52 '' Wetted Per. (ft) 56 . 85 
• MinCh El (ft) • 2135.74 * shear (lb / sq ft) 0 . 73 
*Alpha 1.00 Stream Power (lb / ft s) * 3.74 * 
* Frctn Loss (ft) 0 . 96 cum vo lume (acre-ft) 0.15 * 
• c & E Loss (ft) 0 . 07 '' cum SA (acres) 0.58 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warn i ng: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for addit ional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 
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CROSS SE CTION 

RIVER : SUNSET WASH 
REACH: TRIBUTARY 1 

WKB1.rep 

RS: 0.090 

CROSS SECTI ON OUTPUT Profile #FLOODPLAIN 
*******~************************************* ******* ******** * *************** **** * * * ************ 
• E. G. Elev ( ft ) * 2138 . 05 • Eleme nt • Left OB • Channel • Right OB • 
• vel He ad (ft ) 0 .5 5 • Wt. n-val . 0 . 030 • 
• w.s . Elev ( ft ) • 2137.50 • Reac h Len . (ft) 71.31 71.07 70.52 
• crit w. s . (ft ) * 2137 . 50 Flow Area (sq ft) '' 69 . 03 
• E.G. Slope (ft/ ft ) *0 . 012738 • Area (sq ft) • 69 . D3 
• Q Tota 1 ( cfs) • 412 .00 Flow (cfs) • 412.00 • · ~~~ *~~~~ ~~~~sl 6 } : ~~ : !e~.w~~i~ ~~~~s) • 

6}:~~ : 
* Max Chl Dpth (ft ) 3 . 31 * Hydr. Depth (ft) 1.12 
• Conv . Tota 1 (cfs ) 3650. 5 • Conv . (cfs) • 3650 . 5 
• Length Wtd. (ft) * 71.07 • Wetted Per . (ft) • 62.56 
* Minch El (ft) * 2134.19 * s hear (lb/ sq ft) * 0.88 
• Alpha 1.00 • stream Power (lb/ ft s) • 5 . 24 

. 
• 

• Fr ctn Loss (ft) • cum Volume (acre-ft) • 0.17 
• c & E Loss (ft) • cum SA (acres) 0.01 • 0.61 * 
************ ******************************* ************* ************** ** ****** *** ************** 

wa rning: During s ubc riti ca l anal ys i s , t he water surface upstream of cu l ve rt went to c ritical depth. 

CROSS SECTION OUTPUT Profile #FLOOOWAY 
*********************************************************************************************** 
• E.G . Elev (ft) • 2138.05 • Element Left OB • channel • Right OB • 
• vel Head (ft ) 0.55 * Wt. n-Val . * • 0 . 030 • * 
• W.S . Elev (ft) * 2137.50 * Reach Len . (ft) 71.31 71.07 * 
• crit w. s . (ft) * 2137 . 50 • Fl ow Area (sq ft) * 69 . 03 
• E.G . slope (ft/ ft ) *0.012738 * Area (sq ft) * • 69 . 03 
• Q Tot a 1 ( cfs) 412.00 Flow (cfs) • 412.00 
* Top Width (ft) 61.74 * Top Width (ft) * 61.74 : 

Vel Total (ft/ s) 5 . 97 AVg. Vel. (ft/ s) 5.97 
* Max chl Opth (ft) 3 . 31 * Hydr . Depth (ft ) "( 1.12 
• Conv. Tot a 1 (cfs) 3650. 5 * Conv. (cfs) 3650. 5 * 
* Length Wtd. (ft) 71.07 * Wetted Per. (ft ) 62. 56 * 
• Min Ch El (ft) • 2134 . 19 * Shea r (lb/ sq ft) * 0.88 
* Alpha 1.00 • Stream Power (lb/ ft s) * 5 .24 
* Frctn Loss (ft) * Cum Volume (ac re- ft ) 0.17 * 

70.52 
* 

* 
* C & E LOSS (ft) * Cum SA (ac res ) 0.01 0.61 * 
********* ****** ******************************************************************************** 

warning: During subcritical analysis , the water surface upstream of culvert went to critical depth . 

CROSS SECTION OUTPUT Profile #50-YEAR 
************ ************************************************************************ **** ******* 
* E.G . Elev (ft) 2137.88 * Element * Left OB * Channe l Right 08 * 
• vel Head (ft) 0.53 • Wt. n- Val . 0 . 030 
* w.s . Elev ( ft) * 2137.34 • Reach Len. (ft) 71.31 71 . 07 
• Crit W.S . (ft) • 2137.34 * Flow Area (sq ft ) 59.76 
• E.G. slope (ft/ ft ) *0. 014081 • Area (sq ft) 59.76 
• Q Total ( cfs ) • 350.00 Flow (cfs) 350 . 00 
• Top width (ft) 59 . 29 • Top Width (ft) 59.29 

Ve 1 Tot a 1 (ft/ s ) 5. 86 Avg. Ve 1. (ft/ s ) 5 . 86 
• Max chl Dpth (ft ) 3.15 Hydr . Depth (ft ) 1.01 
• Conv . Total (cfs) 2949.5 Conv . (cfs) 2949.5 
• Length Wtd. (ft) 71.07 Wetted Per. (ft) 60.08 
* Min ch El (ft) * 2134.19 • shea r (lb/ sq ft) 0.87 
* Al pha 1.00 • Stream Power (lb/ ft s) • 5.12 
• Frctn Loss (ft) • cum Volume (ac r e-ft ) 0.15 

70 . 52 

. 
• 
* 

• c & E Loss (ft) * Cum SA (ac res) 0.01 0.60 
*********** ******************************************* ********************* ******************** 

Warning: During subcrit i cal analysis , the water surface upstream of cu l vert went to critical depth . 

CROSS SECTION OUTPUT Pro file #10-YEAR 
********************************************** ***************** ************* ******************* 
• E.G. Elev (ft) * 2137 . 40 * Eleme nt Left OB • Chan nel • Right OB • 
• Vel Head ( ft) 0 . 64 * Wt . n-val. * 0 . 030 • 
• w.s. Ele v (ft ) * 2136 . 76 * Reac h Len . (ft ) 71 . 31 71 .07 * 70.52 
• Crit w. s . (ft ) • 2136.76 * Flow Area (sq ft) 34.32 
• E.G . slope (ft/ ft ) •o. 013062 * Area ( sq ft) 34 . 32 * 
* Q Total (cfs ) * 220.00 Flow (cfs) 220 . 00 • 
• Top width (ft) 27 . 79 • Top wi dth (ft) 27 . 79 

Vel Total (ft / s) 6 . 41 • Avg . Ve l . (ft/ s) 6.41 
• Max c hl Dpth (ft) 2 . 57 * Hydr . Depth (ft) 1.24 
• Conv . Tota 1 (cfs) 1924 . 9 • Conv. (cfs) 1924 . 9 

Length Wtd. (ft) 71 . 07 • Wett ed Per. (ft) 28.49 
Min c h El ( ft ) * 2134.19 s hear ( lb/ sq ft ) 0 . 98 

• Alpha 1.00 • Stream Powe r ( lb/ ft s) * 6 . 30 
* Frctn Loss (ft) • cum Vo lume (acre-ft) 0.09 • • 
• C & E Loss (ft) • Cum SA (acres) * 0.51 
************** ********************************** **************************** ** ********** ******* 

Warning: During subcritical analysis, the water surface upstream of c ulvert went to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0 . 076 
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CROSS SECTION OUTPUT Profile #FLOODPLAIN 
***************************************** **** ***** ******* *** ***************** **** ************** 
* E.G. Elev (ft ) '' 2131.36 ° Element Left OB * Channel * Right OB * 
• Vel Head (ft) 0.98 • Wt . n-Val , 0.030 
* W. S. Elev (ft) * 2130.38 * Reach Len. (ft) 354 . 56 352.45 * 344.81 
• crit w. s . (ft ) * 2130 . 38 * Flow Area (sq ft) 51.84 * 
* E.G . Slope (ft/ ft ) *0 . 011315 * Area (sq ft) 51.84 
• Q Total (cfs) 412 . 00 Flow (cfs) 412.00 

* ~~~ *~~~~ ~~i~s) 2 ~:~~ * !~~-w~~i~ ~~i~s) : 2 ~ : ~~ 
* Max chl opth (ft ) 2. 52 * Hydr. Depth (ft) * 1. 95 * 
* Conv. Total (cfs) * 3873.3 * Conv. (cfs) * * 3873.3 * 
* Length Wtd. (ft ) * 352.45 * Wetted Per, (ft) 27 . 98 * 
• Minch El ( ft ) * 2127 . 86 • shea r (lb/ sq ft) 1.31 
* Alpha 1.00 * Stream Power (lb/ ft s) * 10.40 
* Frctn Loss (ft ) 3.61 * cum Volume (acre-ft) 0.00 0 . 59 

. 
* 

• 
* c & E Los s (ft ) 0 . 34 • cum SA (acres) 0.01 0.54 
*** ********************************* ********* ********************** ********** ****************** 

Warning : The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program us ed criti ca l depth 
the water surface and continued on with the calculations . 
velocity head has changed by more than 0.5 ft (0 . 15 m). This may indicate the need for add i tional cross sections . 
energy los s was greater than 1.0 ft (0 . 3 m). between the current and previous cross sect i on. This may indicate 

Warning : 
Warning: 
the 

need for additional cross sections. 
warning : During the standard s tep iterations , when the assumed water surface was set equal to critical depth, the cal culated 

water s urface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defa ulted to c ritical depth . 

CROSS SECTION OUTPUT Profile #FLOODWAY 
* ** * * ******************~ ****** ****** ***** ** *** ************************************************ * 
* E. G. Elev (ft) 0 2131.36 * Element Left 08 * Channel * Right 08 * 
* vel Head (ft) 0 . 98 • Wt . n- val. 0.030 

W. S. Elev (ft) * 2130.38 Reach Len . (ft) 354 . 56 352.45 
• crit w.s. (ft) • 2130 . 38 • Flow Area (sq ft) 51.84 
* E.G. slope (ft/ ft ) *0.011315 • Area (sq ft) 51.84 
* Q Total (cfs) 412.00 Flow (cfs) 412.00 

Top width (ft) 26.65 • Top Width (ft) 26.65 
vel Total (ft / s) 7.95 * Avg . vel. (ft/s) * 7.95 
Max chl Dpth (ft) 2 . 52 Hydr . Depth (ft) * 1.95 

* Conv . Total (cfs) 3873.3 • Conv . (cfs) 3873 . 3 
Length Wtd . (ft) 352 . 45 * Wetted Per. (ft) 27 . 98 

* Minch El (ft) * 2127.86 *shear (lb / sq ft) 1.31 
* Alpha 1.00 * stream Power ( l b/ ft s) * 10.40 

Frctn Loss (ft) 3.61 * cum Volume (acre-ft) 0 . 00 0.59 

344 . 81 

* 
* 

* C & E LOSS (ft) 0.34 * Cum SA (acres) 0.01 0.54 
***** ************* ****** **** ** ** *** ** ********************** **** *** ******** ******** ******* ****** 

Warning : 

warning: 
Warning: 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water surface and continued on with the calculations . 
velocity head has changed by more than 0.5 ft (0.15 m). This may ind i cate the need for addit i onal cross sections. 
energy l oss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may i ndicate 

need for addit i ona l cross sections . 
Warning: During the standard step iterations, when the assumed water s urface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #50-YEAR 
************************************************** ********** ***************************** ****** 

E.G. Elev (ft) * 2131.06 '' Element Left 08 Channel * Right 08 * 
Vel Head (ft ) 0.91 '' Wt. n-Val. 0.030 

* w. s. Elev (ft ) • 2130.15 '' Reach Len . (ft) 354 . 56 * 352 . 45 344.81 * 
Crit W. S. (ft) * 2130.15 • Flow Area (sq ft) • 45.83 * 

* E. G. slope (ft/ ft ) *0.011690 • Area (sq ft) 45.83 
Q Total (cfs ) * 350 . 00 Flow (cfs) 350.00 

* Top Width (ft) 25.73 ° Top Width (ft) 25.73 
ve l Total (ft / s) 7 .64 '' AVg. vel. (ft/ s) 7.64 

* Max chl Dpth (ft) 2.29 * Hydr . Depth (ft) 1 . 78 * 
Conv. Total (cfs ) 3237 . 1 * Conv . (cfs) 3237 . 1 * 

* Length Wtd. (ft ) 352 . 45 Wetted Per . (ft) 26 . 91 
* MinCh El (ft) * 2127.86 ° Shea r (lb/ sq ft) 1.24 

A 1 pha 1. 00 Stream Power ( 1 b/ ft s) 9. 49 
* Frctn Loss (ft) 3.67 'lr Cum Volume (acre-ft) 0.00 0.53 * 

c & E Loss (ft) 0.32 • cum SA (acres) 0 . 01 0 . 53 
*** ********************************** ****** ********** *** ******** ******* ********** ************** 

warning : The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations. 
velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1 . 0 ft (0 . 3 m) . between the current and previous cross section. This may i ndicat e 

Warning: 
Warning : 
the 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION OUTPUT Profile #10- YEAR 
** ********************* ***** ********* ******************** ******** ****************** ************ 
1' E. G. Elev (ft) 

vel Head (ft) 
* w.s. Elev (ft) 
'' C ri t w. s. ( ft) 
* E.G. slope (ft/ ft ) 

* 2130.33 
0 . 69 

• 2129.64 
• 2129.64 
*0.012581 

-rr Element 
• Wt. n-val . 
• Reach Len . (ft) 

Flow Area (sq ft) 
* Area (sq ft) 

Left OB * 

354.56 
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* Q Total (cfs ) 220.00 * Flow (cfs) '' 220.00 
* Top width ( ft ) 24.24 * Top Width (ft) 24.24 

vel Total ( ft /s) 6 . 67 * Avg. vel . (ft/s) 6.67 * 
* Max chl Dpth (ft ) 1 . 77 * Hydr. Depth (ft) 1 . 36 * 
* con v . Tota 1 ( c f s) * 1961.4 * Conv. (cfs) 1961.4 * 
* Length Wtd . (ft) * 352.45 * Wetted Per. (ft) 25 . 06 
* MinCh El (ft ) * 2127.86 * Shea r (lb / sq ft) 1.03 
* A 1 ph a 1. 00 Stream Power ( 1 b/ ft s) '' 6. 90 
* Frctn Loss (ft ) 3.80 • cum Volume (acre-ft) 0.38 
* c & E Loss (ft ) 0 . 24 cum SA (acres) 0.47 
******************************************* ******************** ******* ************* ** ********** 

Warning: The energy equation could not be bal anced within the specified number of iterations . The program used c ri tical depth 
f o r the water surfa ce and continued on with the calculations . 

wa r ning: The energy loss was greate r than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for addit i onal cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water s urface came back below crit i cal depth. This indicates that there is not a valid sub c ritical answer. The 
prog ram 

defaulted t o c ritica l depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: TRI BUTARY 1 RS: 0 . 009 

CROSS SECTION OUTPUT Profil e #FLOODPLAIN 
*********************************************************************************************** 
• E.G . El ev (ft) • 2124.13 * Element 
• vel Head (ft) 0.30 * Wt. n-val . 
* w. s . El ev (ft) • 2123 . 83 Reach Len . (ft) 
• Crit w.s. (ft) * 2123.72 Fl ow Area (sq ft) 

E.G. slope (ft/ ft ) ''0.009333 Area (sq ft) 
• Q Total ( cfs ) 412 . 00 Flow (cfs) 
* Top Width (ft) 107.41 * Top Width (ft) 

Vel Total (ft/ s) 4.39 * AVg. Ve l . (ft/s) 
Max Ch l Dpth ( ft) 2 . 41 * Hydr. Depth (ft) 

* Conv. Tot a 1 (cfs) 4264.6 * Conv . (cfs) 
* Length Wtd. (ft) * Wetted Per. (ft) 
• Mi n ch El (ft) • 2121 . 42 • shear ( lb / sq ft ) 

Alpha 1.00 * Stream Power ( lb/ft s) * 
Frctn Loss (ft) * Cum Vo lume (acre-ft) 

Left OB '' 
0.057 

0.17 
0. 17 
0.10 
1. 56 
0 . 57 
0. 11 
1.0 

1. 58 
0.06 
0.04 

channel 
0.030 

93.63 
93.63 

411 . 90 
105.85 

4 . 40 
0 . 88 

4263.6 
106.21 

0. 51 
2 . 26 

Ri ght 08 * 

* 
* 

• 

c & E Loss (ft) cum SA (acres) 
***** ******** *********** ************ ******* ** ***************** ****** ** ****** ********* *** *** *** * 

CROSS SECTION OUTPUT Profi l e #FLOODWAY 
************ ******** ********* ***************** ********* ******** ******* ************************* 

E.G. Elev (ft ) * 2124.13 * Element 
• ve l Head (ft) 0 . 30 * Wt. n-val. 

w.s. Elev (ft ) * 2123.83 Reach Len. (ft) 
• Cri t w.s. (ft ) * 2123.72 * Flow Area (sq ft) 
• E.G. slope (ft / ft ) *0.009333 * Area (sq ft) 

Q Total (cfs ) 412.00 Flow (cfs) 
• Top width (ft ) 107 . 41 Top Wi dth (ft) 

ve l Total ( ft / s ) 4 . 39 * Avg. Ve l . (ft/ s) 
Max Chl Dpth (ft ) 2.41 * Hydr. Depth (ft) 

• Con v . Total (cfs ) 4264 . 6 * conv . (cfs) 
* Length Wtd. ( ft) Wetted Per . (ft) 
* Min Ch El (ft ) * 2121 . 42 * shear ( l b/ sq f t ) 
* Alpha 1.00 * Stream Power ( l b/ ft s) * 

Frctn Loss (ft) Cum Vol ume (acre-ft) 

Left OB * 
0.057 

0 . 17 
0. 17 
0.10 
1. 56 
0. 57 
0.11 
1.0 

1. 58 
0 . 06 
0.04 

Channel * Right DB * 
0.030 

93 . 63 
93.63 

411.90 
105.85 

4.40 
0.88 

4263 . 6 
106 . 21 

0 . 51 
2 . 26 . 

* 

. 
* 

• c & E Loss (ft) '' cum SA (acres) 
**************************************************************** ********************** ********* 

CROSS SECTION OUTPUT Profil e #50-YEAR 
************************************************************** *** ***** ************** ** ********* 
* E. G. Ele v ( ft) 2124.01 Element 
* Ve l Head (ft) 0.26 • Wt. n-val. 
* w.s . Ele v (ft ) * 2123 . 75 • Reach Len. (ft) 
• Crit W.S. (ft) * 2123 . 62 Flow Area (sq ft) 
* E. G. Slope (ft / ft ) *0 . 009342 * Ar ea (sq ft) 
* Q Total (cfs) 350.00 Flow (cfs) 
* Top width (ft) 106 . 65 * Top Width (ft) 

ve l Total (ft / s ) 4 .13 * Avg. Ve l . (ft/ s) 
* Max Chl Dpth (ft) 2 . 33 Hydr. Depth (ft ) 
* Conv . Total (cfs ) 3621.1 * conv . (cfs) 
* Length Wtd . (ft) Wetted Per . (ft) 
* Min ch El ( ft ) 2121 . 42 shear ( l b/ sq ft) 

Alpha 1.00 stream Power (lb/ ft s) 
• Frctn Los s (ft) • Cum Volume (acre-ft) 

Left 08 • 
0.057 

0 . 05 
0 .05 
0.02 
1.27 
0.30 
0.04 

0.2 
1. 28 
0 . 02 
0.01 

Chan nel * Right DB 0 

0 . 030 

84.73 
84.73 

349.98 
105.38 

4.13 
0.80 

3620.9 
105.74 

0 . 47 
1. 93 

* 

* 

* C & E LOSS (ft) Cum SA (acres) 
****************************************************************** ***** ***************** ******* 

CROSS SECTION OUTPUT Profil e #10-YEAR 
********************************************************* ******* ** **** ******* ************* ***** 
* E. G. Elev (ft ) 
* Vel Head (ft) 
* W. S. Elev (ft ) 

crit w.s . (ft ) 
* E.G . slope (ft / ft) 
• Q Tot a 1 (cfs) 

Top Width (ft) 
Vel Total (ft/ s) 
Max chl Dpth (ft) 
Conv. Tota l (cfs) 

* 2123.71 
0.20 

* 2123 . 51 
* 2123.38 
*0.009340 

220.00 
91.64 

3.63 
2.09 

2276.4 

* Element 
* Wt. n-va l . 
* Reach Len . (ft) 
* Flow Area (sq ft) 
* Area (sq ft) 

Fl ow (cfs) 
* Top Width (ft) 
* AVg. vel. (ft/ s) 
* Hydr . Depth (ft) 

Conv. (cfs) 

Left OB * 

* 
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0.030 

60.66 
60.66 

220 . 00 
91.64 

3.63 
0 . 66 

2276.4 
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WKBl . rep ,, * Length Wtd. (ft) * Wetted Per. (ft) 
* Min ch El (ft) * 2121.42 * shea r (1 b/ sq ft) 
*Alpha 1.00 * Stream Power (lb/ ft s) ,., 
* Frctn Loss (ft) * cum vo lume (acre-ft) 

91.98 
0.38 
1. 39 

• c & E Loss (ft) * Cum SA (acres) 
*********************************************************************************************** 
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X X 
X X 
X X 
XXX XX XX 
X X 
X X 
X X 

HEC-RAS Version 4 .1 . 0 Jan 2010 
u . s. Army Corps of Engineers 

Hydrologic Engineering center 
609 Second Street 
Davis, California 

xxxxxx xxxx xxxx XX 
X X X X X X 
X X X X X 

X 
X 

xxxx X XXX xxxx xxxxxx 
X X X X X X 
X X X X X X X 
xxxxxx xxxx X X X X 

xxxx 
X 
X 
xxxx 

X 
X 

XXX XX 

** ************* ************ **** **************** ************* ******************** 

PROJECT DATA 
Project Title: Wickenburg_Phase1 
Project File : WKB1_500yr.prj 
Run Date and Time: 1/ 24 / 2012 1:47:09 PM 

Project in English units 

Project Description: 
wickenburg Area Drainage Mas ter Study/ Plan (ADMS/ P) 
Phase 1 Hydraulic Model 
for sunset wash, sunset Wash Tributary 1 and sunnycove wash 

Prepared 
by: 
Hoskin Ryan Consultants, Inc. 
6245 N. 24th Parkway, Suite 100 
Phoenix, 
AZ 85016 

Prepared for: 
Flood Control District of Maricopa County 
(FCDMC) 
2801 w. Durango Street 
Phoenix, AZ 85009 

FCDMC Contract No. 
2009-C030 

FCDMC Project Manager: Gregory L. Jones 

Topographic Mapping: 
prepared during the Wickenburg Mapping Project (FCDMC 03-66), dated July 7th , 
2004. Provided by the FCDMC and used to create the 2-foot contour interval 
mapping. 

Vertical Datum : NAVD88 

Geographic Coordinate System is State 
Pl ane Arizona Central (NA083) 

PLAN DATA 

Plan Title: wickenburg_Phase1_500year 
Pl an File g: \ Projects\10\ 10-003 Wickenburg AOMS\ 01-Phase 1\ Hydro\HEC-RAS\ WKB1_500y r .p04 

Geometry Title: Wickenburg_Phase1 
Geometry File : g: \ Projects \ 10\ 10-003 Wickenburg ADMS\ 01-Phase 1\ Hydro\ HEC-RAS \ WKB1_500yr.g01 

500-year, 6-hour Flow Title 
Flow File g: \ Projects \ 10\ 10-003 Wickenburg ADMS \ 01-Phase 1\ Hydro \ HEC-RAS\ WKB1_500yr.f01 

Plan Summary Information: 
Number of : Cross Sections 

culverts 
Bridges 

Computational Information 

121 
13 

1 

Multiple Openings 
Inline Structures 
Lateral Structures 

Water surface calculation tolerance 
critical depth calculation tolerance 
Maximum number of iterations 

0.01 
0.01 
20 
0.3 
0 . 001 

Maximum difference tolerance 
Fl ow tolerance factor 

Computation Options 
critical depth computed only where necessary 

0 
0 
0 

Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Avera~e Conveyance 
Computational Flow Regime : subcr1tical Flow 

Encroac hment Data 
Equal Conveyance 
Left Offset 
Rig ht offset 

True 
0 
0 

**** *************** ************************* ****** ** **** **** ******* ** ********* ** 
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FLOW DATA 

Flow Title: 500- year, 6-hour 
Flow File : g: \ Projects\10\10-003 Wi ckenburg ADMS\ 01-Phase 1\ Hydro\ HEC-RAS\ WKB1_500yr . f01 

Flow Data (cfs) 
***************************************************** ******** 
* River Reach RS 500-YEAR * 
* SUNNYCOVE WASH REACH #1 0.400 180 • 
* SUNNYCOVE WASH REACH #1 0.263 428 • 
* SUNNYCOVE WASH REACH #2 3 . 132 1344 * 
* SUNNYCOVE WASH REACH #2 2. 901 1414 • 
* SUNNYCOVE WASH REACH #2 2.592 1790 * 
* SUNNYCOVE WASH REACH #2 1. 830 2102 * 
* SUNSET WASH REACH #2 1.197 75 * 
* SUNSET WASH REACH #2 1.117 662 * 
* SUNSET WASH REACH #1 0 . 753 1028 * 
* SUNSET WASH REACH #1 0.537 1550 • 
* SUNSET WASH REACH #3 1. 902 696 * 
* SUNSET WASH TRIBUTARY 1 0 .25 6 551 • 
************************************************************* 

Boundary Conditions 
****************************************** *********************************************** *************** 
* River Reach Profile Upstream Downstream 
**************************************************************************************** **************** 
* S UNNYCOVE WASH REACH # 2 500-YEAR Normal S = 0.02 * 
* SUNSET WASH REACH #1 500-YEAR Normal S = 0.0067 * 
* SUNSET WASH REACH #3 500-YEAR Norma l S = 0 . 02073 * 
* SUNSET WASH TRIBUTARY 1 500-YEAR Normal S = 0 . 00933 * 
********************************************************************************************~********** * 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.400 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2111 . 15 Element Left OB • Channel * Right OB * 
* vel Head (ft) 0 . 28 * Wt . n-val. 0.049 0.039 0.035 
* w.s. Elev (ft) • 2110 . 87 * Reach Len . (ft) 229 . 53 185. 77 170.71 

Crit w. s . (ft) • 2110 . 87 * FlOW Area (sq ft ) 0 . 05 42.08 0.02 
* E.G. slope (ft/ ft) *0.028703 * Area (sq ft) 0 . 05 42.08 0.02 
* Q Total (cfs) 180.00 . Flow (cfs) 0.03 179.95 0 . 02 
* Top Width (ft) 79.73 * Top Wi dth ( ft) 1. 28 77.91 0. 54 
* Vel Total (ft / s) 4.27 * Avg . Vel. (ft/s) a. 56 4. 28 0 . 87 

Max Chl Opth (ft ) 1. 20 * Hydr. Depth (ft) 0.04 0 . 54 * 0.04 
* Conv. Total (cfs) 1062.5 * Conv . (cfs) 0.2 1062 . 2 • 0 . 1 
* Length Wtd. (ft) 186 . 29 * Wetted Per . (ft) 1. 28 78.05 0.55 

Minch El (ft) • 2109 . 67 • Shear (lb / sq ft ) 0 . 06 0.97 0.07 
• Alpha 1.00 * Stream Power (lb / ft s) * 0.04 4 . 13 0 . 07 
* Frctn Loss (ft) 0 . 23 * Cum volume (acre-ft) 0 . 12 1. 25 0 . 08 
* c & E Loss (ft) 0 . 08 * Cum SA (acres) 1.19 1. 86 0.93 
*********************************************************************************************** 

Warning : 

Warning: 

Warning: 
the 

The energy equation could not be balanced within the specified numbe r of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio ( upst ream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sect ions . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.365 

CROSS SECTION OUTPUT Profile #500-YEAR 
****************************************** ***************************************************** 
* E.G . Elev (ft) * 2107.97 • Element Left OB '' Channel * Right OB * 
* Vel Head ( ft) 0 . 01 * Wt . n-val. 0.049 0.039 0.035 
* W. S. Elev (ft) • 2107 . 96 * Reach Len. (ft) 179 . 96 133.12 128.74 
* Crit W. S. (ft) * Flow Area (sq ft) 8 . 88 186.04 0 . 60 
• E.G. slope (ft / ft) *0.000392 • Area (s q ft) 8.88 186.04 0 . 60 
* Q Total (cfs) 180.00 Flow (cfs) 4.29 175.54 0 . 17 
• Top width (ft) 147.90 • Top Width (ft) 12 . 14 132.72 3.04 

vel Total (ft / s) 0.92 * Avg. vel. (ft / s) 0.48 0.94 0 . 28 
* Max Chl Opth (ft) 2.56 * Hydr . Depth (ft) 0.73 1.40 0 . 20 
* Conv. Tot a 1 (cfs) 9093 . 7 * Conv. (cfs) 216 . 8 8868 . 4 8 . 5 

Length Wtd. (ft) 136.30 • wetted Per. (ft ) 12.29 132.94 3.07 
* Min ch El (ft) • 2105 : 40 * shea r (1 b/ sq ft) 0. 02 0. 03 0. 00 
* Alpha 1.03 * Stream Power (lb/ft s) * 0.01 0.03 0 . 00 
* Frctn Loss (ft) 0.11 * Cum Volume (acre-ft) 0.10 0.76 0 . 08 

C & E Loss (ft) 0.01 * Cum SA (acres) 1.16 1.41 0 . 92 
*********************************************************************************************** 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
Page 2 



• 

• 

• 

WKBLSOOyr.re p 
This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.340 

CROSS SECTION OUTPUT Profile #500-YEAR 
***************************************************** ******************* **************** ******* 
* E . G. El ev ( ft) • 2107.85 * Element Left OB * channe 1 * Right OB 
* vel Head (ft) 0 . 09 Wt . n- val. 0.049 0 . 039 0 . 035 

w. s. El ev (ft) * 2107.76 Reach Len. (ft) * 231.01 240.22 244. 75 
• crit w.s. (ft) • Flow Area (sq ft) 14.80 47.85 * 18 . 43 
* E.G. Slope (ft / ft) *0.002606 * Area (sq ft ) 14.80 47.85 * 18.43 

Q Total ( cfs ) 180.00 * Flow (cfs) 22.63 130.97 26 . 40 
* Top width (ft) 77.77 * Top width (ft) 14 . 92 28 . 60 34 . 25 

vel Total (ft / s) 2 . 22 * Avg . vel. (ft / s) 1.53 2 . 74 1.43 
* Max Chl Dpth (ft) 2.07 * Hyd r. Depth (ft) 0.99 1.67 0 . 54 
* conv . Total (cfs) 3526.2 * conv. (cfs) 443 . 3 2565.8 517 . 1 
* Length Wtd. (ft ) 239.97 * Wett ed Per. (ft) 15 . 08 28 . 65 34 . 29 
* Minch El (ft) • 2105 . 69 * shear (lb / sq ft) 0.16 0 . 27 0 . 09 
• Al pha 1.23 * Stream Power (lb/ ft s) * 0.24 0. 74 0 . 13 
* Frctn Loss (ft) 1.30 * Cum Vol ume (acre-ft) 0.05 0 . 40 0 . 05 
• c & E Loss (ft) 0.06 * cum SA (acres) 1. 10 1.17 0.87 
******************************************** *************************************************** 

Warning: 
warning: 

The velocity .head has changed by more than 0.5 ft (0 . 15 m). This may ind i cate the need for add i tional cros s se c t i ons . 
The conveyance ratio ( upstream conveyance divided by downstream conveyance) is les s than 0 . 7 or greater than 1 . 4 . 

warning: 
the 

This may indicate the need for additiona l cross sections . 
The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 

CROSS SECTION 

RI VER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0. 294 

CROSS SECTION OUTPUT Profi l e #500-YEAR 
******** ************************* ****************************** *************** ***************** 
* E. G. El ev (ft) 2106.49 * Element Le f t OB • c hanne 1 * Right OB * 
*ve l Head (ft) 0.72 wt. n-va l . 0 . 049 0.039 0.035 

W. S . Elev (ft) • 2105.77 * Reach Len . (ft) 97.97 80.84 54 . 11 
• crit w.s. (ft) * 2105.68 • Flow Area (sq ft) 0.06 26.34 0.04 
*E . G. slope (ft / ft) *0 . 017489 * Area (sq f t ) 0.06 26.34 0.04 
* Q Total (cfs) 180.00 • Flow (cfs) 0.05 179.91 0 . 04 
* Top width (ft) 16. 54 • Top width (ft) 0. 61 15 . 54 0 . 39 
• Vel Total (ft / s) 6.81 • Avg. Ve l . (ft / s) 0.84 6.83 1.06 
* Max chl Dpth (ft) 3.20 * Hydr. Dept h (ft) 0 . 10 1.69 0.09 

conv. Total (cfs) 1361.1 * conv. (cfs) 0.4 1360 . 4 0.3 
Lengt h Wtd. (ft) 81.04 * Wetted Pe r. (ft) 0.65 16.69 0.43 
Minch El (ft) 2102 . 57 * s hear (lb/ sq ft) 0 .11 1.72 0.09 

*Al pha 1.01 • Stream Power (lb / ft s) * 0.09 11.77 0.10 
* Frctn Loss (ft) 0.28 * cum volume (acre-ft) 0 . 01 0 . 20 0.00 
* c & E Loss (ft) 0.32 * Cum SA (acres) 1.06 1.04 0 . 77 
******** ******** * ************************* **** ******* ****************************************** 

Warning: The velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4. 

This may indicate the need for addit i onal cross sections . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.279 

CROSS SECTION OUTPUT Profile #500-YEAR 
****** ** *********** *********** ****************** ****** ************ **** ****** **** *************** 
* E.G. El ev (ft) * 2105.89 * El ement Left OB * c ha nnel 
* vel Head (ft) 0.08 * wt. n-va l . 0 . 049 0 . 039 
* w.s. El ev (ft ) * 2105 . 80 * Reach Len. (ft) 77.42 82 . 51 

crit w.s. (ft) 2104 . 58 Flow Area (sq ft) 7 . 46 73 . 83 
* E.G. slope (ft/ ft) *0 . 001449 * Area ( sq ft) 7 . 46 73.83 
* Q Total (cfs) 180.00 Flow (cfs) 5.84 173 . 09 
* Top Width (ft) 52.28 * Top width (ft) 13.29 35.51 

Ve l Total (ft / s) 2.18 * AVg. Vel. (ft / s) 0.78 2.34 
Max chl Opth (ft) 3.36 * Hydr. Depth (ft) 0.56 2 . 08 

* co nv. Total (cfs) 4729.4 * conv. (cfs) 153.6 4547.9 
*Length Wtd. (ft) 82 . 51 * Wetted Per. (ft) 13.33 35.92 
*Mi nch El ( ft ) • 2102.44 * s hear ( l b/ sq ft) 0 . 05 0 . 19 
*Alpha 1.12 * Stream Power ( l b/ ft s) * 0.04 0.44 
* Frctn Loss (ft) • cum volume (acre-ft) 0 . 11 

* Right OB * 
0 . 035 
83.60 
l. 29 
l. 29 
1.06 
3.48 
0.82 
0 . 37 
28.0 
3.56 
0 . 03 
0.03 

* c & E Loss (ft) • cum SA (acres) 1.05 1.00 0 . 77 
******** ************************************ ****************** ***** **************************** 

CROSS SECTION 

RI VER: SUNNYCOVE WASH 
RE ACH: REACH #1 RS : 0 . 263 
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CROSS SECTION OUTPUT Profile #500 -YEAR 
*********************************************************************************************** 
• E . G. Elev ( ft ) • 2104 . 18 • Element Left OB channel • Right 08 • 
• vel Head (ft) 0 . 74 * Wt. n-Val . 0.049 0 .035 

w.s . Elev ( ft ) • 2103.44 • Reach Len . ( ft) 45 . 34 99 . 22 161.90 
crit w.s . (ft ) * 2103.44 * Flow Area (sq ft) 15.41 57.25 

• E.G . slope (ft/ft ) *0 . 009005 * Area (sq ft) 15 . 41 57 .25 
• Q Total (cfs) 428 . 00 Flow (cfs) 22.47 40 5.5 3 
• Top width ( ft ) 77 .03 Top Width (ft) 54.64 22.39 

Vel Total ( ft / s) 5. 89 * Avg. Vel. (ft / s) 1. 46 7 . 08 
* Max Chl Dpth ( ft ) 3.34 * Hydr . Depth (ft) 0.28 2.5 6 
• Conv. Total (cfs) 4510.2 * conv. (cfs) 236.8 4273.4 
• Length Wtd. (ft) 90 . 82 • Wetted Per. (ft) 54 . 69 24 . 55 
• Min Ch El (ft) • 2100 . 10 • shea r (l b/ sq ft) 0 . 16 1 . 31 
• Alpha 1.37 • Stream Power ( lb / ft s) * 0.23 9.29 
* Frctn Lo s s (ft) 0 . 38 * cum volume (acre- ft) 0 . 13 0.43 0.01 

c & E Loss (ft) 0.29 cum SA ( a c res) 0 . 99 0.94 0.77 
****************************************************** ****************** *********************** 

warning: The energy equation could not be balan ced with in the specified number of iterati ons. The program used criti cal depth 
for the water surface and cont i nued on wit h the calculations. 

Warni ng : 
war ning : 
warni ng : 

Divi ded flow computed for this cross-section . 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for addi t ional cross sections. 
The conveyance ratio ( upstream conveyance divided by downstream conveyance) i s less than 0.7 or great er than 1.4. 
This may i ndicate the need for additional cross sections . 

warning: During the standard step iterations , when the assumed water surface was s et equal to c rit ical depth, the calculated 
water surface came back below critical depth . This indicates that the r e is not a va lid subcri tical a nswer . The 

pro gram 
defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS : 0.245 

CROSS SECTION OUTPUT Profile #500-YEAR 
****************************************************************************~****************** 

E.G . Elev (ft) 2103.41 Element Left OB Channel Right OB • 
• vel Head (ft) 0.16 • wt . n-Val . 0.049 0.035 0 . 055 
0 W.S. Elev (ft) • 2103.25 • Reach Len . (ft) 26 . 92 29.17 30.85 

Crit w. s . (ft) Flow Area (sq ft) 93 . 09 82 . 23 3.95 
* E.G. Slope (ft/ft) *0.002438 * Area (sq ft) 93 . 09 82.23 3.95 

Q Total ( cfs) 428.00 Flow (cfs) 116.63 306.53 4 . 84 
Top Wid th (ft) 159.94 • Top width (ft) 121.58 34.33 4 . 03 
Vel Total (ft / s) 2 . 39 Avg . Vel. (ft/s) 1.25 3 . 73 1.23 

• Max Chl Dpth (ft) 3.28 * Hydr . Depth (ft) 0.77 2 . 40 0.98 
Conv. Total (cfs) 8667.9 • conv. ( c fs) 2362 . 0 6207.9 98 . 1 

* Length Wtd. (ft) 28.46 *Wetted Per . (ft) 121.62 34.68 4.48 
• Min ch El (ft) * 2099.97 • shea r (lb/sq ft) 0 . 12 0 . 36 0.13 
• Alpha 1.82 * Stream Power (lb/ft s) * 0.15 1.35 0.16 

Frctn Loss (ft) 0 . 05 * Cum Volume (acre-ft) 0 . 08 0.27 0.00 
c & E Loss (ft) 0.01 cum SA (acres) 0.89 0.88 0.76 

*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS : 0.239 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
• E. G. Ele v (ft ) 2103.34 Element Left DB Channel 

Vel Head (ft) 0 . 14 Wt . n-val. 0.049 0.035 
w.s. Elev (ft) * 2103.21 Reach Len . (ft) 67.37 67.73 

• Crit w.s. (ft) 2102 . 33 • Flow Area (sq ft) 108 . 16 73.57 
E. G. slope (ft/ft) *0 . 001437 • Area (sq ft) 161 . 03 73.57 
Q Total (cfs) 428.00 Flow (cfs) 158.84 264.36 

• Top width (ft) 191 . 78 * Top width (ft) 165.32 20 . 58 
vel Total (ft / s) 2 . 29 Avg . Vel. (ft/s) 1.47 3 . 59 

* Max Chl Dpth ( ft) 4.21 • Hydr . Depth (ft) 1.44 3.57 
* Conv. Tota l (cfs) • 11291.3 * Conv . (cfs) 4190.5 6974.1 
• Length Wtd. (ft) 67.73 * Wetted Per. (ft) 74.89 22.05 

Min ch El ( ft ) * 2099.00 shea r ( lb / sq ft) 0.13 0.30 
Alpha 1 . 68 Stream Power (lb/ ft s) 0.19 1.08 

Right 08 ° 
0 . 055 
75.52 

5 . 22 
5 . 22 
4.80 
5.88 
0 . 92 
0.89 

126.7 
6 . 14 
0.08 
0.07 

* Frctn Loss (ft) Cum Volume (acre-ft) 0.22 
• c & E Loss (ft) cum SA ( acres) 0. 81 0 . 86 0 . 75 
*********************************************************************************************** 

Note: Multiple critical depths were found at this location. The critical depth with the lowest , valid , energy was used . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS : 0.226 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) 2101.24 * Element Left 08 channel Right DB 
• vel Head (ft) 0 . 65 * Wt. n-Val . 0 . 055 0 . 035 
* w.s. Elev (ft) * 2100.59 * Reach Len . ( ft) 76 . 04 55 . 89 . 33.05 
• crit w.s. (ft) 2100.59 Flow Area (sq ft) 0. 21 66.19 • 
* E . G. slope (ft/ft) *0 . 016019 * Area (sq ft) 0. 21 66 . 19 
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* Q Total ( cfs) 428.00 Flow (cfs ) * 0 . 14 427 . 86 
* Top width (ft) 52.34 Top width (ft) * 2 .49 49 . 85 

Vel Total (ft / s) 6.45 Avg. Vel. (ft / s) 0.65 6.46 
* Max Chl Dpth (ft) 2 . 34 Hydr. Depth (ft) 0.08 1 . 33 
* Conv. Total (cfs) 3381 . 7 * Conv . (cfs) 1.1 3380.6 
• Length Wtd. (ft) 55 . 13 * Wetted Per . (ft) 2 . 49 50.17 
* Min ch El (ft) • 2098 . 25 • shea r (lb / sq ft) 0.08 1 . 32 
* Alpha 1.01 • Stream Power (lb / ft s) 0.05 8 . 53 
* Frctn Loss (ft) 0.34 * Cum Volume (acre-ft) 1 . 16 2 . 15 0 . 98 
* c & E Loss (ft) 0.15 * cum SA (acres) 0.68 0 . 80 0.7 5 
*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of iterati ons . The pr ogram used cri t i cal depth 
for the water surface and continued on with the calcu l ations. 

Warning : The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 o r greater than 1.4 . 
This may indicate the need for additiona l cross sections. 

Warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous c ross secti on . Th i s may indicate 
the 

need for additional cross sections. 
Warning: During the standard step i terations, when the assumed water surface was set equal to critica l depth , the calcu l ated 

water surface came back below cri t ical depth . This indicates that there is not a valid subc rit i cal answer . The 
program 

defaulted to critical depth . 
Note: Multiple criti cal depths were found at this location. The critical depth with the lowest , va li d , energy was used. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.216 

CROSS SECTION OUTPUT Profile #500-YEAR 
************************* *************** ******************************************************* 
* E.G. El ev (ft) • 2099 .76 Element Left DB channe 1 * Right OB • 
• Vel Head (ft) 0 . 34 Wt. n- Val . 0.055 0 . 035 0.055 
• W.S. Elev (ft) • 2099.43 • Reach Len. (ft) 109.25 113 . 57 127 . 29 

Crit W.S. (ft) • Flow Area (sq ft) 13 . 44 69.05 25 . 77 
* E. G. Slope (ft / ft ) *0.003200 * Area (sq ft) 13.44 69.05 25. 77 
* Q Total (cfs) 428.00 Flow (cfs ) 25.63 350 . 98 51.39 
*Top width (ft) 48.65 * Top Width (ft) 9.23 22.35 17 .07 

vel Total (ft / s) 3.95 * Avg. vel. (ft / s) 1.91 5.08 1.99 
Max chl Dpth (ft) * 3.53 • Hydr . Depth (ft) 1.46 3 . 09 1.51 

* Conv . Total (cfs) 7565 . 8 * Conv . (cfs) 453 . 0 6204.3 908.4 
• Length Wtd. (ft) 114.29 * Wetted Per . (ft) 9 . 65 22.43 17 . 30 
* MinCh El (ft) 2095.89 * shear (lb/sq ft) 0 . 28 0.62 0 . 30 
* Alpha 1.40 • Stream Power ( lb / ft s) * 0.53 3 .13 0.59 
* Frctn Loss (ft) 0.67 * Cum Volume (acre-ft) 1.15 2.07 0 . 97 
* C & E LOSS (ft) 0.08 Cum SA (acres) * 0.67 0 . 76 * 0 . 74 
************************* *** *** **************************************************************** 

Wa rning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS: 0 . 194 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2099.01 • Element Left OB • Channel * Right DB * 

Vel He ad (ft) 1.19 Wt. n-Val. 0.055 0.035 0 . 055 
W.S. Elev (ft) * 2097.83 Reach Len. (ft) 183.85 186.13 187.15 

* Crit w.s . (ft) • 2097.83 * Flow Area (sq ft) 0.29 48.63 0.95 
E.G. Slope (ft/ ft) *0.013855 * Area (sq ft) 0.29 48.63 0 . 95 
Q Total (cfs) • 428.00 * Flow (cfs ) 0.37 426.11 1.52 
Top Width (ft) * 23 . 14 * Top Width (ft) 1 . 07 19.52 2 . 55 

• vel Total (ft / s) 8.58 * Avg . Vel. (ft / s ) 1.24 8.76 1.60 
Max Chl Opth (ft) 4.32 Hydr . Depth (ft) 0.28 2.49 0 . 37 

* Conv. Total (cfs) 3636.1 * Conv . (cfs) 3 .1 3620 . 0 12.9 
Length Wtd. (ft) 185 . 96 • Wetted Pe r. (ft) 1. 20 20.94 2 . 66 

*MinCh El (ft) • 2093.51 * Shear (lb / sq ft) 0.21 2.01 0.31 
• Alpha 1 . 04 * Stream Power (lb / ft s) * 0.26 17.60 0 . 50 

Frctn Loss (ft) 2.34 * Cum Volume (acre-ft) 1.13 1 . 91 0.93 
* C & E Loss (ft) 0.19 * Cum SA (acres) 0.65 0 . 70 0 . 71 
******** *********************** *********************************** ********************** ******* 

Warning : 

warning: 
Warni ng : 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
the water surface and continued on with the calculations . 
velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections . 
energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.159 
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CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . El ev ( ft) * 2095.08 • Element Left OB • channel • Ri ght DB * 
* Ve l Head (ft) 0.56 * Wt. n- Val. 0 . 055 0 . 035 0. 055 
* W.S. Elev (ft ) • 2094 . 52 • Reach Len. (ft) 372 . 88 368 . 68 360 . 58 

Cr i t W.S . ( ft ) * 2094.52 * Flow Area (sq ft) 28 . 62 56 . 66 0 . 78 
• E. G. Slope (ft / ft ) *0.011447 * Area (sq ft ) 28 . 62 56 . 66 0 .78 

Q Total (cfs ) 428 . 00 * Flow (cfs ) * 63 . 24 363 . 95 0 .81 
* Top Width ( ft ) 79 . 66 *Top Width ( ft) 42.70 33 .36 3.60 
* ve l Total ( ft / s) 4.97 * Avg . vel . (ft / s) 2 . 21 6.42 1. 04 
* Max Ch l Dpth (ft ) 2 . 84 * Hydr. Depth (ft) 0 . 67 1 . 70 0 . 22 
* Conv . Total (cfs ) 4000 . 3 * Conv. ( cfs ) 591.1 3401.6 7 .6 
* Length Wtd . (ft ) 368 . 98 * Wetted Per. (ft) 42.81 33 . 70 3 . 62 
• Min Ch El (ft ) • 2091.68 • shea r ( 1 b/ sq ft) 0 . 48 1. 20 0. 15 
* Alpha 1.45 • Stream Power ( lb / ft s) 1.06 7 . 72 0 . 16 
* Frctn Los s (ft ) 4 . 83 Cum Volume (acre-ft ) 1.07 1.69 0. 93 

c & E Loss ( ft ) 0 . 02 • Cum SA (acres) 0.56 0.59 0 . 70 
******************************* **************************************************************** 

wa r ni ng : The ene r gy equation could not be ba l anced within the specified numbe r of iterations. The program us ed cri tical depth 
for the wat er surface and continu ed on with the calculations. 

wa r ni ng: The energy l oss was greate r than 1. 0 ft (0 . 3 m). between the current and previ ous cross section . Th i s may i ndicat e 
the 

need for additional c ross s ections . 
Warn i ng: During the standard step iterations , when the assumed water surface was set equal to criti ca l depth , the calc ul at ed 

water surface came back below c r i t ical depth . This indicates that there i s not a val id subcriti cal answe r. The 
pr o gram 

defaulted t o crit i cal depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #1 RS: 0 . 089 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . El ev (ft) • 2087 . 63 • Element Left DB Channel • Right 08 * 
* Ve l Head (ft) 0 . 71 • Wt . n- Val . 0 . 055 0.035 0 . 055 

w. s . Elev (ft) • 2086.92 Reac h Len. (ft) 293 . 21 281.13 263 . 99 
Cri t w.s . (ft) * 2086.92 Flow Area (sq ft) 1.05 62.47 0.69 

• E. G. slope (ft/ ft) *0.015082 * Area (sq ft) 1.05 62 . 47 0.69 
• Q Total (cfs) 428 . 00 Flow (cfs) 1.92 425.02 1.06 
* Top Width (ft) 46.25 * Top Width (ft) 2.43 41.71 2 . 11 

Vel Total (ft / s) 6.67 • Avg . vel . (ft/ s) 1.83 6.80 1.53 
• Max chl Dpth (ft) 1.96 * Hydr. Depth (ft) 0 . 43 1.50 0 . 33 
* Conv . Tot a 1 (cfs) 3485 . 0 * Conv . ( cfs) 15.6 3460.8 8 . 6 
*Le ngth Wtd. (ft) 277 . 44 * Wetted Per . (ft) * 2.58 41 . 91 2 . 21 

Mi n Ch El (ft) • 2084 . 96 * Shea r (1 b/ sq ft) 0 . 38 1.40 0 . 29 
* Alpha 1.04 * Stream Power (lb / ft s ) * 0 . 70 9.55 0 . 45 
• Frctn Loss (ft) 0.73 • Cum volume (acre-ft) 0 . 95 1 . 18 0 . 92 

C & E LOSS (ft ) 0 . 20 * Cum SA (acres) 0 . 37 0 . 27 0 . 68 
*********************************************************************************************** 

Warn i ng: 

Wa rning: 
Warning: 

Warn i ng: 
the 

The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
The conveyance ratio (upstream conveyance di vided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4 . 
This may indicate the need for additional cross sections. 

The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross secti on . This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This i ndicates that there is not a valid subcritica l answer. The 
program 

Note : 
used. 

defaulted to critical depth. 
Multiple critical depths were found at this location. The critical depth with the lowest, valid , water surface was 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #1 RS: 0.036 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E. G. El ev ( ft) • 2082 . 26 * Element Left 08 • channe 1 * Right 08 * 

vel Head (ft) 0 . 03 • Wt . n-val. 0.055 0. 035 0 . 055 
* w.s. Elev (ft) • 2082 . 23 * Reach Len. (ft ) 73.64 74 . 31 75 . 38 
• crit w. s . (ft) * 2081.81 * Flow Area (sq ft ) 84 . 06 54.70 222 . 38 
* E.G. slope (ft/ ft) • 0.001047 • Area (sq ft) 84 . 06 54 . 70 222 . 38 
• Q Total (cfs) 428.00 Flow (cfs) 73.08 118.82 236 . 10 
* Top width (ft) 278. 33 * Top width (ft) 84 . 71 2 7. 51 166 . 11 

vel Total (ft / s) 1.19 • Avg . Vel . (ft / s) 0.87 2.17 1.06 
*Max chl Dpth (ft) * 2 . 13 * Hydr . Depth (ft ) 0.99 1 . 99 * 1 . 34 
• Conv . Total ( cfs) * 13229.0 * Conv. (cfs) 2258 . 9 3672 . 5 7297.6 

Length Wtd. ( ft ) 74.56 Wetted Per. (ft ) 84 . 74 27.51 166 . 13 
Minch El ( ft) • 2080.15 * shear (lb / sq ft) 0.06 0 .13 0.09 

* Alpha 1.47 • Stream Power ( lb / ft s) 0 . 06 0.28 0 . 09 
Frctn Loss (ft) 0 . 13 * cum volume (acre - ft ) 0.66 0.81 0.24 

* c & E Loss (ft) 0.03 * cum SA (acres) 0 . 07 0 . 05 0 . 17 
************* ****************************** ***** ********************** ************************* 

warning: Multiple water surfaces were found that cou l d balance the energy equation. The program selected the water surface 
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whose main cha nnel velocity head was the closest to the previously computed cross section. 

Warning: The conveyance ratio (u ps tream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4. 
This may i ndicate the need for additional cross sections . 

Note: 
used. 

Multiple critical depths were found at this location. The critical depth with the lowest, valid, water s urface was 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #1 RS: 0.022 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft ) * 2082.11 * Element 

Vel Head (ft) 0 . 35 * Wt . n-val. 
• W.S. Elev (ft) • 2081.76 • Reach Len . (ft) 
* Crit w.s. (ft) • Flow Area (sq ft) 
• E.G. slope (ft/ft) *0.003138 * Ar ea (sq ft ) 
* Q Total (cfs) 428.00 Flow (cfs ) 

Top Width (ft) 61.06 * Top wi dth (ft) 
vel Total (ft/s) 4.24 * Avg. Vel. (ft/s) 

* Max Chl Opth (ft) 3.33 * Hydr . Depth (ft) 
* Conv. Total (cfs) 7640.4 * Conv. (cfs) 
* Length Wt d. (ft) 330.00 • Wetted Per. (ft) 
*MinCh El (ft) * 2078.43 * shear (lb/sq ft) 
*Alpha 1.24 *St re am Power ( lb / ft s) * 
• Frctn Loss (ft) 2.23 • Cum volume (acre-ft) 

C & E LOSS (ft) 0 . 15 * Cum SA (acres) 

Left 08 
0.064 

330.00 
2 .52 
2.52 
2.65 
3.03 
1. OS 
0.83 
47.3 
3 . 46 
0.14 
0.15 
o. 59 

channel 
0 . 035 

330.00 
87.54 
87 .54 

417.74 
30 . 22 

4 . 77 
2.90 

7457.3 
30.80 
0. 56 
2.66 
0.69 

* Right 08 
0.064 

330 . 00 
10 . 93 
10 . 93 

7.61 
27.81 

0.70 
0. 39 

135.8 
27.93 

0 . 08 
0.05 
0.04 

*********************************************************************************************** 

warning: The velocity head has changed by more than 0 . 5 ft (0.15 m). This may indicate the need for additional cross sections . 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indi cate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 3.132 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) 2331 . 15 * Element Left 08 * Channel * Right 08 
* vel Head (ft) 0.67 * Wt. n-val. 0.035 0.030 0.035 
* W. S. Elev (ft) * 2330.49 * Reach Len. (ft) 141. 91 141.71 141.66 
* crit w.s. (ft) * 2330.49 * Flow Area (sq ft) 11.19 195.72 6. 31 

E.G. slope (ft/ft) *0.010573 * Area (sq ft) 11.19 195.72 6. 31 
• Q Total (cfs) * 1344.00 * Flow (cfs) 27.72 * 1299.81 16.47 
* Top width (ft ) 171.17 * Top Width (ft) 26.15 131.42 13.60 

Vel Total ( ft / s) 6 . 30 * Avg . Vel. (ft/ s) 2.48 6.64 2 . 61 
* Max Chl Opth (ft) 1. 78 * Hydr. Depth (ft) 0.43 1. 49 0.46 
* Conv. Total (cfs) • 13070.5 * Conv. (cfs) 269.6 . 12640.7 160.2 
* Length Wtd. (ft) 141. 70 * Wetted Per. (ft) 26.17 131.44 13 . 63 
* Min Ch El (ft) 2328 . 71 * shea r ( lb / sq ft) 0.28 0.98 0 . 31 

Alpha 1.08 Stream Power ( l b/ ft s) 0.70 6.53 0.80 
Frctn Loss (ft) 0.05 * cum volume (acre-ft) 0 . 13 1. 67 1. 47 

* C & E LOSS (ft) 0.32 * cum SA (acres) 12.69 11.11 13 . 76 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: 
Warning: 

The velocity head has changed by mo re than 0.5 ft (0. 15 m). This may indicate the need for additional cross sections. 
The conveyance ratio (u pstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections . 

Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 3.105 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) • 2330.19 * Element Left OB • Channel 

Vel Head (ft) 0.02 * Wt. n-val. 0 . 045 0.035 
• W. S. Elev (ft) • 2330.17 • Reach Len . (ft) 75.04 75.06 
* crit w.s. (ft) • 2326.38 • Flow Area (sq ft) 69 . 69 498.64 
* E.G. slope (ft/ft) *0. 000114 • Area (sq ft) 69 . 69 498.64 
* Q Total (cfs) • 1344.00 Flow (cfs) 22 . 64 694.78 
• Top width (ft) 490.83 • Top width (ft) 78 . 63 89.51 

Vel Total (ft / s) 0.92 * Avg . vel . (ft/s) 0 . 32 1.39 
* Max Chl Dpth (ft ) 7 . 99 * Hydr. Depth (ft) 0.89 5.57 

Conv. Total (cfs) *125916.1 * Conv . (cfs) 2121.6 • 65092.6 
*Lengt h Wtd. (ft) 75.06 *Wetted Per. (ft) 78.72 92 . 48 
• Mi n Ch El (ft) * 2322.18 Shea r ( lb / sq ft) 0.01 0 . 04 
*Alpha 1.47 • Stream Power (lb/ft s) 0.00 0 . 05 
° Frctn Loss (ft) * Cum Volume (acre-ft) 0 . 54 

* Right 08 * 
0.045 
75 .03 

• 898.46 
• 898.46 

626.57 
322.69 

0.70 
2.78 

* 58701.9 
322.81 

0.02 
0.01 

* C & E LOSS (ft) * Cum SA (ac res ) 12 .52 10.75 13.21 
*********************************************************************************************** 
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CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 3.091 

CROSS SECTION OUTPUT Profile #500-YEAR 

WKB1_500yr.rep 

*********************************************************************************************** 
• E.G . Elev (ft:) * 2326 . 60 • Element: Le ft: DB • Channel * Right DB * 
* Vel Head (ft:) 0. 72 • Wt:. n-val . 0 . 045 0.033 0.045 

w. s. Elev (ft:) • 2325 . 88 ° Reach Len . ( ft:) 161.13 166 . 69 164 .71 
Crit: w.s. (ft:) * Flow Area (sq ft:) 0 . 43 195.84 3 .04 

• E. G. slope (ft: / ft:) *0 . 005285 • Area (sq ft: ) 0.43 195 . 84 3.04 
* Q Total (cfs) * 1344 . 00 Flow (cfs) 0.39 • 1339 . 05 4.56 

Top Width (ft) 71 . 19 * Top Width (ft ) 1 . 73 63.35 6.11 
Vel Total (ft / s) 6 . 74 • Avg. vel. (ft / s) 0 . 92 6 . 84 1.50 

*Max chl Dpth ( ft:) 3.90 • Hydr . Depth (ft) 0.25 3 . 09 0.50 
• Conv. Total (cfs) • 18487 . 8 • Conv . (cfs) 5 . 4 • 18419.7 62 . 7 
* Length Wt:d. (ft:) 166 . 28 * Wetted Per. (ft) 1.80 64.87 6 .17 
* Min ch El (ft) • 2321. 98 • shea r (1 b/ sq ft) 0. 08 1. 00 0.16 
• Alpha 1.02 * Stream Power (lb/ ft s) • 0.07 6 . 81 0 .2 4 
• Frct:n Loss (ft:) 0 . 82 • cum vo lume (acre-ft:) 22.15 28.89 20.44 
* C & E LOSS (ft:) 0.00 ° Cum SA (acres) 12.45 10.61 12 . 93 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 3 .060 

CROSS SECTION OUTPUT Profile #500-YEAR 
***************************************************** ***************** ************************* . E.G. Elev (ft:) • 2325 . 77 * Element Left DB * Channel * Right DB * 
* vel Head (ft:) 0.73 * Wt . n-val. 0 . 057 0.033 0.057 
* w. s. Elev (ft:) • 2325 . 04 . Reach Len. (ft) 323 . 55 342 . 36 325.27 
* Crit W.S. ( ft:) • 2325.04 . Flow Area (sq ft) 79.20 123 . 66 133.77 
• E.G. slope (ft: / ft: ) *0.004650 * Area (s~ ft:) 79.20 123.66 133.77 
* Q Tot: a 1 (cfs) • 1344.00 Flow (c s ) 106.99 982.44 254.57 

Top width (ft:) 275 . 84 • Top width (ft) 119 .23 29.29 127 .32 
* vel Total (ft/s) 3.99 * Avg. Vel. (ft/s) 1. 35 7.94 1.90 
* Max chl Dpt:h (ft) 4 . 94 * Hydr . Depth (ft:) 0.66 4.22 1. OS 
* Conv. Total (cfs) 19708 . 4 * Conv . (cfs) 1568 . 9 • 14406 .5 3733.0 
• Length Wtd. (ft:) 336.02 • Wetted Per. (ft) 119. 58 29. 7l 128.23 
* Min Ch El (ft) • 2320 .10 * shea r (1 b/ sq ft) 0.19 1. 21 0.30 
• Alpha 2 . 95 * Stream Power (1 b/ ft: s) . 0. 26 9.60 0. 58 
* Frctn LOSS (ft) 1. 92 * Cum volume (acre-ft:) 22.01 28.28 20.18 
• C & E Loss 0 . 01 * cum SA (acres) 12 . 22 10.44 12.68 (ft) 
********************************************************************************* ************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning: 
the 

Divided flow computed for this cross-section . 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections. 
warning : During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 2 . 995 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
• E.G. Elev (ft:) • 2322 . 21 • Element Left: OS • Channel * Right: DB • 
* vel Head (ft) 0.85 • wt. n-val. 0 . 058 0 . 033 0.060 
• w.s. Elev (ft:) • 2321.36 * Reach Len. (ft:) 478.5 7 495.95 490.12 
• crit: w. s . (ft) * 2321.36 • Flow Area (sq ft:) 167.37 81.69 30.65 
* E.G. Slope (ft / ft: ) *0.007208 * Area (sq ft:) 167.37 81 . 69 30 . 65 
* Q Total (cfs) • 1344 . 00 * Flow (cfs) 511.69 770.23 62 . 08 
* Top Width (ft:) 152.92 * Top Width (ft) 99.80 20.92 32 . 20 
* Vel Total (ft: / s) 4 . 80 * AVg. Vel. (ft / s) 3 . 06 9.43 2.03 
* Max chl Dpth (ft:) 4 . 29 • Hydr . Depth (ft:) 1.68 3.90 0.95 
* Conv. Total (cfs) * 15830.3 • Conv . (cfs) 6026.9 9072.2 731.2 
* Length Wtd. (ft) 491.44 * Wetted Per. (ft) 100 . 44 21.09 32.43 
• MinCh El (ft) • 2317.07 • Shear (lb/sq ft:) 0.75 1.74 0.43 
* Alpha 2 . 37 * Stream Power (lb/ ft s) * 2.29 16.43 0.86 * 
• Frct:n Loss (ft) 3.31 * Cum Vo l ume (acre-ft) 21.09 27.47 19.57 * 
• c & E Loss (ft) 0 . 00 * cum SA (acres) 11.41 10.24 12.08 
**************** ** ***************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning : The energy loss was greater than 1.0 ft: (0 . 3 m) . between the current: and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning : During the standard step iterations , when the assumed water surface was set: equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 
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WKB1_500yr . rep 
defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2 . 901 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E. G. Elev ( ft ) * 231 5. 63 * Element Left OB * Channel * Right OB * 
* vel Head ( ft ) 0.86 • Wt. n-val . 0 . 057 0 . 033 0.057 
• w. s . El ev ( ft) * 2314 . 77 * Reach Len . (ft) 350 . 30 361.80 393 . 51 
* Crit w.s . (ft ) • 2314 . 77 * Flow Area (sq ft ) 22 . 13 108 . 54 159. 70 
* E. G. Slope (ft / ft ) *0 . 006334 * Area (sq ft ) 22 .13 108 . 54 159 .70 
* Q Total (cfs) 1414.00 * Flow ( cfs ) 47.33 962 . 41 404 . 26 
* Top Width (ft ) 166 . 38 * Top Width (ft) 20.90 27 .10 118 . 38 

vel Total (ft / s ) 4.87 * Avg . vel . (ft/ s) 2 . 14 8 . 87 2.5 3 
* Max Chl Dpth (ft ) 5 . 28 * Hydr . Depth (ft) 1.06 4 . 01 1 . 35 
• Conv . Total (cfs ) * 177 66 . 6 * conv . (cfs) 594 . 7 • 12092.5 5079.4 
* Length Wtd. (ft) 370.28 * wetted Per. (ft) 21.14 27 . 89 118 .50 
• Min Ch El (ft) • 2309 . 49 * Shear (lb / sq ft) 0 . 41 1.54 0 . 53 
* Alpha 2.34 * Stream Power (lb / ft s) • 0 . 89 13 . 65 1. 35 

Frctn Loss (ft ) 2 . 95 Cu m Volume (acre-ft) 20.05 26.39 18 . 50 
c & E Loss (ft) 0 . 01 cum SA (acres) 10.75 9 . 97 11 . 24 

*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of iterati ons. The p rog ram used c r i tical de pth 
for the water surfac e and continu ed on wi th the calculations . 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross secti on . This may indicat e 
the 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water s urface was set equal to critical depth , the calcul at ed 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical dep t h . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2.832 

CROSS SECTION OUTPUT Profile #500-YEAR 
************* *** ******************************* ******** ****** ************** ******* ************* 
• E. G. Elev (ft) * 2310 . 09 * Element Left 08 ° Channel * Right 08 * 
• vel Head (ft) 0.92 • Wt. n-val . 0.057 0 . 033 0 . 057 
* w. s . Elev (ft) • 2309.17 * Reach Len . (ft) 496 . 90 493 . 39 489.66 
• Crit w. s . (ft) • 2309 . 17 • Flow Area (sq ft) 31 . 29 101 . 91 108 . 46 
* E. G. Slope (ft/ ft ) •o . 010336 • Area (sq ft) 31 . 29 101.91 108.46 
• Q Total (cfs) • 1414 . 00 Flow (cfs ) 83.22 931.15 399 . 63 
• Top width (ft) 133 . 18 • Top Width (ft) 31.04 36.08 66 . 06 

vel Total (ft / s) 5.85 * AVg. Vel . (ft/ s ) 2 . 66 9.14 3. 68 
• Max chl Dpth (ft) 3. 10 • Hydr. Depth (ft) 1.01 2 . 82 1.64 
* Conv . Total (cfs) • 13908 . 1 * Conv . (cfs) 818 . 6 9158.8 3930 . 7 
• Length Wtd. (ft) 493 . 54 • Wetted Per. (ft) 31.14 36.14 66 . 16 
• Min ch El (ft) • 2306.07 * shea r (lb / sq ft) 0 . 65 1.82 1 . 06 
• Alpha 1.73 • Stream Power (lb/ ft s) • 1.72 16.62 3. 90 
* Frctn Loss (ft) 5.80 * Cum Volume (acre- ft) 19 . 83 25 . 51 17 . 28 
• c & E Loss (ft) 0 . 01 • Cum SA (acres) 10.54 9.70 10 . 40 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the ca l culations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross sectio n . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to criti cal depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2.739 

CROSS SECTION OUTPUT Profile #500-YEAR 
******** ********************************************** ******************************* ********** 
* E.G. Elev (ft) • 2303.54 • Element Left OB Channel * Right OB * 
* Vel Head (ft) 0.87 * Wt . n-Val. 0.060 0 . 033 0.057 
* w.s. El ev (ft) • 2302.67 * Reach Len. (ft) 495.93 431.55 392.82 
* Crit W. S. (ft) • 2302.67 * Flow Area (sq ft) 156 . 29 62 . 09 35 . 64 
* E. G. Sl ope (ft/ft) •o . 013471 • Area (sq ft) 156 . 29 62.09 35.64 
* Q Tota l (cfs) • 1414 . 00 * Flow (cfs) 623 . 71 634.88 155 . 42 
• To~ width (ft ) 138 . 49 Top width (ft) 95.45 22.68 20.37 
* Ve Total (ft / s) 5 . 57 Avg. Vel. (ft / s) 3.99 10.22 4 . 36 
* Max Chl Opth (ft) 2 . 83 • Hydr. Depth (ft) 1. 64 2.74 1. 75 
• Conv. Total (cfs) • 12183.0 * Conv . (cfs) 5373 . 8 5470.1 1339 . 1 
• Length Wtd. (ft) * Wetted Per . (ft) 95.54 22 . 69 20 . 60 
* Min Ch El (ft) • 2299 . 84 • Shear (lb / sq ft) 1. 38 2.30 1.46 
* A 1 ph a 1. 81 * Stream Power (lb / ft s ) * 5. 49 23.53 6. 34 
* Frctn Loss (ft) • Cum Volume (acre-ft) 18.77 24 . 58 16 . 47 
* C & E Loss (ft) * Cum SA (acres) 9. 82 9 . 37 9 . 92 
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WK81_500yr.rep 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water s urface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 2.657 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2297 . 53 * Element Left 08 • Channel * Right 08 * 
• vel Head (ft) 1.11 * Wt . n-val . 0.060 0 . 035 0 . 057 

w. s . Elev (ft) * 2296.42 * Reach Len . (ft) • 289 . 00 • 346.56 • 404.01 
Crit w.s . ( ft ) • 2296 .42 * Flow Area (sq f t) 22.75 131.29 49 .7 5 
E.G. slope (ft / ft ) *0 . 010552 * Area (sf ft) 22 . 75 131.29 . 49 . 75 

* Q Total (cfs ) • 1414.00 Flow (c s ) 65 . 70 • 1195 . 14 * 153 . 16 

* ~~~ ~~~~~ (ft ) 102 . 41 * Top Width (ft ) 18 .66 43 . 46 40 . 29 
( ft / s) 6.94 • Avg . Vel . (ft/ s) 2 . 89 9.10 3 . 08 

* Ma x chl Dpth (ft ) 3 . 42 • Hydr . Depth (ft) 1. 22 3.02 1. 23 
* Conv . Total (cfs) • 13765 . 4 * Conv. (c f s) 639.6 • 11634.8 1491.0 
* Length Wtd . (ft ) 358 . 29 * Wett e d Per . ( f t) 18 . 80 43 . 53 40 . 36 
* Min Ch El (ft) • 2293.00 • Shea r (l b/ sq fl:) 0 . 80 1. 99 0 .81 
• Alpha 1. 48 * Strea m Power ( lb/ ft s) * 2.30 18 . 09 2. 50 
* Frctn Loss (ft ) 2.35 * cum volume (ac re-ft) 17 . 75 * 23.63 16 . 09 
* C & E Loss (ft) 0 .19 * cum SA (acres) 9 . 17 9 . 04 9.64 
*********************************************************************************************** 

warning: The energy equation could not be ba lanced within the specified number of iterations . The program used criti cal depth 
for the wate r surface and continu ed on with the calculations. 

Warning: 
Warn i ng : 

The velocity head has changed by more than 0 . 5 ft (0 . 15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (ups t re am conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4 . 

Warning : 
the 

This may indicate the need for additional cross sections. 
The energy loss was greater than 1.0 f t (0 . 3 m) . be tween the current and previous cross se ction . This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there i s not a valid s ubc ritical answer . The 
program 

defaulted to c ritical dep t h . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2 . 592 

CROSS SECTION OUTPUT Profile #500-YEAR 
· ·· · ····~······ ········ · · · ·· · ·· ········· ···· · ······ ················ · · · · ············· ········ ··· * E.G . Elev (ft) • 2292.58 * El ement Left 08 Channel * Right 08 
• vel He ad (ft ) 0.47 * Wt . n-val . 0.060 0 . 035 0 . 057 

w. s . Elev (ft ) * 2292 .11 * Reach Len . (ft ) 119 .02 151.06 183 . 93 
* Crit W. S . ( ft ) . Flow Area (sq ft ) 16.37 185 . 84 181. 73 
* E.G . slope (ft / ft) *0 . 004799 * Area (sf! ft) 16.37 185 . 84 181. 73 
• Q Total (cfs ) • 1790.00 Fl ow (c s) 19 .98 • 1182.90 587 .12 . ~~~ ~~~~~ (ft) 160.36 Top wi dth ( ft ) 27 . 21 58.16 * 74 . 99 * 

(ft/ s) 4 . 66 * Avg. Vel . (ft / s) 1. 22 6.37 3. 23 
* Max chl Dpth (ft) 4 . 15 * Hydr . Depth (ft ) 0 .60 3.20 2 . 42 

Conv . Total (cfs) • 25838 . 7 * Conv. (cfs) 288.4 • 17075 . 2 84 75.1 
Length Wtd. (ft) 154 . 97 * Wet t ed Per. (ft) 27 .28 58 . 37 75.95 

* Min ch El (ft) • 22 87.96 • s hea r (l b/ sq ft) 0 . 18 0. 95 0. 72 
• Alpha 1. 39 * Stream Power ( l b/ ft s) 0.22 6.07 2.32 
* Frctn Loss (ft ) 1.07 . cum volume (ac re -ft) 17 . 62 22.36 15.02 
* C & E Loss (ft ) * 0.12 * Cum SA (acres ) 9 . 01 * 8.64 9 . 11 
************************************************* ********************************************** 

warning: 
warning: 

The velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross sections. 
The conveya nce ratio (upstream conveyance divided by downst ream conveyance) is le ss than 0.7 or greater than 1 . 4 . 

Warning: 
the 

This may i ndi cate t he need for additional cross sections . 
The energy los s was greater tha n 1.0 ft (0 . 3 m). between the current and previous c ross section . This may indi cat e 

need for additional cross sections. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS : 2 . 563 

CROSS SECTION OUTPUT Profile #500-YEAR 
********************************************************* **************************** *** ******* 
* E. G. Elev (ft) 

Ve l Head (ft) 
w. s . Elev (ft) 
Crit w.s. (ft) 

* E.G . Slope (ft / ft) 
* Q Tota l (cfs) 
* Top Width (ft) 
* Vel Total (ft / s) 
* Max Chl Dpth (ft) 

• 2291.39 
1. 65 

* 22 89 . 74 
• 2289.74 
*0.010794 
• 1790.00 

66.72 
8.96 
3.99 

* Elemen t 
• Wt . n-val . 
* Reac h Len . (ft ) 
* Fl ow Area (sq ft) 
* Area (s q ft) 
* FlOW (cfs) 
* Top width (ft) 
* Avg . Ve l . (ft / s) 
* Hyd r . Depth (ft ) 

Left 08 • 
0.057 

403 .13 
45 . 40 
45 . 40 

190 . 45 
23.23 

4 . 19 
1. 95 
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0 . 035 

354.16 
142.30 
142.30 

1555.81 
36 . 35 
10 . 93 

3.91 

* Right 08 * 
0.057 

306 . 31 
12.14 
12 . 14 
43 . 74 

7 . 14 
3.60 
1. 70 
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WKB1_500yr.rep 
• Conv. Total (cfs) • 17229 . 4 • conv. (cfs ) • 1833 . 2 • 14975.2 421.0 
• Length Wtd. (ft ) 353.76 • Wett ed Per. (ft) 23.56 36 . 46 7 . 91 
* Min Ch El ( ft ) * 2285.75 * Shea r (1 b/ sq ft) 1. 30 2. 63 1. 03 
• Alpha 1.32 * Stream Power (lb/ ft s) • 5.45 28. 75 3. 73 

Frctn Loss (ft ) 3.28 cum volume (acre-ft) 17.53 21 . 80 14.61 
c & E Loss (ft) 0 . 03 • cum SA (acres) 8 . 94 8.48 8.94 

********************************************************* ** ************************************ 

Warning: The energy equation could not be balanced within the specified number of i terat ions. The program used cri ti cal depth 
for the water surface and continued on wi th the calculations . 

Warning : The energy loss was greater than 1. 0 ft (0.3 m). between the current and prev i ous cross section. This may i nd i cate 
the 

need for additional cross sections . 
Warning: During the s t a ndard s tep iterations, when the assumed water surface was s et equal to critical depth , the cal c ulated 

water surface came back be l ow c r i t ical depth . This indicates that there is not a valid subcrit i cal a nswe r . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 2. 496 

CROSS SECTION OUTPUT Profile #500 - YEAR 
*********************************************************************************************** 

* ~el · H~~dvc~i) ) : 228i:~~ : ~i ~m ~ ~~al . L0~6s~B * c3~833 1 * Ri8~6s~ 8 * 
• w.s . Elev (ft ) 2285 . 10 Reac h Len. (ft ) 321.65 33 5. 45 333.37 
• Crit W.S . ( ft) * 2285 . 10 * Flow Area (sq ft) 20.97 133.08 76 . 11 
* E.G . Slope (ft/ ft) *0.008052 * Area (sq ft) 20.97 133.08 76.11 
* Q Total (cfs) • 1790.00 Flow (cfs ) 74.95 • 1457 . 09 257.96 
• Top width (ft) 83 . 45 • Top width (ft) 10 . 34 29.62 43 . 50 
* vel Total (ft / s) 7 . 78 Avg. Vel. (ft / s) * 3 . 57 * 10.95 3.39 
* Max Chl Dpth ( ft) 4 . 84 Hydr. Depth ( ft) 2 . 03 * 4 . 49 1.75 
• Conv . Total (cfs ) * 19948 .1 * Conv. (cfs) 835.3 * 16238.1 28 74.8 

Length Wtd . (ft) 330.78 Wett ed Per . (ft) 11 . 10 29.83 43.64 
• Min Ch El (ft) • 2280 . 26 • Shea r (lb / sq ft) 0.95 2 . 24 0.88 
* Alpha 1.65 • Stream Power (lb / ft s) * 3 . 39 24.55 2 . 97 
• Frctn Loss (ft ) 2 . 33 • Cum Volume (acre-ft) 17 . 22 20.68 14 . 30 
• c & E Loss (ft) 0.32 • cum SA (acres) 8.79 8 . 21 8.76 
*** ***************************************************************** ***************** ********** 

Warning : The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations. The program used critical depth 
t he water surface and continued on with the calculations. 

Warning: 
Warning: 
the 

velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
energy loss was greater than 1. 0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections. 
warning: During the standard step i terations, when the assumed water surface was set equal to critical depth , the calculated 

water s urface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 2 . 432 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E. G. Elev (ft) 0 2280 . 57 ° Element Left OB * Channel 0 Right OB 0 

• Vel Head (ft) 0 . 50 * Wt . n-Val. 0.057 0.033 0 . 057 
* W.S. Elev (ft) 2280.07 Reach Len . (ft ) 164.74 281.80 317.21 
* Crit W.S. (ft) * Flow Area (sq ft) 280.91 76 . 37 31.37 
* E.G. Slope (ft/ ft ) *0 . 006239 * Area (sq ft ) 280.91 76 . 37 31.37 
* Q Total (cfs) 1790.00 Flow (cfs ) * 1084.08 618 . 54 87.38 
• Top width (ft) 151.16 • Top width (ft) 109.29 22 . 19 19 . 68 
• vel Total (ft: / s) 4. 61 • Avg. vel. (ft: / s) 3. 86 8.10 2 . 79 
• Max chl Dpth (ft) 3 . 69 • Hydr . Depth (ft ) 2.57 3.44 1 . 59 
* Conv . Total (cfs) • 22661.8 • Conv . (cfs) • 13724 . 7 7830.9 1106.3 
* Length Wtd. (ft) 236.66 * Wetted Per. (ft) 109 . 49 22 . 22 19.94 
• Minch El (ft) • 2276 . 38 • shear (lb / sq ft) 1.00 1.34 0 . 61 
* Alpha 1.51 * Stream Power (lb/ ft s) 3. 86 10.84 1. 71 

Frctn Loss (ft) 1.73 Cum Volume (ac re-ft) 16.11 19.87 13 . 88 
• c & E Loss (ft) 0 . 12 * cum SA (acres) 8.35 8 . 01 8.52 
******** ***** ************ ******************************************* ** ************************* 

Warning : The velocity head has changed by more than 0 . 5 ft (0 . 15 m). This may indicate the need for additional cross sections . 
Warning: The energy loss was greater than 1 . 0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 2.379 

CROSS SECTION OUTPUT Profile #500-YEAR 
******************************************************************** *************************** 
* E.G. Elev (ft) 

Vel Head (ft) 
• W. S. Elev (ft) 

* 2278 . 73 
1. 66 

• 2277.07 

* Element 
• Wt. n-val . 
* Reach Len. (ft) 

Left OB * 
0 . 057 

331. 81 
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WKB1_500yr . rep 
* cri t w. s . (ft) * 22 77.07 * Flow Area (sq ft ) * 88 . 92 117.99 21. 15 
* E. G. slope (ft / ft ) *0 . 008641 * Area ( s~ ft ) 88 . 92 117 .99 21.15 
* Q Tot a 1 (cfs ) * 1790 . 00 Flow ( c s ) 345.37 • 1369.88 74 .76 . ~~~ *~~~~ (ft) 80 . 37 * Top Width ( f t) 43.58 25 . 39 11 .40 

(ft / s) 7. 85 * Avg. Vel . (ft/ s ) 3 . 88 11 . 61 3.5 3 
* Max chl Dpth (ft) 4 .74 * Hydr . Depth (ft ) 2 . 04 4 . 65 1.86 
* Conv . Tot al (cfs) * 19255 .7 * Conv . (cfs) 3715 . 2 * 14736 . 2 804 . 2 
* Leng t h Wtd . ( ft ) 31 3. 19 * Wett ed Pe r . (ft) 43 . 83 25 . 54 12 . 01 
• Min ch El (ft ) * 227 2 .3 3 * shea r (1 b/ sq ft) 1. 09 2 . 49 0.95 
• Alpha * 1. 73 * stream Power ( 1 b/ ft s) * 4 . 25 28.93 3.36 . Frctn Loss (ft ) • 2. 88 * cum volume (acre-ft) 15 . 41 19 .24 13.69 
• c & E Loss 0.02 * cum SA (a c res) 8 . 06 7 .85 8 . 40 (ft ) 
** ************* ******** *** *********************** **** *** **** *********** ************************ 

warn i ng : The energy equat i on could not be bal anc ed withi n the s peci fied numb er of iterations . Th e program used cri tical depth 
f o r the wat e r su rface and continu ed on wi th the cal cul ations . 

Wa rn i ng : The e nergy loss was great er than 1. 0 f t (0.3 m). between the current a nd prev ious cross section. This may i ndicate 
the 

need for add i tional c ross sect i ons . 
wa r ning : During the standard step i te rations , when the assumed water surface was set equa l to crit ical de pth , the calc ulated 

water surfac e cam e bac k bel ow cri t i cal depth . This indicates that there is not a val i d s ubcritical answe r . The 
program 

defaulted to c r i tical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS : 2. 320 

CROSS SECTION OUTPUT Profile #500 -YEAR 
********************************************************************** ************************* . E.G. Elev (ft) • 227 3.97 . El eme nt Left OB * Channel . Right DB * 
• ve l Head (ft ) 1. 59 * Wt . n-val . 0 . 057 * 0 . 033 0 . 057 
* w.s. Elev ( ft ) 2272 . 38 . Reac h Len . (ft ) 329 . 37 310 . 98 280 . 86 
• Crit W. S . (ft ) • 2272. 38 • Flow Area (sq ft ) 35 . 95 131.30 45.12 . E.G. slope (ft / ft ) *0 . 009775 * Area (sq ft) 35 . 95 131. 30 45 . 12 
• Q Total (cfs ) • 1790 . 00 . Fl ow (cfs ) 153 . 68 * 1450.79 185. 53 
* Top Wi dth ( ft ) 71. 97 • Top width (ft) 16 .30 33 . 56 22 . 10 
* Vel Total (ft / s ) 8 . 43 * Avg . vel . (ft/ s ) 4 . 27 11 . 05 4 . 11 
* Max chl Dpth (ft ) 4 . 15 . Hydr. Depth (ft ) 2 . 21 3 . 91 2 . 04 
* Conv. Total (cfs ) * 18104 . 6 Conv. (cfs) 1554 . 4 * 14673.7 1876 . 5 
* Length Wtd . (ft) 309 . 80 * Wett ed Per . (ft ) 16 . 83 33.58 22 . 39 
* Min Ch El (ft) • 2268 . 23 . shea r (lb / sq ft) 1. 30 2 . 39 1. 2 3 
• Alpha 1. 44 * stream Powe r (lb / ft s) * 5.57 26 . 37 5 . 06 
* Fr ctn Loss (ft) 2 . 85 . Cum Volume (acre-ft) 14 . 94 18.35 13 . 47 . Loss 0 . 03 . Cum SA (acres) 7.83 7 . 64 8. 29 C & E (ft) 
*** *** ********************* ************ **** ********** ***** *** ***** ***************************** 

wa r ning: The energy equation could not be balanced within the s pecified number of iterations . The program used cri tical depth 
for the water surface and continu ed on with the cal culations . 

warning : The ene r gy loss was greater than 1. 0 ft (0 . 3 m) . between the current and previous c r oss s ection . This may indicat e 
the 

need for additional cross sections. 
wa rning: During the standa rd step iterations, when the as sumed water surface was set equ al to crit ical depth, the cal c ulat ed 

water surface came back below cri t ical depth . Thi s indicates that there is not a valid s ub c ritical answer. The 
program 

defaulted to criti cal depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2 . 261 

CROSS SECTION OUTPUT Profile #500 - YEAR 
******************* ************ ******** ********************** ********* ********************* **** 

E. G. Elev (ft) 2269 . 19 * Element Left OB * Channel * Right DB * 
vel Head (ft ) 1.84 * Wt . n-val . 0 . 05 7 0 . 033 0 . 057 

• w. s . Elev (ft ) • 2267 . 35 • Reac h Len. (ft ) 300.38 305 . 66 292 . 49 
* Crit w. s . (ft ) • 2267. 35 * Flow Area ( sq ft ) 14 . 00 147 . 45 28 . 10 
• E.G . Slope ( ft / ft ) *0 . 008653 • Area (sq ft) 14 . 00 147.45 28 .10 
* Q Tota l ( cfs) * 1790 . 00 Flow (cfs ) 49 . 77 • 1661 . 83 78 . 40 
• Top width (ft ) 62 . 25 • Top width (ft ) 6 . 67 32 . 98 22.60 

vel Total (ft / s) 9 . 44 * Avg. Vel. (ft/ s) 3. 56 11.27 2 .79 
* Ma x chl Dpth (ft ) 5 . 10 * Hydr . Depth (ft ) 2 . 10 4.47 1 . 24 
* Conv . Total (cfs ) * 19242. 6 * Conv . (cfs ) 53 5 . 0 * 17864 . 8 842. 8 
* Length wtd. (ft) 30 5. 07 • Wett ed Per . (ft ) 7. 88 33 . 41 22 . 76 
* Min ch El (ft) • 2262 . 24 * shea r (lb / sq ft) 0 . 96 2 . 38 0 . 67 
* Alpha 1.33 * Stream Power (lb / ft s ) * 3. 41 26 . 87 1.86 

Frctn Loss (ft) 2 . 80 * Cum Volume (acre - ft) 14.75 17 . 35 13.24 
* c & E Loss (ft) 0.05 * Cum SA (acres) 7 . 74 7.41 8 . 15 
** ********************************************************************************* ********* *** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning : The energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning : During the standard step iterations , when the assumed water surface was set equ al to crit ical depth , the calculated 

water surface came back below cri t ical depth . Thi s indi cates that there is not a valid subc ritical an swer . The 
program 

defaulted to critical depth . 

CROSS SECTION 
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RIVER : SUN NYCOVE WASH 
REACH: REACH #2 RS: 2. 20 3 

CROSS SECTION OUTPUT Pr ofile #500-YEAR 

WKB1_5 00yr . rep 

*********************************************************************************************** 
* E. G. Elev (ft ) . 2262 .5 2 * Eleme nt Left OB * Channel * Right OB * 
• vel Head (ft ) 1. 68 * Wt . n-val. 0 . 057 0.033 0.057 
* w. s . Elev (ft ) • 2260 . 84 * Reac h Len . (ft ) 410 . 17 450. 67 490.30 
• Cr i t w.s . (ft ) . 22 60 . 84 . Flow Ar ea (sq ft ) 16 . 16 159 . 34 12 .19 . E.G . slope (ft / ft ) *0 . 009774 * Area (sq ft ) 16 . 16 159 . 34 12 . 19 
• Q Total (cfs ) . 1790.00 * FlOW ( cfs ) 51. 54 • 1697 .04 41.42 
* Top Width (ft ) 61.66 • Top width (ft ) 11 . 38 42. 93 7. 34 
* Vel Total ( ft / s ) . 9.54 * Avg. Vel . (ft/ s) 3 . 19 10. 65 3.40 
* Max chl Dpth (ft ) * 4.13 * Hydr . Depth (ft ) 1. 42 3. 71 1.66 
* Conv . Total (cfs) * 18105 . 9 * Conv. (cfs ) 521.3 17165. 7 419 . 0 
• Length Wtd. (ft ) 450.43 * Wet ted Pe r. (ft ) 11 . 73 43 .06 8 .06 
* Min Ch El (ft ) • 225 6 . 71 * Shear ( l b/s q ft ) 0 . 84 2 . 26 0.92 
• Alpha 1.19 * Stream Powe r ( l b/ ft s) . 2 . 68 24 .05 3.14 . Frctn Lo ss (ft ) 4 . 35 * Cum Volume (acre-ft ) 14 . 64 16. 28 13.10 

C & E Loss 0 . 02 * Cu m SA (acres) 7 . 68 7. 14 8. 05 (ft ) 
********** ************************************************************************************* 

warning: The energy equation could not be balan ced within the specified numbe r of ite rations. The prog ram used c rit ical depth 
for the water surface and continu ed on with the calculations. 

warning : The energy los s was greate r than 1. 0 ft (0 . 3 m) . between the current and previous cross sec t ion. Thi s may indicate 
t he 

need for additional cross s ections . 
Warning : During the standard step iterations , when the as s umed water su rfac e was s et equal to c ri t ical depth , t he c al culat ed 

water su r f ace came back below cri t ical depth . This indicates that there is not a valid subc riti cal answe r. The 
program 

defaulted t o criti cal depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 2 . 118 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2256 . 10 * Element Left OB * channel * Right OB * 
• vel Head (ft) 1. 89 * Wt . n-Val . 0 . 057 0 . 033 0 . 057 
• w. s . Elev (ft) 2254.20 . Reach Len. (ft) 474.96 473.09 470 . 63 

Crit W.S. (ft) . 2254.20 . Flow Area (sq ft) 9 . 35 155.80 7 .49 
* E.G . Slope (ft / ft ) *0 . 009523 * Area (sf ft) 9.35 155 . 80 7. 49 
• Q Total ( cfs) • 1790 . 00 Flow (c s ) 28 . 55 . 1742 . 36 19 . 09 . ~~~ ~~~~~ (ft) 51.38 * Top Width (ft) 6 . 46 37.77 7. 15 

(ft/ s ) 10 . 37 * Avg . Vel . (ft/ s ) 3 . 05 11.18 2 .55 
• Max chl Dpth (ft) 4.57 . Hydr . Depth (ft ) 1. 45 4.12 1. 05 
• Conv. Total (cfs) • 18343 .1 . Conv. (cfs) 292. 5 . 17854 . 9 195 . 7 
• Length Wtd . (ft) 472 . 69 wett ed Per . (ft ) 7 . 11 38 . 37 7.48 
* Min Ch El (ft) • 2249 . 63 . Shea r ( lb / sq ft ) 0 . 78 2 . 41 0 . 60 
• Alpha 1.13 . Stream Power (lb/ ft s ) 2 .3 9 26 . 99 1. 52 . Frctn Los s (ft ) 5 . 05 * cum volume (acre-ft) 14 . 52 14 . 65 12 . 99 
* C & E Los s 0 . 07 . cum SA (acres) 7.60 6. 72 7. 96 (ft) 
*********************************************************************************************** 

Wa rning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations . 

Warning : The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous c ross s ection . This may indi cate 
the 

need for additional cross sections . 
warning : During the standard step iterations , when the assumed water surface was set equal to c ritica l depth, the cal c ul ated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to criti cal depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 2 . 028 

CROSS SECTION OUTPUT Profile #500 - YEAR 
************************* ******************* *************************************************** 
* E. G. Elev (ft) • 2247 . 55 * Eleme nt Left OB * Channel * Right OB * 
• Vel Head (ft ) 1. 67 * Wt. n-val . 0 . 057 0 . 033 0.057 
* w.s. Elev (ft) • 2245 . 88 * Reach Len . (ft) 543.25 516 . 73 44 5.55 
* Crit W.S. (ft) 2245 . 88 . Flow Area (sq ft) 19.65 83.66 108.07 
* E. G. slope (ft/ ft) *0.012078 * Area (sq ft) 19 . 65 83 . 66 108 . 07 
• Q Total (cfs) • 1790 . 00 . Flow (cfs) 89.15 • 1054.92 645 . 93 
• Top width (ft) 64.58 * Top Width (ft) 8 . 80 20. 55 . 35 . 23 
* vel Total (ft / s) 8.47 • Avg . vel. (ft/ s) 4 . 54 12.61 • 5.98 
• Max chl Dpth (ft) 4.46 • Hyd r . Depth (ft) 2 . 23 4 . 07 3.07 
* Conv . Total (cfs ) • 16287 .3 * conv . (cfs) 811.2 9598.8 5877 . 3 
• Length Wtd. (ft) 499.33 • wetted Per. (ft) 9 . 86 20 . 57 35 . 86 
• Min ch El (ft) 2241.42 * Shea r ( lb / sq ft) 1. 50 3.07 * 2 . 27 
• Alpha 1. 50 * Stream Power ( lb / ft s ) 6. 82 38.67 13.58 
* Frctn LOSS (ft) 4 . 54 * cum volume (acre-ft ) 14 . 36 13 . 35 12 . 37 
• c & E Loss 0 . 13 • cum SA (acres) 7. 51 6 . 40 7 . 74 (ft) 
************************* ******************************************* *************************** 

warn i ng: The energy equation could not be balanced within the specified number of iterations . The program used crit i cal depth 
for the wat er surface and continued on with the calculations . 
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warning : The energy loss was greate r than 1.0 ft (0.3 m). between the current and prev ious cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step 1terat1ons, when the assumed water s urface was set equal to critical depth , the calculated 

water surface came back below cr1t1cal depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.930 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) • 2240 . 79 * Element Left OB * Channel * Right OB * 
• Vel Head (ft) 1. 25 * Wt. n-Val. 0.060 0.033 0 . 057 
• w.s. Elev (ft) • 2239 . 54 * Reach Len. (ft) 314 . 10 334.19 353.01 

Crit W.S. (ft) • 2239.54 Flow Area (sq ft) 68 .37 113.46 104.30 
* E.G . slope (ft/ ft ) *0.007095 • Area (s ~ ft) 68 . 37 113.46 104 . 30 
• Q Total ( cfs ) • 1790.00 Flow ( c s) 231 . 51 • 1209 .74 348.75 . ~~~ ~~~~~ (ft) 111.92 * Top Wi dth (ft) 32 . 68 23.93 55 . 31 

(ft/s) 6. 26 • Avg. vel. (ft/s) 3.39 10 . 66 3. 34 
* Max Chl Dpth (ft) 4.97 • Hydr . Depth (ft) 2 . 09 4.74 1. 89 
* Conv. Total (cfs) • 21251.2 * Conv. (cfs) 2748.5 • 14362.3 4140 .5 . Length Wtd. (ft) 332 .13 * wetted Per. (ft) 33. 06 24 .07 55.50 . 

Min ch El (ft) * 2234 . 57 * shea r (l b/ sq ft) 0.92 2.09 0.83 . 
Alpha 2.06 * Stream Power (l b/ ft s) . 3.10 22 . 26 2 . 78 
Frctn Loss (ft) 2.59 * Cum Volume (acre-ft) 13.82 * 12 .18 • 11.28 * 

• c & E Loss (ft) 0 . 00 * Cum SA (acres) 7. 26 6.14 7.27 
*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sect ion s. 
warning: During the standard step iterations 1 when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . Thi s indicates that there is not a valid subcrit i ca l answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.867 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E.G. Elev (ft) 2236.19 Element Left OB channel Right OB 
• vel Head (ft) 1.26 • Wt. n-Val. 0 . 062 0.033 0 . 057 
* w.s . Elev (ft) 2234.92 • Reach Len. (ft) 187.09 193.59 197.38 
* crit w. s . (ft) • 2234.92 • Flow Area (sq ft) 156 .73 93.82 32.56 
• E. G. slope (ft/ft) *0 . 008635 *Area (sq ft) 156.73 93.82 32.56 
* Q Total (cfs) * 1790.00 * Flow (cfs) 592.91 * 1058.55 138 . 55 

Top width (ft) 104. 75 • Top width (ft) 70.42 21.17 13 .15 
• vel Total (ft/s) 6.32 • Avg. Vel. (ft/s) 3.78 11 . 28 4.26 
* Max Chl Dpth (ft) 4 . 53 Hydr. Depth (ft) 2.23 4.43 2.47 
• Conv. Total (cfs) * 19262 . 5 * Conv. (cfs) 6380 . 4 • 11391.2 1490 . 9 
• Length Wtd . (ft) 192.11 Wetted Per . (ft) 70.79 21.19 13.98 
• Min Ch El (ft) • 2230.40 • shear (lb / sq ft) 1.19 2.39 1.26 

Alpha 2 . 04 • Stream Power ( lb / ft s) 4 . 52 26.93 5.3 4 
Frctn Loss (ft) 1.62 • cum vo lume (ac re-ft) 13.00 11.38 10.73 
c & E Loss (ft) 0.01 * Cum SA (acres) 6 . 88 5.97 7.00 

*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations . 

warning: The energy loss was greater tha n 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need fo r additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 1 . 830 

CROSS SECTION OUTPUT Profile #500-YEAR 
*************************** *********************************************************** ********* 
* E.G. Elev (ft ) 

ve l Head (ft) 
w.s. Elev ( ft) 

* crit w.s. (ft) 
* E.G. Slope (ft / ft) 

Q Tota l (cfs) 
* Top width (ft) 

vel Total (ft/s) 
* Max Chl Dpth (ft) 

• 2233.36 
1. 24 

• 2232 . 11 
• 2232 . 11 
*0 . 008243 
• 2102.00 

126 . 02 
6 . 72 
4. 58 

• Element 
Wt . n-Va l. 

• Reach Len . (ft) 
• Flow Area (sq ft) 

Area (s q ft) 
Flow (cfs) 

* Top Wi dth (ft) 
* Avg. Vel. (ft/s) 
* Hydr . Depth (ft) 

Left OB * Channel 
0 . 062 0.033 

273.57 276.78 
128.43 157 . 67 
128 . 43 157.67 
424.81 • 1593.76 

68 . 31 40.33 
3 . 31 10.11 
1. 88 3 . 91 
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• Conv. Total (cfs) • 23151.9 • Conv. (cfs) • 4678 . 9 • 17554 .1 918.9 
* Length Wtd. (ft) 276.07 * Wetted Per. (ft) 68 . 53 40.55 17 .64 
• Min Ch El (ft) • 2227.53 • Shea r (lb/sq ft) 0.96 2.00 0.78 
• Alpha 1.77 * Stream Powe r (lb/ft s) • 3.19 20.23 2.43 
• Frctn Loss (ft) 2.47 • Cum Vo lume (acre-ft) 12.39 10 . 82 10.59 
• C & E Loss (ft) 0.05 Cum SA (acres) 6.59 5 . 83 6 . 93 
********~************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to cri tical depth, the calculated 

water surface came back below critical depth. This i ndicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.778 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2229.83 * Elem e nt Left OB Channel * Right OB * 

vel Head (ft) • 1.08 • Wt. n-val . 0.057 0.033 0.057 
• W.S. Elev (ft) * 2228.76 • Reach Len. (ft) 234.89 236.05 238.39 
* Crit W.S. (ft) • 2228.76 * Flow Area (sq ft) 94.66 • 130.48 * 124.71 
• E.G. Slope (ft/ ft ) *0.009736 • Area (sq ft) 94.66 130.48 124.71 
• Q Total (cfs) • 2102.00 * Flow (cfs) 359.00 • 1322.83 420 . 17 
* Top width (ft) 173.69 • Top Width (ft) 52 . 77 37.85 83.07 
• vel Total (ft / s) 6 . 01 • Avg. Vel. (ft / s) 3. 79 10 . 14 3. 37 * 
*Max chl Dpth (ft) 3 . 53 Hydr. Depth ( ft) 1 . 79 3 . 45 1.50 * 
* Conv . Total (cfs) • 21303.1 * Conv . (cfs ) 3638.3 • 13406.5 4258.3 
• Length Wt d. (ft) • Wetted Per. (ft) 52.88 37.85 83.19 
• Minch El (ft) • 2225.23 • shear (lb / sq ft) 1.09 2.10 0.91 
• Alpha 1.92 *Stream Power ' (lb/ ft s) • 4 . 13 21.24 3.07 
• Frctn Loss (ft) • Cum Volume (acre-ft) 11.69 9 . 91 10.11 
• C & E Loss (ft ) • cum SA (acres) 6.21 5 . 58 6.61 
******** ***************** ********************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used criti cal depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1.733 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . Elev (ft) 2227.04 • Element Left OB • Channel • Right OB 
• Vel Head (ft) 1.02 • Wt. n-val. 0.057 0.033 0.057 

W. S. Elev (ft) 2226.02 • Reach Len . (ft) 273 . 11 276 . 32 285.93 
* Crit w.s. (ft) • 2226 . 02 • Flow Area (sq ft ) 12.60 90 . 86 239.64 
• E.G. Slope (ft / ft) *0.011261 • Area (s q ft) 12 . 60 90.86 239.64 
• Q Total (cfs) • 2102.00 • Flow (cfs) 40.09 985.64 • 1076.27 
* Top width (ft) 151.12 Top width (ft) 9 . 89 25.99 115.24 

Vel Total (ft / s) 6.13 AVg . Vel. (ft/ s ) 3.18 10.85 4.49 
0 Max Chl Opth (ft) 4 . 18 ° Hydr . Depth (ft) 1.27 3 . 50 2.08 
• conv. Total (cfs) 19808 . 4 conv. (cfs) 377.8 9288.2 • 10142 . 3 

Length Wtd. (ft) 279.93 *Wetted Per . (ft) 10.21 26 . 56 115 . 84 
• Min ch El (ft) • 2221.84 • shear ( lb / sq ft) 0.87 2 . 40 1 . 45 
*Alpha 1. 75 * Stream Power (lb/ft s) • 2 . 76 26.08 6.53 
• Frctn Loss (ft) 2.58 • Cum Vo lume (acre- ft) 11 . 40 9 . 31 9.11 
* c & E Loss (ft) 0 . 04 • Cum SA (acres) 6 . 04 5.41 6.07 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the spec ified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross sec tion. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.681 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G. Elev (ft) 
• Vel Head (ft) 
* W. S. Elev (ft) 

• 2222.88 
0.88 

• 2222.00 

• Element 
* Wt . n-Val. 
* Reach Len. (ft) 

Left OB * 
0.057 

336.96 
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* Crit w.s. ( ft ) • 22 22 .00 * Flow Area (sq ft ) • 154.35 103 . 30 157. 90 
* E. G. Slope (ft/ ft ) *0.007688 * Area ( sq ft ) 154 . 35 103 . 30 157.90 
• Q Total (cfs) 2102 . 00 Flow ( cfs) 411.25 • 1037 . 91 652.84 
* Top width ( ft) 211 . 83 • Top Width (ft) 122 . 44 25 . 42 * 63.97 

Vel Total (ft / s) 5.06 • Avg. vel . (ft / s) 2 . 66 10.05 4 .13 
0 Max Chl Dpth (ft ) 4.14 * Hydr . Depth (ft) 1.26 4 . 06 2.47 
• Conv. Total (cfs ) * 23973 . 4 * conv. (cfs) 4690 . 3 • 11837.4 7445 . 7 
• Length Wtd . (ft) 328 . 86 * Wett ed Per . (ft) 122 . 63 25.44 64.90 
• Min ch El (ft ) * 2217 . 86 • shea r ( lb / s q ft) 0 . 60 1.95 1.17 
* Alpha 2.21 * Stream Power (lb / ft s) • 1.61 19 . 58 4.83 
• Frctn Loss (ft) 2 . 92 • cum volume (acre - ft) 10.88 8 . 69 7 . 81 
• c & E Loss (ft ) 0 . 05 • cum SA (acres) 5.62 5 . 25 5 . 48 
********************************************** ************************************************* 

warning : The energy equat i on cou l d not be balanced within the specified numb e r of iterations. The program used cri t i cal depth 
for the wat er surface and continu ed on with the calculations . 

warning: The energy loss was greater than 1 .0 ft ( 0 . 3 m). between the current and previous cros s s ection . Thi s may indicate 
the 

need for additional c ross sections . 
warning: Du ring the standard step iterations, when the assumed water surface was s et eq ual to c rit ica l depth , the calculat ed 

water surface came bac k below c ri t i cal depth . This indicates that there is not a valid subcrit i cal answe r. Th e 
program 

defaulted t o c riti cal depth . 

CROSS SECTION 

RI VER : SUNNYCOVE WA S H 
REACH: REACH #2 RS: 1. 618 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) 0 2218 . 68 ° Element Left OB ° Channel 0 Right OB * 
* Ve l Head (ft) 1.36 * Wt . n-Val. 0 . 060 0.033 0 . 060 
* w. s . Elev (ft) • 2217.32 Reach Len . (ft) 355.44 357.61 360 . 99 
* Crit w. s . (ft) • 2217 . 32 Flow Area (sq ft) 15.31 107. 13 174.92 
* E. G. Slope (ft / ft ) *0.010382 • Area (sq ft) 15.31 107 .13 174 . 92 
* Q Total (cfs) • 2102 . 00 • Flow (cfs) 47 . 91 • 1240 . 30 813.79 
* Top Width (ft) 106 . 78 * Top Width (ft) 10.67 26.47 69 . 64 
* Ve l Total (ft / s) 7 . 07 • Avg . Vel . (ft / s) 3 . 13 11.58 4.65 
* Max Chl Dpth (ft) 4. 42 ° Hydr . Depth (ft) 1. 44 4 . 05 2 . 51 

Conv . Total (cfs) • 20629 . 7 Conv . (cfs) 470 . 2 * 12172.7 7986 . 9 
* Length Wtd. (ft) 358.24 * Wetted Per. (ft) 11 . 09 26 . 72 69 . 87 
• Min Ch El (ft) • 2212 . 90 * Shear (l b/ sq ft) 0 . 89 2 . 60 1. 62 
• Alpha 1.76 * Stream Power ( l b/ ft s) * 2 . 80 30.08 7.55 
* Frctn Loss (ft) 4 . 04 * Cum Vo l ume (acre-ft) 10.22 7.89 6 . 59 
• C & E Loss (ft) 0 . 12 • Cum SA (acres) 5 . 11 5.05 4 . 99 
*********************************************************************************************** 

warn i ng: The energy equation could not be balanced within the specified number of iterations . The program used critica l depth 
for the wat er surface and continued on with the calculations. 

Warn i ng: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previou s cross section . This may indicate 
the 

need for additional cross sections . 
Warn i ng : During the standard step iterat i ons , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcri tical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 1. 550 

CROSS SECTION OUTPUT Profile #500-YEAR 
************** ********************************************************************************* 
* E. G. Elev (ft) * 2213 . 04 * Element Left OB * Channel * Right OB * 
• Vel Head (ft) 0 . 97 * Wt. n-Va l . 0 . 060 0 . 033 0. 060 
* w. s . Elev (ft) • 2212 . 07 • Reach Len . (ft ) 329.03 380.95 410 . 03 
• cr i t w. s . (ft) * 2212 . 07 * Flow Area (sq ft ) 170 . 13 71.58 130 . 51 
* E.G . Slope (ft/ ft ) *0 . 012291 * Area (sq ft) 170.13 71 . 58 130.51 
• Q Total (cfs) 2102 . 00 Flow (cfs ) 778 . 37 820 . 41 503 . 22 
* Top Width (ft) 177 .66 * Top width (ft) 78.78 20 . 54 78.33 

vel Total (ft / s) 5 . 65 Avg. vel. (ft/ s) 4 . 58 11.46 3.86 
• Max chl Dpth (ft) 3.63 Hydr. Depth (ft ) 2.16 3.49 1.67 
• Conv . Total (cfs) • 18960 . 0 • Conv . (cfs) 7020 . 9 7400 .1 4539.1 
• Length Wtd. (ft) * wetted Per. (ft) 79.09 20.58 78.41 
* Min ch El (ft) * 2208.44 * shear (lb/ sq ft) 1 . 65 2.67 * 1 . 28 
* Alpha 1.96 * Stream Power (lb / ft s) • 7 . 55 30.59 4.92 
* Frctn Loss (ft) * Cum Volume (acre-ft) 9 . 47 7.15 5 . 32 
• c & E Loss (ft) * cum SA (acres) 4 . 74 4.86 4.37 
************ ************* *********************** *************** ******************************** 

War ni ng: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 1.478 
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CROSS SECTION OUTPUT Profile #500-YEAR 

* E. G. Elev ( ft) * 2208 . 60 * Element Left OB * Channe l * Ri ght OB * 
• Vel Head (ft) 0. 70 wt. n-val. 0 . 062 0 . 033 0 . 062 
* W. S. El ev ( ft ) * 2207 . 90 * Reach Len. (ft) 332. 97 334.12 313 . 99 
* crit w. s . ( ft) * 2207 . 57 • Flow Area (sq ft) 327.04 71 . 67 7.99 
• E.G. slope (ft / ft ) *0 . 010241 • Area (sq ft ) 327.04 71 . 67 7 . 99 
• Q Total (cfs) 2102 . 00 Flow ( cfs ) • 1364.48 714 . 48 23.04 
• Top width ( ft) 172 . 16 • Top width (ft) 144.63 22 . 12 5 .41 
• vel Total (ft / s) 5.17 * Avg . vel. (ft / s) 4 . 17 9.97 2.88 
• Max chl Dpth (ft) 3.77 • Hydr . Depth (ft) 2 . 26 3.24 1.48 
* Conv. Total (cfs) • 20771.0 • Conv . (cfs) * 13483.1 7060 . 2 227 . 7 
• Length Wtd. (ft) 328 .78 • Wett ed Per. (ft) 144.95 22 . 15 6 .16 
• Min Ch El ( ft ) • 2204. 39 • shea r (l b/ sq ft) 1. 44 2. 07 0 . 83 
* Alpha * 1.69 • Stream Power (lb / ft s) • 6 . 02 20 . 62 2 . 39 
• Frctn Loss (ft ) 4 . 17 • Cum Volume (acre-ft) 7.59 6. 53 4 . 67 
• c & E Loss (ft ) 0 . 01 * Cum SA (acres) 3 . 90 4 .67 3 . 98 
***************** ******** ** *********** ********************************************************* 

warning : The energy loss was greater than 1. 0 ft (0 . 3 m) . between the current and previ ous cross secti on . This may i ndi cate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNNYCOVE WA S H 
REACH: REACH #2 RS: 1 . 415 

CROSS SECTION OUTPUT Profile #500-YEAR 

• E. G. Elev (ft) • 2204.41 • Element Left OB • Channel • Right OB • 
• vel Head ( ft) 0 . 79 * Wt . n-val. 0 . 062 0 . 035 0.062 
* w. s . Elev (ft) • 2203.62 Reach Len. (ft ) 535.06 461.21 370.41 
• Crit W.S . (ft) • 2203 . 62 • Flow Area (sq ft) 80.40 83.69 222 . 99 
• E.G. slope (ft / ft) *0.016153 Area (sq ft) 80 . 40 83 . 69 222 . 99 
• Q Total (cfs) • 2102.00 • Flow (cfs) 267.28 835.90 998 . 83 
• Top Width (ft) 227.93 • Top width (ft) 70.36 32.68 124.89 
• Vel Total (ft / s) 5.43 • Avg. Vel. (ft / s) 3 . 32 9.99 4.48 
* Max chl Dpth (ft) 3. 42 • Hydr . Depth (ft) 1.14 2. 56 1. 79 
• Conv . Total (cfs) 16538 . 7 Conv . (cfs) 2102 . 9 6576.9 7858 . 9 
* Length Wtd. (ft) 430.76 • Wetted Per. (ft) 70.52 33.23 125.05 
• MinCh El (ft) 2200.20 * Shear (lb / sq ft) 1.15 2.54 1.80 
* Alp ha 1.72 Stream Power (lb/ft s) * 3.82 25 . 37 8.05 
• Frctn Loss (ft) 4.27 • cum volume (acre-ft) 6.03 5.93 3.84 
• C & E Loss (ft) 0.03 • Cum SA (acres) 3.08 4 . 46 3 . 51 
************************* ***************** *************************** ************************** 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water s ur face and continued on with the calculations. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is l ess than 0.7 or greater than 1 . 4 . 
This may indicate the need for additional cross sections. 

Warning: The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warni ng: During the standard step iterations , when the ass umed water surface was set equal to critical depth, the calculated 

water surface came back be l ow cri t ica l depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 1 . 327 

CROSS SECTION OUTPUT Profile #500-YEAR 
*** ************ ******************** ****************** ****** ***** **** *************************** 
• E. G. Elev (ft ) • 2199.81 • Element Left OB • Channel • Rig ht OB • 
* Vel Head (ft) 1.06 * Wt . n-val . 0.062 0.035 0 . 062 
• W.S. Elev (ft ) * 2198.75 • Reach Len. (ft) 224 . 89 303.29 348 . 39 
* Crit w.s . (ft) • 2198.75 • Flow Area (sq ft ) 23.96 131.17 243 . 59 
• E.G. Slope (ft/ ft) *0.006705 • Area (sq ft) 23.96 131.17 243.59 
• Q Total (cfs) 2102.00 Flow (cfs ) 78.70 • 1330 . 90 692.39 
• Top Width (ft) 175 . 41 Top width (ft) 10.17 25 . 89 139 . 35 

Ve l Total (ft / s) 5.27 Avg . Ve l . (ft / s) 3.28 10.15 2.84 
* Max chl Dpth (ft) 5 . 46 Hydr . Depth (ft) 2. 36 5 . 07 1. 75 
• Conv. Total (cfs) 25670 . 9 * Conv . (cfs) 961.2 • 16253 . 8 8455 . 9 
• Length Wtd . (ft) 303.16 * Wetted Per. (ft) 11.07 26 . 30 139.74 
* Min ch El (ft) 2193 . 28 Shear (lb / sq ft) 0.91 2 . 09 0. 73 
* Alpha 2 . 46 • Stream Power (lb / ft s) • 2.98 21.18 2 . 07 
• Fr ctn Loss (ft) 2 . 21 • Cum Volume (acre-ft) 5 . 39 4.79 1 . 85 
• C & E Loss (ft) 0.02 * cum SA (acres) 2.58 4 . 15 2.39 
******************************************************** *** *********** ************************* 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning : The energy l oss was greater than 1 . 0 ft (0.3 m) . between the cur rent and previous cross section. This may indicate 
t he 

need for additiona l cross sections . 
warning : During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answe r . The 
program 

defaulted to critical depth . 
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CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 1 . 270 

CROSS SECTION OUTPUT Profile #500 -YEAR 
*********************************************************************************************** 
• E.G . Ele v ( ft ) • 2194 . 97 • Eleme nt Left OB • Ch a nnel • Righ t OB * 
• vel Head ( ft ) 1.01 • Wt . n- val . 0.062 0.035 0.062 
• w.s . Elev ( ft ) • 2193.96 • Reac h Len . ( ft ) 358.86 40 5. 63 416 . 26 
• Crit w.s. ( ft ) • 219 3. 96 * Flow Area (sq ft ) 152 . 65 184.19 21.16 
* E. G. Slope ( ft / ft ) *0 . 00 7917 * Ar ea ( sq ft ) 152 . 65 184 . 19 21. 16 
* Q Total ( cfs ) • 2102 . 00 • Flow ( cfs ) 370 . 90 • 1653.84 77 .2 7 
• Top width ( ft ) 182. 99 Top width (ft) 124 . 88 50. 03 8. 08 

vel Total ( ft / s ) 5.87 • AVg . vel. (ft / s) 2 . 43 8 . 98 3. 65 
*Max chl Dpth (ft ) 4 . 49 • Hydr . oepth ( ft) 1 . 22 3 . 68 2.62 
* Conv . Total ( cfs ) * 23623.3 • Conv . ( cfs ) 4168 . 3 • 18586.7 868.3 
* Length Wtd . ( ft ) 391 . 37 • Wett ed Per. ( ft) 125 . 53 50.26 9 .44 
* Min ch El ( ft ) * 2189.5 2 • shea r (lb/ sq ft) 0 . 60 1.81 1. 11 
* Alpha 1.88 Stream Power (lb/ ft s) • 1.46 16.26 4.04 
* Frctn Loss ( ft ) 2 . 61 • cum Volume (acre-ft) 4 . 93 3.70 0 .80 
• c & E Loss ( ft) 0.08 • cum SA ( acres) 2 . 23 3 . 88 1.80 
******************************************** *************************************************** 

Warning: The energy equation c ould not be balanced within the specified number of iterations . The program used c r itical depth 
f o r t h e water s urface a nd c ontinu e d on with th e ca l c ul ations. 

Wa r ning: The energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previous c ross se ct ion. This may i nd i cate 
the 

need for additional c ross s ections . 
Warning: During the standard step i terations, when the assumed water surface was set equa l to crit ical depth , the cal cula t ed 

water surface came back below cri t ical depth. This indicates that there is not a va li d sub c r itical answe r. The 
program 

defaulted to criti c al depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.193 

CROSS SECTION OUTPUT Profile #500 - YEAR 
****************************************************** ************** *************************** 
* E. G. Elev (ft) • 2190 . 68 * Element * Left OB Channel Right DB 
• ve 1 Head (ft) 0. 76 * Wt. n-Va 1 . 0. 062 0. 033 0 . 062 
• w. s. Elev (ft) • 2189 . 92 • Reach Len. (ft) 169.70 156.02 134 . 52 
* crit w.s . (ft) * Flow Area (sq ft) 260.98 108 . 80 42 . 45 
• E. G. slope (ft/ ft ) *0.005686 • Area (sq ft) 260 . 98 108 . 80 42.45 
• Q Total ( cfs) • 2102 . 00 Flow (cfs ) 957.78 1015.53 128 . 69 
• Top width (ft) 132.40 • Top width (ft) 89.62 23 . 71 19.07 

vel Tota l (ft / s ) 5 . 10 • Avg. vel . (ft / s) 3 . 67 9.33 3 . 03 
• Max chl opth ( ft) 4 . 87 * Hydr . Depth (ft) 2.91 4 . 59 2 . 23 
* Conv. Total (cfs) * 278 74.9 * Conv . (cfs) 12701 . 2 13467.1 1706 . 6 
* Length Wtd . (ft ) 160 . 95 * Wett ed Per. (ft) 90.19 23 . 87 19 . 54 
• Min ch El (ft) • 2185.05 • shea r (lb/ sq ft) 1.03 1.62 0 . 77 
* Alpha 1.88 * Stream Power (lb / ft s ) • 3 . 77 15 . 10 2 . 34 
• Frctn Loss (ft ) 0 . 24 • cum volume (acre - ft) 3.23 2.33 0 . 49 
• c & E Loss (ft ) 0.18 * Cum SA (acres) 1 . 35 3 . 54 1 . 67 
*********************************************************************************************** 

warning: The velocity head has changed by more than 0.5 ft (0.15 m). Th1s may 1nd1cate the need for additional cross sections. 
warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) 1s les s than 0.7 or greater than 1 . 4 . 

This may indicate the need for additional cross s ections. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS : 1.164 

CROSS SECTION OUTPUT Profile #500 - YEAR 
*********************************************************************************************** 
• E. G. Elev (ft) • 2190 . 26 * Element Left OB • Channel • Right OB • 
* Vel Head (ft) 0.15 * Wt . n-Val . 0.062 0 . 033 0.062 

w.s . Elev (ft ) 2190.11 • Reach Len . ( ft) 132 . 32 71 . 08 40 . 42 
* Crit w. s . (ft ) * Flow Area (sq ft ) 548.87 257.80 91.28 
* E.G . slope (ft/ ft ) *0.000678 * Area (sq ft) 548.87 257.80 91 . 28 
* Q Total (cfs) • 2102.00 • Flow (cfs ) 940.97 * 1045.04 115 . 99 
* Top Width (ft) 190 . 61 * Top Width (ft) 119 . 96 39 . 66 30.98 

Vel Total (ft / s) 2 . 34 * Avg. Vel. (ft/ s ) 1.71 4.05 1.27 
* Max chl Dpth (ft) 7.27 * Hydr. Depth (ft) 4.58 6.50 2.95 
• Conv . Total (cfs) • 80716.9 * Conv. (cfs) * 36133.4 • 40129.4 4454 . 1 
* Length Wtd . (ft) 89.44 • Wetted Per. (ft) 120 . 56 40.11 31.42 
* Min ch El (ft) • 2182 . 84 • shear (lb / sq ft) 0 . 19 0.27 0.12 
• Alpha 1. 75 • Stream Power (lb / ft s) 0.33 1.10 0.16 
• Frctn Loss (ft) 0.03 • cum volume (acre-ft) 1 . 65 1.68 0.29 
* C & E Loss (ft) 0 . 05 * Cum SA ( acres) 0.94 3 . 43 1.59 
*********************************************************************************************** 

warning: The conveyance ratio (upstream conveyance div i ded by downstream conveyance) is less than 0.7 or greater than 1.4. 
This may i ndicate the need for additional cross se ctions. 

CROSS SECTION 
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RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS: 1.150 

CROSS SECTION OUTPUT Profile #500-YEAR 

WKB1_500yr. rep 

********************************************************************** ************************* 
* E.G. Elev ( ft ) * 2190 . 18 * Element Left OB * Channel 
• vel Head (ft ) 0 . 06 * Wt . n-val. 0 . 062 0 . 035 
* W.S . Elev ( ft ) * 2190 . 12 * Reac h Len . (ft) 98 . 63 122 . 07 
* cri t w. s . ( ft ) • 2185 . 04 • Flow Area (sq ft ) 539.02 329 . 93 
* E. G. slope (ft / ft ) *0 . 000233 * Area ( sq ft ) 539 . 02 329 . 93 
• Q Total (cfs ) 2102 . 00 Flow (cfs ) 660.45 875.77 
* Top width (ft ) 228 . 60 * Top width (ft) 86.34 39 . 67 

Vel Total ( ft / s ) 1. 51 * Avg. Vel . (ft / s) 1.23 2 . 65 
* Max Chl Dpth (ft ) 8 . 58 * Hydr . Depth (ft) 6 . 24 8 . 32 
• Conv. Total (cfs ) *137810.9 • Conv . (cfs ) • 43300 .1 * 57417 .1 

* Right OB * 
0. 062 

115 .27 
523 . 69 
523 . 69 
565 . 78 
102 .5 9 

1. 08 
5. 10 

• 37093 . 7 
103 .07 

0. 07 
0 . 08 * 

* 

Length Wtd . (ft ) * 122.07 • Wetted Per . (ft) 87.84 39 . 75 
* Min Ch El (ft ) * 2181 . 54 • Shea r ( lb/ sq ft) * 0 . 09 0 . 12 * 
• Alpha 1.63 • Stream Power (lb/ ft s ) • 0 . 11 0 . 32 
* Frctn Loss (ft ) * Cum Volume (acre-ft) 1 . 20 
* C & E LOSS (ft) * Cum SA (acres) 0 . 63 3. 36 1. 53 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
R EACH: REA CH #2 RS: 1.127 

CROSS SECTION OUTPUT Profile #500-YEAR 
**************** ********************************************************************* ********** 
* E. G. Elev (ft) • 2184.37 * Element Left OB • Channel * Right OB * 
• vel Head (ft) 0 . 82 • Wt . n-val . 0.062 0.035 0.062 
* w. s. Elev (ft) • 2183.55 * Reach Len . (ft) 179 . 80 191.64 190.11 
• crit w.s. (ft ) * Flow Area (sq ft) 23 . 37 201.18 154 . 67 
* E.G . slope (ft/ ft ) *0.005021 *Area (sq ft ) 23 . 37 201.18 154 . 67 

Q Total (cfs) • 2102 . 00 Flow (cfs ) 57.18 * 1634 . 01 410.81 
Top width (ft) 132 . 21 • Top width Cft) 12 . 92 42 . 17 77.12 
Vel Total (ft / s ) 5 . 54 • Avg . vel. (ft/ s) 2 . 45 8 .12 2.66 

• Max chl opth (ft) 7.88 * Hydr . Depth (ft) 1 . 81 4.77 2.01 
• Conv . Total (cfs) • 29664 . 2 * Conv . (cfs ) 807 . 0 * 23059.8 5797 . 5 
* Length Wtd. (ft) 190 . 81 * Wett ed Per. (ft) 13 . 51 45.35 79.08 * 
• Min ch El (ft) 2175.67 • shear (l b/ sq ft) 0 . 54 1. 39 0 . 61 
• Al pha 1 . 72 * Stream Power (lb / ft s) * 1 . 33 11.29 1 . 63 
* Frctn Loss (ft) 1.09 * cum Vo l ume (acre-ft) 0.88 11 . 33 2.10 
* C & E LOSS (ft) 0.25 * Cum SA (acres) 0 . 52 3.25 1 . 29 
***************************************************************************** ****************** 

warning : The velocity head has changed by more than 0.5 ft (0 . 15 m). This may indicate the need for additional cross secti ons. 
warning: The energy los s was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 1.091 

CROSS SECTION OUTPUT Profile #500-YEAR 
********************************************** ************************************ ************* 
• E.G . Elev (ft) • 2183 . 03 * Element Left OB • Channel * Right OB • 
* vel Head (ft) 1.64 * Wt. n-Val . 0.062 0.035 0 . 062 
* w. s . Elev (ft) * 2181.39 * Reach Len. (ft) 185 . 33 191.33 203 . 84 
• Crit W.S. (ft ) * 2181.39 Flow Area (sq ft) 37 . 02 137 . 81 119.81 
* E. G. Slope (ft / ft ) *0.006578 * Area (sq ft) 37.02 137.81 119.81 
* Q Total (cfs) * 2102 . 00 Flow (cfs) 136.14 * 1602.04 363.82 
• Top Width (ft) 95 . 06 * Top width (ft) 13 . 06 21.80 60.20 

Vel Total (ft / s) 7 . 13 • Avg . vel. (ft / s) 3.68 11.63 3.04 
* Ma x Chl Dpth (ft ) 7 . 20 * Hydr. Depth (ft ) 2.83 6.32 1 . 99 
* Conv . Total (cfs) * 25916 . 9 * Conv. (cfs) 1678 . 5 19752.6 4485 . 7 
* Length Wtd . (ft) 192 . 95 * Wetted Per. (ft) 14 . 22 22.21 61.36 
* Min ch El (ft) * 2174 . 19 * shea r (lb / sq ft) 1.07 2 . 55 0 . 80 
* Alpha 2.07 • stream Power (lb/ ft s ) • 3.93 29.62 2 . 43 
• Frctn Loss (ft) 1 . 27 * Cum Volume (acre-ft) 0 . 75 10.58 1 . 50 

C & E LOSS (ft) 0 . 04 * Cum SA (acres) 0 . 46 3 .11 0.99 
*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning : During the standard step iterations, when t he assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical dept h . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 1.054 

CROSS SECTION OUTPUT Profile #500 - YEAR 
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WKBl_SOOyr. rep 
*********************************************************************************************** 
• E.G . Elev (ft ) * 2180.42 * Element Left OB * Channel • Right OB 

Vel Head (ft) 1.51 • Wt . n-val. 0.062 0.035 0.062 
• W.S . Elev ( ft) 2178.92 * Reach Len. (ft) 239 . 07 304.60 349 .02 
• crit w.s . ( ft) 2178.92 • Flow Area (sq ft) 11.76 172 . 10 103 . 06 

E.G. Slope (ft/ft) *0.006565 * Area (sq ft) 11.76 172.10 103.06 
• Q Total (cfs) * 2102.00 * Flow (cfs) 27 . 19 • 1815.87 258.94 
• Top width (ft) 108.79 • Top width (ft) 8.62 30.32 69 . 84 
* Vel Total (ft / s) 7.33 * Avg. Vel. (ft/s) 2 . 31 10 .55 2.51 
*Max Chl Dpth (ft) 7.02 * Hydr . Depth (ft) 1 .3 6 5.68 1 . 48 
• Conv. Total (cfs) • 25941.8 • Conv . (cfs) 335 . 6 • 22410.5 3195.7 

Length Wtd. (ft) 306.80 • Wett ed Per. (ft) 9 . 05 32.04 70.03 
• MinCh El ( ft) • 2171.90 • shea r (lb/sq ft) 0.53 2.20 0.60 
* Alpha 1.81 • stream Power (lb / ft s) • 1.23 23 . 23 1.52 
• Frctn Loss (ft) 2.42 • cum volume (acre-ft) 0 . 65 9 . 90 0.98 

C & E Loss (ft) 0.01 • Cum SA (acres) 0.42 2.99 0 . 69 
*********************************************************************************************** 

warning : The energy equation could not be balanced wit hin the specified number of iterat ions. The program used critical depth 
for the water surface and continu ed on with the calculations . 

Warning: The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equ al to critical depth, the calcu la ted 

water surface came back below critical depth. This indicates that there is not a vali d subcrit ical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH : REACH #2 RS : 0.997 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G. Elev (ft) • 2172.33 * Element Left OB • Channel * Right OB • 
• vel Head (ft) 1.64 * Wt. n-val . 0.060 0 . 032 0.060 
* w.s . Elev (ft) * 2170 . 70 * Reach Len . (ft) 370.31 314 . 05 271.52 
* Crit w.s. (ft) • 2170 . 70 * Flow Area (sq ft) 21.27 180.50 26.95 
* E.G. s lope (ft/ft) *0 . 009624 * Area (sq ft) 21.27 180.50 26.95 

Q Total ( cfs) 2102.00 * Flow (cfs) 75.38 * 1925.66 100.96 
* Top Width (ft) 75 . 46 * Top width (ft) 11.53 50.30 13.63 

Vel Total (ft / s) 9.19 * Avg . Vel . (ft / s) 3.54 10 .67 3.75 
Max Chl Dpth (ft) 4.11 * Hydr. Depth (ft) 1.84 3.59 1.98 

* Conv . Tot a 1 (cfs) * 21427 . 0 * Conv . (cfs) 768.4 * 19629. 5 1029. 2 
• Length Wtd. (ft) 314 . 05 • Wetted Per . (ft) 12.07 50.36 14.08 
* MinCh El (ft) * 2166.58 * Shear (lb/sq ft) 1 . 06 2.15 1 . 15 
* Alpha 1.25 • Stream Power (lb / ft s) * 3.75 22.97 4 . 31 
* Frctn Loss (ft) 3 . 07 * Cum Volume (acre-ft) 0 . 56 8 . 67 0.46 
• c & E Loss (ft) 0.06 * Cum SA (acres) 0.36 2.71 0 . 35 
*********************************************************************************************** 

Warning: The energy equation could not be bal anced wit hin the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REA CH #2 RS : 0 . 937 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E . G . Elev (ft) • 2167.59 . Element Left OB . channel . Right OB * 

Vel Head (ft) 1.44 * Wt. n-Val. 0 . 060 0.032 0.060 
* w.s. Elev (ft) • 2166.16 * Reach Len. (ft) 293.29 * 212 . 90 164 . 16 
* Crit W. S. (ft) • 2166.16 . Flow Area (sq ft) 17 .22 200.95 20.04 

E.G. slope (ft/ft) *0.009925 • Area (s~ ft) 17.22 200.95 20 . 04 
* Q Total (cfs) • 2102.00 Flow (c s) 51.84 • 1982.97 67.19 
* Top width (ft) 89.01 * Top width (ft) 12 . 46 64.32 12 . 23 

vel Total (ft/ s) 8.82 * Avg. vel . (ft/s) 3.01 9.87 3.35 
Max chl Dpth (ft) 4.18 * Hydr . Depth (ft) 1. 38 3. 12 1. 64 
Conv. Total (cfs) 21099 .1 * Conv . (cfs) 520.4 19904.4 674.4 

* Length Wtd. (ft) 213.44 * Wett ed Per. (ft) 12 . 77 64.50 12 . 65 
*Mi nCh El (ft) • 2161.98 • Shear (lb / sq ft) 0.84 1. 93 0 . 98 
* Alpha 1.19 * Stream Power (1 b/ ft s) . 2.52 19.05 3.29 
* Frctn Loss (ft) 2 . 02 * Cum Vol ume (acre-ft) 0.39 7 . 29 0. 31 
* c & E Loss (ft) 0.00 * Cum SA (acres) 0. 26 2 . 30 0. 27 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used crit ical depth 
for the water surface and continued on with the calculations. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the cur rent and previous cross section . This may indicate 
the 

need for additional c r oss sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 
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defaulted to crit i cal dep t h . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 0 . 897 

CROSS SECTION OUTPUT Profile #500 -YEAR 

WKBL500yr.rep 

**~**** * *** **************** * ****************************** * ************************************ 
* E.G . Elev (ft ) * 2164 . 06 * Element Left OB * Channel * Right OB * 
• vel Head (ft ) 1.45 * Wt. n-val . 0 . 059 0 . 030 0. 059 
• w.s. Elev ( ft ) • 2162 . 61 • Reach Len. (ft) 248 . 07 246.71 237 .21 
• Crit w.s . ( ft ) • 2162.61 • Flow Area (sq ft) 7.95 212.75 5. 12 
• E.G . slope (ft/ ft ) •o. 009069 • Ar ea (sq ft ) 7 . 95 212 . 75 5 . 12 
• Q Total (cfs ) 2102.00 Flow (cfs ) 23.38 2068.67 9 . 95 
* Top Width ( ft ) 83.43 * Top Width (ft ) 4 . 83 71.74 6 . 85 

vel Total ( ft / s) 9 . 31 • Avg . Vel . (ft / s) 2 . 94 9.72 1.95 
* Max chl Dpth (ft ) 3 . 29 • Hydr. Depth (ft) 1 . 64 2 . 97 0 . 75 
• Conv. Total (cfs ) • 22073.1 * Conv . (cfs) 245.5 • 21723.1 104 .5 
* Length Wtd . (ft) 246.63 * Wetted Per . (ft) 5.84 71 . 88 7 . 00 
• MinCh El (ft ) • 2159 . 32 * Shea r (lb / sq ft) 0.77 1.68 0 . 41 
* Alpha * 1.08 * Stream Power (lb/ ft s) * 2 . 26 16.29 0 . 80 
* Frctn Loss ( ft) * 2 . 09 * Cum Volume (acre-ft) 0.31 6.28 0 . 27 
* c & E Loss (ft) 0 . 02 * Cum SA (acres) 0.20 1.97 0 . 23 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used cr i ti cal depth 
for the water s urface and continued on with the calculations . 

Warning : The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross sect i on . This may indicate 
the 

need for additional cross sections. 
warn i ng : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calcul at ed 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH: REACH #2 RS: 0.850 

CROSS SECTION OUTPUT Profil e #500-YEAR 
*********** ******* ************************* *********** ************* **************************** . E. G . Elev (ft) • 2160.75 * Element Left OB * Channel * Right OB * 
* Vel Head (ft) 1. 67 * Wt.. n- Val . 0 . 059 0.030 0.059 
>\" w.s . Elev (ft) • 2159.07 * Reach Len . (ft) 140.71 227 . 52 284 . 13 
* Crit. w.s. (ft) • 2159 . 07 * Flow Area (sq ft) 38.71 177. 75 15.79 . E. G. Slope (ft/ ft) *0 . 007953 * Area (s~ ft) 38 . 71 177. 75 15.79 
• Q Total ( cfs) • 2102 . 00 Flow (c s ) 133.40 1922.07 46 . 53 

~~~ ~~~~~ (ft) 76 . 41 * Top width (ft) 20.06 46 . 29 10.06 
(ft / s) 9 . 05 * Avg. Ve l . (ft / s) 3.45 10.81 2.95 

* Max Chl Dpth (ft) 4 . 06 • Hydr. Depth ( ft) 1. 93 3.84 1. 57 
* Conv. Total (cfs) • 23570.9 * Conv. ( cfs) 1495.9 • 21553 . 2 521.8 
* Length Wtd. (ft) 224.44 • wetted Per . (ft) 20.36 46 . 40 10.50 
* Min Ch El (ft) * 2155 . 01 * shea r ( lb / sq ft) 0 . 94 1. 90 0.75 
• Alpha 1. 32 • Stream Power (lb / ft s) . 3.25 20 . 56 2.20 

Frct.n Loss (ft) 1. 90 * cum volume (acre-ft) 0 . 18 5.18 0.21 
C & E LOSS 0 . 02 * Cum SA (acres) 0.13 1. 63 0.19 (ft) 

>\"********** **********>\"******************>\"*********************************************>\"******** 

warning: The energy equation could not be bal a nced withi n the specifi ed number of iterations . The program used critical depth 
for the water surface and continued on with t he calcu lations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross section s . 
Warn i ng: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNNYCOVE WASH 
REACH: REACH #2 RS: 0.807 

CROSS SECTION OUTPUT Profile #500-YEAR 
*************** *** ************************************************** ***************** ********** 
* E.G . Elev (ft) • 2157.93 * Element Left OB Channel * Right OB * 
* vel Head (ft) 1. 60 * Wt. n-val. 0 . 059 0 . 030 0.059 
* w. s. Elev (ft) • 2156.33 * Reach Len . (ft) 334 . 50 259.69 209.40 
* Crit W.S. (ft) • 2156 . 33 * Flow Area (sq ft) 14 . 61 199.64 1. 83 
* E. G. slope (ft/ ft) *0 . 009015 • Area (sq ft) 14.61 199 . 64 1. 83 
* Q Total (cfs) * 2102 . 00 * Flow (cfs) 48.10 • 2050.52 3 . 38 . ~~~ ~~~~~ (ft) 71.48 * Top Width (ft) 8.37 61.21 1. 91 

(ft/ s) 9 . 73 Avg. Vel. (ft/ s) 3.29 10 . 27 1. 85 
* Max chl Dpth (ft) 4.08 * Hydr . Depth (ft) 1. 75 3 . 26 0 . 96 
• Conv . Total (cfs) • 22138.3 * Conv . (cfs) 506.6 • 21596.1 35.6 
* Length Wtd. (ft) 259 . 96 * Wetted Per . (ft) 9.05 61 . 85 2 . 68 
• Mi n ch El (ft) • 2152 . 25 • shear (lb / sq ft) 0 . 91 1. 82 0 . 38 
* Alpha 1.09 * Stream Power (lb / ft s) . 2.99 18 . 66 0. 71 
* Frctn LOSS (ft) 2 . 36 * cum volume (acre-ft) 0.09 4.19 0.15 
* C & E Loss (ft) 0 . 05 * Cum SA (acres) 0 . 08 1. 35 0.15 

Page 21 



• 

• 

• 

WKB1_500yr.rep 
******************* **************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri ti cal depth. This indicates that there is not a valid subcrit ical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 0.758 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft ) 2153.92 Element Left OB • Channel * Right OB * 
* vel Head (ft ) 1. 44 * Wt. n-val. 0.059 0.030 0.059 
* w.s . Elev (ft) • 2152.48 * Reach Len. (ft) 321.53 343.19 425.2 8 
• Crit w.s. (ft) • 2152.48 * Flow Area (sq ft) 0.23 211.62 16.32 
* E.G. slope (ft/ft) *0 . 009141 * Area (51 ft) 0.23 211 . 62 16.32 
• Q Total ( cfs) • 2102.00 Flow (c s ) 0 . 20 • 2056.31 45 . 49 

* ~~1 ~~~~~ ( ft ) 84.72 * Top Wi dth (ft ) D. 87 7l.DD 12. 85 
(ft/s) • 9 . 21 • Avg . Vel. (ft/s) 0.89 9 . 72 2 . 79 

• Max chl Dpth (ft) 3.82 • Hydr. Depth (ft) 0. 26 2 .98 1.27 
* Conv. Total (cfs) 21985 . 9 * Conv. (c fs ) 2 . 1 21508.0 475 . 8 * * Length Wtd . (ft) 344.05 * Wetted Per. (ft) 1.01 71.99 13.10 
* Min Ch El (ft) * 2148 .66 * shea r ( lb / sq ft) 0.13 1.68 0. 71 
* Alpha 1. 09 * Stream Power (l b/ ft s) * 0.11 16.30 1. 98 
* Frctn Loss (ft) 3 . 07 * Cum volume (acre-ft) 0.03 2.97 0.11 
* C & E LOSS (ft) 0 . 02 * Cum SA (acres) 0 . 05 0.96 0 . 11 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

Warning: The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross section . This may ind icate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calcu l ated 

water surface came back below critical depth. This i ndicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS : 0.693 

CROSS SECTION OUTPUT Profile #500-YEAR 

• E.G. El ev (ft) 2149. 30 Element Left OB Channel * Right OB * 
• Vel Head (ft) 1.60 • Wt. n-Val . 0 . 059 0.030 0.059 
• W.S. Elev (ft) 2147.69 * Reach Len . (ft) 186 . 51 270.51 384.68 
• Crit w. s . (ft) • 2147.69 * Flow Area (sq ft) 4 . 33 205.50 0.86 
* E. G. Slope (ft/ft) *0 . 008712 * Area (sq ft) 4.33 205 . 50 0.86 
* Q Total (cfs) • 2102.00 * Flow (cfs) 8.01 • 2093.10 0 . 89 
• Top width (ft) 71.09 Top wi dth (ft) * 6 . 04 62.20 2.86 
* vel Total (ft / s) 9.98 * Avg. Vel. (ft / s) 1.85 10.19 1.04 
* Max Chl Dpth (ft) 4.31 Hydr . Depth (ft) 0 . 72 3 . 30 0 . 30 

Conv. Total (cfs) 22520 . 9 Conv . (cfs) 85.8 • 22425.6 9.5 
* Length Wtd . (ft) 270 . 51 Wetted Per . (ft ) 6.20 62.84 2.92 
* Min Ch El (ft) * 2143. 38 * Shea r (l b/ sq ft) 0. 38 1. 78 0.16 
• Alpha 1.04 Stream Power (lb/ft s ) * 0.70 18 .11 0.17 

Frctn Loss (ft) 2.41 Cum Vo lume (acre-ft) 0.02 1 . 32 0 . 02 
* C & E LOSS (ft) 0.07 * Cum SA (acres) 0 . 02 0.43 0.04 
******************************************************************** *************************** 

Warning : The energy equation could not be balanced withi n the specified number of iterations. The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross section s . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNNYCOVE WASH 
REACH : REACH #2 RS: 0 . 642 

CROSS SECTION OUTPUT Profile #500-YEAR 

E. G. Elev (ft) 
* vel Head (ft) 
• W.S. Elev ( ft ) 
* Crit W.S. (ft) 
* E.G. Slope (ft/ ft) 

2143 . 32 
1. 38 

• 2141.93 
• 2141.93 
*0.009081 

* Element 
* Wt. n-val. 
* Reach Len . (ft ) 
• Flow Area (sq ft) 
* Area (sq ft) 

Left OB * 
0 . 059 

3.20 
3 . 20 
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WKB1 _ _500yr. rep 
* Q Total (cfs ) * 2102.00 * Flow (cfs ) 
* Top Width (ft ) 87 . 31 • Top width (ft) 

vel Total (ft / s) 9.22 AVg . Vel . (ft / s) 
* Max chl Dpth (ft) 3.83 * Hydr . Depth (ft) 
• conv. Total ( cfs) * 22058.3 * Con v. (cfs ) 

Length Wtd . (ft ) * Wett ed Pe r. (ft) 
* Min ch El ( ft ) * 2138 . 10 * Shear (lb / sq ft) 
* Alpha 1.05 * Stream Power (lb / ft s) 

Frctn Loss (ft) * Cum Volume (acre-ft) 

* 5 . 76 
4. 73 
1.80 
0 . 68 
60.5 
4.92 
0. 37 
0 . 66 

* 2086.88 
76 . 91 

9 . 47 
2 . 86 

* 21899 . 7 
77 . 48 
1. 61 

15.27 

9 . 36 
5. 67 
2 . 03 
0 . 81 
98 . 2 
5. 90 
0. 44 
0 .90 

* c & E Los s (ft) * Cu m SA (acres) 
*********************************************************************************************** 

warning: Slope too steep for s lope area to converge during supercritical flow calculations ( normal dep t h is below critica l 
depth). 

Water s urfac e s et to critical dep t h . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS : 1.197 

CROSS SECTION OUTPUT Profile #500 -YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2111 . 03 * Element Left OB • Channel * Ri ght OB * 
* vel Head (ft ) 0 . 00 * wt . n-val . 0 . 064 0 . 040 0 .064 
* w. s. Elev (ft) * 2111 . 03 ° Reach Len . (ft ) 139 . 89 140 . 93 142.56 
* crit w. s . ( ft) * * Flow Area (sq ft ) 2 .11 136.30 8 .2 2 

E.G. Slope (ft / ft ) *0 . 000040 * Area ( sq ft ) 2.11 13 6. 30 8. 22 
Q Total (cfs) 75.00 Flow ( cfs ) 0 . 24 73.51 1. 26 

* Top width (ft) 48 . 85 *Top width (ft) 2.84 38 . 52 7 . 49 
• vel Total (ft / s) 0.51 Avg. Vel . (ft / s) 0 .11 0.54 0 . 15 
* Max Chl Dpth (ft) 3 . 91 * Hydr . Depth (ft) 0. 74 3 . 54 1.10 
• conv . Total (cfs) * 11793.6 • Conv . (cfs) 37 .1 * 11559 . 0 197 . 5 
* Length Wtd . (ft ) 140 . 87 * Wett ed Per . (ft) 3.20 39.51 7 . 82 
* Min ch El (ft) * 2107.12 * shea r (lb / sq ft) 0.00 0.01 0.00 

Alpha 1.09 Stream Power (lb/ ft s) * 0.00 0 . 00 0.00 
* Frctn Loss (ft) 0.02 * Cum Volume (acre-ft) 25.76 3 . 56 0 . 78 
* c & E Loss (ft) 0 . 03 cum SA (acres) 14.43 1 . 22 0 . 97 
********************************************************** ************************************* 

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 
This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 1.170 

CROSS SECTION OUTPUT Profile #500-YEAR 
****** *** *** *** ***************************** ********************* *********** ***** ************** 

E.G . Elev (ft) 2110.98 * Element Left OB * Channel * Right OB * 
* vel Head (ft) 0.29 * Wt. n-val. 0.064 0.040 0.064 

w. s. Elev (ft) * 2110.69 • Reach Len . (ft) 299.79 277 . 90 234.94 
* crit w.s. (ft ) • 2110.69 * Flow Area (sq ft) 6 . 85 13.92 0 . 06 

E. G. Slope (ft / ft) *0.020876 * Area (sq ft) 6 . 85 13 . 92 0 . 06 
* Q Total (cfs) 75 . 00 Flow (cfs ) 10 . 32 64.63 0.05 
* Top width (ft) 40 . 45 * Top width (ft) 22.75 17.13 0.56 

Vel Total (ft / s) 3 . 60 * Avg . Vel. (ft/ s) 1. 51 4.64 0. 75 
*Max Chl Dpth ( ft) 1 . 07 * Hydr . Depth (ft) 0.30 0 . 81 0.11 

Conv. Total (cfs) 519.1 * Conv . (cfs) 71.4 447.3 0 . 3 
* Length Wtd. (ft) 277 . 40 * Wetted Per . (ft) 22. 76 17 . 29 0. 61 
* Min ch El (ft) 2109.62 * shea r (lb / sq ft) 0 . 39 1.05 0.14 

Alpha 1.46 Stream Power ( lb / ft s) * 0 . 59 4.87 0.10 
Frctn Loss (ft) 3.78 Cum Volume (acre-ft ) 25.74 3 . 32 0.77 

* C & E LOSS (ft) 0.06 * Cum SA (acres) 14 . 39 1.13 0.96 
********** ************************************************************************************* 

warning: The energy equation could not be ba l anced within the specified number of iterations. The program used critical depth 
for the water s urface and continu ed on with the calculations. 
The veloc1ty head has changed by more than 0 . 5 ft (0 . 15 m) . Th1s may 1nd1cate the need for add1t1onal cross sect1ons . 
The conveyance rat1o (upstream conveyance d1v1ded by downstream conveyance) 1s less than 0 . 7 or greater than 1 4. 

Warning : 
Warning: 

Warning: 
the 

This may 1nd1cate the need for add1tional cross sect1ons. 
The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross section . This may indicate 

need for additional cross sections . 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #2 RS : 1.117 

CROSS SECTION OUTPUT Profile #500-YEAR 
********* **************************************************************** ********************** 
* E. G. Elev (ft) 
* Vel Head (ft) 
* w.s . Elev (ft) 
* Crit w.s . (ft ) 
* E.G . slope (ft / ft) 

* 2106.80 
0 . 94 

• 2105.86 
* 2105 . 86 
*0. 013042 

* El ement 
* Wt.n-Val. 
* Reach Len. (ft) 

Fl ow Area (sq ft) 
* Area (sq ft) 

Left OB * 
0 . 064 

508.90 
15.16 
15 .16 
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531.99 
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* Right OB * 
0.064 

559.75 
18.66 
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• Q Total (cfs) 662.00 . Flow (cfs ) . 51.36 570.67 39.97 . ~~~ *~~~~ (ft ) 60 . 68 • Top width (ft) 10.06 25 . 20 25 .42 

( ft / s) 6.45 • Avg . Vel. (ft/ s) 3 . 39 8. 29 2 .14 
Max chl Dpth (ft) 3 . 01 • Hydr . Depth (ft) 1. 51 2.73 0.73 
Conv . Total (cfs) . 5796 . 9 * Conv . (cfs) 449.7 4997 . 2 350.0 

* Length Wtd . (ft) • 521.41 Wetted Per. (ft) 10 .50 25 . 21 25 . 71 
* Min Ch El ( ft) • 2102.85 * Shear (lb / sq ft) 1.18 2 . 22 . 0. 59 
* Alpha * 1.45 * Stream Power (l b/ ft s) * 3.98 18 .43 * 1. 27 . Frctn Loss (ft) 0 . 22 * Cum Volume (acre-ft) 25.67 3 . 05 0 . 72 
* c & E Loss 0. 28 * Cum SA (acres) 14.28 1.00 0.89 (ft ) 
******************************************* * ******** * *************************** *************** 

warning : 

warning: 
warning: 

The energy equation could not be balanced within the specified number of iterat i ons . The prog r am used criti cal depth 
for the water surface and continued on with the calculations. 
The velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need for additional cross s ect ions . 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1 . 4 . 

Warning : 
the 

This may ind i cate the need for additional cross sections. 
The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross secti on . This may ind i cate 

need for additional cross sections . 
Warning : During the standard step iterations, when the assumed water surface was set equal to crit i cal depth , the cal culated 

water surface came back below critical depth. This indicates that there is not a va lid subcrit i cal answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 1. 016 

CROSS SECTION OUTPUT Profile #500-YEAR 
********************* **** ****************************** *************************** ************* 
* E.G . Elev (ft) • 2097.50 . Element Left DB * Channel Right DB * 
* vel Head (ft) 0 . 00 * Wt. n-Val . 0.064 * 0 . 040 0 . 064 

w.s. Elev (ft) • 2097 . 50 * Reach Len . (ft) 477.49 481.09 483.72 
crit w.s. (ft) • 2097.50 . Flow Area (sq ft) • 1350.09 62 . 46 6. 27 

* E. G. slope (ft/ ft ) *0 . 000125 * Area (s~ ft) • 1350.09 62.46 6. 27 
* Q Total (cfs) . 662.00 Flow (c s) 605.06 55.38 1. 56 . ~~~ *~~~~ (ft) 620.40 • Top widt h (ft) 594 . 50 19.50 6 . 40 

( ft / s) 0.47 * Avg. Vel. (ft / s) . 0.45 0.89 0.25 
* Max chl Dpth (ft) 3 . 93 * Hydr. Depth (ft) • 2.27 3.20 0.98 
* Conv. Total (cfs) . 59217.6 * Conv. (cfs) ,, 54124. 5 4953.8 139 . 3 
* Length Wtd. (ft) 478.08 * Wetted Per. (ft) 595.02 20.02 6 . 69 
* Min Ch El (ft) • 2093.57 * shear ( lb /sq ft) 0.02 0.02 0.01 
* Alpha 1.15 * Stream Power (lb/ft s) * 0.01 0 . 02 0 . 00 . Frctn Loss (ft) 0.14 * Cum Vo lume (ac re-ft) 17.69 2.25 0 . 56 
* C & E LOSS 0.00 * Cum SA (acres) 10.75 0. 72 0.69 (ft ) 
*************** ********** *************************** ****** ********* *** ****** ***** ****** ******** 

Warning: 

warning: 

Warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 

This may indicate the need for additional cross sections. 
Critical depth could not be determined within the specified number of iterations. The program used the iteration with 

l owest energy . 
warning: The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the sta ndard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 0 . 925 

CROSS SECTION OUTPUT Profile #500- YEAR 
******************************************************************** *************************** 
• E.G . El ev (ft) • 2087.44 * Element Left OB * Channel * Right OB * 
• vel Head (ft) 0 . 04 * Wt. n-Val . 0.064 0.040 0 . 064 

W. S. Elev (ft) 2087 . 40 * Reach Len. (ft) 243 . 16 242.03 241.97 
• Crit w.s. (ft ) * 2087.40 * Flow Area (sq ft) 537.21 62.19 0.05 
• E. G. slope (ft / ft) *0.001510 * Area (sq ft) 537.21 62.19 0.05 
• Q Total (cfs) 662.00 * Flow (cfs) 502.17 159.82 0 . 01 
• Top width (ft) 534 . 65 * Top Width (ft) 510.00 24.36 0.28 
• Vel Total (ft / s) 1.10 * Avg . Vel. (ft/ s) 0.93 2.57 0.21 
* Max chl Dpth (ft) 3.49 * Hydr . Depth (ft) 1.05 2.55 0 . 17 
• Conv . Total (cfs) • 17037.0 • Conv . (cfs) * 12923.7 4113.1 0.3 
* Length Wtd. (ft) 242.48 *Wetted Per. (ft) 510. 19 26.18 0 . 44 
* Mi n ch El (ft ) • 2083 . 91 * shear (lb / sq ft) 0.10 0.22 0.01 
• Alpha 1.85 * Stream Power (lb / ft s) * 0 . 09 0.58 0.00 
* Frctn Loss (ft) 0.56 * Cum Volume (ac re-ft ) 7 . 35 1.56 0 . 52 
* c & E Loss (ft) 0.04 • cum SA (ac res ) 4.69 0.48 0 . 65 
****** ******************************** ************ ******* *********** ********* ****** ************ 

Warning: 

Warning: 
warning: 

warning: 

The energy equation could not be ba lanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
Divided flow computed for t hi s cross-section. 
The conveyance ratio (upstream conveyance divided by downstream conveyance ) is less than 0.7 or greater than 1.4 . 

This may indicate the need for additional cross sections. 
critical depth could not be determined within the specified number of iterations. The program used the iteration with 
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the 

lowest energy. 
War ning: The energy loss was greater than 1.0 f t (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is no t a valid sub critical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #2 RS: 0.880 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) • 2083.41 . Element Left OB * Channel * Right OB * 
* vel Head (ft) 0.45 * Wt. n-va l . 0.064 0.025 
* w.s. Elev (ft ) • 2082.96 . Reach Len. (ft) 109 . 90 115 .17 96.20 
* crit w.s. ( ft ) * 2082 . 63 * Flow Area (sq ft ) * 14.89 * 116.57 . E.G. slope (ft/ft) *0.003930 Area (s jl ft) 259 . 09 116 . 57 98.48 
* Q Total (cfs) 662 . 00 Flow ( c s ) 25.97 636.04 . ~~~ ~~~~~ (ft) 625. 92 • Top wi dth (ft) 424 . 68 65 . 77 135.47 

(ft / s) 5.04 * Avg. Vel . (ft/s) 1. 74 5.46 
* Max Chl Dpth (ft) 2.00 * Hydr . Dept:h (ft) 1.31 1.77 

co nv . Total ( cfs ) * 10560.0 * Conv. (cfs ) 414 . 2 10145.8 
Length Wtd . (ft) 113.14 * Wetted Per. (ft) 11 .36 65.78 

* Min Ch El (ft) * 2080.96 * shear (l b/ sq ft) 0.32 * 0.43 
• Alpha 1.13 * Stream Power (l b/ ft s ) 0. 56 2.37 

Frctn LOSS (ft ) 0.46 * cum vo lume (acre-ft) 5.12 1. 07 0.25 
* C & E Loss (ft) 0 . 01 * Cum SA (acres) 2 . 08 0 . 23 0 . 27 
*********************************************************************************************** 

Note: 
used . 

Multiple critical depths were found at this location . The critical depth with the lowest, valid, water s urface was 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #2 RS: 0.858 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. El ev (ft) * 2082. 93 Elemen t Left OB Channel * Right DB * 
• Vel Head (ft) 0 . 59 • Wt. n-Val. 0.052 0.025 0.030 
* w. s . El ev (ft) * 2082 . 34 • Reach Len . (ft) 94 . 51 15 5 . 14 151. 30 
• Crit W.S. (ft) • 2082.34 • Flow Area (sq ft) 59.92 68.53 24.59 
*E.G . slope (ft / ft) *0 . 004201 * Area (sq ft) 267.00 68.53 48 .32 

Q Total (cfs) 662 . 00 Flow (cfs) 73.49 474.21 114.31 
Top Width (ft) 468.50 *Top Width (ft) 397.84 28 . 17 42.49 
vel Total (ft/s) 4.33 * Avg. ve l . (ft / s) 1. 23 6.92 4.65 

• Max chl Dpth (ft) 2 . 86 * Hydr . Depth (ft) 0 . 54 2.43 2.00 
Conv . Total (cfs) • 10213.1 * Con v. (cfs) 1133 . 7 7315.9 1763. 5 

* Length Wtd. (ft) 125 . 56 Wetted Per. (ft) 111 . 20 28 . 47 14.12 
*Mi n ch El (ft) * 2079 . 48 * shear (lb / sq ft) 0.14 0.63 0 . 46 
*Alpha 2.04 • Stream Power (l b/ ft s) • 0 . 17 4.37 2.12 

Frctn Loss (ft) 0.21 * Cum Vo lume (acre-ft ) 4.46 0.82 0 . 08 
• C & E Loss (ft) 0.17 • Cum SA (acres) 1.05 0.11 0 .07 
*********************************************************************************************** 

Warning : The energy equation could not be ba l a nced wit hi n the specified number of iterations. The program used critical dept h 
for the water surface and continued on wit h the calcu l ations . 
Divided flow computed for this cross-section. Warning : 

warning : 
warning: 

The velocity head has changed by mo re than 0 . 5 ft (0 . 15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 
This may indicate the need for additional cross sections. 

Warning: 
the 

The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 

need for additional cross sections. 
Warning : During the standard step iterations, when the ass ume d water surface was set equal to critical depth, the calculated 

water surface came back be l ow critical dept h. This i ndicates t hat there is not a valid su bcritical answer. The 
program 

defaulted to critical depth. 
Note: 
used . 

Multiple critical depths were found at this location . The critical depth with the lowest , valid , water surface was 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #2 RS: 0.828 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E.G . Elev (ft) 
* vel Head ( ft) 

W. S. Elev (ft) 
* Crit w.s . (ft) 

E. G. Sl ope (ft/ft) 
• Q Total (cfs) 
* Top width (ft) 
• Vel Total (ft / s) 

* 2080 . 99 
0 . 02 

• 2080.96 

*0.000886 
662.00 
599 . 95 

0.99 

* Element 
* Wt. n-val. 
* Reach Len. (ft) 
* Flow Area (sq ft) 
* Area (sq ft) 
* Fl OW (cfs) 
* Top width (ft ) 
• Avg . vel. (ft / s) 

Left OB * 
0 . 052 

393.00 
622 . 49 
622 . 49 
565.22 
567.57 

0 .91 
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Channel 
0.025 

393.00 
44 . 26 
44.26 
96.78 
31 . 90 

2 . 19 

Right DB * 
0.064 

393 . 00 
0.01 
0.01 
0.00 
0.48 
0.05 
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• 

* Max Chl Dpth (ft) 2.56 * Hydr . Depth (ft) 
• Conv . Total (cfs) • 22241.6 * Conv. (cfs) 
• Length Wtd. (ft) 393.00 • Wett ed Per. (ft) 
* MinCh El ( ft) • 2078 . 40 • Shea r (lb / sq ft) 

WKB1_500yr . rep 
• 1 . 10 
* 18990.0 

568 . 14 

• Alpha 1.42 • Stream Power ( lb/ ft s) • 
0 . 06 
0.06 
3.50 • Frctn Loss (ft) 1.08 • Cum volume (acre - ft) 

C & E Loss (ft) 0.19 • Cum SA (acres) 

1. 39 
32 51.5 
32.21 

0 . 08 
0.17 
0 . 62 

0 . 02 
0. 0 

0. 48 
0.00 
0.00 
0 . 00 

****************************************** **** ***************** ******* ************************* 

warning : Divided flow computed for this cross-section . 
Warning : The velocity head has changed by more than 0 . 5 ft (0 . 15 m) . This may indicate the need for addi ti onal cross se ct ions . 
warning : The energy loss was greater than 1. 0 ft (0.3 m). between the current and previ ous cross section . Thi s may i nd i ca t e 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0.753 

CROSS SECTION OUTPUT Profile #500 -YEAR 
*********************************************************************************************** 

E.G. Elev (ft) * 2079.72 * Element * Left DB • Channel • Right DB * 
• vel Head (ft) 1.88 * Wt . n- val . 0.100 0.031 0.074 
* W. S. Elev (ft) • 2077.84 * Reach Len . (ft ) 87.41 84 . 79 81.91 
* c r it w.s. (ft ) • 2077.84 • Flow Area (sq ft ) 0.08 93 . 42 0.04 

E. G. slope (ft / ft ) *0 . 010440 • Area (sq ft ) 152.50 93 . 42 * 0. 04 
Q Total (cfs) 1028.00 Flow ( cfs ) 0 . 03 * 1027.95 0. 02 

• Top widt h (ft) 186 . 13 • Top width (ft) 161.33 24 . 51 * 0.29 
vel Total (ft / s) 10 . 99 Avg. Vel . (ft/ s) 0.38 11.00 0 . 46 

* Max Chl Dpth ( ft) 5 . 40 * Hydr . Depth (ft) 0.14 3.81 0 . 15 
• conv . Total (cfs) * 10061.0 • conv . (cfs) 0.3 • 10060.5 0.2 

Length Wtd . (ft) 84.96 * Wetted Per. (ft) 0.60 27.74 0 . 42 
* Mi nch El (ft) • 2072.44 • shear (lb / sq ft) 0.08 2 . 19 0.07 
* Alpha 1. 00 • Stream Power (l b/ ft s) * 0 . 03 24.15 0 . 03 
* Frctn Loss (ft) 0.28 * cum Volume (acre - ft) 0.46 0.64 0 . 01 
* C & E Loss (ft) 0 . 74 * Cum SA (acres) 12.50 2.45 10.13 
****************************** ******************************* ********************************** 

Warning : 

warning: 

The energy equation cou ld not be ba lanced within the specified number of iterations . The program used cri tical depth 
for the water surface and continu ed on wi th the calculations . 

Warning: 
warning: 

Divided flow computed for this cross-section . 
The ve locity head has changed by more than 0.5 ft (0.15 m). This may indicate t he need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 

warning: 
the 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1. 0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for additional cross sections . 
Warning : During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. Thi s indicates that there is not a valid subcritical answer . The 
program 

Note: 
used . 

defaulted to critical depth . 
Multi ple critical depths were found at this location . The critical depth with the lowest, valid, water surface was 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #1 RS: 0.737 

CROSS SECTION OUTPUT Profile #500-YEAR 
****************************** ********************************** **** *************************** 

E.G. Elev (ft) 2077 . 22 Element Left DB • Channel 
* vel Head (ft) 0 . 39 • Wt. n-val. 0.041 0.031 

W.S. Elev (ft) * 2076.83 * Reach Len . (ft) 57.97 58.68 
Crit W.S . (ft) * 2075 . 19 * Flow Area (sq ft) 70.64 163.42 

* E.G. slope (ft / ft) *0.001626 * Area (sq ft ) 309.33 * 163.42 
* Q Total (cfs) • 1028 .00 * Flow (cfs) 142.44 877.85 

Top width (ft) 360 .31 * Top width (ft) 302.06 32.67 
* Vel Total (ft/ s) 4.16 * Avg. Vel. (ft / s) 2.02 5. 37 
* Max chl Dpth (ft) 6.72 • Hydr . Depth (ft) 1.63 5.00 
* Conv. Total (cfs) • 25494.9 • Conv . (cfs) 3532 . 6 • 21771.2 

Length Wtd . (ft ) 58.68 * Wetted Per. (ft) 43.58 35.27 
Min ch El (ft) • 2070.11 shea r (lb / sq ft) 0.16 0.47 

* Alpha 1.45 * Stream Power (lb / ft s) 0 . 33 2 . 53 
* Frctn Loss (ft) * cum vo lume (acre-ft) 0.39 

* Right OB 
0 . 074 
59 . 01 
12.86 
12 . 86 

7 . 70 
25 . 58 

0.60 
0. so 

191.1 
26.26 

0 . 05 
0.03 

* c & E Loss (ft) * cum SA (acres) 12.04 2.40 10 . 10 
****************************** ********************* **************** **************************** 

Note : Multi ple critical depths were found at this location . The critical depth with the lowest, valid, energy was used. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS: 0 .72 6 

CROSS SECTION OUTPUT Profile #500-YEAR 
********** ************************************************************************************* 

E. G. Elev (ft) 
• vel Head (ft) 
• W. S. Elev (ft) 
* Crit w. s. (ft) 

* 2075.36 
0.91 

2074 . 45 
• 2074 . 42 

* Element 
* Wt. n- val. 
* Reach Len. (ft) 
* Flow Area (sq ft) 

Left OB * 
0.041 
93 . 91 
44. 55 
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Channel 
0.031 
93 . 72 

105 . 68 

* Right DB * 
0 . 074 
93 . 59 

9 . 35 
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• E. G. Slope (ft / ft ) *0 . 007674 • Area (sq ft ) * 44 . 55 105.68 9 .3 5 
* Q Total (cfs ) • 1028.00 * Flow (cfs ) 144.50 869 . 47 14 . 03 

Top Width (ft) 90 . 77 * Top Width (ft) 43.11 35 . 89 11 . 78 
* vel Total ( ft /s) 6.44 • Avg . Vel. (ft / s) 3 . 24 8 . 23 1. 50 
* Max Chl Dpth (ft) 5.17 * Hydr . Depth (ft) 1 . 03 2.94 0 . 79 

Conv. Total (cfs) * 11734 . 6 * Conv . (cfs) 1649.5 9925.0 160.1 
* Length Wtd. (ft ) 93. 75 * Wetted Per . (ft) 43 .14 38 . 54 11 . 86 

Min ch El (ft) * 2069 . 28 * shea r ( lb / sq ft) 0 . 49 1.31 0.38 
* Alpha 1.42 * Stream Power ( lb / ft s) * 1.60 10. 81 0 . 57 
* Frctn Loss (ft ) 0.64 * Cum vo lume (acre-ft) 0 . 81 1. 02 0. 05 
• c & E Los s (ft ) 0 . 12 • cum SA (acres) 11 .81 2. 35 10.08 
*********************************************************************************************** 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS : 0.708 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** . E. G. Elev ( ft ) • 2074 . 60 . Eleme nt Left OB * channel * Right 08 * 
* Vel Head (ft ) 0 . 66 * Wt. n-val. 0.041 0 . 031 0.074 
* w.s . Elev (ft) • 2073.94 . Reach Len . (ft ) 154.20 154.96 155 . 66 
* Crit w. s . (ft) * 2073.94 . Flow Area (sq ft ) 83.98 110. 20 10 . 43 
* E.G . slope (ft / ft ) *0 . 006035 * Area (sq ft) 83 . 98 110 . 20 10 . 43 

Q Total (cfs ) * 1028 . 00 * Flow ( cfs) 214 . 49 * 801. 98 11. 53 
* Top Width (ft) 204.49 * Top Width (ft) 147.87 39 . 19 17 .43 
* Vel Total ( ft / s ) 5.02 * Avg . vel . (ft/s ) 2 . 55 7. 28 1.11 
* Max chl Dpth (ft ) * 4. 57 * Hyd r. Depth (ft) 0 . 57 2.81 0 . 60 
* Conv . Total (cfs) • 13232.9 * conv . (cfs) 2761.0 • 10323 . 5 148 . 4 
* Length Wtd. (ft) 154.71 * Wett e d Per. (ft) 147.95 40.33 17. 46 
* Min ch El (ft) * 2069.37 * shea r (lb / sq ft) 0.21 1. 03 0.22 

Alpha 1. 69 * Stream Power ( l b/ ft s) * 0. 55 7.49 0.25 * 
Frctn Loss (ft) 0 . 91 * cum vo lume (acre-ft) 0 . 67 0.79 0.03 
c & E Loss (ft) 0 . 04 * Cum SA (acres) 11 . 60 2.27 10.05 

*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of i terations . The program used criti ca l depth 
for the water surface and continued on with the calculations. 

Warning: Divided flow c omputed for thi s cross-section . 
Warning : The energy loss was greater than 1. 0 ft (0 .3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.679 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E. G. El ev (ft) 2072 . 80 * Element Left OB • Channe 1 • Right OB * 
• Vel Head (ft) 0 . 52 * Wt . n-Val. 0 . 041 0 . 031 0 . 074 
* W.S . Elev (ft) • 2072 . 28 * Reac h Len . (ft) 56.17 56 . 16 56 . 18 
• Crit w.s. (ft) • 2072.28 • Flow Area (sq ft) 178.25 72 . 26 4.32 
* E.G. Slope (ft / ft) *0 . 005728 * Area (sq ft) 178 . 25 72.26 4 . 32 
* Q Total (cfs) * 1028.00 Flow (cfs) 474 . 96 546.86 6 . 18 
* Top width (ft) 212.99 * Top width (ft) 186.16 22.54 4.29 

Vel Total (ft / s) 4.03 * Avg. Vel. (ft / s ) 2.66 7 . 57 1.43 
* Max chl Dpth (ft) 4.52 * Hydr . Depth (ft) 0 . 96 3.21 1.01 
* Conv . Total (cfs) 13582 . 4 * Conv. (cfs) 6275.4 7225.4 81.6 

Length Wtd. (ft) 56 . 16 * Wett ed Per. (ft ) 186 . 18 23 . 98 4 . 74 
Minch El (ft) 2067.75 * shear (lb / sq ft) 0.34 1.08 0.33 

* Alpha 2.07 • Stream Powe r (lb/ ft s) • 0 . 91 8.16 0 . 47 
* Frctn Loss (ft) 0.33 * cum volume (acre - ft) 0.20 0 . 46 0 . 01 
• c & E Loss (ft) 0 . 05 • Cum SA (acres) 11.01 2.16 10.01 
*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations. 

warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 
water surface came back below cri t ical dept h . This indicates that there is not a valid subcritical answer. The 

prog ram 
defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #1 RS: 0.668 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E. G. Elev (ft) 
* ve l Head (ft) 
• w.s . Elev (ft) 
• Crit W.S. (ft) 
* E.G. Slope (ft / ft ) 
• Q Tot a 1 (cfs) 

• 2072.11 
0.70 

• 2071 . 41 
• 2071 . 41 
• o . oo6138 
* 1028.00 

* El ement 
• Wt. n-val. 
* Reach Len. (ft) 
• Flow Area (sq ft) 

Area (sq ft) 
• Flow (cfs) 

Left OB * 
0 . 041 
54. 56 

136. OS 
136 . OS 
393 . 28 
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Channe l 
0 . 031 
54.93 
76 . 24 
76.24 

631. 33 

* Right OB * 
0 . 074 
55 . 20 

3 . 49 
3.49 

* 3. 39 
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• Top width (ft) 161 . 43 • Top width (ft) • 132.40 22 .5 5 
• Vel Total (ft / s) * 4 . 76 * Avg. Vel. (ft/ s) 2 . 89 8.28 
• Max chl Dpth (ft) 4.44 • Hydr. Depth (ft) 1.03 3 . 38 
• Conv . Total (cfs) • 13121.1 • Conv. (cfs) 5019 . 7 8058.1 
* Length Wtd . (ft) 54.93 ° Wetted Per. (ft) 132.44 23 . 28 
• Minch El (ft) • 2066 . 97 • shear (lb / sq ft) 0.39 1 . 25 
• Alpha 2 . 00 • Stream Power (lb/ ft s) • 1.14 10.39 
* Frctn Loss (ft) * Cum Volume (acre-ft) * 0 . 37 

6. 48 
0 . 97 
0. 54 
43 . 3 
7 .20 
0 .19 
0 .18 

• c & E Loss (ft) • cum SA (acres) 10 . 81 2 .13 10.00 
*********************************************************************************************** 

Warning: During subcritical analysis , the water surface upstream of culvert went to crit ical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0 . 658 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
• E.G. Elev ( ft) 0 2071 . 14 * Element Left 08 • Channel • Right 08 ° 
• Vel Head (ft) 0. 79 • Wt . n-Val . 0 . 041 0 . 031 0. 074 
• w.s. Elev (ft) • 2070 . 35 • Reach Len . (ft) 58 . 62 56 . 76 56.23 
• crit w.s. (ft) • 2070.35 * Flow Area (sq ft) 80.27 105 . 47 40.60 
* E. G. Slope (ft / ft ) *0 . 004281 * Area (sq ft) 80 . 27 105 . 47 40. 60 
* Q Total (cfs) 0 1028 . 00 • Flow ( cfs ) 165 . 22 830 . 87 31. 91 
• Top Width (ft) 213 . 08 * Top Width (ft) 99 . 16 23 . 70 90. 22 

Vel Total (ft / s ) 4.54 • Avg . Vel. (ft/ s) 2.06 7 . 88 0 .79 
* Max chl Dpth (ft) * 5. 45 * Hydr . Depth (ft) 0.81 4 . 45 0 . 45 
• Conv. Total (cfs) • 15712.4 • Conv. (cfs) 2525.2 • 12699 .4 48 7. 8 
• Length Wtd. (ft ) 57 . 03 • Wetted Per. (ft) 99 . 25 26.49 91.01 
• Min ch El (ft) • 2064.90 • shear (lb / sq ft) 0 . 22 1.06 0 .12 

Alpha 2 . 47 • Stream Power (lb/ ft s) • 0.44 8 . 38 0 . 09 
Frctn Loss (ft) 0 . 21 * Cum Volume (acre-ft) * 0 . 71 1.99 0.17 

• c & E Loss (ft) 0 . 05 • cum SA (acres) 10.66 2 .10 9 . 94 
*********************************************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical dept h 
for the water surface and continued on with the calculations . 

Warning: Divided flow computed for this cross-section. 
warning: During the standard step iterations, when the assumed water s urface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defau l ted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0 . 647 

CROSS SECTION OUTPUT Profile #500-YEAR 
************************* ********************************************************************** 
* E. G. Elev (ft) • 2070.45 • Element Left OB • Channel • Right DB * 
• vel Head (ft) 0 . 68 • Wt . n-Val. 0.041 0.031 0.074 

w. s. Elev (ft) 2069 . 77 • Reach Len. (ft) 91.04 75.10 49.83 
• cri t w. s . (ft) * 2069 . 77 • Flow Area (sq ft) 93 . 00 117.15 44. 82 
• E. G. slope (ft / ft) *0 . 003142 • Area (sq ft) 93.00 117.15 44 . 82 
• Q Total (cfs) * 1028.00 Flow ( cfs) 148 . 44 849 . 52 30.04 
* Top Width (ft) 254.18 ° Top Width (ft) 133 . 38 24 . 00 96 . 80 

vel Tota l (ft / s) 4.03 • Avg. ve l. (ft/ s) 1.60 7.25 0 . 67 
* Max Chl Dpth (ft) 5.54 * Hydr . De pt h (ft) 0 . 70 4.88 0 . 46 
• Conv . Total (cfs) • 18339.8 • Conv . (cfs) 2648 . 2 • 15155.7 535 . 9 

Length Wtd. (ft) 76 . 60 * Wetted Per. (ft) 133.55 26.42 97 . 55 
• Minch El (ft) • 2064 . 23 • shear (lb / sq ft) 0.14 0.87 0 . 09 
• Alpha 2 . 70 Stream Power (lb/ ft s) 0.22 6 . 31 0.06 
• Frctn Loss (ft) 0 . 30 • Cum Volume (acre-ft) 0.59 1 . 85 0 . 12 
• c & E Loss (ft) 0 . 04 • cum SA (acres) 10 . 50 2.07 • 9.82 
*************** ***************************** ***** ********************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0 . 3 m) . between the current and previous c ross s ection . This may indicate 
the 

need for additional cross sections . 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.633 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E. G. Elev (ft) 
* vel Head (ft) 
• W. S. Elev (ft) 
• Cr i t W.S. (ft) 
* E.G. Slope (ft / ft) 
* Q Total (cfs ) 

• 2068 . 75 
0. 55 

• 2068 . 20 

• o . oo4866 
• 1028.00 

Element 
* Wt . n-val. 
• Reach Len. (ft) 
• Flow Area (sq ft ) 
• Area (sq ft) 
° FlOW (cfs ) 

Left 08 * 
0.064 

123.02 
84 . 88 
84 . 88 
92 . 41 
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channel 
0 . 039 

136. 65 
149.67 
149 . 67 
935.41 

* Right 08 * 
0.064 

141.33 
0 . 28 
0 . 28 
0.18 
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• Top width ( ft ) 194 . 47 • Top wi dt h (ft) • 15 3. 97 39 .57 0.93 
• vel Total ( ft / s ) 4.38 • Avg. vel. (ft /s) 1.09 6.25 0.64 
0 Max Chl Dpth (ft ) 5.72 * Hydr . Depth (ft) 0 . 55 3.78 0. 30 
• Conv. Total (cfs ) * 14737.4 * Conv . (cfs) 1324.8 • 13410 . 0 2.5 
• Length Wtd. (ft) 135 . 93 • wetted Per. (ft) 154.00 41.50 1.11 
• MinCh El (ft) 2062.48 Shear (lb/sq ft) 0.17 1.10 0 . 08 
* Alpha 1.86 * Stream Power (lb/ft s) * 0 . 18 6.85 0 . 05 
• Frctn Loss (ft ) 0 . 97 • cum volume (acre-ft ) 0.41 1.62 0.09 
* C & E Loss (ft ) 0 .08 • Cum SA (acres) 10 . 20 2.02 9 .76 
*********************************************************************************************** 

Warning: The velocity head has changed by more than 0.5 ft (0 . 15 m). This may indicate the need for additi onal cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross secti on. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS: 0 . 607 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** . E.G. El ev (ft ) . 2067.70 . Element Left: os . c ha nnel . Right 08 
• vel Head (ft ) 1. 37 Wt. n-Val. 0.064 0 . 039 0.064 
• w.s. Elev (ft) • 2066.34 Reach Len. (ft ) 158.01 196 . 30 219. 49 . Crit w.s . (ft) • 2066.34 Flow Area (sq ft ) 16.06 * 106.92 0 . 42 
• E.G. slope (ft / ft) *0.011428 * Area (sq ft ) 16.06 106 . 92 0 . 42 
* Q Total (cfs) 1028 . 00 Flow ( cfs) 15.96 * 1011 . 57 0.48 
• Top width (ft) 92 .36 * Top Width (ft) 63 . 29 27.93 1.14 
* vel Total (ft / s) 8. 33 * Avg . vel. (ft/s) 0 . 99 * 9.46 1.14 
• Max Chl Dpth (ft) 5.00 • Hydr . Depth (ft) 0 . 25 3.83 0.37 . Conv . Total (cfs) 9616 . 4 . conv . (cfs) 149.3 9462 .7 4.5 . Length Wtd . (ft) 194.50 • wetted Per . (ft) 63 . 48 30.20 1. 36 
* MinCh El (ft) . 2061. 34 . shear (1 b/ sq ft) 0.18 2 . 53 0 . 22 
* Alpha 1. 27 . Stream Power (1 b/ ft s) . 0.18 23.90 0.25 . Frctn Loss (ft) 2.12 . cum vo lume (acre-ft) 0 . 27 1.21 0.09 
* C & E LOSS (ft ) 0.14 . Cum SA (acres) 9 . 90 1. 91 9.76 
******************************************** ************* ************* ************************* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0.570 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G . Elev (ft) * 2065 . 13 * Element Left 08 ° Channel * Right 08 * 
* Vel Head (ft) 0 . 90 • Wt. n-val . 0.064 0.039 0.064 
* w. s. Elev (ft) * 2064 . 23 Reach Len. (ft) 105 . 54 117 . 46 121 . 71 
* crit w.s. (ft) • 2064.07 * Flow Area (sq ft ) 43 . 27 119.61 0.12 
• E. G. slope (ft/ft) *0.010450 * Area (sq ft) 43 .27 119.61 0 . 12 
• Q Total (cfs) • 1028 . 00 Flow (cfs ) 81.12 946 . 81 * 0.07 
• Top Width (ft) 102 . 97 * Top widt h (ft) 61.63 40 . 36 • 0.98 
* Vel Total (ft / s) 6.31 • AVg . vel. (ft / s) 1.87 7 . 92 0 . 58 
• Max chl Dpth (ft) 4 . 61 * Hydr . Depth (ft) 0.70 2.96 0 . 12 
* Conv . Total (cfs) * 10056 . 2 * Conv . (cfs) 793.6 9261.9 0 . 7 
• Length Wtd . (ft) 116.55 Wetted Per . (ft) 61.64 41.29 1. 01 
* Min ch El (ft) • 2059 . 62 • shea r (lb/sq ft) 0.46 1.89 0.08 
* Alpha 1.46 * Stream Power ( lb / ft s) • 0.86 14.96 0.05 

Frctn Loss (ft) 1 . 26 cum volume (acre-ft) 0.16 0 . 70 0 . 09 
• c & E Loss (ft) 0.18 Cum SA (acres) 9.67 • 1.76 • 9.75 
~********************************************************************************************** 

warning: The energy loss was greater than 1. 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS : 0 . 547 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G . Elev (ft) 
• vel Head (ft) 
• w. s. Elev (ft) 
* Crit w.s. (ft) 

• 2063.70 
0.54 

• 2063.15 
* 2063.15 

* Element 
* Wt . n-val. 
• Reach Len. (ft) 
* Flow Area (sq ft) 

Left 08 * 
0 . 064 
56 . 43 
86 . 65 
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Channel 
0 . 039 
57.78 

102.30 

* Right 08 * 
0.064 
58.01 
63.35 
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• E.G. slope (ft / ft ) *0.011188 • Area (sq ft ) • 86 . 65 102. 30 
* Q Tota 1 (cfs ) * 1028.00 * Flow (cfs ) 138 . 71 710 . 68 
* Top Width ( ft ) 258.92 * Top Width (ft) 164 . 65 44.56 
* Vel Total (ft / s) 4.07 * Avg. Vel . (ft/ s) 1.60 6 . 95 
* Max Chl Dpth (ft) 4.09 * Hydr . Depth (ft) 0 . 53 2.30 
• Conv . Total (cfs ) 9719.1 * Con v. (cfs) 1311.4 6719 . 0 
• Length Wtd . (ft ) 57.78 • Wetted Per. (ft) 164.66 45 . 19 
• MinCh El (ft ) * 2059.06 * Shea r ( lb / sq ft) 0.37 1.58 
* Alpha 2 . 11 • St r eam Power (lb / ft s) • 0.59 10. 98 
• Frctn Los s (ft ) • Cum Volume (acre - ft) 0. 40 

63.35 
178 . 61 

49 .71 
2 . 82 
1. 27 

1688 . 7 
51.49 
0. 86 
2 . 42 

* C & E LO SS (ft ) * Cum SA (acres) 9 . 40 1.64 9. 68 
*********************************************************************************************** 

warning : During s ubc r iti cal analys i s , the water surface upstream of culvert went to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #1 RS: 0 .5 37 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** 
• E.G . Elev ( ft ) * 2063.04 * Element Left OB • channel • Right OB * 
* vel Head (ft) 0.87 * wt . n- val . 0 . 064 0.039 0. 064 
• W. S. Elev (ft ) * 2062.18 • Reach Len . (ft) 83 . 75 64 . 74 56.13 
* Crit w.s. (ft ) ~ 2 062. 18 * Fl ow Ar ea ( s q ft) 59 . 09 13 0.2 9 93.22 

E.G. slope (ft / ft ) *0 . 011144 * Area (sq ft ) 59.09 130 . 29 93.2 2 
Q Tota l (cfs ) 1550.00 Flow (cfs ) 107 . 31 1118 . 04 32 4 .65 • ~~) *~~~~ ~ ~~)s ) : 18~::~ ; ~~~. w~~ih ~ ~~ ~s) * 9i : ~~ 4~ : ~~ 5 ~: ~~ 

0 Max Chl Dpth (ft) 5 . 95 * Hydr . Depth (ft) 0 . 64 3.26 1. 77 
• Conv . Total (cfs ) * 14682.8 * Conv . (cfs) 1016 . 5 • 10590.9 3075.3 
• Length Wtd. (ft ) 64 . 28 * Wett ed Per. (ft) 92 . 65 41.81 55 . 04 
• Min Ch El ( ft) * 2056.22 * Shear (lb / sq ft) 0.44 2 .17 1 . 18 
* Alpha 1.86 * Stream Power (lb/ ft s) • 0.81 18.61 4 . 10 
* Frctn Lo s s (ft) 0.52 * Cum Volume (acre-ft) 11 . 64 4 . 62 9.60 
* c & E Loss ( ft) 0 . 19 * cum SA (acres) 9 . 23 1 . 59 9 . 62 
***************************** *************** *************************************************** 

warning : The energy equation could not be balanced within the specified number of iterations. The program used c riti ca l depth 
for the water surface and continued on with the calculations . 

Warning : The cross- section end points had t o be extended vertically for the computed water surface . 
warning: The energy loss was greater than 1 .0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the as s umed water surface was set equal to critical depth, the cal culated 

water surface came back below cri t ical depth . This indicates that there is not a valid subc ri tical answer . The 
program 

defaulted t o critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0.524 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** 
* E.G. Elev (ft ) * 2061.40 * Element Left OB * Channel * Right OB 
* Vel Head (ft) 0.48 • Wt . n-Val . 0 . 064 0 . 039 0 . 064 
* w. s. Elev (ft) • 2060 . 92 • Reach Len. (ft) 133 . 18 106 . 76 45.00 
* Crit W. S. (ft) * 2060 . 92 * Flow Area (sq ft) 114.21 122 . 45 300.94 
* E. G. slope (ft/ ft ) *0 . 006151 • Area (sq ft) 114.21 122.45 300.94 
* Q Total ( cfs) * 1550 . 00 Flow (cfs) 182 . 81 885 . 73 481.46 
* Top Width (ft) 535 . 70 Top Width (ft) 138.54 31 . 96 365.20 

vel Total (ft / s) 2.88 * Avg . vel . (ft/ s) 1.60 7.23 1.60 
Max Chl Dpth (ft) 5 .13 * Hydr. Depth (ft) 0.82 3.83 0 . 82 

• conv. Total (cfs) * 19763 . 4 • Conv. (cfs) 2330 . 9 • 11293.6 6138 . 9 
* Length Wtd . (ft) 92.73 Wett ed Per . (ft ) 138 . 56 32 . 51 365 . 43 

Min Ch El (ft) 205 5. 79 Shea r (1 b/ sq ft ) 0 . 32 1.45 0. 32 
* Alpha 3. 73 * Stream Power (lb/ ft s ) * 0. 51 10 . 46 0 . 51 

Frctn Loss (ft) 0.46 • Cum Volume (acre - ft) 11 . 48 4 . 43 9.34 
* C & E Loss (ft) 0.02 * Cum SA (acres ) 9 . 01 1 . 53 9.35 
******************************************** *************************************************** 

warning : The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continu ed on with the calculations . 

warning : During the standard step i terations , when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below cri t ical depth . This indicates that there is not a vali d subcritical answer. The 

program 
defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0 . 504 

CROSS SECTION OUTPUT Profi 1 e #500-YEAR 
****************************************** ***************************************************** 
* E.G. Elev (ft) 
* vel Head (ft) 

w.s . Elev (ft) 
• crit w.s . (ft) 

* 2060.51 
0.63 

* 2059.88 
* 2059 . 88 

* El ement 
* Wt . n-val. 
• Reach Len . (ft) 
* Flow Area (sq ft) 

Left OB * 
0 . 064 

252.82 
99.66 
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channel 
0 . 029 

228 . 50 
108 . 52 

* Right OB * 
0 . 064 

163.00 
318.17 
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• E.G. Slope (ft / ft ) *0.004010 * Area (sq ft ) • 99 . 66 108.52 318.17 
• Q Total (cfs) * 1550.00 * Flow (cfs ) 247.35 896.01 406.65 
* Top width (ft ) 463.96 * Top Width (ft) 45.26 26 . 43 392 . 26 
• Vel Total ( ft / s) 2.94 * Avg. Vel. (ft / s) 2.48 8.26 1.28 
* Max Chl Dpth (ft) 4.80 * Hydr. Depth (ft) 2.20 4.11 0.81 
* Conv. Total (cfs) 24476.0 Conv . (cfs) 3905 . 8 14148 . 8 6421.3 
* Length Wtd. (ft ) 218 . 29 * Wetted Per. (ft) 45.44 26.74 392.59 
*Minch El ( ft) * 2055.08 * shea r (lb/sq ft) 0.55 1.02 0 . 20 
* Alpha 4 . 71 * Stream Power (lb/ft s ) * 1.36 8 . 39 0 .2 6 
* Frctn Loss (ft) 0.98 Cum Volume (acre-ft) 11.15 4 . 15 9.03 
• c & E Loss (ft) 0 . 04 • cum SA (acres) 8. 73 1.46 8 . 95 
~********************************************************************* * ************************ 

Warning: The energy equation could not be ba l anced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previous c r oss secti on . This may indicate 
the 

need for additional cross section s . 
warning: During the standard step i terations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcri tical answe r. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS : 0.461 

CROSS SECTION OUTPUT Profile #500-YEAR 
*** ** ******************************************************* *********************************** 
* E.G. Elev (ft) • 2056.18 * Element Left OB * channel * Right OB * 
* vel Head (ft) 0.49 * Wt. n- Val. 0.064 0.029 0.064 
* w. s. Elev (ft) 2055 . 68 Reach Len . (ft) 140. so 156 . 62 176.52 
• Crit W. S. (ft) 2055 . 68 Flow Area (sq ft) 95. 32 148. 57 252.69 . E. G. slope (ft / ft ) *0.005014 * Area (s~ ft) 311.71 148.57 252.69 
* Q Total (cfs) 1550 . 00 Flow (c s) 269.93 • 1011 . 48 268. 59 

* ~~~ *~~~~ (ft) 769.13 * Top width (ft) 225.38 57.76 485.99 
(ft / s) 3.12 * Avg. Vel. (ft/s) 2.83 6.81 1.06 

* Max Chl Dpth (ft) 2.90 * Hydr . Depth (ft) 2 . 26 2.57 0 .52 
* Conv. Total (cfs) • 21890. 7 * Conv . (cfs) 3812 . 2 • 14285.2 3793.3 

Length Wtd. (ft) 159 . 89 Wetted Per . (ft) 42.16 57.79 486.05 * * Min ch El (ft) * 2052.78 * shea r (1 b/ sq ft) 0. 71 0.80 0 . 16 
• Alpha 3.27 Stream Power (l b/ ft s) 2.00 5 . 48 0.17 . Frctn Loss (ft) 0.52 Cum volume (acre-ft) 9.96 3.48 7 . 96 
• c & E Loss (ft) 0.02 * Cum SA (acres) 7.94 1.24 7. 31 
*********************************************************************************************** 

Warning: 

Warning : 

Warning: 
the 

The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0 . 7 or greater than 1.4 . 
This may indicate the need for additional cross sections . 

The energy loss was greater than 1 . 0 ft (0.3 m) . between the current and previous cross section. This may indicate 

need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

Note: 
used . 

defaulted to critical depth . 
Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 431 

CROSS SECTION OUTPUT Profile #500-YEAR 
******************************************************************** ******** ******************* 
• E. G. El ev (ft) 205 3. 93 * Element Left OB • Channel * Right OB • 
• vel Head (ft) 0.41 • Wt . n-val. 0 . 064 0.025 0.064 
• w.s. Elev (ft) * 2053.52 * Reach Len . (ft) 361.98 375.35 384.72 
• Crit W.S. (ft) • 2053.52 • Flow Area (sq ft) 160.14 120 . 36 538.31 
* E.G. Slope (ft/ ft) *0 . 002278 * Area (sq ft) 160.14 120.36 538 . 31 
* Q Total (cfs) 1550 . 00 Flow (cfs) 140 . 36 835.85 573.79 
* Top Width (ft) 829.46 * Top Wi dth (ft) 227.50 31.43 570.53 

Vel Total (ft / s) 1.89 Avg. vel. (ft/s) 0 . 88 6 . 94 1.07 
* Max Chl Dpth (ft) 3. 92 * Hydr . Depth (ft) 0 . 70 3.83 0.94 
• Conv. Total (cfs) 32473.2 Conv. (cfs) 2940.6 • 17511.3 • 12021.2 
* Length Wtd. (ft) 373.59 Wetted Per. (ft) 227.66 31.43 570.68 
• Min ch El (ft) 2049.60 * shear ( lb / sq ft) 0.10 0 . 54 0.13 
• Alpha 7.39 *Stream Power (lb / ft s) • 0.09 3 . 78 0 . 14 
• Frctn Loss (ft) 1.28 • cum Volume (acre-ft) 9.20 2.99 6 . 35 
• c & E Loss (ft) 0.02 * cum SA (acres) 7 . 21 1.08 5 . 17 
****** ***************************************************************************************** 

warning: 

warning: 

Warning: 
the 

The energy equation could not be balan ced wi thin the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 
The conveyance ratio ( upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections . 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 

need for additional cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
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program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS : 0 . 360 

CROSS SECTION OUTPUT Profile #500-YEAR 
************** ************* *** ************** *** ********************************* *************** 
• E. G. Elev (ft ) • 2048.68 • Element Left OB • Channel • Right OB • 
• Vel Head (ft) 0.63 • Wt . n-val. 0.064 0 . 025 0.064 
• w. s. Elev (ft) * 2048.05 • Reach Len. (ft) 343.30 375.88 414.85 
* crit w.s. (ft) * Flow Area (sq ft ) 354.15 98.24 11 .99 
• E.G. Slope (ft / ft ) *0 . 005761 Area (sq ft ) 354.15 98.24 11.99 
* Q Total (cfs) * 1550 . 00 Flow ( cfs ) 689.39 833.69 26.92 
* Top Width (ft) 350.93 * Top width (ft) 305.01 38 . 06 7.86 
* Vel Total ( ft / s) 3 . 34 • Avg. Vel. (ft / s) 1.95 8 . 49 2.25 
• Max chl Dpth (ft) 2.80 * Hydr. Depth (ft) 1.16 2.58 1.53 
* Conv. Total (cfs ) 20422.0 Con v. (cfs) 9083.0 10984 . 2 354.7 
* Length Wtd. (ft) 368 . 82 * Wetted Per . (ft) 305 . 03 38 . 08 8.34 
* Mi nch El ( ft) • 2045.25 • shear (lb / sq ft) 0.42 0.93 0.52 
• Alpha 3.64 Stream Power ( lb / ft s) 0.81 7 . 87 1.16 
• Frctn Loss (ft) 2.16 • Cum Vol ume (acre-ft) 7.06 2.05 3.92 
* c & E Loss (ft) 0.10 * cum SA (acres) 5 . 00 0 . 78 2.62 
*********************************************************************************************** 

Warning: The velocity head has changed by more than 0.5 ft (0 . 15 m). This may indicate the need for addit iona l cross sections. 
Warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: -0 . 289 

CROSS SECTION OUTPUT Profile #500-YEAR 
*************************************************************************************** ******** 
* E.G. Elev (ft) * 2046.41 * Element Left OB * channel . Right OB * 
* Vel Head (ft) 1. 63 * Wt. n-Val. 0.100 0.025 0.100 
* w.s. Elev (ft) 2044.78 Reach Len. (ft) 100.44 106 . 55 115 . 05 
* Crit W. S. (ft) * 2044. 78 * Flow Area (sq ft) 23 . 55 138. 85 20.54 . E.G. Slope (ft / ft) *0 .005967 Area (s~ ft ) 705 . 52 138. 85 481.14 
* Q Total (cfs) 1550 . 00 Flow ( c s) 55 . 07 * 1461. 37 33.56 . ~~~ *~~~~ (ft) 669.97 * Top Widt h (ft) 358 . 22 39.94 271. 81 

(ft / s) 8.47 * Avg . ve l . (ft/ s) 2.34 10.52 1. 63 
• Max Chl Dpth (ft) 4.40 . Hydr . Depth (ft) 2.92 3 . 48 1.71 . Conv . Total (cfs) 20066.0 Conv . (cfs) 713.0 . 18918.5 434.5 

Length Wtd. (ft) 106.53 wetted Per . (ft) 8.10 40 . 00 12.10 
* Min Ch El (ft) 2040.99 * shear (lb / sq ft) 1.08 1. 29 0.63 
* Alpha 1.46 . Stream Power ( lb / ft s) 2 . 53 13 . 61 1. 03 
* Frctn Loss (ft) 0. 50 * Cum Vo lume (acre - ft) 2 . 88 1. 03 1. 58 
* C & E Loss (ft) 0.53 Cum SA (acres) 2.39 0.44 1. 28 
*********************************************************************************************** 

warning: 

warning: 
warning : 
the 

The 
for 
The 
The 

energy equation could not be balanced within the specified number of iterations . The program used critical depth 
the water s urface and continu ed on wi th the calculations . 
velocity head has changed by more than 0 . 5 ft (0 . 15 m) . This may indicate the need for additional cross sec t ions . 
energy loss was greater than 1.0 ft (0 . 3 m). between the current and previous cross section . This may indicate 

need for additional cross sections . 
Warning: Ouring the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a va lid subcritical answer. The 
program 

defaulted to critical depth. 
Note: 
used. 

Multiple critical depths were found at this location . The critical depth with the lowest, valid, wate r surface was 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 . 269 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E.G . Elev (ft) 2045 . 00 * Element Left OB * Channel * Right OB * 
* Vel Head (ft) 0. 56 * Wt. n-val. 0.100 0.036 
* w.s . Elev (ft) • 2044.44 * Reach Len. (ft) 15.00 15.00 15 . 00 
* Crit w.s. (ft) * 2043 . 11 . Flow Area (sq ft) 2.85 257.63 
• E. G. slope (ft/ft) *0. 003761 * Area (s~ ft) 11.05 258.83 56.54 
• Q Total (cfs) 1550.00 Flow (c s) 2.37 1547 . 63 . ~~~ *~~~~ (ft) 218 . 63 * Top wi dth (ft) 20 . 29 71 . 41 126 . 93 

(ft / s) 5.95 * Avg. vel. (ft/s) 0 . 83 6.01 
* Max Chl Dpth (ft) 4 . 90 Hydr . Depth (ft ) 0 . 87 3. 71 
* conv. Total (cfs) • 25274 . 4 * Conv . (cfs) 38 . 6 • 25235.8 
• Length Wtd. (ft) 15 . 00 • wetted Per. (ft) 3. 27 70.47 
* Min ch El (ft) • 2039 . 54 * Shear ( lb / sq ft) 0. 20 0.86 
* Alpha 1. 02 Stream Power (lb / ft s) . 0.17 5 .16 
* Frctn Loss (ft) 0.11 * Cum Volume (acre-ft) 2.06 0 . 54 0.87 
* c & E Loss (ft) 0 .24 * cum SA (acres) 1. 95 0. 31 0.76 
****************************************** ***************************************************** 
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warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections . 
Warning : The conveyance ratio (u pstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location . The critical depth with the lowest, valid, energy was used. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #1 RS : 0. 260 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G. Elev (ft) * 2043 . 20 * Element Left DB * Channel * Right DB • 

Vel Head (ft) 1. 29 Wt. n-va 1 . 0. 036 
• W.S. Elev (ft ) • 2041.91 • Reach Len . (ft) 104 . 19 148 . 26 138.32 
* Crit W.S. (ft) • 2041.91 • Flow Area (sq ft) 170.22 
• E. G. slope ( ft / ft) *0.014116 • Area (sq ft ) 170 . 22 
• Q Total ( cfs ) • 1550 . 00 Flow ( cfs ) • 1550.00 

10 . 78 

• Top width (ft) 109.05 • Top Wi dth (ft) 66.10 
vel Total (ft / s) 9 . 11 • AVg. vel. (ft/ s) 9.11 

42.95 

* Max Chl Dpth (ft) 3.69 * Hydr . Depth (ft) 2 . 58 
• Conv. Total (cfs) • 13045.9 • Conv. (cfs) * 13045.9 
* Length Wtd. (ft) 130.79 * Wetted Per. (ft) 67 . 28 
* Min Ch El (ft) • 2038. 22 * Shea r (1 b/ sq ft) 2. 23 
* Alpha 1 . 00 * Stream Power ( lb/ ft s) * 20.30 

Frctn Loss (ft ) * 1.91 • Cum volume (acre-ft) 2.06 0.34 0 .85 
c & E Loss (ft) 0.44 cum SA (acres) 1.95 0 . 24 0 . 73 

*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The prog ram used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning : 
Warning: 
the 

Divided flow computed for this cross-section. 
The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional cross sections. 
The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indicate 

need for addit i onal cross sections . 
Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 
Multiple critical depths were found at this location . The critical depth with the lowest, valid , energy was used. Note : 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0.232 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E.G . Elev (ft) • 2039 . 38 *Element Left DB • Channel * Right DB * 
*ve l Head (ft) 0.41 * Wt. n-val. 0.035 0.036 0.069 

w.s. Elev (ft) • 2038.97 • Reach Len . (ft) 119 . 47 184.63 176 . 91 
* crit w.s. (ft) Flow Area (sq ft) 201.69 7.50 115 . 70 

E.G. Slope (ft / ft) *0.015107 • AF
1
r

0
ewa ((scqsf)t) 201.69 7.50 115.70 

• Q Total (cfs) * 1550.00 f 1140 .81 19 . 08 390 . 11 
* Top Width (ft) 280.02 • Top width (ft) 178 .62 21.09 80.31 

Vel Total (ft / s) 4.77 Avg. Vel. (ft/s) 5.66 2 . 54 3.37 
* Max Chl Dpth (ft) 2. 08 * Hydr. Depth (ft) 1.13 0. 36 1. 44 
* Conv. Total (cfs) • 12610.7 * Conv . (cfs) 9281.6 155.2 3173.9 
* Length Wtd. (ft) 133.28 • Wetted Per. (ft) 178.72 21.16 80.47 
• Minch El (ft) • 2038.51 • shea r (lb / sq ft) 1.06 0.33 1.36 

Alpha 1.16 *Stream Power (lb / ft s) 6.02 0.85 4 . 57 
Frctn Loss (ft) 1.76 * Cum Volume (acre-ft) 1 . 81 0.03 0.65 

* C & E Loss (ft) 0.04 • Cum SA (acres) 1.73 0.09 0.53 
*********************************************************************************************** 

warning: Divided flow computed for this cross-section. 
warning: The energy loss was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #1 RS: 0 . 197 

CROSS SECTION OUTPUT Profile #500-YEAR 
** **** ** *************************************************************************************** 
* E.G. El ev (ft) • 2037.58 * Element Left DB 0 channel 0 Right OB * 
* vel Head (ft) 0.27 * Wt. n-val . 0 . 035 0.036 0 . 069 

W.S. El ev (ft) • 2037 . 31 * Reach Len. (ft) 154 .52 100 . 94 84 . 28 
* Crit w.s. (ft) * Flow Area (sq ft) 273.36 5.43 121. 58 

E. G. slope (ft / ft) *0.011701 • Area (sjl ft) 273.36 5.43 121.58 
* Q Total (cfs) 1550.00 Flow (c s) • 1218 .21 12.65 319 . 14 
* To~ width (ft) 401.69 * Top Wi dth (ft) 285.90 14.36 101.43 

Ve Tot a 1 (ft / s) 3.87 * Avg. Vel. (ft / s) 4 . 46 2.33 2.62 
* Max chl Dpth (ft) 1. 60 * Hydr. Depth (ft) 0 . 96 0.38 1.20 
* Conv. Tot a 1 (cfs) • 14329.1 * conv . (cfs) 11261.9 116 . 9 2950.3 
• Length Wtd. (ft) 145.13 • Wetted Per. (ft) 285.95 14.44 101.64 

Min Ch El (ft) • 2036.74 * Shear (lb / sq ft) 0 . 70 0.27 0 . 87 
* Alpha 1.14 * Stream Power (lb/ft s) . 3.11 0.64 2.29 
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• Frctn Loss (ft ) 1.26 • Cu m volume (ac re -ft) • 1.16 0.01 0.17 
* C & E Loss (ft) 0.01 * Cum SA (acres) * 1.09 0.02 0.17 
*********************************************************************************************** 

Warning: Divided flow computed for this cross-section . 
warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #1 RS: 0 .178 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
*E .G . Elev (ft) * 2036.30 * Element 
* Vel Head (ft) 0.22 * Wt. n- Val. 
• W.S. Elev ( ft ) 2036 . 09 * Reach Len. (ft) 
* crit w.s. ( ft) * 2035.76 * Flow Area (sq ft) 
* E.G . Slope (ft / ft) *0 .006710 * Area (sq ft) 
• Q Total (cfs) • 1550.00 • Flow (cfs ) 
• Top width (ft) 400 .61 • Top Wi dth (ft) 

vel Total ( ft / s) 3.53 * Avg. vel. (ft/s) 
Max chl Dpth (ft) * 1.54 * Hydr . Depth (ft) 

* Conv. Total (cfs ) * 18921.8 Conv . (cfs) 
* Length Wtd. (ft) Wetted Per . (ft) 

MinCh El ( ft) 2036.70 Shear (lb/sq ft) 
* Alpha 1.12 Stream Power (lb/ft s) 
* Frctn Loss (ft) * Cum Volume (acre-ft) 

Left OB * 
0.035 

382 . 60 
382.60 

• 1464 . 19 
331 . 28 

3.83 
1.15 

• 17874.2 
331.44 

0.48 
1. 85 * 

Channel * Right OB • 
0 . 069 

* 

56.07 
56.07 
85 . 81 
69.33 
1. 53 
0.81 

1047.5 
69.40 

0. 34 
0 . 52 

:*;*~* ; * ~~;; *~!;~ *********** ********:*;~~*~!*£:~~;;~ ****** ** ******** **** *********************** 
warning: Divided flow computed for this cross-section. 
Warning: There is no flow in the channel. Check that the channel stations are correctly coded. To force flow into the channe l, 
a 

levee or ineffective flow may have to be added or the Manning ' s n of the overbank could be increased . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #3 RS: 1. 902 

CROSS SECTION OUTPUT Profile #500-YEAR 
******************************************** ******************* ******* * ************************ 
* E. G. El ev (ft) • 2186. 76 • Element Left OB • Channe 1 * Right OB • 
* Vel Head (ft) 0.96 * Wt. n-val . 0.057 0 . 033 0.057 
• w.s . Elev (ft) • 2185 . 80 • Reach Len. (ft) 364.59 385 .8 3 386 . 41 
* Crit W.S. (ft) 2185.80 Flow Area (sq ft) 22 . 59 81.21 2.28 

E. G. slope (ft / ft) *0.008981 Area (sq ft ) 22.59 81 . 21 2 . 28 
Q Total (cfs) 696 . 00 Flow (cfs) 33.84 657.70 4 . 46 

* Top width (ft) 80 . 62 • Top width (ft) 47.83 29 . 99 2. 81 
* Vel Total (ft / s) 6 .5 6 * Avg . vel. (ft / s) 1.50 8.10 1.95 
*Max chl Dpth (ft) 4 . 22 * Hydr. Depth (ft) 0 . 47 2 . 71 0.81 
* Conv. Total (cfs) 7344 .1 * Conv. (cfs) 357.1 6940 . 0 47.1 
* Length Wtd. (ft) 384.82 *Wetted Per. (ft) 47.84 31.06 3.25 
• Min Ch El (ft) • 2181.58 * Shea r (lb / sq ft) 0.26 1.47 0 . 39 
* Alpha 1.44 * Stream Power (lb / ft s) • 0 . 40 11.87 0 . 77 
* Frctn Loss (ft) 2.73 * cum Volume (acre-ft) 1 . 85 4.70 1.32 
* C & E LOSS (ft) 0 . 11 * Cum SA (acres) 3.01 2.11 2 . 13 
**** *************** ***** ***** ****************************** **************** *********** ********* 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1 . 829 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G . Elev (ft) 
* Vel Head (ft) 
* w.s. Elev (ft) 
• crit w.s. (ft) 
* E. G. slope (ft / ft) 
• Q Total (cfs) 
* Top width (ft) 

Ve 1 Tot a 1 (ft/s) 
* Max chl Dpth (ft) 
• conv. Total (cfs) 

Length Wtd. (ft) 
Min Ch El (ft) 

• Alpha 

2180 .12 
0.61 

* 2179.51 
• 2179 . 51 
•a. oo5729 

696.00 
154.28 

4 . 09 
4 . 32 

9195 . 5 
273.38 

* 2175.19 
2.35 

* Element 
* Wt. n-Val . 
* Reach Len. (ft) 
* Flow Area (sq ft) 
* Area (sq ft) 

Flow (cfs) 
* Top width (ft) 
* Avg. Vel . (ft/s) 

Hydr . Depth (ft) 
• Conv . (cfs) 
* Wetted Per. (ft) 
* Shear ( lb / sq ft) 
* Stream Power (lb/ft s) • 

Page 

Left OB * 
0.057 

292.74 
27.22 
27.22 
35.62 
so. 36 
1.31 
0. 54 

470 . 6 
so . 38 

0 . 19 
0 . 25 

34 

Channel 
0 . 033 

275.99 
78.02 
78.02 

547.34 
25.42 

7 . 02 
3.07 

72 31.4 
26.42 
1.06 
7 . 41 

* Right OB * 
0.057 

239.47 
65.04 
65 . 04 

113 . 05 
78.51 
1. 74 
0.83 

1493 . 6 
78.67 
0. 30 
0 . 51 
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• Frctn Loss (ft) 1.54 • cum Volume (acre-ft) • 1.64 3 . 99 1.02 
• c & E Loss (ft ) 0 . 01 • cum SA (acres) 2.60 1 . 86 1 .77 
******************************************** ************* *********** *************************** 

warning : The energy equation could not be balanced within the specified number of iterations. The program used cri tical depth 
for the water surface and continued on with the calculations . 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. Th i s may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the cal culated 

water surface came back below critical depth. This ind i cates that there is not a valid subcritical answe r. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1 . 777 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E.G. Elev (ft ) * 2175 . 11 * Element Left OB * Channel * Right OB * 
* Vel Head (ft) 0.69 * Wt . n-val . 0 . 057 0.033 0 . 057 
* w.s. Elev (ft) • 2174 . 42 * Reach Len . (ft) 315 . 35 263 . 53 184 . 50 

Crit w. s. (ft) * 2174 . 42 Flow Area (sq ft) 53.91 75.96 34.15 
* E. G. Slope ( ft /ft) *0 . 00 5575 • Area (s q f t ) 53.91 75. 96 34 . 15 
* Q Total (cfs) * 696 . 00 * Flow (cts ) 91.01 560.66 44 . 33 
* Top Width (ft ) 150.30 Top Width (ft) 66.55 21.05 62 .70 

vel Total (ft / s) 4 . 24 * Avg . vel . (ft / s) 1.69 7.38 1.30 
* Max chl Dpth (ft) 4.93 * Hydr . Depth (ft) 0.81 3.61 0.54 
* Conv . Total (cfs) 9321.4 conv. (cfs) 1218 . 9 7508.9 593.7 
* Length Wtd . (ft) 256 . 54 • Wetted Per. (ft) 66.74 23.35 62 . 72 

Minch El (ft ) * 2169 . 49 * shear (lb/ sq ft) 0 . 28 1.13 0 . 19 
• Alpha 2.46 * Stream Power (lb / ft s) * 0.47 8.36 0.25 
* Frctn Loss (ft) 1 . 71 * Cum Volume (acre-ft) 1.37 3.50 0 . 75 

c & E Loss (ft) 0 . 02 * cum SA (acres) 2.21 1.71 1.38 
*** ******************** ** ********************* ********** **** ******* ************* ******* *** ***** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1. 0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations , when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #3 RS: 1.727 

CROSS SECTION OUTPUT Profile #500-YEAR 
** *********************** **************************************** *** ** ******************** ***** 
* E.G. Elev (ft) 2170 . 22 Element Left 08 * Channel * Right OB * 
• Vel Head (ft) 0.91 • Wt. n-Val. 0.057 0.033 0.057 
• w. s . Elev (ft) * 2169 . 32 * Reach Len. (ft ) 133.01 172.54 197.32 
* Crit W. S. (ft) • 2169.32 * Flow Area (sq ft) 6.62 62.80 55.32 
* E.G. Slope (ft / ft) *0.008068 * Area (sq ft) 6 . 62 62.80 55.32 
• Q Total (cfs) 696 . 00 * Flow (cfs ) 11 . 62 538.35 146 . 03 
* Top width (ft) 75.92 * Top Width (ft) * 10.03 19 . 72 46 . 17 
* Vel Total (ft / s) 5.58 Avg. Vel. (ft / s) * 1.76 8 . 57 2 . 64 
* Max chl Dpth (ft ) 3 . 91 Hydr . Depth (ft ) 0.66 3 . 18 1 . 20 
* Conv. Total (cfs) 7748.7 * Conv . (cfs) 129.4 5993.5 1625 . 7 
* Length Wtd. (ft) 172.88 * wetted Per. (ft ) 10 . 20 20 . 35 46 . 23 

Min ch El (ft) 2165.41 * Shear (lb / sq ft) 0.33 1.55 0.60 
* Alpha 1 . 87 *Stream Power (lb / ft s) • 0.57 13 . 32 1.59 
• Frctn Loss (ft) 1 . 30 * Cum volume (acre-ft) 1.15 3.08 0.56 
• C & E Loss (ft) 0 . 02 • Cum SA (acres) 1.93 1.59 1.15 
******~********~**~*~~*** * ****************************************** ************ * ************** 

Warning : The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1.694 

CROSS SECTION OUTPUT Profile #500-YEAR 

* E. G. Elev (ft) 
• Vel Head (ft) 
* w.s . Elev (ft) 

• 2167 . 87 
0 . 85 

• 2167 . 02 

~ Element 
* Wt. n-val. 
* Reach Len . (ft) 

Left 08 • 
0 . 057 

161 . 82 
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• Crit w.s . (ft) • 2167.02 • Flow Area (sq ft) * 45.54 62.51 29 . 07 
• E.G . slope ( ft / ft) *0.006981 • Area (sq ft) 45.54 62 .51 29.07 
* Q Total (cfs) 696.00 Flow (cfs) 107 . 18 526 . 43 62 .3 9 
• Top width ( ft) 86.47 • Top wi dth (ft) 40.26 16.55 29.66 

vel Total ( ft / s) 5.08 * Avg. vel. (ft / s) 2 . 35 8.42 2.15 
Max Chl Dpth (ft) 4 . 99 ° Hydr . Depth (ft) 1.13 3. 78 0 . 98 

* Conv. Total (cfs) 8329.9 * Conv . (cfs) 1282.8 6300.4 746.7 
* Length Wtd. (ft) 229 . 50 * Wetted Per . (ft) 40 .55 18.66 29.71 

Min Ch El (ft) • 2162 . 03 * Shea r (l b/ sq ft) 0. 49 1. 46 0. 43 
* Alpha 2 .13 • Stream Power (l b/ ft s) • 1.15 12. 29 0. 92 
• Frctn Loss (ft) 1 . 65 * Cum Volume (acre-ft) 1.07 2.84 0.37 
* C & E Los s (ft) 0. 02 • cum SA (acres) 1. 85 1. 52 0. 98 
*********************************************************************************************** 

warning : The energy equation coul d not be ba lanced within the specified nu mber of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1. 0 ft (0.3 m). between the current and previous cross section . This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : REACH #3 RS : 1. 649 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
• E.G. El ev (ft) • 2163.81 * Element Left OB • channel • Right OB * 
* Vel Head (ft) 1.04 '' wt. n-val. 0.057 0.033 0.057 
• w.s. Elev (ft) • 2162.77 * Reach Len . (ft) 215 . 90 176 . 24 135 .84 
• Crit w. s . (ft) • 2162.77 • Flow Area (sq ft) 37.26 67 . 51 9.32 

E.G. slope (ft / ft ) *0 .007411 * Area (sq ft) 37.26 67.51 9 . 32 
• Q Total (cfs) 696.00 • Flow (cfs) 75.75 595.16 25 .09 

Top Width (ft) 69.07 • Top Wi dth (ft) 43 . 08 19.53 6.46 
• vel Total (ft / s) 6 . 10 • Avg. vel. (ft/ s) 2.03 8.82 2.69 
* Max Chl Dpth (ft) 3.93 * Hydr . Depth (ft) 0.86 3.46 1 . 44 

Conv. Total (cfs) 8084.6 * Conv . (cfs ) 879.9 6913.3 291.5 
* Length Wtd. (ft) 182.06 *Wetted Per. (ft) 43.21 19.68 7.09 
*Min Ch El (ft) 2158.84 * Shear (lb / sq ft) 0.40 1.59 0.61 
* Alpha 1.80 * Stream Power (lb/ft s) 0.81 13.99 1.64 
* Frctn Loss (ft) 1.60 * Cum Vo lume (acre-ft) 0.92 2.48 0.25 
• c & E Loss (ft ) 0.05 • cum SA (ac res) 1.70 1.42 0 . 87 
*********************************************************************************************** 

Warning: The energy equation could not be ba lanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step ite rations, when the assumed water surface was set equal to c r itical depth , the calculated 

water surface came back below critical depth. This indicates that there is not a vali d subcritical answer. The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1. 616 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 

E.G. El ev (ft) * 2160.08 * Element Left OB • Channel * Right OB * 
*Ve l Head (ft ) 0.88 * Wt. n-val. 0 . 057 0.033 0.057 
* W. S. Elev (ft) • 2159.20 * Reach Len . (ft) 256.40 311.15 305 . 11 
* Crit W.S. (ft) * 2159.20 • Flow Area (sq ft) 48 .2 5 64.76 0.77 
* E. G. slope (ft / ft ) *0.010612 * Area (sq ft) 48.25 64.76 0 . 77 

Q Total (cfs) 696.00 Flow (cfs) 154.47 541 .19 0.33 
* Top Width (ft) 74.28 * Top Width (ft) 36.65 25.68 11 . 95 

vel Total (ft / s) 6.12 • Avg. Vel. (ft / s) 3.20 8 . 36 0 . 43 
*Max Chl Dpth (ft) 3.37 Hydr . Depth (ft) 1 . 32 2 . 52 0.06 
* Conv . Total (cfs) 6756 . 4 Conv . (cfs) 1499 . 6 5253.6 3.2 * 
• Length Wtd. (ft) 302.23 • wetted Per. (ft) 37 . 07 26.78 11.96 

Min Ch El (ft) • 2155 . 83 * Shear (lb/ sq ft) 0 . 86 1.60 0.04 
Alpha 1.51 • stream Power (lb / ft s) 2.76 13.39 0 . 02 

* Frctn Loss (ft) 2.75 * Cum Vo lume (acre-ft) 0.71 2.21 0.24 
* c & E Loss (ft) 0.02 • cum SA (acres) 1.50 1.33 0.84 
*********************************************************************************************** 

Warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

warning : The energy los s was greater than 1 . 0 ft (0.3 m). between the current and previou s cross section . This may indicate 
the 

need for additional cross sections. 
Warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 
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RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1.557 

CROSS SECTION OUTPUT Profile #500-YEAR 
***************************************************** ****************************************** 
* E.G . Elev (ft) * 2155 . 78 * Element Left OB * Channel * Right OB • 
* vel Head (ft) 1.11 • Wt. n-Val . 0.057 0 . 033 0 . 057 
• w. s . Elev ( ft) • 2154.67 • Reach Len. (ft) 269.73 286.67 291.54 
* Crit w.s . ( ft ) * 2154.67 * Flow Area (sq ft) 33.48 69 . 50 2 . 26 
• E.G. Slope (ft/ ft ) *0 . 007873 • Area (sq ft ) 33.48 69 . 50 2 .26 
* Q Total (cfs) 696.00 * Flow (cfs ) * 71.72 620.17 4.12 
• Top width (ft) 60.33 • Top Width (ft) 37.40 20.12 2 . 81 
*ve l Total (ft / s) 6.61 * Avg. Vel. (ft / s) 2.14 8.92 1.82 
* Max Chl Opth (ft) 3.95 ° Hydr . Depth (ft) 0.90 3.45 0 . 80 

conv . Total (cfs ) 7844.0 * Conv . (cfs) 808.3 6989.3 46 . 4 
* Length Wtd. (ft) 285 . 78 • Wetted Per . (ft) 37.57 20 . 82 3 . 24 

Min ch El (ft) • 2150.72 * Shear (lb / sq ft) 0.44 1 . 64 0 . 34 
* Alpha 1.63 * Stream Power (lb / ft s) * 0.94 14 . 64 0 . 62 
• Frctn Loss (ft) 2.65 • Cum volume (acre-ft) 0.47 1.73 0 . 23 
* c & E Loss (ft) 0.07 * Cum SA (acres) 1.28 1.16 0 . 79 
************ ** ******************************************** ** ********** ************************* 

Warning: The energy equation could not be balanced wit hin the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the cal culated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcri tical answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS: 1.502 

CROSS SECTION OUTPUT Profile #500-YEAR 
******** **** ************* ********************** **** ************** ************ ****************** 
* E.G. Elev (ft) * 2150.70 * Element Left OB * Channel * Right DB 

vel Head (ft) 0.86 • Wt. n-val. 0.057 0.033 0 . 057 
w. s . Elev (ft) * 2149.84 * Reach Len. (ft) 220 . 80 190.84 144 .65 
Crit w.s . (ft) 2149.84 • Flow Area (sq ft) 4.15 90 . 41 6 . 55 

* E.G. Slope (ft / ft) *0.011086 • Area (sq ft) 4.15 90.41 6 . 55 
* Q Total (cfs) 696.00 Flow (cfs) 5.56 681.15 9.29 
* Top Width (ft) 74.37 * Top Width (ft) 12.11 44.64 17 .62 

vel Total (ft / s) 6 . 88 • AVg. Vel . (ft/ s) 1.34 7 . 53 1.42 
* Max Chl Dpth (ft) 3 . 39 * Hydr. Depth (ft) 0.34 2.03 0 . 37 
• Conv. Total (cfs) 6610.3 • Conv. (cfs ) 52.8 6469.3 88 . 2 

Length wtd. (ft) 189.48 • Wetted Per. (ft) 12 .19 45.13 17. 64 
*Min Ch El (ft) • 2146.45 • shear (lb / sq ft) 0.24 1.39 0 . 26 

Alpha 1.17 • Stream Power ( lb/ft s) * 0.32 10.44 0 . 36 
* Frctn Loss (ft) 0.12 * Cum Volume (acre-ft) 0 . 35 1.21 0 . 20 
* c & E Loss (ft) 0.41 * cum SA (acres) 1.13 0 . 95 0. 72 
********** *************** ********************* *** ******** ****** *** ***************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning: 
Warning: 

The velocity head has changed by more than 0.5 ft (0 . 15 m) . This may indicate the need for additional cross sections. 
The conveyance ratio (upstream conveyance divided by downstream conveyance ) is less than 0.7 or greater than 1 . 4 . 

Warning: 
This may indicate the need for additional cross sections. 

During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : REACH #3 RS: 1.466 

CROSS SECTION OUTPUT Profile #500-YEAR 
************** ******************* ********************************** ************** *********** *** 
* E.G. Elev (ft) * 2149.87 * Element Left OB * channel * Right DB * 
* vel Head (ft) 0.05 * Wt. n-Val. 0.057 0.033 0.057 
* w.s. Elev (ft) * 2149.82 * Reach Len . (ft) 105.42 102 . 76 118 . 28 
* crit w.s. (ft) • 2145.86 * Flow Area (sq ft) 134.03 280 .15 112.57 

E. G. slope (ft / ft) *0.000196 * Area (sq ft) 134 . 03 280.15 112. 57 
* Q Total (cfs) 696.00 . Flow (cfs) 57.49 566 .03 72.48 
• Top width (ft) 200.83 * Top Width (ft) 105 . 00 48.04 47.79 
• vel Total (ft / s) 1. 32 Avg. Vel. (ft / s) 0.43 2.02 0.64 

Max chl Dpth (ft) 6.75 Hydr. Depth (ft) 1. 28 5.83 2.36 
* Conv. Total (cfs) • 49665 . 0 * Conv. (cfs) 4102.5 • 40390.8 5171.7 
• Length Wtd . (ft) 102.76 • wetted Per . (ft) 105 . 34 48.90 48.12 
* Min ch El (ft) * 2143.07 • Shear (1 b/ sq ft) 0 . 02 0.07 0.03 
• Alpha 1. 94 * stream Power (lb / ft s) 0.01 0.14 0.02 
* Frctn LOSS (ft) * Cum Vo lume (ac re - ft) 0.40 

c & E Loss (ft) * • Cum SA (acres) 0.83 0 . 75 0.61 
**** **** ********** ******** *** *********** ************** ****** ******* *** ************* ********* *** 

CROSS SECTION 
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REACH: REACH #3 RS: 1. 44 7 

CROSS SECTION OUTPUT Profile #500-YEAR 
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******************************************************* *************** ************************* 
* E.G. El ev (ft) 2144 . 06 Element Left OB channe 1 * Right 08 * 
* vel Head (ft) 0 . 69 * Wt . n-val . 0.057 0 . 033 0. 057 
* w.s. Elev ( ft) * 2143 . 37 * Reach Len . (ft ) 254.74 257 . 87 260.66 
• Crit W.S . ( ft ) • 2143 . 37 • Flow Area (sq ft) 50.89 84 . 69 0.86 
* E.G . slope (ft / ft ) *0 . 008302 * Area (sq ft ) 50.89 84.69 0.86 
• Q Total (cfs) 696.00 • Flow (cfs ) 92.71 602.74 0.55 
* Top Width ( ft) 115 . 07 * Top Width (ft) 75.62 32 . 92 6 . 54 
* Vel Total ( ft / s) 5 . 10 • Avg. Vel. (ft / s) 1.82 7.12 0 . 64 
* Max Chl Opth (ft ) 5 .79 * Hydr . Depth (ft) 0.67 2 . 57 0.13 
* Conv . Total (cfs ) 7638.8 Conv . (cfs) 1017 . 5 6615 . 2 6 .1 
* Length Wtd . (ft) 258 . 05 Wett ed Per. (ft) 75.78 37.06 6.60 
• Min Ch El (ft) • 2137.58 • Shear (lb / sq ft) 0.35 1 .18 0 . 07 
• Alpha 1.70 * Stream Power (lb / ft s) * 0.63 8 . 43 0.04 
• Frctn Loss ( ft ) 1.94 Cum Volume (acre-ft) 0.27 1 . 02 0 . 57 
* c & E Loss (ft) 0.02 cum SA (acres) 0 . 61 0.65 0 . 54 
*********************************************************** *********** ************************* 

warning: 

warning: 
warning: 
the 

The energy equation could not be balanced within the specified number of iterations . The program used crit i ca l depth 
for t he water surface and continu ed on with the ca l culations . 
Di vided flow computed for this cross-section. 
The energy loss was greater than 1 .0 ft ( 0 . 3 m). between the current and pr e vi o u s c ross s e c ti o n . Thi s may ind ica te 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the cal culated 

water surface came back below critical dept h . This indicates that there is not a valid subcritical a nswer. The 
prog ram 

defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: REACH #3 RS : 1 . 398 

CROSS SECTION OUTPUT Profile #500-YEAR 
********************************************************************** ***************** ******** 
0 E.G. Elev (ft) 2138 . 53 * Element Left 08 * Channel 0 Right 08 ° 
• Ve l Head (ft) 0 . 66 Wt . n- Val. 0.062 0.033 0 . 057 
• W.S. Elev (ft) 2137.87 Reach Len . (ft) 269 . 98 276.25 268.52 
• Crit W.S. (ft) • 2137.87 * Flow Area (sq ft) 18.52 60.00 90 . 59 
• E.G. slope (ft / ft ) *0 . 006829 • Area (sq ft) 18.52 60 . 00 90 . 59 
* Q Total (cfs) 696.00 • Flow (cfs) 16.33 466.52 213.15 
• Top width (ft ) 160 . 49 • Top Width (ft) 62.31 18 . 87 79 . 31 
• Vel Total (ft / s) 4.12 • Avg. Vel. (ft / s) 0 . 88 7 . 78 2.35 
* Max Chl Dpth (ft) 4.17 Hydr . Depth (ft) 0.30 3.18 1.14 

Conv. Total (cfs) 8422.6 * Conv . (cfs) 197.6 5645 . 6 2579.4 
'' Length Wtd. (ft) 274 . 92 Wetted Per. (ft ) 62 . 34 19.86 79.36 
• MinCh El (ft) 2133.70 Shea r (lb / sq ft) 0.13 1.29 0 . 49 
* Alpha 2 . 49 * Stream Power (lb/ ft s) * 0.11 10 . 01 1.14 
* Frctn Loss (ft) 2 . 77 Cum Vo l ume (acre-ft) 0.07 0 . 59 0.29 
* C & E Loss (ft) 0 . 06 * Cum SA (acres) 0.21 0 . 50 0.28 
********************************************************************** ******** ***************** 

Warning: The energy equation could not be balanced within the specified number of i terations . The program used critical depth 
for the water surface and continued on with the calcu l ations. 

warni ng: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4 . 
This may indicate the need for additional cross sections. 

War ning: The energy loss was greater t han 1 . 0 ft (0 . 3 m). between t he current and previous cross section . This may indicate 
the 

need for additional cross sections . 
Warning: During the standard step iterations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defa ul ted to critical dept h . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: REACH #3 RS: 1.346 

CROSS SECTION OUTPUT Profile #500-YEAR 
**** **************************************************************** *************************** 
• E.G. Elev (ft) 2127 . 32 Element 
• vel Head (ft) 0.44 * Wt. n-val . 
• W.S. El ev (ft ) • 2126 . 88 • Reach Le n. (ft) 
* Crit W. S . (ft ) • 2126 . 88 • Fl ow Area (sq ft) 
• E . G. Slope (ft / ft) *0 . 016361 • Area (sq ft) 
• Q Total (cfs) 696 . 00 Flow (cfs) 
0 Top Width (ft) 156.48 ° Top Width (ft) 
• Vel Total (ft / s) 5 . 20 Avg. vel. (ft/ s) 

Max chl Dpth (ft) 1.11 * Hydr. Depth (ft) 
• Co nv. Tota l (cfs) 5441.3 • Conv . (cfs) 
* Length Wtd. (ft) Wetted Per. (ft) 
• Min Ch El (ft) * 2125 . 77 Shea r (lb / sq ft) 
• Alp ha 1.06 • Stream Power (lb / ft s) * 
• Frctn Loss (ft) • Cum Volume (acre-ft) 
° C & E LOSS (ft) Cum SA (acres) 

Left 08 • 
0.057 

2.78 
2 . 78 
5 . 69 
5 . 67 
2.05 
0.49 
44 . 5 
5.75 
0.49 
1.01 

Channel * Right 08 • 
0.033 0 . 057 

126.04 
126.04 
681.00 
138.70 

5.40 
0.91 

5324.1 
138 . 71 

0 . 93 
5 . 01 

5.02 
5 . 02 
9 . 30 

12.11 
1. 85 
0.41 
72.7 

12.14 
0.42 
0.78 

****** ******************* ** ******************** ************ *** ******** ******* ****************** 
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Warning : Slope too steep for slope area to converge during supercritical flow calculations (normal depth i s below crit i cal 
depth ) . 

Water surface set to critical dep t h. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0. 256 

CROSS SECTION OUTPUT Profile #500-YEAR 
******************************************** ********* ****************************************** 
* E. G. Elev (ft) * 2156.10 * Element Left OB • channel * Right OB * 
* Vel Head (ft) 0.66 • Wt . n- val. 0 . 030 0 . 057 

w. s . El ev (ft) * 215 5. 44 Reach Len. (ft ) 201. 37 201.18 200.68 
• crit w. s . (ft) • 2155.44 • Flow Area (sq ft) 82 . 94 3 . 44 
• E.G. slope (ft / ft ) *0.012542 * Area (sq ft ) 82 . 94 3. 44 
* Q Total (cfs) 551.00 * Flow (cfs ) 544 . 68 6.32 
• Top wi dth ( ft) 69 . 70 • Top width (ft) 62 . 88 6. 82 
* vel Total ( ft / s) 6.38 • Avg. vel. (ft/ s) 6 . 57 1.84 
* Max Chl Dpth (ft) 4 . 11 * Hydr. Depth (ft) 1.32 0 .5 0 
* Conv . Total (cfs ) 4920 .1 • Conv. (cfs) 4863 . 6 56 . 5 
* Length Wtd . (ft) 201.17 • wetted Per . (ft) 64 . 39 6.89 
* MinCh El ( ft) • 2151.33 * shea r (lb / sq ft) 1.01 0 . 39 
* Alpha 1.05 * Stream Power (lb / ft s) * 6.62 0 . 72 
* Frct n Loss ( ft ) 2.43 * Cum volume ( acre - ft) 0. 53 0. 0 2 

c & E Loss (ft ) 0.01 * Cum SA (acres) 0.11 1.78 0 . 16 
*************************** ******************************************************************** 

warning: The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 .0 ft (0.3 m). between the current and previous cross section. This may indi cate 
the 

need for additional cross sections . 
warning : During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: TRIBUTARY 1 RS : 0. 218 

CROSS SECTION OUTPUT Profile #500-YEAR 
***************************************************** ****************************************** 
* E. G. Elev (ft) * 2151.78 * Element Left OB * Channel 
* Ve 1 Head (ft ) 0 . 69 * Wt . n-va 1. 0. 030 

W.S. Elev (ft) 2151.10 * Reach Len. (ft) 43.05 43 . 12 
Crit W.S . (ft) 2151.10 Flow Area (sq ft) 81.37 

* E.G. slope (ft/ ft) *0. 011633 * Area (sq ft) 81. 37 
* Q Total (cfs) 551.00 Flow (cfs) 544.26 
* Top width (ft) 70.52 * Top Width (ft) 57.28 

vel Total (ft / s) 6. 37 • Avg. vel . (ft / s) 6.69 
• Max chl Dpth (ft) 1.84 * Hydr. Depth (ft) 1.42 

Conv . Total (cfs) 5108 . 6 * Conv. (cfs) 5046 .1 
* Length Wtd . (ft) 43.12 * Wett ed Per. (ft) 58.08 
* MinCh El (ft) * 2149.26 * Shear (lb / sq ft ) 1.02 
* Alpha 1.09 * Stream Power (lb / ft s) * 6.81 

Frctn Loss (ft) * Cum Volume (acre - ft) 0.15 

* Right OB * 
0 . 064 
43.30 

5 . 10 
5 . 10 
6.74 

13 . 24 
1. 32 
0. 38 
62 . 5 

13 . 27 
0 . 28 
0. 37 

* C & E Loss (ft) * Cum SA (acres) 0.11 1.51 0.11 * 
****************************** **************** ************************ ********** *************** 

Warning : During subcritical analysis , the water surface upstream of culvert went to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.209 

CROSS SECTION OUTPUT Profile #500-YEAR 
*************** **** ************ ********************** ******************** ***** **** ** *********** 

E.G . Elev (ft) * 2151.39 * Element Left OB * Channel • Right OB * 
• Vel Head (ft) 0.69 * Wt. n-val . 0 . 064 0.030 0 . 064 
* w. s. Elev (ft) • 2150.70 * Reach Len. (ft) 165.84 169 . 01 176 . 85 
* Crit w.s . (ft) • 2150.70 * Flow Area (sq ft) 7.57 77.56 8 . 22 

E.G. Slope (ft/ ft ) *0 . 010397 • Area (sq ft) 7.57 77.56 8.22 
* Q Total (cfs) 551.00 Flow (cfs ) 11.43 527 . 25 12 . 33 
* Top width (ft) 80 . 63 * Top width (ft) 14.75 49 . 60 * 16.28 

vel Total (ft / s) 5 . 90 • Avg. vel. (ft / s) 1.51 6.80 1.50 
*Max chl Dpth (ft) 1.81 • Hydr . Depth (ft) 0.51 1.56 * 0.51 
• conv . Total (cfs) 5403.8 * conv . (cfs) 112.1 5170 . 9 120.9 
* Length Wtd. (ft) 169.01 * Wetted Per. (ft) 14 . 88 49.66 16. 32 
• Minch El (ft) * 2148.89 shear (lb / sq ft) 0 . 33 1.01 0 . 33 

Alpha 1.27 * Stream Power (lb / ft s) * 0 . 50 6.89 0 . 49 
* Frctn Loss (ft) 1.86 • Cum Volume (acre-ft) 0 . 04 0.59 0 . 02 
• c & E Loss (ft) 0.00 * cum SA (acres) 0.11 1.45 0.10 
************** **************** ***************************************************************** 

warning : The energy equation cou l d not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

Warning : The energy loss was greater than 1. 0 ft (0 . 3 m) . between the current and previous cross section . This may indicate 
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need for addi tional cross sections. 
warning : During the s tandard step i terations , when the assumed water surface was set equal to cr itical depth , the cal culated 

water surface came back below cri t ical depth . This indicates that there is not a valid sub c rit i cal answer . The 
program 

defaulted to critical depth . 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS : 0 . 177 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** 

E.G. Elev (ft) • 2147.78 • Element Left DB * channel • Right DB • 
• vel Head (ft ) 0 . 70 • Wt . n- Val. 0 . 064 0.030 0 .057 
• w.s . Elev ( ft ) • 2147.08 • Reac h Len . (ft ) 97 . 07 98 . 08 101.23 
• Crit w.s. ( ft) • 2147. 08 • Flow Area (sq ft) 9.97 77. 87 0. 30 
• E.G . slope (ft / ft ) •o. 011639 • Area ( sq ft) 9. 97 77 . 87 0 . 30 
• Q Total (cfs ) 551.00 • Flow ( cfs ) 18 . 48 53 2 .27 0.2 5 
* Top Width (ft ) 69 . 65 ° Top Width ( f t) 15 . 60 52 . 33 1 .72 
• Vel Total Cft / s ) 6 . 25 • Avg . Vel . (ft/ s) 1.85 6 . 84 0 . 86 
* Max Chl Dpth (ft) 4 . 59 * Hydr . Depth (ft) 0 . 64 1.49 0 .17 
• Conv. Total (cfs) 5107 . 2 * Conv . (cfs) 171 . 3 4933.6 2 . 4 
• Length Wtd . (ft ) 98.06 • Wett ed Per. (ft ) 15 . 65 53.82 1. 75 
• Min ch El (ft ) • 2142 . 48 • shear ( 1 b/s q ft ) 0 . 46 1. OS 0 . 12 
• A 1 ph a 1.16 • Stream Power (1 b/ ft s) • 0. 86 • 7 . 19 0 . 11 • 
• Frctn Loss (ft ) 1.02 Cum volume (acre-ft) 0.01 0.29 0 . 00 

c & E Loss (ft ) 0.07 • cum SA (acres) 0.05 • 1.26 0.06 
********** ***** **************************************************************** **************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations . 

warning: The energy los s was greater than 1.0 ft (0 . 3 m) . between the current and previous cross section. Thi s may indicate 
the 

need for additional cross sections. 
warning: During the standard step i terations , when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer . The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH : TRIBUTARY 1 RS : 0.159 

CROSS SECTION OUTPUT Profile #500- YEAR 
*********************************************************************************************** 

E. G. Elev (ft) • 2145.29 • Element Left DB * Channel 
Vel Head (ft) 0.57 Wt. n-Val . 0 . 030 

• w. s. Elev (ft) 2144.72 Reach Len. (ft) 33.51 33.72 
* Crit w.s. (ft) • 2144.61 * Flow Area (sq ft) 90.86 

E.G . Slope (ft/ ft) *0 . 009341 * Area (sq ft) 90.86 
• Q Total (cfs) 551.00 Flow (cfs) 550 . 80 

Top width (ft) 64 . 29 • Top width (ft) 62 . 80 
vel Total Cft / s) 6.05 • Avg . vel. (ft/ s) 6.06 

* Max chl Opth (ft) 4 . 01 * Hydr. Depth (ft) 1.45 
* Conv . Total (cfs) 5701.0 • Conv. (cfs) 5699.0 
• Length wtd. (ft) 33 . 72 * wett ed Pe r . (ft ) 63 . 76 
• Minch El (ft) • 2140.71 * shea r Clb / sq ft) 0.83 
• Alpha 1.00 * Stream Power (lb/ ft s) * 5.04 

Frctn Loss (ft) • cum volume (acre-ft) 0.10 

Right DB 0 

0 . 057 
34 . 48 

0. 26 
0.26 
0.20 
1. 49 
0 . 77 
0 . 17 

2 . 1 
1. 52 
0 . 10 
0 . 08 

C & E Loss (ft) Cum SA (acres) 0.03 1.13 0.05 
********************************************************************************** ************* 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS : 0.152 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
0 E.G . Elev (ft ) 2144.50 * Element Left DB ° Channel * Right 08 * 
• Vel Head (ft ) 0 . 67 • Wt . n-val. 0.030 0 . 057 

w.s . Elev (ft) • 2143.83 * Reach Len . (ft) 45 . 98 40.80 21.30 
• Crit W.S. (ft) • 2143 . 83 • Flow Area (sq ft ) 83 . 65 0.65 

E. G. slope (ft / ft ) *0 . 012077 • Area (sq ft) 83.65 0 . 65 
* Q Total (cfs) 551.00 Flow (cfs) 550.18 0.82 
• Top width (ft) 64.37 • Top width (ft) 62.23 2.14 

vel Total (ft / s) 6.54 * Avg . Vel. (ft / s) 6.58 1.26 
• Max chl Dpth (ft) 3.42 * Hydr . Depth (ft) 1.34 0. 30 
• Conv. Total (cfs) 5013.8 * Conv . ( cfs) 5006 . 3 7 . 5 
* Length Wtd. (ft:) 40.70 • Wett ed Per . (ft) 62.98 2 . 22 
* MinCh El (ft) • 2140 . 41 • shea r (lb / sq ft) 1.00 0.22 

Alpha 1.01 * Stream Powe r (lb / ft s) * 6 . 59 0.28 
* Frctn Loss (ft) 0.49 * Cum Volume (ac r e-ft) 0.00 0 . 25 0.00 
• C & E Loss (ft) 0 . 01 • Cum SA (acres) 0.03 1 . 08 0 . 05 
***************************************************************************** ****************** 

Warning: 

warning: 

The energy equation could not be balanced within the specified number of iterations . The program used critical depth 
for the water surface and continued on with the calculations. 
During the standard step i terations , when the assumed water surface was set equal to critical depth, the calculated 
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program 
water surface came back below cri t ical depth . 

defaulted to critical depth. 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: TRIBUTARY 1 RS : 0 . 145 

CROSS SECTION OUTPUT Profile #500 -YEAR 

WKBl._SOOyr.rep 
This indicates that there is not a valid subcritical answe r. 

*********************************************************************************************** 
* E. G. Elev (ft) * 2143.93 * Eleme nt Left DB • Channel * Right DB * 
* vel Head (ft) 0.71 * wt. n-val. 0 . 030 * 0.057 

w. s. Elev (ft) * 2143 . 22 * Reach Len . (ft) 38.52 35.07 • 22 . 34 
crit w.s . ( ft) 2143.21 * Flow Area (sq ft) 80 . 25 2. 79 

* E. G. slope ( ft / ft ) *0 . 011805 * Area (sq ft ) 80 . 25 2.79 
* Q Total ( cfs) 551.00 Flow (cfs) 546.07 4.93 
* Top width ( ft ) 60.91 • Top width (ft) 55.32 5 . 59 

vel Total ( ft / s) 6.64 * Avg . vel. (ft/s) 6.80 1. 77 
Max Chl Opth ( ft) 3. 67 * Hydr . Depth ( ft) 1. 45 0 . 50 

• Conv . Tota 1 (cfs) 5071.4 * Conv . (cfs) 5026 . 0 45 . 4 
• Length Wtd. (ft) 35 . 02 * Wett ed Per. (ft) 56.44 5.67 
• Minch El ( ft ) * 2139.55 • shea r (lb / sq ft) 1. 05 0 . 36 
• Al pha 1.04 • stream Power (lb/ft s) • 7.13 0 . 64 
* Frctn Loss ( ft) 0 . 25 * cum Volume (acre - ft) 0.00 0 . 18 0.00 
* C & E Loss ( ft ) 0 .16 *Cum SA (ac res) 0 .0 3 1.02 0 . 05 
*********************************************************************************************** 

The 

warning: The conveyance ratio ( upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4 . 
This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS : 0 . 138 

CROSS SECTION OUTPUT Profile #500-YEAR 
****************************************** ***************************************************** 

E.G . El ev (ft) • 2143. 52 * Eleme nt Left DB * Channe 1 
vel Head (ft) 0.40 * Wt . n-Val . 0 . 064 0.030 

• w. s. El ev (ft) • 2143.12 * Reach Len. (ft) 32.04 32.07 
* crit w. s. (ft) • 2142.71 * Fl ow Area (sq ft) 5.51 107 . 23 
* E.G. slope (ft/ft) *0 . 004903 * Area (sq ft) 5.51 107.23 
• Q Total (cfs) 551.00 * Flow (cfs) 5.76 544.25 
• Top width (ft) 72.76 Top width (ft) 10.66 59 . 64 
* vel Total (ft / s) 4 . 84 * Avg. Vel. (ft / s) 1.04 5 . 08 

Max chl Dpth (ft) 4 . 03 * Hydr . Depth (ft) 0 . 52 1 . 80 
• Conv. Total (cfs) 7868.7 • Conv . (cfs) 82 . 2 7772 . 3 

Length Wtd. (ft) 32 . 07 • Wett ed Per. (ft) 10 . 71 60 . 57 
* Minch El (ft) • 2139 . 09 Shear (lb / sq ft) 0.16 0 . 54 
* Al pha 1.09 * Stream Power (lb/ft s) * 0.16 2.75 

Frctn LOSS (ft) * CUm Vo l ume (acre - ft) 0 . 10 

Right DB * 
0.057 
32 . 29 
1.01 
1.01 
0.99 
2.46 
0.98 
0 . 41 
14.1 
2.59 
0.12 
0.12 

• c & E Loss (ft) * Cum SA (acres) 0.03 0.98 0.05 
*************************** **** **************************************************************** 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0.132 

CROSS SECTION OUTPUT Profile #500-YEAR 
*********************************************************************************************** 
* E.G . El ev (ft) * 2142 . 88 * Eleme nt Left DB • channe 1 * Right DB • 
* Vel Head (ft) 0 . 70 * Wt . n-val . 0.064 0.030 0 . 057 
• w.s. Elev (ft) * 2142.17 ° Reach Len . (ft) 29 .34 29.46 29.92 
• crit w. s . (ft) * 2142 . 17 • Flow Area (sq ft) 2 . 69 80 . 51 • 1.95 
• E. G. slope (ft / ft ) •o. 011867 * Area (sq ft) 2. 69 80 . 51 • 1. 95 
• Q Total (cfs) 551.00 • Flow (cfs) 3 . 84 544.43 2.73 
*Top width (ft) 68.66 * Top Widt h (ft) 6.30 56.75 5.61 
*vel Total (ft / s) 6.47 • Avg . Vel. (ft / s) 1.43 6.76 1.40 
• Max chl Dpth (ft) 3.52 • Hydr . Depth ( ft) 0 . 43 1 . 42 0 . 35 

conv . Total (cfs ) 5058.1 Conv . (cfs) 35 . 2 4997.8 25 . 1 
Length Wtd. (ft) 29 . 46 * Wetted Per . ( ft) 6 . 36 57.39 5 . 66 

*MinCh El (ft) • 2138.65 * shea r (lb/sq ft) 0 . 31 1.04 0 . 26 
* Al pha 1.08 * Stream Power ( lb / ft s) 0 . 45 7.03 0.36 
* Frctn Loss (ft) 0.34 * Cum Vol ume (acre - ft) 0.00 0.21 0 . 01 

C & E Loss (ft) 0.01 * Cum SA (acres) 0 . 02 0.93 0.05 
*********************************************************************************************** 

war ning: The energy equation could not be balanc e d within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calcu l ations. 

Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 
water surface came back below critical depth . This indicates that there is not a valid subcritical answer . The 

program 
defaulted to critical depth . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.126 
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WKBL500yr . rep 

CROSS SECTION OUTPUT Profile #500- YEAR 
***************************** *************** *************************************************** 
* E.G. Elev (f~) 2142 . 19 * Elemen~ Left OB * Channel * Right OB * 
* vel Head (ft) 0 . 69 * Wt . n-val. 0.064 0 . 030 0.057 
* w.s. Elev (ft) • 2141.50 * Reach Len. (ft) 25 . 03 24.89 24 . 50 
* crit w. s . (ft) * 2141.50 * Flow Area (sq ft) 0.29 81.88 2 . 68 
* E.G. slope (ft / ft ) *0.011518 • Area (sq ft) 0.29 81.88 2.68 
* Q Total (cfs) 551.00 * Flow (cfs ) 0.18 547.18 3.64 
* Top Width ( ft) 67 . 52 * Top Width (ft) 2.36 57.25 7.92 
• Vel Total ( ft / s) 6.49 * Avg. Vel. Cft / s) 0.61 6.68 1.36 
• Max chl Dpth (ft) 3.64 • Hydr . Depth (ft) 0.12 1.43 0 . 34 
* Conv. Total (cfs ) 5134 . 0 • Conv . (cfs) 1. 7 5098.4 33.9 

Length Wtd. (ft) 24.87 • Wetted Per . (ft) 2.37 58 . 09 7.95 
* Minch El (ft) * 2137.86 Shea r (lb / sq ft) 0.09 * 1.01 0.24 
* Alpha 1 . 05 stream Power (lb / ft s) 0.05 * 6 . 77 0 . 33 

Frctn Loss (ft ) 0 . 14 * Cum Volume (acre-ft) 0 . 00 0.16 0 . 01 
* c & E Loss (ft ) 0 . 20 * Cum SA (acres) 0 . 02 0.90 0.04 
********** ********************************************************** **** *********************** 

warning : The energy equation could not be balanced within the specified number of iterations . The prog r am used cri tical depth 
for the water surface and continued on with the calculations . 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1 . 4. 

Warning : 
This may indicate the need for additional cross sections. 

During the standard step iterations, when the assumed water surface was set equal to critical depth, the calculated 
water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 

program 
de faulted to c ritical dep t h . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.122 

CROSS SECTION OUTPUT Profile #500-YEAR 
************ *********************************************************************************** 
* E.G . Elev (ft) * 2141.80 * Element Left OB • Channel 

vel Head (ft) 0 . 28 * Wt. n-val. 0.064 0 . 030 
• W.S. Elev (ft) • 2141 . 52 * Reach Len. (ft) 29 . 95 29.95 
* Crit w. s . (ft) * 2140.95 * Flow Area (sq f~) 7.79 109 . 74 

E.G . Slope (ft/ ft ) *0.003492 Area (sq ft) 7 . 79 109.74 
* Q Total (cfs) 551.00 * Flow (cfs) 7.82 491.19 
*Top width (f~) 91.09 * Top Width (ft) 12 . 41 • 57.68 

Vel Total (ft/s) 3 . 78 * Avg. vel. (ft/s) 1.00 * 4.48 
Max chl Dpth (ft) 3.09 Hydr . Depth (ft) 0.63 1 . 90 

* Conv. Total (cfs) 9324.0 * Conv . (cfs) 132.3 8312 . 0 
Length Wtd . (ft) 29.95 * Wetted Per. (ft) 12.47 58.04 

* MinCh El (ft) * 2138.43 * shea r (lb / sq ft) 0.14 0.41 
* Alpha 1.27 * Stream Power (lb/ ft s) * 0.14 1.85 
* Frc~n Loss (ft) * Cum Volume (acre-ft) 0.11 

* Right OB " 
0.057 
30.02 
28 . 04 
28 . 04 
51.99 
21.00 
1. 85 
1. 34 

879 . 8 
21. 23 

0. 29 
0.53 

• c & E Loss (ft) * Cum SA (acres) 0.01 0.86 0 . 03 
****** *********************** *** ********************************* ******************* *********** 

CROSS SECTION 

RIVER : SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.116 

CROSS SECTION OUTPUT Profile #500-YEAR 
****** ****** ** ****************** ** **************** ************** **** ************ ** ***** **** **** 
• E.G. Elev (ft) • 2141.55 * Elemen~ Left OB * channel * Right DB* 

Vel Head (ft) 0.69 * Wt. n-val . 0 . 030 0.057 
• w.s. Elev (ft) 2140.86 • Reach Len. (ft) 72.19 72 .14 72.08 
* crit w.s . (fL) * 2140.86 * Flow Area (sq ft) 82.11 3.06 

E. G. slope (ft/ ft ) *0. 011542 * Area (sq ft) 82 .11 3. 06 
* Q Total (cfs) 551.00 Flow (cfs) 547.40 3 . 60 
• Top width (ft) 68.89 * Top width (ft) 57 . 66 11 . 23 
* vel Total Cft / s) 6.47 * Avg . Vel . (ft / s) 6.67 1.18 

Max chl Dpth (ft) 3 . 66 * Hydr . Depth (ft) 1.42 0.27 
* Conv. Total (cfs) 5128 . 7 * Conv . (cfs) 5095.2 33.6 
* Length Wtd . (ft) 72.14 • Wetted Per. (ft) 58 . 55 11 . 25 
* Min ch El (ft) * 2137.20 • Shear (1 b/ sq ft) 1. 01 0 . 20 
* Alpha 1.06 * Stream Power (lb / ft s) * 6 . 74 0.23 

Frctn Loss (ft) 0.84 * Cum Volume (acre- ft) 0.00 0 . 49 0.01 
C & E Loss (ft) 0.00 * Cum SA (acres) 0.01 0.82 0 . 02 

************ ** *********************** *** ******* ********* **** ***************** *** *************** 

warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the calculations. 

warning: The energy loss was greater than 1 . 0 ft (0 . 3 m). between the current and previous cross section. This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth, the ca l culated 

water surface came back below critical depth. This i ndicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0.102 
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WKBLSOOyr . rep 
CROSS SECTION OUTPUT Profile #500-YEAR 
********************************************** ************************** *********** ************ 
* E.G. El ev (ft) * 2140. OS * Element Left OB * Channel * Right OB 

Vel Head (ft) 0.69 * Wt. n- Val. 0.064 0.030 0 . 057 
w. s . Elev (ft) * 2139.37 * Reach Len . (ft) 68.14 67.52 68 . 34 

* Crit w. s . (ft) * 2139.37 * Flow Area (sq ft) 0.05 82 . 55 1.56 
* E.G . Slope (ft / ft ) *0.011765 * Area ( sq ft) 0.05 82 . 55 * 1.56 
* Q Total (cfs) 551.00 Flow ( cfs) 0 . 03 549.21 * 1.77 

Top Width (ft) 65.41 * Top width (ft) 0.20 59.10 6 . 12 
Vel Total (ft / s) 6.55 * Avg. Vel. (ft/ s) 0.51 6 . 65 1.13 

* Max Chl Opth (ft ) 3.62 * Hydr . Depth (ft) 0.27 1 . 40 0 . 25 
* Conv . Total (cfs ) 5079 . 9 * Conv. (cfs) 0 . 2 5063 .4 16 . 3 
* Length Wtd. (ft) 67 . 52 * Wett ed Per. (ft) 0.57 59 .90 6 . 14 
* Minch El (ft ) * 2135.74 * shear (lb / sq ft) 0 . 07 1 . 01 0.19 
* Al pha 1.03 • Stream Powe r ( lb / ft s) * 0 . 03 6.73 0 . 21 
* Frctn Loss (ft) 0.81 * cum volume (acre - ft) 0.00 0 . 35 0 . 00 
* c & E Loss (ft ) 0.01 cum SA (acres) 0.01 0 . 73 0.01 
*********************************************************************************************** 

Warning : The energy equation could not be balanced within the specified number of iterations . The program used critical dept h 
for the water surface and continued on with the calculations . 

Warning: The energy loss was greater than 1 .0 ft (0 . 3 m). between the current and previous c r oss secti on . This may ind i cate 
the 

need for additional cross sections. 
warning: During the standard step iterations, when the assumed wate r surface was set equal to critica l depth, the cal culated 

water surface came back below cri t ical depth. This indicates that there is not a valid subcritical answer. The 
program 

defaulte d t o cri ti ca l dep t h . 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH: TRIBUTARY 1 RS: 0.090 

CROSS SECTION OUTPUT Profile #500-YEAR 
************************************** **************************** ***************** ************ 
* E.G. Elev (ft ) * 2138.40 * El ement Left OB • Channel 
* vel Head (ft) 0 . 66 • Wt . n-val. 0.030 
• W.S . Elev (ft) * 2137 . 74 * Reach Len . (ft) 71.31 71 . 07 
* Crit w. s . (ft) * 2137 . 74 * Flow Area (sq ft ) 84.23 
* E. G. slope (ft/ ft ) *0.012165 • Area (sq ft) 84.23 

Q Total (cfs) 551.00 * Flow (cfs) 550.90 
* Top width (ft) 65.67 * Top width (ft) 63.43 

* Right OB * 
0 . 057 
70.52 

0 . 19 
0.19 
0.10 

* Vel Total (ft / s) 6.53 * Avg. Vel . (ft/s) 6.54 * 
2.24 
0.55 
0.08 Max chl Opth (ft) 3.55 • Hydr . Depth (ft) 1.33 

• Conv . Total (cfs) 4995.7 * Conv . (cfs) 4994.8 
• Length Wtd. (ft) 71.07 * Wetted Per. (ft ) 64.30 
* Min Ch El (ft) • 2134 . 19 * Shea r (l b/ sq ft) 0. 99 
• Alpha 1.00 * Stream Power (lb/ ft s) 6 . 51 
* Frctn Loss (ft) * Cum Volume (acre-ft) 0 . 22 

0 . 9 
2 . 24 
0 . 06 
0 . 04 

* c & E Loss (ft) * cum SA (acres) 0.01 0 . 63 0 . 00 
************* ******************************** * ******************** ******* ********************** 

Warning: During subcritical anal ysis, the water surface upstream of cul vert went to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
REACH : TRIBUTARY 1 RS: 0.076 

CROSS SECTION OUTPUT Profile #500-YEAR 
************************************ ********** *********** ****** ** ***** ************* **** ******** 
* E.G. Elev (ft) • 2131.97 • Element Left OB Channel * Right OB 
* Ve 1 Head (ft) 1. 08 * Wt . n-Va l . 0 . 030 
* W. S. Elev (ft) • 2130 . 88 * Reach Len. (ft) 354.56 352.45 344.81 
• Crit w.s . (ft) • 2130.88 * Flow Area (sq ft) 65.96 
* E. G. Slope (ft / ft ) *0.010852 * Area (sq ft) 65.96 
• Q Total (cfs) 551.00 • Flow (cfs) 551.00 

Top Width (ft) 30.47 * Top Width (ft) 30.47 
• vel Total (ft / s) 8.35 * Avg. vel. (ft/ s ) 8.35 

Max Chl Dpth (ft) 3.02 * Hydr . Depth (ft) 2.16 
* Conv. Total (cfs) 5289.2 * Conv . (cfs) 5289 . 2 
* Length Wtd. (ft) 352 . 45 • Wetted Per. (ft) 32.02 
• Min ch El (ft) 2127.86 shear (lb / sq ft) 1.40 
* Alpha 1 . 00 * Stream Power (lb/ ft s ) 11 . 66 
* Frctn Loss (ft) 3 . 54 * Cum Volume (acre-ft) 0.00 0 . 72 
* C & E LOSS (ft) 0.35 * Cum SA (acres) 0.01 0 . 56 
******** ******************************************************* ******************************** 

Warning: The energy equation could not be balanced within the specified number of iterations. The program used critical depth 
for the water surface and continued on with the cal culations . 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indi cate the need for additional cross sections . 
warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous cross section . This may indicate 
the 

need for additional cross sections . 
warning: During the standard step iterations, when the assumed water surface was set equal to critical depth , the calculated 

water surface came back below critical depth . This indicates that there is not a valid subcritical answer. The 
program 

defaulted to critical depth. 

CROSS SECTION 

RIVER: SUNSET WASH 
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WKBLSOOyr.rep 
REACH: TRIBUTARY 1 RS: 0 . 009 

CROSS SECTION OUTPUT Profile #500-YEAR 
********************************************************************** ************************* 

E. G. Elev (ft) 2124 . 38 • Element * Left OB Channel Right OB • 
* vel Head (ft) 0.38 * Wt. n-val. 0.057 0.030 
• w.s. Elev ( ft) • 2124 . 00 * Reach Len. (ft) 
* cri t w. s . ( ft) • 212 3 . 89 * Flow Area (sq ft ) 
* E.G . Slope (ft/ ft) *0.009337 * Area ( sq ft) 
• Q Total (cfs) 551.00 • Flow (cfs ) 
* Top Width ( ft) 108 . 94 * Top Width (ft) 
• Vel Total (ft / s) 4.91 * Avg. vel. (ft / s) 
* Max Chl Dpth (ft) 2 . 58 * Hydr . Depth (ft) 
• Conv. Total (cfs) 5702 . 4 • Conv . (cfs) 
• Length Wtd. (ft ) • wetted Per. (ft) 
* Min Ch El (ft) • 2121 . 42 • Shear (lb / sq ft) 
* Alpha 1 . 01 • stream Power (lb/ ft s) • 
• Frctn Loss (ft) • cum volume (acre-ft) 
* C & E Loss (ft ) * Cum SA (acres) 

0.49 
0 . 49 
0.45 
2.14 
0 . 93 
0.23 
4.7 

2.18 
0 . 13 
0.12 

111 . 83 
111.83 
550.55 
106.80 

4 . 92 
1. OS 

5697 . 7 
107 . 18 

0.61 
2.99 

***************** ************************************************** **************************** 
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• 
River/Reach 

Name 

Sunnycove 
Wash I Reach 2 

Sunnycove 
Wash I Reach 1 

Sunset Wash I 
Reach 3 

Sunset Wash I 
Reach 2 

Sunset Wash I 
Reach 1 

Sunset Wash I 
Tributary 1 

• 
WICKENBURG AREA DRAINAGE MASTER STUDY /PLAN 

Flow Summary used in HEC-RAS Model 

River Station 
HEC-1 ID 

10-Year, 6-Hour 50-Year, 6-Hour 1 00-Year, 6-Hour 
(RS) (cfs) (cfs) (cfs) 
3.132 SC1 549 863 1006 
2.901 C1 554 893 1048 
2.592 C2 690 1124 1322 
1.83 C3 831 1316 1542 
0.4 SC6A 78* 119* 137* 

0.263 SC6 186 282 326 

1.902 SN1B 279* 443* 515* 

1.197 SN2A 30* 48* 56* 
0.925 SN2 264 421 493 
0.753 C6 419 660 770 
0.537 C7 470** 819** 960** 
0.36 C7 599 975 1146 

0.256 SN1A 220* 350* 412* 

500-Year, 6-Hour 
(cfs) 
1344 
1414 
1790 
2102 
180* 
428 

696* 

75* 
662 
1028 
1550 
N/A 

551* 

Note: * Prorated Flow. Refer to the prorated flow calculations in Exhibit 6. 
** Flow= HEC-1 10: C7 flow- flow split to the south, cfs. Refer to the flow split calculations in Appendix E.4. 

• 



• HEC-RAS Plan· Wickenburg_P River. SUNNYCOVE WASH Reach· REACH #2 

Reach RiverSta QTotal MinCh El . W.S. EIEiv CritW.S. E.G. Elev - .•. E.G: Slope Vel Chnl Flow Area TopWtdlh Froude# Chi 

(cfs) (ft) (It) (It) (It) (ftlft) (tvs) (sq It) (ft) 

RE/ICH#2 3.1 32 1006.00 2328.71 2330.23 2330.23 2330.80 0.011460 6.10 170.74 160.85 0.97 
REACH#2 3.132 1006.00 2328.71 2330.23 2330.23 2330.80 0.011308 6.07 170.98 155.00 0.96 

REACH#2 3.195 1006.00 2322.18 2329.76 2325.86 2329.77 0.000093 1.19 1270.39 465.84 0.09 

REACH#2 3.105 1006.00 2322.18 2330.06 2325.86 2330.13 0.000282 2.06 489.46 89.51 0.15 

REACH#2 3.100 Culvert 

REACH#2 3.091 1006.00 2321 .98 2325.80 2326.22 0.003236 5.26 193.64 70.54 0.53 
REACH.#2 3.091 1006.00 2321 .98 2326.04 2326.41 0.002603 4.88 205.96 63.35 0.48 

REACH#2 3.060 1006.00 2320.10 2324.25 2324.25 2325.27 0.007296 8.67 173.16 131 .03 0.82 
REACH-#2 3.060 1006.00 2320.10 2325.22 2325.85 0.003219 6.79 221.41 127.00 0.57 

REACH#2 2.995 1006.00 2317.07 2321 .00 2321 .00 2321 .75 0.006668 8.51 227.22 144.25 0.80 
REACH#2 2.995 1006.00 2317.07 2321 .63 2321 .63 2323.69 0.014376 11 .52 87.33 20.92 0.99 

REACH ·#2 2.901 1048.00 2309.49 2314.42 2314.42 2315.17 0.005748 7.94 232.21 160.92 0.73 
REACH#2 2.901 1048.00 2309.49 2314.45 2314.45 2315.86 0.009696 9.83 122.96 45.47 0.90 

REAC.H#2 2.832 1048.00 2306.07 2308.76 2308.76 2309.57 0.010780 8.40 189.21 122.20 0.95 

REACH#2 2.832 1048.00 2306.07 2309.55 2309.30 2310.82 0.010341 9.06 115.66 36.08 0.89 

REACH #2 2.739 . 1048.00 2299.84 2302.35 2302.35 2303.07 0.012740 9.15 210.18 134.42 1.04 

REAcH#2 2.739 1048.00 2299.84 2303.35 2303.35 2304.94 0.013753 10.95 115.43 35.71 1.04 

REACH#2 . 2.657 1048.00 2293.00 2295.93 2295.93 2296.91 0.011455 8.42 155.88 91 .33 0.93 
REACH#2 2.657 1048.00 2293.00 2295.98 2295.98 2297.27 0.014054 9.20 117.11 46.15 1.01 

REACH#2 2.592 1322.00 2287.96 2291.41 2291 .89 0.006591 6.33 279.61 142.08 0.71 

REACH#2 2.592 1322.00 2287.96 2291 .79 2291.43 2292.76 0.009156 7.92 167.00 58.16 0.82 

• REACH#2 2.'563 1322.00 2285.75 2289.08 2289.08 2290.48 0.011455 9.96 157.47 61 .59 0.97 
REACH#2 2.563 . 1322.00 2285.75 2289.34 2289.29 2291 .01 0.013877 10.34 127.83 36.35 0.97 

REACH#2 2.496 1322.00 2280.26 2284.40 2284.40 2285.77 0.008554 10.08 175.10 73.65 0.91 
REACH#2 2.496 1322.00 2280.26 2284.54 2284.54 2266.48 0.011673 11 .21 121.37 31 .28 1.00 

REACH#2 2.432 1322.00 2276.38 2279.40 2279.88 0.007801 7.84 291 .55 139.15 0.83 
REACH#2 2.432 1322.00 2276.38 2280.36 2280.36 2282.08 0.011973 11 .84 149.45 45.00 1.08 

REACH#2 2.379 1322.00 2272.33 2276.38 2276.38 2277.81 0.008899 10.58 175.83 70.1 6 0.94 
REACH#2 2.379 1322.00 2272.33 2276.42 2276.42 2278.34 0.012378 11 .63 128.42 33.45 1.03 

REACH#2 . 2.320 1322.00 2268.23 2271 .73 2271 .73 2273.08 0.010335 10.07 167.36 66.66 0.98 
REACH#2 2.320 1322.00 2268.23 2272.08 2272.08 2273.86 0.010338 10.78 126.66 35.39 1.00 

REACH#2 2.261 1322.00 2262.24 2266.54 2266.54 2268.16 0.009684 10.44 143.00 52.56 0.96 
REACH#2 2.261 1322.00 2262.24 2266.57 2256.57 2268.15 0.009351 10.32 143.53 48.00 0.95 

REACH#2 2.203 1322.00 2256.71 2260.19 2260.19 2261 .59 0.010397 9.67 149.06 57.59 0.97 
REACH #2 2.203' 1322.00 2256.71 2260.20 2260.20 2261 .76 0.012836 10.02 131 .96 42.93 1.01 

REACH#2 2.118 '' 1322.00 2249.63 2253.45 2253.45 2255.05 0.010402 10.22 135.75 46.93 0.98 
REACH#2 2.118 ' 1322.00 2249.63 2253.49 2253.49 2255.05 0.009978 10.09 137.52 46.00 0.96 

REACH#2 2.028 1322.00 2241.42 2245.22 2245.22 2246.62 0.012621 11 .45 169.62 61 .67 1.09 
REACH#2 2.028 1322.00 2241 .42 2246.21 2246.21 2248.37 0.014138 12.51 122.37 28.53 1.05 

REACH#2 1.930 1322.00 2234.57 2239.02 2239.02 2240.09 0.006680 9.57 228.97 107.09 0.82 
REACH#2 f930 1322.00 2234.57 2239.83 2239.36 2241 .70 0.010576 10.99 120.29 23.93 0.86 

REACH#2 1.867 1322.00 2230.40 2234.40 2234.40 2235.48 0.008304 10.17 228.89 101.59 0.91 
REACH#2 1.867 1322.00 2230.40 2235.39 2235.39 2237.82 0.012476 12.59 109.84 22.56 1.00 

REACH#2 1.830 . 1542.00 2227.53 2231.58 2231 .56 2232.65 0.008232 9.16 248.23 121 .97 0.88 
REACH#2 1.830 1542.00 2227.53 2231 .77 2231.77 2233.55 0.012218 10.73 143.71 40.33 1.00 

• REACH#2 1.778 1542.00 2225.23 2228.12 2228.05 2229.12 0.011361 9.55 250.81 134.13 1.00 
REACH#2 1.778 . 1542.00 2225.23 2229.08 2230.42 0.008831 9.66 177.54 47.52 0.88 



• HEC RAS Plan· Wickenburg_P River. SUNNYCOVE WASH Reach· REACH #2 (Continued) 

Reach River Sta QTotal MinCh El · W.S. Elev I CritW.S. E.G. Elev · E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi 

(cfs)" (ft) (It) (It) (ft) (ftlft) (nts) (sq ft) (II) 

REACH#2 1.733 1542.00 2221 .84 2225.61 2225.61 2226.47 0.010691 9.73 282.02 148.12 0.98 
REACH #2 1.733 1542.00 2221 .84 2226.61 2226.61 2228.10 0.010786 10.94 186.90 58.98 0.95 

REACH#2 1.681 1542.00 2217.86 2221 .62 2221 .62 2222.38 0.006996 8.98 336.18 208.41 0.82 
REACH.#2 1.681 1542.00 2217.86 2222.19 2222. 19 2224.23 0.010696 12.21 150.48 37.20 1.04 

REACHI{2 1.618 1542.00 2212.90 2216.77 2216.77 2217.92 0.010260 10.43 239.40 102.41 0.98 

REAC!:t#2 1.6.18 1542.00 2212.90 221 7.76 2217.76 2220.01 0.012073 12.32 136.52 31 .00 1.03 

REACH#2 1.550 1542.00 2208.44 2211 .69 2211 .69 2212.49 0.01 1378 10.21 306.07 169.64 1.02 
REACH#2 1.550 1542.00 2208.44 2212.68 2212.41 2214.03 0.009598 11.28 208.09 60.00 0.98 

REACH#2 1.478 1542.00 2204.39 2207.45 2207.21 2208.04 0.010344 9.07 330.16 167.87 0.96 
REACH#2 1.478 1542.00 2204.39 2208.34 2208.34 2209.78 0.014072 11.57 194.36 63.90 1.06 

REACH#2 1.415 1542.00 2200.20 2203.33 2203.33 2203.97 0.014970 8.87 321.14 224.91 1.04 
REACH#2 1.415 1542.00 2200.20 2204.32 2205.09 0.008862 8.68 283.51 120.00 0.85 

REACH#2 1.327 1542.00 21 93.28 2198.32 2198.32 2199.21 0.005872 8. 95 324.25 173.42 0.73 
REACH#2 1.327 1542.00 21 93.28 2198.32 2198.32 2200.51 0.010812 12.16 142.21 34.00 0.99 

REACH #2 1.270 1542.00 2189.52 21 93.00 2193.00 2194.42 0.014948 10.08 192.52 111.00 1.08 
REACH#2 1.270 1542.00 21 89.52 2193.98 2194.94 0.006253 8.01 203.35 55.10 0.73 

REACH#2 1.193 1542.00 2185.05 2189.32 2189.97 0.005567 8.41 334.25 127.98 0.74 
REACH.#2 1.193 1542.00 2185.05 2189.91 2189.89 2191 .80 0.009299 11.91 169.54 45.00 0.98 

REACHii2 1.164 1542.00 2182.84 2189.50 21 89.60 0.000540 3.39 783.17 184.77 0.25 
REACH#2 f 164 1542.00 2182.84 2190.32 2190.84 0.001 802 5.79 266.35 39.66 0.39 

REACH#2 j.150 . 1542.00 2181 .54 2189.51 2184.62 2189.54 0.000168 2.14 1254.52 221.00 0.14 

• REACH#2 1.150 1542.00 2181 .54 2190.48 2184.95 2190.60 0.000310 3.15 681 .03 85.28 0.19 

REACH#2 1.'137 Culvert 

REACti#2 L127 1542.00 2175.67 2182.60 2182.42 2183.53 0.006995 8.27 257.29 125.62 0.75 
REACH'#2 1.127 1542.00 2175.67 2182.90 2183.86 0.006682 8.15 218.31 64.86 0.71 

REACH#2 1.091 1542.00 21 74.1 9 2180.62 2180.62 2182.09 0.005486 10.58 223.20 90.14 0.79 
REACH#2 1.091 1542.00 2174.19 2180.63 2180.63 2182.32 0.007151 11 .12 193.62 54.90 0.83 

REACH.#2 1.054 1542.00 2171 .90 2177.59 2177.59 2179.51 0.010789 11 .32 155.59 60.62 0.96 
REACH#2 ·1.054 1542.00 2171 .90 2177.60 2177.60 2179.61 0.011 074 11 .48 141 .60 37.00 0.97 

REACH#2 0.997 1542.00 2166.58 2170.04 2170.04 2171 .41 0.010387 9.70 180.78 71 .71 1.00 
REACH#2 0 .997 1542.00 2166.58 2170.18 2170.18 21 71 .73 0.01 1837 9.99 154.39 50.30 1.00 

REACH#2 0:937 1542.00 2161 .98 2165.57 2165.57 2166.78 0.010877 9.00 187.72 84.06 1.00 
REACH#2 0.937 1542.00 2161 .98 2165.64 2165.64 2166.95 0.012122 9.20 167.53 64.32 1.01 

REACH#2 o:897 1542.00 2159.32 2162.06 2162.06 2163.25 0.009762 8.80 180.76 80.22 1.00 
REACH#2 0.897 1542.00 2159.32 2162.06 2162.06 2163.29 0.010606 8.88 173.57 71.74 1.01 

REACH#2 0.850 1542.00 2155.01 2158.40 2158.40 2159.81 0.008449 9.81 182.55 71 .79 0.97 
REACH#2 0.850 1542.00 2155.01 2158.44 2158.44 2160.05 0.009755 10.27 154.93 49.03 1.01 

.REACH#2 0.807 1542.00 2152.25 2155.74 2155.74 2157.04 0.009527 9.24 174.41 69.50 1.00 
REACH #2 ' 0.807 1542.00 2152.25 2155.75 2155.75 2157.10 0.009937 9.34 167.58 62.46 1.00 ...... 

REACH#2 0.758 1542.00 2148.66 2151 .93 2151.93 2153.11 0.009759 8.78 182.94 80.95 0.99 
REACH#2 0.'758 1542.00 2148.66 21 51 .93 2151 .93 2153.17 0.010487 8.93 172.69 70.95 1.01 

REACH#2 0.693 1542.00 21 43.38 2147.05 21 47.05 2148.39 0.009626 9.30 166.90 65.22 1.00 
REACH#2 0.693 1542.00 2143.38 21 47.05 21 47.05 2148.40 0.009867 9.33 165.26 61.85 1.01 

REACH#2 0.642 1542.00 2138.10 2141.40 2141 .40 2142.54 0.009823 8.58 182.33 83.66 0.99 

• REACH #2 0.542 1542.00 21 38.10 2141 .37 2141 .37 2142.55 0.01 0549 8.70 177.32 76.91 1.01 



• HEC RAS Plan· Wickenburg P River. SUNNYCOVE WASH Reach· REACH #1 

Reach RiverSta O .Totaf MinCh El .· W.S. Elev CritW.S. E.G. Eiev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi 

(cfs) . {ft) (ft) <Iii (II)· (fllfl) (fVs) (sqft) (ft) 

REACH#1 0.400 137.00 2109.67 2110.79 2110.79 2111 .01 0.028042 3.81 35.96 77.83 0.99 

REACH#1 0.400' 137.00 2109.67 2110.79 2110.79 2111 .01 0.027532 3.79 36.17 77.84 0.98 

REACH#1 0.365 . 137.00 2105.40 2107.72 2107.73 0.000428 0.87 160.55 145.31 0.14 

REACH#1 0.365 137.00 2105.40 2107.81 2107.82 0.000346 0.82 166.83 132.72 0.13 .. 

REACH#1 0.340 137.00 2105.69 2107.50 2107.60 0.003206 2.72 61.48 74.12 0.40 

REACH#1 0.340 137.00 2105.69 2107.52 2107.69 0.005285 3.35 40.88 28.60 0.49 

REACH#1 0.294 137.00 2102.57 2105.57 2106.11 0.015396 5.90 23.21 15.50 0.85 

REACH#1 0.294 137.00 2102.57 2106.46 2106.67 0.003477 3.70 37.11 15.60 0.42 

REACH#1 0.279 137.00 2102.44 2105.54 2104.37 2105.60 0.001373 2.08 69.18 48.1 3 0.27 

REACH#1 0.279 137.00 2102.44 2106.49 2104.37 2106.52 0.000293 1.28 11 9.92 56.30 0.14 

REACH#1 0.269 Culvert 

REACH#) 0.263 326.00 2100.10 2103.15 2102.88 2103.77 0.008324 6.34 55.19 43.51 0.74 

REACH#1 0.263 326.00 2100.10 2103.97 2104.31 0.003217 4.72 69.17 22.85 0.48 

REACH#1 0.245 326.00 2099.97 2102.92 2103.10 0.003048 3.78 127.75 152.14 0.46 

REACH#1 0.245 326.00 2099.97 2103.85 2104.01 0.001552 3.17 102.91 34.33 0.32 

REACH#1 o:239 326.00 2100.02 2102.85 2102.42 2103.00 0.003023 3.93 130.12 177.01 0.47 

REACH#1 0.239 326.00 2100.02 2103.81 2102.42 2103.96 0.001674 3.46 114.16 41 .30 0.34 

REACH#1 0.233 Culvert 

REACH#1 0.226 326.00 2099.28 2100.74 2100.74 2101 .27 0.017221 5.84 56.39 56.35 0.99 

REACH#1 0.226 326.00 2099.28 2100.75 2100.75 2101 .27 0.016712 5.79 56.84 54.42 0.98 

REACH#1 0.216 326.00 2095.89 2098.92 2099.23 0.003617 4.80 84.69 44.61 0.53 

• REACH#1 0.216 326.00 2095.89 2099.02 2099.48 0.005687 5.44 59.93 22.35 0.59 

REACH#1 0.194 326.00 2093.51 2097.39 2097.39 2098.41 0.015263 8.10 40.40 20.83 0.99 

REACH#1 0.194 326.00 2093.51 2097.40 2097.40 2098.42 0.015656 8.10 40.25 19.52 0.99 

REACH#1 0.159 326.00 2091 .68 2094.30 2094.30 2094.80 0.011721 5.93 68.83 77.37 0.88 
REACH#1 0.'159 326.00 2091 .68 2094.32 2094.32 2094.80 0.011253 5.85 69.51 74.50 0.84 

REACH#1 0.089 326.00 2084.96 2086.67 2086.67 2087.27 0.015894 6.21 53.16 44.78 0.98 

REACH#1 0.089 326.00 2084.96 2086.68 2088.66 2087.28 0.016368 6.21 52.50 41 .71 0.98 

REACH#1 0.036 326.00 2080.15 2081 .54 2081.54 2082.19 0.018777 6.94 52.82 220.14 1.07 
REACH#1 0.036 326.00 2080.15 2081 .88 2081 .86 2082.65 0.016409 7.22 46.48 28.74 1.00 

REACH#1 0.022 326.00 2078.43 2081 .12 2081.46 0.004325 4.74 71.56 37.05 0.56 

REACH#1 0.022 326.00 2078.43 2081 .17 2081 .51 0.004500 4.69 69.53 30.22 0.54 

• 



• HEC-RAS Plan: Wickenburg. P River. SUNSET WASH Reach: TRIBUTARY 1 Profile: FLOODPLAIN 

Reach .River Sla arotal MinCh El W.S. Elev CritW.s : · E.G. Elev E.G. Slope VeiChnl Flow Area TOE_ Width Froude # Chi 

(cfs) (II) (It) (It) (It) (filii) (ftls) (sqll) (II) 

TRIBUTARY 1 0.256 412.00 2151 .33 2155.21 2155.21 2155.76 0.013217 5.97 70.46 67.45 1.00 

TRIBUJARY1 0.218 412.00 2149.26 21 50.62 2150.62 2151.42 0.012226 6.19 66.36 62.74 0.99 

TRIBuTARY 1 0.213 Culvert 

TRIBUTARY 1 0.209 412.00 2146.69 2150.45 2150.45 2151 .02 0.01 0822 6.17 73.84 74.52 0.95 

TRIBUTARY 1 0.17'7 412.00 2142.48 2146.80 2146.80 2147.41 0.013028 6.32 69.76 64.98 1.01 

TRIBUTARY 1 0.159 412.00 2140.71 2144.44 2144.35 2144.93 0.010275 5.61 73.45 61.26 0.90 

TRIB.UTARY 1 0.155 Culvert 

TRIBUTARY 1 0.152 412.00 2140.41 2143.58 2143.58 2144.14 0.013163 6.04 68.42 62.81 1.01 

TRIBUTARY 1 o:145 412.00 2139.55 2142.95 2142.94 2143.55 0.01 2693 6.23 67.32 59.36 1.00 

TRIBUTARY1 0.138 . 412.00 2139.09 2142.83 2142.44 2143.15 0.004996 4.55 93.14 68.93 0.65 

TRIBUTARY 1 0.135 Culvert 

TRIB(JTARY 1 0.132 412.00 2138.65 2141.94 2141 .94 2142.51 0.012191 6.08 69.50 65.73 0.96 

TRIBUTARY 1 0.126 412.00 2137.86 21 41.24 2141 .24 2141 .82 0.012566 6.12 68.21 62.17 1.00 

TRIBUTARY 1 0.122 412.00 2138.43 21 41.26 21 40.72 2141.48 0.003231 3.91 122.75 87.76 0.54 

TRIBUTARY 1 0.119 Culvert 

TRIBUTARY 1 0.116 412.00 2137.20 2140.59 2140.59 2141 .18 0.012757 6.16 67.61 62.52 1.00 
TRIBUTARY 1 O.Hi2 412.00 2135.74 2139.11 2139.11 2139.69 0.012803 6.06 68.11 62.33 1.00 

TRIBUTARY 1 0.090 412.00 2134.19 2137.50 2137.50 2138.05 0.01 2779 5.98 68.95 61 .72 1.00 

TRIBUTARY 1 0.082 Culvert 

TRIBUTARY1 0.076 412.00 2127.86 2130.38 2130.38 2131 .36 0.011360 7.96 51 .77 26.64 1.01 
TRIBUTARY 1 0.009 412.00 2121.42 2123.83 2123.72 2124.13 0.009333 4.40 93.60 107.41 0.82 

• 

• 



• HEC-RAS Plan· Wickenburg P River. SUNSET WASH Reach· REACH #3 Profile· FLOODPLAIN 

Reach RiverSta a Total MinCh El W.S .. Eiev CritW.S. ~.G: Eiev E.G. Slope Vel Chnl Flow Area Top Width Frovde # Chi. 

(cfs) . (ft) (ft) (ft) . (tl) (tllft) (fVs) (sqft) (II) 

REACH#3 ) .902 515.00 2181 .58 2165.25 2185.25 2166.19 0.011265 7.62 70.96 51 .35 0.94 

REACH#3 1.829 515.00 2175.19 2179.12 2179.12 2179.76 0.006347 6.75 113.35 135.29 0.73 

REACH#3 1.777 515.00 2169.49 2173.75 2173.75 2174.66 0.006352 7.87 63.63 82.84 0.81 

REACH#3 1.727 515.00 2165.41 2166.87 2166.87 2169.70 0.008452 7.93 93.09 65.06 0.64 

'REACH#3 1.694 515.00 2162.03 2166.62 2166.62 2167.39 0.006710 7.67 104.32 80.37 0.74 

REACH#3 1.649 515.00 2156.84 2162.06 2162.06 2163.17 0.009980 6.78 73.49 45.36 0.93 

REACH#3 1.616 515.00 2155.83 2156.86 2158.86 2159.59 0.010251 7.53 91 .82 61.44 0.89 

REACH#3 1.557 515.00 2150.72 2154.08 2154.08 2155.13 0.009091 6.46 73.55 46.61 0.68 

REACH#3 1.502 515.00 2146.45 2149.40 2149.40 2150.21 0.013263 7.21 72.68 50.09 0.99 

REACH#3 1.466 515.00 2143.07 2149.46 2145.50 2149.52 0.000138 1.63 461 .17 184.93 0.12 

REACH#3 1.456 Culvert 

REACH#3 1.447 515.00 2137.58 2142.96 2142.96 2143.65 0.009461 6.84 92.40 96.43 0.81 

REACH#3 1.398 515.00 2133.70 2137.34 2137.34 2136.08 0.008845 7.84 106.98 90.42 0.85 

REACH#3 1.346 515.00 2125.77 2126.72 2126.72 2127.06 0.017535 4.90 108.43 154.45 1.00 

• 

• 



• HEC-RAS Plan· Wickenburg P River. SUNSET WASH Reach· REACH #2 

Reach . RiverSta QTolal · Min Ch .Ei . w.s. Elev Crtt:W.S. ·E.G. Elev · E.G. s iop& Vel Chnl Flow Area Top Width· Froude# Chi 

(cfs) : (It) (I!) (ft) (ft) (ftlft) (ftlsi · (sq ft) (It) 

REACH#2 1.197 56.00 2107.12 2110.86 21 10.86 0.000027 0.42 138.44 47.95 0.04 
REACH#2 1.197 56.00 2107.12 21 10.86 2110.87 0.000031 0.43 129.97 38.52 0.04 

REACH#2 . 1.170 56.00 2109.62 2110.58 2110.56 2110.82 0.020601 4.18 16.54 36.35 0.88 
REACH#2 1.170 56.00 2109.62 21 10.57 2110.55 2110.82 0.021092 4.20 15.49 27.55 0.89 

REACH#2 1.117 56.00 2102.85 2103.65 2103.65 2103.91 0.030338 4.15 14.08 28.62 1.02 

REACH#2 1.117 56.00 2102.85 2103.65 2103.65 2103.90 0.029504 4.11 14.20 28.53 1.01 

REACH#2 1.019 56.00 2094.08 2095.86 2095.97 0.003628 2.73 21 .55 19.16 0.41 

REACH#2 1.019 56.00 2094.08 2095.89 2096.00 0.003370 2.67 22.11 19.16 0.40 

REACH#2 0.925 493.00 2083.91 2087.17 2087.17 2088.35 0.01 9597 8.72 56.58 24.90 1.01 
REACH#2 0.925 493.00 2083.91 2087.16 2087.16 2088.35 0.020069 8.74 56.43 24.26 1.01 

REACH#2 · 0.860 493.00 2080.96 2082.69 2082.36 2083.04 0.003829 4.82 110.48 528.40 0.69 

REACH#2 0.860 493.00 2080.96 2083.39 2082.40 2083.57 0.0011 98 3.41 145.19 66.13 0.41 

REACH#2 0.858 493.00 2079.48 2081 .93 2081 .93 2082.52 0.004999 6.68 94.60 271.09 0.83 
REACH#2 0.858 493.00 2079.48 2082.83 2082.05 2083.34 0.002346 5.84 88.90 35.00 0.60 

REACH#2 0.828 493.00 2078.40 2080.87 2080.95 0.002423 3.49 293.35 289.78 0.54 

REACH#2 0.828 493.00 2078.40 2081 .61 2081 .61 2082.68 0.007931 8.32 59.26 27.20 0.99 

• 

• 



• HEC-RAS Plan· Wicl<enburg_P River. SUNSET WASH Reach· REACH #1 

Reach RiverSta'. QTotal MinCh El w.s. Elav CritW.S. E'.G.' Eiev E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi 
(cfs) (It) (ft) ·. (It) (It) (ftlft) (nts) (sqft) (It) 

REACH#1 0.753 770.00 2072.44 2077.10 2077.10 2078.71 0.011041 10.20 75.46 158.31 1.00 
REACH #1 0.753 770.00 2072.44 2077.10 2077.10 2078.71 0.011041 10.20 75.46 23.23 1.00 

REACH#1 0.737 770.00 2070.11 2074.40 2074.40 2075.70 0.011388 9.15 84.18 32.70 1.00 
REACH#1 0.737 770.00 2070.11 2075.38 2074.40 2076.01 0.003805 6.42 132.47 63.99 0.60 

REACH#1 0.732 Culvert 

.REACH #1 0}2fl . 770.00 2069.28 2074.28 2074.90 0.005510 6 .70 144.30 87.48 0.71 
REACH#1 0.726 770.00 2069.28 2074.28 2074.89 0.005499 6.69 140.68 76.00 0.71 

REACH#1' 0.708 770.00 2069.37 2073.38 2073.38 2074.19 0.008942 7.64 122.65 89.46 0.90 
REACH#1- 0.708 770.00 2069.37 2073.42 2073.40 2074.21 0.008440 7.51 121 .02 75.00 0.87 

REACH#1 0.679 770.00 2067.75 2072.03 2072.03 2072.52 0.005483 7.02 203.01 200.54 0 .72 
REACH#1 0.679 770.00 2067.75 2072.27 2073.07 0.006423 8.00 123.95 55.00 0.79 

REACH#1 0.668 770.00 2066.97 2071 .09 2071.09 2071 ,71 0.005737 7.50 169.14 135.58 0.75 
REACH#1 0.668 770.00 2066.97 2072.07 2071 .20 2072.75 0.003501 7.05 129.10 38.40 0.62 

REACH#1 0.663 Culvert 

REACH#1 o:658 770.00 2064.90 2069.42 2069.42 2070.50 0.006967 8.59 106.06 57.67 0.81 

REACH#1 . 0.658 770.00 2064.90 2069.42 2069.42 2070.49 0.007097 8.56 105.91 54.52 0.80 

REACH#1 0,647 770.00 2064.23 2068.07 2068.07 2069.65 O.Q10707 10.07 76.87 25.82 0.99 

REACH#1 0.647 770.00 2064.23 2068.08 2068.08 2069.65 0.01 1184 10.05 76.60 24.00 0.99 

REACH#1 0.633 770.00 2062.48 2067.51 2066.54 2068.13 0.006421 6.30 122.31 83.58 0.63 
REACH#1 0.633 770.00 2062.48 2067.50 2066.54 2068.12 0.006498 6.31 122.12 39.39 0.63 

REACH#1 0.807 770.00 2061 .34 2065.60 2065.34 2066.83 0.013527 8.92 86.28 27.92 0.89 

• REACH111 0.607 770.00 2061 .34 2065.63 2065.33 2066.84 0.013056 8.82 87.29 27.93 0.88 

REACH#1 0.570 770.00 2059.62 2063.99 2064.63 0.008219 6.62 139.17 90.28 0.71 
REAC):I#1 . 0.570 770.00 2059.62 2064.46 2065.02 0.005738 5.97 128.89 40.36 0.59 

REACH#1 0.547 770.00 2059.06 2062.83 2062.83 2063.39 0.012990 6.76 175.00 194.69 0.85 
REACH#1 0.547 770.00 2059.06 2063.65 2062.93 2064.24 0.007384 6.18 124.55 44.56 0.65 

REACH#1 .. 0.542 Culvert 

REACH#1 0.537 960.00 2056.22 2061.53 2061 .53 2062.29 0.011791 7.61 173.65 145.66 0.83 
REACH#1 0.537 960.00 2056.22 2061 .61 2061 .54 2062.84 0.016861 8.90 107.86 40.00 0.96 

REACH#1 0.524 960.00 2055.79 2060.41 2060.41 2061 .28 0.008990 7.96 172.26 126.17 0.77 

REACH#1 . 0.524 960.00 2055.79 2061 .08 2061 .96 0.007868 7.51 127.75 31 .96 0.66 

REACH#) 0.504 960.00 2055.08 2058.92 2058.92 2080.06 0.007398 9.40 152.08 74.21 0.93 
REACH#1 0.504 960.00 2055.08 2059.24 2059.24 2080.94 0.010087 10.48 91 .60 26.43 0.99 

REACH#1 0.461 960.00 2052.78 2054.82 2054.82 2055.55 0.010625 7.56 165.34 252.74 1.02 
REACH#1 0.461 980.00 2052.78 2055.17 2055.17 2056.18 0.010206 8.08 118.88 57.76 0.99 

REACH#1 . 0.431 960.00 2049.60 2052.35 2052.35 2053.46 0.006703 9.33 186.55 99.60 1.01 
REACH#1 0.431 960.00 2049.60 2052.73 2052.73 2054.24 0.007154 9.90 101 .55 33.50 1.00 

REACH#1 · 0.360 1146,00 2045.25 2047.80 2047.60 2048.34 0.005239 7.56 378.55 339.84 0.87 
REACH#1 0.360 1146.00 2045.25 2048.52 2048.52 2050.03 0.007424 9.86 116.28 38.06 0.99 

REACH#1 0.289 1146.00 2040.99 2044.17 2044.17 2045.52 0.006337 9.53 146.26 660.00 0.99 

REACHil1 . 6. :2~9 1146.00 2040.99 2044.17 2044.17 2045.54 0.006400 9.58 146.26 60.00 1.00 

REACH#1. 0.269 1146.00 2039.54 2043.73 2042.54 2044.20 0.004179 5.50 208.95 75.89 0.56 

REACH.#1 0.-269 1146.00 2039.54 2043.73 2042.57 2044.20 0.004183 5.50 208.96 72.70 0.56 

REACH#1 o:254 Bridge 

• REA'CH#1 0.260 1146.00 2038.22 2041 .36 2041 .36 2042.47 0.014699 8.45 135.60 60.80 1.00 

REACH#1 0.260 1146.00 2038.22 2041.40 2041 .36 2042.47 0.01 3960 8.31 137.86 60.95 0.97 



• HEC-RAS Plan· Wickenburg_P River. SUNSET WASH Reach· REACH #1 (Continued) 

Reach River 51 a· · OTotal · MinCh El W.S. Elev CrltW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude #Chi 

· (cfs) (It)" (It) . (It) (It) . (tvit) (ftls) (sq It) · (It) 

REACHii1 0.232 1146.00 2038.51 2038.78 2039.10 0.014033 1.68 273.79 270.46 0.66 

REACH #1 0.232 1146.00 2038.51 2039.73 2039.73 2040.51 0.014267 4.55 167.27 109.41 0.85 

REACH#1 0.1 97 1146.00 2036.74 2037.13 2037.35 0.01 1897 1.87 330.01 390.52 0.64 

REACH#1 0.197 1146.00 2036.74 2037.97 2038.33 0.007589 2.96 242.47 171.06 0.60 

REACH#1 0.178 11 46.00 2036.70 2035.89 2035.59 2036.06 0.006702 360.89 388.46 0.00 

REACH #1 0.178 1146.00 2036.70 2036.89 2036.48 2037.24 0.006699 0.93 245.92 179.93 0.43 

• 

• 



• 

• 

• 

Phase 1 Technical Data Notebook 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 

Appendix E 

E.5.4 CROSS-SECTIONS 

Wickenburg Area Drainage Master Study/Plan 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 

River=SUNNYCOVE WASH Reach= REACH #2 RS 3.132- (Flow from HEC-1 ID: SC1) 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 

River= SUNNY COVE WASH Reach = REACH #2 RS 3.105 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River= SUNNYCOVE WASH Reach = REACH #2 Strucuture ID: SUN_1 00 @ Steinway Drive 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 317/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 3.091 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 2.995 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 3.060 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River= SUNNYCOVE WASH Reach= REACH #2 RS 2.901 - Flow Change (HEC-1 ID: C1) 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River= SUNNY COVE WASH Reach = REACH #2 RS 2.832 

f- .057 ____, . 1 .057 ~ 1 
2324 Legend 

p ' ---------· ·-------··-
2322 1-" EG FLOODWAY 

232o+---+---+-- -t---+---+---+- -Jj"9----l .EG-FL.oooFii\-iN-

2318 V'" ~~.:.-~.?2~~~~ 
2316 1 

/ CritFLOODWAY 

2314 I' WS FLOODPLAIN 

2312 \ I( C~i-t-FLOODPLAiN 
\ - ---------•-!----- ----- Ground 

2310 • 

2308 ~ En::::::ent 

2306 
9850 9900 9950 10000 10050 10100 10150 10200 10250 

Station (ft} 

Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 2.657 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 

River = SUNNYCOVE WASH Reach = REACH #2 RS 2.739 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 2.592- Flow Change (HEC-1 10: C2) 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 2.563 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 317/2011 

River = SUNNY COVE WASH Reach = REACH #2 RS 2.496 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 317/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 2.379 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 

River= SUNNYCOVE WASH Reach = REACH #2 RS 2.320 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 2.203 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3nt2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 2.261 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3nt2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 2.118 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 2.028 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 1.867 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 1.930 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 1.830 - Flow Change (HEC-1 10: C3) 

- -- .062 ' · 

Legend 
-------------- · -------------
EG FLOODWAY 
-----··· ···· ··········--------· 

EG FLOODPLAIN 
2245-ll---t--+--+--- t----- -----+- J-_j 

WS FLOODWAY 
g 2240+----·~---+----~----4-----~~~ ---------------.6.---···-····· 
c: 
0 

~ 
> 
~ 2235+-----r-----*-----+----~----~~--~ 

Crit FLOODWAY 

WS FLOODPLAIN 
-----------·+···--··~·~······~-

Crit FLOODPLAIN 

Ground 

• Bank Sta 

Encroachment 

9800 9850 9900 9950 10000 10050 101 00 

Station (ft) 



• 

g 
c: 
0 

~ 
> 
Q) 

w 

g 
c: 
0 

~ 
a> w 

• 
Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 

River = SUNNYCOVE WASH Reach= REACH #2 RS 1.778 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 
River= SUNNYCOVE WASH Reach = REACH #2 RS 1.681 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n/2011 

River= SUNNYCOVE WASH Reach= REACH #2 RS 1.733 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3n /2011 
River = SUNNYCOVE WASH Reach = REACH #2 RS 1.618 
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Wickenburg_Phase1 Plan: Wickenburg_Phase1 3/7/2011 

River = SUNNYCOVE WASH Reach = REACH #2 RS 1.550 
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HEC-RAS 

The following types of warning messages are encountered for the steady flow HEC-RAS 

model. Discussions regarding the messages are also provided. 

1. Message: The conveyance ratio is higher than 1.4 or less than 0.7, which may indicate the need 
for additional Cross-Sections. 
Response: The distance between 2 neighboring Cross-Sections in the HEC-RAS model is 
generally less than 500 teet. Cross-Sections are located where channel geometry (including 
slope, n value etc.) changes. It is believed that no additional Cross-Sections are necessary. 

2. Message: The Cross-Section end points had to be extended vertically for the computed water 
surface. 
Response: This occurs at the flow split locations. Therefore, the WSE is generally higher than the 
Cross-Section end points. No changes are necessary. 

3. Message: The velocity head has changed by more than 0.5 feet. This may indicate the need for 
additional Cross-Sections . 
Response: As discussed above, no additional Cross-Sections are necessary. 

4. Message: The energy loss was greater than 1.0 foot between the current and previous cross 
section. This may indicate the need for additional cross sections. 
Response: As discussed above, no additional Cross-Sections are necessary. 

5. Message: The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth for the water surface and continued on with the calculations. 
Response: At some Cross-Sections with dramatic changes in geometry or discharge, the flow 
profile changes, e.g. from M2 to S2. It is okay to set critical depth at these locations. 

6. Message: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates that 
there is not a valid subcritical answer. The program defaulted to critical depth. 
Response: As discussed on Item #5 above, it is okay to set critical depth at these locations. 

7. Message: Divided flow computed for this Cross-Section. 
Response: Divided flows, wherever they occur, are due to the braided channel nature of the wash . 

8. Message: River: Sunnycove Wash - Reach 1, RS: 0.233 (Culvert): During subcritical analysis , 
while trying to calculate culvert and weir flow, the program could not get a balance of energy 
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within the specified tolerance and number of trials. The program used the solution with the 
minimum error. 
Response: Since this occurs where the flow split occurs, and the bounding Cross-Sections have 
dramatic changes in geometry. It is difficult to balance the energy. It is okay to set the solution 
with the minimum error. 

9. Message: During the culvert inlet control computations, the program could not balance the 
culvert/weir flow. The reported inlet energy grade answer may not be valid . 
Response: Since the culverts don't have enough capacity to convey the flow, water will back up 
and overtop the culverts, causing this warning error. As a result, it becomes difficult to balance 
the energy. It is okay if this warning is present. 

1 0. Message: During the culvert outlet control computations, the program could not balance the 
culvert/weir flow. The reported inlet energy grade answer may not be valid. 
Response: As discussed on Item #9 above, it is okay if the warning is present. 

11. Message: The Cross-Section had to be extended vertically during the critical depth calculations. 
Response: This occurs in Profile 2, which is used tor the floodway run. Encroachment Method 
# 1 is used. Therefore, it is okay to extend the Cross-Sections vertically during the critical depth 
calculations. 

12. Message: The parabolic search method failed to converge on critical depth. The program will try 
the Cross-Section slice/secant method to find critical depth. 
Response: This occurs in Profile 2, which is used tor the floodway run. Encroachment Method # 1 
is used. Therefore, it is okay if the program uses the slice/secant method to find the critical 
depth. 

13. Message: Critical depth could not be determined with the specified number of iterations. The 
program used the iteration with the lowest energy. 
Response: This occurs in Profile 2, which is used tor the tloodway run. Encroachment Method # 1 
is used. Therefore, it is okay if the program uses the iteration with the lowest energy. 

14. Message: River: Sunnycove Wash - Reach 2, RS: 0.642 & River: Sunset Wash - Reach 3, RS 
1.346: Slope too steep for slope area to converge during supercritical flow calculations (normal 
depth is below critical depth) . Water surface set to critical depth. 
Response: These Cross-Sections are within the Sunnycove FRS and Sunset FRS, respectively. As 
a result, the 1 00-year, 6-hour flood pool level elevations supersede the wash critical depth 
elevations. Therefore, it is okay to set critical depth at this locations. 
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15. Message: During subcritical analysis , the water surface upstream of culvert went to critical depth. 
Response: Since the bounding Cross-Sections have dramatic changes in geometry. It is difficult 
to balance the energy. It is okay to set the solution at critical depth. 

16. Message: River: Sunset Wash- Reach 1, RS: 0.264 (Bridge) : Pier drag coefficient of 2.0 assumed 
for Class 8 flow. 
Response: As specified in Chapter 5 of the HEC-RAS Reference Manual, the drag coefficient tor 
square edge piers is 2. 00. Therefore, it is okay is to use this coefficient. 

17. Message: River: Sunset Wash - Tributary 1, RS: 0.213 (Culvert): Du ring subcritical analysis, with 
the exit loss set = 1.0, the projected WSEL in culvert has a lower energy than the downstream 
energy. Most likely, the downstream Cross-Section blocks part of the culvert or the ineffective 
area is set too far out. Instead of projecting the WSEL, the program did an energy balance to get 
the WSEL inside the culvert at the downstream end. 
Response: The downstream Cross-Section does block part of the culvert. In addition, the majority 
of the flow gets on the adjacent street which could cause the lower energy within the culvert. As 
a result, it is okay tor the energy balance to occur. 

• CHECK-RAS NT 

• 

The following warning messages were generated by CHECK-RAS NT, and they are addressed 

below. 

1. Message: River: Sunset Wash - Reach 2, RS: 0.858: Right overbank n value is less than 0.035. 
The n value for overbank is usually larger than 0.035. The n values should be reevaluated . 
Response: The right overbank n values is set at 0.03 because obstructions have been placed at 
this Cross-Section. 

2. Message: River: Sunset Wash - Reach 2, RS: 0.858: Left overbank n value is less than 0.035. The 
n value for overbank is usually larger than 0.035. The n values should be reevaluated . 
Response: The right overbank n values is set at 0. 03 because obstructions have been placed at 
this Cross-Section. 

3. Message: Channel n value is equal to or less than 0.025. The n value of the channel is usually 
larger than 0.025. The n value should be reevaluated it if is not representing a concrete lined 
channel. 
Response: Since the washes continue within the street section, the n-values are equal to or less 
than 0. 025 represent the asphalt road section. 
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4. Message: The channel n value of 0.036 for the upstream internal bridge opening section is equal 
or larger than the channel n value of 0.036 at Section 3. Usually, the channel n value of the bridge 
opening section is less than the channel n value of section 3. The selection of the n value(s) 
should be reevaluated. 
Response: The n value of 0.036 for the internal bridge opening section is okay because it 
represents the vegetation that is currently present. 

5. Message: The channel n value of 0.036 for the downstream internal bridge opening section is 
equal or larger than the channel n value of 0.036 at Section 3. Usually, the channel n value of the 
bridge opening section is less than the channel n value of section 3. The selection of the n 
value(s) should be reevaluated. 
Response: The n value of 0. 036 for the internal bridge opening section is okay because it 
represents the vegetation that is currently present. 

CHECK-RAS XS 

The following warning messages were generated by CHECK-RAS XS, and they are addressed 

• below. 

• 

1. Message: Left levee option is used at this river station. Please investigate whether the NFIP 
requirements for levees are met. 
Response: The levee option is used to encroach the wash cross section because the Cross
Section depicts areas which don't convey any runoff. Therefore, removing the levee is not 
necessary. 

2. Message: Right levee option is used at this river station. Please investigate whether the NFIP 
requirements for levees are met. 
Response: Refer to response for Item # 1 above. 

3. Message: Discharge is different between the upstream side and downstream side of the structure. 
Response: As flow increases downstream, the flow increases coincidently just downstream of the 
culvert. 

4. Message: There is no flow on the right overbank at the downstream cross section. There is no 
flow on the left overbank at this section. 
Response: It is okay if there is no flow on the left and right overbanks. The bank stations where 
chosen based on the amount of vegetation present. 
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5. Message: Constant discharge used for the Sunset Wash - Reach 3. 
Response: Since this discharge within this wash is pro-rated, it was decided by the District to use 
a constant discharge. 

6. Message: Constant discharge used for the Sunset Wash - Tributary 1. 
Response: Refer to response for Item #5 above. 

7. Message: This Cross-Section is located too far upstream from the critical depth Cross-Section. 
Response: The distance between 2 neighboring Cross-Sections in the HEC-RAS model is 
generally less than 500 feet. Cross-Sections are located where channel geometry (including 
slope, n value etc.) changes. It is believed that no additional Cross-Sections are necessary. 

8. Message: Junction option is used. For flood insurance study, this option should be used if the 
tributary and main stream can have coincident peaks, or it may be used for the stream without 
floodway. It may also be used if the discharges at different time periods are known from rainfall
runoff models. 
Response: Both (Sunset Wash - Reach 2 and Sunnycove Wash - Reach 1) have coincident peaks. 
Therefore, the junction option is okay. 

CHECK-RAS Structure 

The following warning messages were generated by CHECK-RAS Structure, and they are 

addressed below. 

1. Message: RS 3.1: The starting station of 9690 from upstream road/weir data is greater than the 
starting station of 9689.18 from upstream internal section I section 3. The high chord elevation of 
2340.46 for the starting road/weir station is greater than the ground elevation of 2337 for the same 
ground station. The road/weir Profile may need to be extended. 
Response: The deck/roadway data is from the existing contours at Culvert RS 0.269. The 
upstream/downstream internal sections are defaulted to the upstream /downstream Cross
Sections (RS 3. 105 and 3. 091 ). Since the Cross-Sections are wide, it is okay to leave the 
road/weir Profile as is because it does not affect any of the calculations. Also, the roadway 
elevations are always higher than the ground elevation at the same ground stations. This is a 
typical comment for many of the culverts. Therefore, it is okay to keep these settings for all 
culverts . 

2. Message: RS 0.269: The end station of 10124.46 from downstream road/weir data is less than the 
end station of 1 0131.75 from downstream internal section. The high chord elevation of 2118.1 5 
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for the end road/weir station is greater than the ground elevation of 2116.164 for the same ground 
station. The road/weir Profile may be extended. 
Response: Refer to response for Item # 1 above. 

3. Message: RS 0.269: The channel distance of 1.01 0002 at downstream internal section is less than 
height of the culvert opening of 2. Section 2 should be placed at the foot of the road embankment 
or wing walls . Distances at sections 2, 3 & 4 should be adjusted. 
Response: If section 2 is moved further downstream, the head loss between the cross sections 
will be less. Currently, the head loss between the cross sections is low. Therefore, there is no 
need to move any cross sections. This is a typical comment tor many of the culverts. Therefore, 
there is no need to move any cross sections for any of the culverts. 

4. Message: RS 0.269 This is a culvert: Encroachment method was not specified at this river station. 
For flood insurance studies, encroachment method 4 and 1 should be used. 
Response: Encroachment Method # 1 is used for all of the Cross-Sections. This method does not 
allow to encroach within the culverts. Therefore, no change is required. This is a typical 
comment for many of the culverts. Therefore, it is okay to keep these settings for all culverts. 

• 5. Message: RS 0.269 This is a culvert: The right most weir station of 1 0000.33 for the floodway 

• 

profile is equal or greater than the right most weir station of 9988.22 for the natural profile. The 
floodway weir flow boundary is equal to or outside of the natural profile weir flow boundary. 
Encroachment computations should be investigated. 
Response: Since the road slopes to the north, the flow weirs over the left overbank. The 
encroachment stations are set to be along the bank stations to keep the flow within the wash 
section. Therefore, no change is required. 

6. Message: RS 0.279: The left station effective of 9976.23 for the natural profile is less than the left 
channel bank station of 9986.61. The left encroachment station is outside the channel. The left 
encroachment station of 9968 is less than the left station effective of 9976.23 for the natural 
profile. The left encroachment station should be adjusted. 
Response: If the encroachment station is adjusted to station 9986.61, the change in WSE 
becomes more than 1.00-foot. After many iterations, the encroachment station of 9968 is 
optimal. This could be due to the flow split at the downstream culvert. 

7. Message: RS 0.239 This is section 3: Weir flow occurs at Culvert Group 1. However, the 
ineffective flow elevation of 2103 between stations 9787.97 and 9920.84 is equal to or greater 
than the WSEL of 2102.85. The LMnTpRdU is 2101 .65. The ineffective flow elevation should be 
equal to or lower than the MnTpRd. It should also be less than the WSEL. 
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Response: If the ineffective flow elevation is greater than either LMnTpRdD or the MXLoCdD, it 
does not affect the WSEL. It is okay to keep these settings. 

8. Message: RS 0.226: This is section 2. Weir flow occurs at Culvert Group 1. However, the 
ineffective flow elevation of 2103 between stations 9782.57 and 9915.54 is equal to or greater 
than the WSEL of 2100.74. The LMnTpRdD is 2101.65 and the MXLoCdD is 2100.27. The 
ineffective flow elevation should be between the LMnTpRdD and the MXLoCdD If LMnTpRdD is 
greater than MXLoCdD. Otherwise, it should be equal to LMnTpRdD. It should also be less than 
the WSEL. 
Response: If the ineffective flow elevation is greater than either LMnTpRdD or the MXLoCdD, it 
does not affect the WSEL. It is okay to keep these settings. 

9. Message: RS 0.226: This is section 2. Left encroachment station 9970 is more than the left 
ineffective flow station 9915.54 and equal to or greater than the right ineffective flow station. The 
effective flow is totally blocked by the encroachment stations. the encroachment stations should 
be adjusted. 
Response: There is no right ineffective flow stations at this Cross-Section. The encroachment 
stations are placed at the bank stations in which there is no effective flow area being blocked. No 
adjustments are required. 

10. Message: RS 0.239: This is section 3. Left encroachment station 9975 is more than the left 
ineffective flow station 9920.84 and equal to or greater than the right ineffective flow station. The 
effective flow is totally blocked by the encroachment stations. the encroachment stations should 
be adjusted. 
Response: Refer to response tor Item #9 above. 

11. Message: RS 3.1 This is a culvert: The left most weir station of 9945.67 for the floodway profile is 
equal or less than the left most weir station of 9946.55 for the natural profile. The floodway weir 
flow boundary is equal to or outside of the natural profile weir flow boundary. Encroachment 
computations should be investigated. 
Response: The encroachment stations are set at the bank stations of the culvert bounding Cross
Sections to keep the flow within the wash section. Therefore, no change is required. 

12. Message: RS 0. 753 This is section 4: Ineffective flow option was considered at this section. 
However, it should be a fully expanded Cross-Section. Ineffective flow stations and elevations 
should be cleared from this section, unless the areas beyond the ineffective flow stations are not 
within the flow path of the stream. This message should be ignored if this section is Section 2 of 
the upstream Cross-Section. 
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Response: The ineffective flow area is used because the left overbank area has many obstructions 
and water is not effectively flowing through this area. 

13. Message: RS 0.289 This is section 4: Ineffective flow option was considered at this section. 
However, it should be a fully expanded Cross-Section. Ineffective flow stations and elevations 
should be cleared from this section, unless the areas beyond the ineffective flow stations are not 
within the flow path of the stream. This message should be ignored if this section is Section 2 of 
the upstream Cross-Section. 
Response: The ineffective flow area is used because the overbank areas have many obstructions 
and water is not effectively flowing through this area. 

14. Message: RS 0.26: This is section 2. The left encroachment station 9968 is greater than the left 
bank station of 9962.53. The left encroachment station is within the channel. The encroachment 
station and /or channel bank station should be reevaluated . 
Response: The bank stations are set based on vegetation. Since the WSE doesn't spread beyond 
the bank stations, the encroachment stations are placed within the channel. No adjustments are 
required. 

• 15. Message: RS 0.26: This is section 2. The right encroachment station of 10032 is less than the 

• 

right bank station of 10040.34. The encroachment station and /or channel bank station should be 
reevaluated. 
Response: Refer to response for Item # 14 above. 

16. Message: RS 0.26: This is section 2. Left encroachment station 9968 is more than the left 
ineffective flow station 9960.54 and less than the right ineffective flow station 1 0040.34. Left 
encroachment station is within the effective flow area. Left encroachment station should at least 
be equal to the left ineffective flow station. 
Response: The left encroachment station is set at the WSE. No adjustments are required. Also, 
refer to response for Item # 14 above. 

17. Message: RS 0.26: This is section 2. Right encroachment station 10032 is less than the right 
ineffective flow station 1 0040.34 and greater than the left ineffective flow station 9960.54. Right 
encroachment station is within the effective flow area. Right encroachment station should at least 
be equal to the right ineffective flow station. 
Response: The right encroachment station is set at the WSE. No adjustments are required. Also, 
refer to response for Item # 14 above . 
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18. Message: RS 0.269: This is section 3. The right encroachment station 10036.35 is less than the 
right bank station of 10038.33. The right encroachment station is within the channel. The 
encroachment station and/or channel bank station should be reevaluated. 
Response: Refer to response tor Item # 14 above. 

19. Message: RS 0.218: This is section 3. Weir flow occurs at Culvert Group 1. The velocity head at 
section 3 is more than 0.5 foot and more than the velocity head at section 4. Section 3 should be 
recoded to represent the natural valley Cross-Section. 
Response: Section 3 already depicts the natural Cross-Section. As a result, no adjustments are 
required. This is a comment tor other Cross-Sections. Therefore, it is okay to keep the existing 
settings tor all Cross-Sections. 

CHECK-RAS Floodway 

The following warning messages were generated by CHECK-RAS Floodway, and they are 

addressed below. 

1. Message: RS 0.269 This is a culvert: Floodway encroachment method is not selected at this 
section. 
Response: Encroachment Method # 1 is used tor all of the Cross-Sections. This method does not 
allow to encroach within the culverts. Therefore, no change is required. This is a typical 
comment for many of the culverts. Therefore, it is okay to keep these settings tor all culverts. 

2. Message: River: Sunset Wash - Tributary 1, RS 1.902: Floodway encroachment method is not 
selected at this section. 
Response: No floodway is performed on Sunset Wash - Tributary 1 and Sunset Wash - Reach 3. 
This is a typical comment tor all Cross-Sections within these two washes. Therefore, no changes 
are required. 

3. Message: RS 1.902: The left and right bank stations may not be at the proper location. 
Response: The bank stations are set based on vegetation. This is a typical comment tor most of 
the Cross-Sections. Therefore, no changes are required. 

4. Message: RS 0.828: Left encroachment station 9988 is more than the left channel bank station 
9985.52 and less than the right channel bank station 1 0018.44. Left encroachment station is 
within the channel. The encroachment station or channel bank station should be adjusted . 
Response: The left encroachment station is set at roadway width. As a result, no adjustments are 
required. 
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5. Message: RS 0.828: Right encroachment station 10015.2 is less than the right channel bank 
station 10018.44 and greater than the left channel bank station 9985.52. Right encroachment 
station is within the channel. The encroachment station or channel bank station should be 
adjusted. 
Response: The right encroachment station is set at roadway width. As a result, no adjustments 
are required. 

6. Message: RS 0. 753: Left station effective of 9985.58 for the floodway profile is more than the left 
channel bank station of 9984.73. The left side of the floodway boundary is within the channel. the 
left encroachment station of 9935 is less than the left channel bank station. The left encroachment 
station should be the same as the left channel bank station. 
Response: The left encroachment station is set left side of the roadway width. This is to keep a 
consistent encroachment station within the bounding Cross-Sections. As a result, no 
adjustments are required . 

Hoskin-Ryan Consultants, Inc. 
FCD 2009C030 E-20 

Wickenburg Area Drainage Master Study/Plan 



• 

• 

• 



• 

• 

• 

Phase 1 Technical Data Notebook Appendix F 

Appendix F: Erosion and Sediment Transportation Supporting Documentation 

Note: Erosion and Sediment Transportation analysis is not covered by the scope of this study. 
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Appendix G: Field Reconnaissance Report 

The Wickenburg Area Drainage Master Study/Plan Phase 1 Field Reconnaissance Report, prepared by 
Hoskin-Ryan Consultants, Inc. is included as Appendix G . 
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INTRODUCTION 

PHASE 1-FIELD RECONNAISSANCE REPORT 

Hoskin-Ryan Consultants, Inc., (HRC) has been contracted by the Flood Control District of 

Maricopa County (District) to prepare the Wickenburg Area Drainage Master Study/Plan (ADMS/P}. 

The ADMS/P lies within the watershed encompassing and surrounding the Town of Wickenburg in the 

north part of Maricopa County (Figure 1 ). The ADMS portion of the project identifies and quantifies 

known and potential flood hazards in the Wickenburg area, and where future flood control measures 

should be focused. If deemed necessary, the ADMP portion of the project will be initiated to identify 

alternatives and propose solutions to remediate flood hazards. This study is a joint effort between the 

District and the Town of Wickenburg (Town) . 

FIGURE 1 - VICINITY AND 
STUDY AREA 
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The study is an update of the Wickenburg Area Drainage Master Study (WADMS), completed 

in 1992. Since the WADMS, there have been advancements in the technology used to identify flood 

hazards, precipitation data has changed, and recent and more accurate digital topography is available. 

Growth, development, and other factors have modified drainage patterns in some areas, resulting in 

changes to the flood hazards. 

The ADMS will be completed in three phases (Figure 2) . The first phase (Figure 3) identifies 

the current floodplain and flood hazards for Sunset Wash and Sunny Cove Wash. The second phase 

addresses the floodplains that occur within , or in close proximity to, the Town limits. The third phase 

delineates floodplains for selected washes outside of the Town 's jurisdictional limits . 

FIGURE 2 - STUDY PHASES 
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FIGURE 3- PHASE 1 WATERSHED 

PHASE 1-FIELD RECONNAISSANCE REPORT 

Completion of the ADMS will allow the District and the Town to identify flood risk areas, 

• permitting future development to occur in an informed manner. The ADMP (Phase 4) may recommend 

structural facilities, such as channels and basins, or non-structural methods such as development 

codes, for selected areas. 

1.1 Purpose of Report 

The purpose of the Field Reconnaissance Report is to present and summarize the investigation 

of roughness coefficients or Manning 's "n" values ("n" values) and channel bank stations for Phase 

1. In addition, floodplain conditions affecting the delineation, hydraulic structure and obstruction 

descriptions are identified. The "n" values and channel bank stations are a component of the hydraulic 

modeling (HEC-RAS) . The documentation to support the estimation of "n" values , includes channel , 

structure and floodplain characteristics . 
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• 1.2 Project Team 

This study is performed under the authority of the District, in cooperation with the Town. Key 

members of the consultant team are as follows: 

Hoskin Ryan Consultants , Inc. 
• Project Manager- Paul Hoskin, PE 
• Assistant Project Manager- Kristyn Van Meter, PE 
• Assistant Project Manager- Douglas Both, CFM 

The HRC consultant team comprises firms of various disciplines required to complete all 

portions of the study. HRC is the Prime Consultant with the responsibil ities of Project Management 

and technical analysis. Dewberry and Coe and Van Lao Consultants, Inc., are assisting HRC with data 

collection, hydrology, hydraulics, and floodplain delineation. EPG is assisting with data collection, the 

existing conditions analysis, and the flood hazard assessment. Bender Consulting Services is 

assisting with Public Involvement. Geological Consultants, Inc. , is providing soils and bedrock 

• analysis and Alpha Geotechnical is providing soils sampling and testing. Del Sol Group is providing 

environmental analysis. 

2 MANNING'S "n" VALUE ESTIMATION 

Phase 1 of the Wickenburg ADMS/P consists of approximately four linear miles of detailed 

hydraulics modeling and delineation. Phase 1 consists of Sunset Wash (upstream and downstream of 

Sunset Dam) and Sunnycove Wash (upstream and downstream of Sunnycove Dam) . 

During a field reconnaissance trip on September 2, 2010, thirteen accessible "n" value 

locations were identified to document the existing wash conditions. The "n" values for each location 

were identified with the aid of aerial and ground photographs (Figure 4) . Refer to Appendix A for the 

• 

photographs of the channel and floodplain characteristics. The following factors are considered in the 

--=========---==== 
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A Wickenburg Area Drainage Master Study/Plan v FCD 2009-(030 PHASE 1-FIELD RECONNAISSANCE REPORT 

• computation of "n" values for each wash: 

• Bed material particle size 
• Degree of irregularity of the bank slopes 
• Effect of obstruction 
• Degree of meandering 
• Vegetation 
• Variation in channel cross-section 

The density and type of vegetation have a significant impact on the "n" values. Some of the 

vegetation within the floodplain includes the following types: 

• Creosote Bush 
• Ironwood Tree 
• Mesquite Tree 
• Saltbrush 
• Annual Grasses and Weeds 

2.1 Methodology 

• Manning 's roughness coefficients are determined in accordance with the methodology 

described in Selection of Manning's Roughness Coefficient for Natural and Constructed Vegetated and 

Non-Vegetated Channels in Central Arizona (Reference 1 ). The method described in this publication 

selects a base value for the roughness coefficient based exclusively on bed material. This base value 

is then adjusted to account for vegetation , irregularities, obstructions and channel cross-section 

variations. In add ition, a multipl ier is applied to the adjusted "n" value when meandering of the reach 

is significant. 

2.2 "n" Value Determination 

The base roughness coefficient in this study is selected based on the average particle size 

observed in the field. The typical bed materials in the study area range from coarse sand to medium 

boulder and the typical values of the roughness coefficient range from 0.020 to 0.050. After these 

·~==~~-----====== 
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~ Wickenburg Area Drainage Master Study/Plan 
~ FCD 2009-C030 PHASE 1-FIELD RECONNAISSANCE REPORT 

• values are adjusted for the effects of vegetation, irregularities, etc. the final estimate of the roughness 

coefficients ranges from 0.025 in the smooth sections of the channel to 0.07 4 in heavily vegetated 

areas. 

The majority of the obstructions are along Sunset Wash within the Town limits. The main 

obstructions consist of residential properties. Within this area, the "n" value is approximately 0.064. 

The base values and adjustments of "n" values , along with the photographic documentation, are 

included in Appendix A. 

3 BANK STATION PLACEMENT 

Bank station locations are placed in the cross-sections for the HEC-RAS model after evaluating 

the contour mapping, and aerial photography. For most of the reaches, heavier vegetation is located 

• within the overbank, in comparison to the main channel. 

4 HYDRAULIC STRUCTURES 

There are fourteen hydraulic structures within the Phase 1 floodplain delineation. All fourteen 

structures were surveyed and photos were taken at each of the structures. Table 1 summarizes the 

hydraulic structures present with in the Phase 1 floodplain delineation. Refer to Appendix B for the 

structures survey information. 

In the previous ADMS, the only structures that existed within the Phase 1 floodplain delineation 

are located at the Mariposa Drive (SUN_200), Jackson Street (SST_300) , Mesquite Street (SST_ 400) 

and the BNSF Rail Road (SST_ 500) crossing. There are no observable changes to these structures 

since the previous ADMS. 

~--====~----============·~~=--------------~~--------~-= 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009-C030 PHASE 1-FIELD RECONNAISSANCE REPORT 

• Table 1: Hydraulic Structure Summary 

Structure Structure Downstream No. of Structure Length 
Location ID RS Conduits Type (ft) 

Sunnycove Wash - Reach 2 
Steinway 

SUN 100 3.091 5 RCP 50.0' Drive 
Mariposa 

SUN 200 1.127 3 CMP 1 00.0' Drive 
Sunnycove Wash - Reach 1 

Kellis Road SUN 500 0.263 1 CMP 79.0' 
Cottonwood 

SUN 510 0.226 2 CMP 60.0' Road 
Sunset Wash - Reach 3 

Mariposa 
SST 170 1.447 3 CMP 82.0' 

Drive -

Sunset Wash - Reach 1 
Lincoln 

SST 200 0.726 3 CMP 47.0' Street 
Jackson 

SST 300 0.658 3 CMP 46.0' Street 
Mesquite 

SST 400 0.537 1 CBC 47.0' Street 

• Sunset Wash - Tributary 1 
Private 

SST 120 0.209 3 CMP 40.0' Driveway 
Private 

SST 130 0.152 3 CMP 21 .0' Driveway 
Private 

SST 140 0.1 32 3 CMP 21 .0' Driveway 
Private 

SST 150 0.116 3 CMP 21 .0' Driveway 
Mariposa 

SST 160 0.076 3 CMP 56.0' Drive 
Sunset Wash- Reach 1 (Bridge) 

Structure Structure Downstream No. of Pier Piers 

Location ID RS Piers Width @ 
(ft) Feet 

BNSF Rail 
Road SST 500 0.260 4 1.00' 13'± 

Crossing 

·-== 't~ Hoskin · Ryan Consultants. 1nc. 
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48" 48" 

24" 24" 

24" 24" 

36" 36" 
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3' 1 0' 
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24" 32" 

24" 32" 

24" 32" 

24" 36" 

Size Size 
(ft) (ft) 
H w 

9.71 '± 86.1'± 
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• 

• 

5 REFERENCES 

1. Phillips, Jeff V. and Saeid Tadayon, United States Geological Survey, Selection of Manning's 
Roughness Coefficient for Natural and Constructed Vegetated and Non-Vegetated Channels, 
and Vegetation Maintenance Plan Guidelines for Vegetated Channels in Central Arizona, 2007. 

2. Arizona Department of Water Resources , State Standard 1-97 Requirement for Flood Study 
Technical Documentation, November 1997. 

3. Arizona Department of Water Resources, State Standard 2-96 Requirement for Floodplain and 
Floodway Delineation in Riverine Environments , July 1996. 

4. Arizona Department of Water Resources, State Standard 9-02 State Standard for Floodplain 
Hydraulic Modeling, July 2002. 

5. Black and Veatch , Wickenburg Area Drainage Master Study, Technical Documentation Report, 
May 1994. 

6. Federal Emergency Management Agency, Guidelines and Specifications for Flood Hazard 
Mapping Partners , April 2003. 

7 . Flood Control District of Maricopa County, Drainage Design Manual for Maricopa County, 
Arizona, Hydraulics, Draft June 24, 2010. 

8. Flood Control District of Maricopa County, Drainage Policies and Standards for Maricopa 
County, Arizona , Draft July 2010. 

9. Flood Control District of Maricopa County, Scope of Work, Contract FCD 2009C0303, 
Wickenburg Area Drainage Master Study/Plan (ADMS/P) , July 12, 2010. 

10. Town of Wickenburg , The Code of the Town of Wickenburg, Arizona, Chapter 15 Floodplain 
Regulations , 2004. 

11 . Wood, Patel & Associates , Inc., Flood Insurance Study, Approximate Zone A Floodplain 
Delineation Studies, Wickenburg Area, Maricopa County, Arizona, Technical Data Notebook, 
July 7, 2000. 

•------------~ 
.,~ Hoskin · Ryan Consu ltants. Inc. 

crealtVI eng/netting solutio ns 

April 2011 
8 
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• 

• 

PHASE 1-FIELD RECONNAISSANCE REPORT 

Appendix A: Manning's "n" Value Calculation Sheets, with Photographs and Tables 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 FIELD RECONNAISSANCE NOTES 

Wash Name: Sunset Wash Date: 9/2/1 0 

Location Desc.: Tegner Street crossing Lac. No.: 1 

GPS Lat: 33°57'56"N GPS Long: RS: 

View Downstream View Upstream 

t· 
~~ \ 

~~----,--~/ ~- tZ13 -.....__...,.....--=-'-_'---- · 

~'-:----'-----7'-k!F- -*
----:-r--:--,-,--~....:...._:~~:..::____:_---=:,-..-' ~ v d 0 

-
ur)J 

.V.T.S 
Cross-Section, View Downstream 

Section LOB CHNL ROB 

Base 'n' Value 0.025 O.D25 0.025 

n1 Degree of Irregularity 0.000 0.000 0.000 

~ Variation in Chnl Cross-Sect 0.000 0.000 0.000 

n3 Effect of Obstructions 0.005 0.001 0.005 

n4 Amount of Vegetation 0.005 0.008 0.005 

m Degree of Meandering 1 1 1 

Manning's 'n' Value 0.035 0.034 0.035 

·~ P Hoskin · Ryan ConsultantS. Inc. 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunset Wash ,....... ......... ___ ,__-== 

Location Desc.: Tegner Street crossing 

GPS Lat: 33°57'56"N GPS Long: 

View downstream LOB 

• 
View upstream LOB View upstream ROB 

·~ .,~ Hoskin · Ryan ConsultantS. Inc. 
''~' •• '9 "' t ,.g r 1 

FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Lac. No.: 1 

RS: 



~ Wickenburg Area Drainage Master Study/Plan v FCD 2009C030 

• Wash Name: Sunset Wash 

Location Desc. : Between Tegner Street and rail road 

GPS Lat: 33°57'55"N GPS Long: 

View Downstream 

• 

Cross-Section, View Downstream 

Section LOB 

Base 'n' Value 0.025 

n1 Degree of Irregularity 0.000 

n2 Variation in Chnl Cross-Sect 0.000 

n3 Effect of Obstructions 0.005 

n4 Amount of Vegetation 0.005 

m Degree of Meandering 1 

Manning's 'n' Value 0.035 

. ... 
't~ Hoskin · Ryan ConsultantS. Inc. 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 2 

RS: 

View Upstream 

!'. ' ('' 

;";~4::; . 

.T. 5 

CHNL ROB 

0.025 0.025 

0.000 0.002 

0.000 0.002 

0.001 0.020 

0.010 0.020 

1 1 

0.036 0.069 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location Desc.: Coolwater Lane alignment (west of rail road) 

FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Lac. No.: 3 

GPS Lat: 33°57'54"N GPS Long: 112°43' 42"W RS: 

View Downstream View Upstream 

('~ 
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• ' 
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-
/V. T. .S. 

Cross-Section, View Downstream 

Section LOB CHNL ROB 

Base 'n' Value 0.025 0.020 0.025 

n, Degree of Irregularity 0.002 0.000 0.002 

11:1 Variation in Chnl Cross-Sect 0.002 0.000 0.002 

n3 Effect of Obstructions 0.010 0.005 0.01 0 

n4 Amount of Vegetation 0.025 0.000 0.025 

m Degree of Meandering 1 1 1 

Manning's 'n' Value 0.064 0.025 0.064 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location Desc. : Coolwater Lane alignment (west of rail road) 

GPS Lat: 33°57'54"N GPS Long: 112°43' 42"W 

View upstream LOB View downstream ROB 

. .. 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/10 

Lac. No.: 3 

RS: 
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!""'!;\ Wickenburg Area Drainage Master Study/Plan 
~ FCD 2009C030 

Wash Name: Sunset Wash 

Location Desc.: North of Park Street and Sylvan Road intersection 

GPS Lat: 33°57'56"N GPS Long: 112°43'53"W 

View Downstream View Upstream 

I' 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 4 

RS: 
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J ti ) 

N.i_~ 
Cross-Section , View Downstream 

Section LOB CHNL ROB 

Base 'n' Value 0.025 0.025 0.025 

n1 Degree of Irregularity 0.000 0.000 0.000 

~ Variation in Chnl Cross-Sect 0.002 0.000 0.002 

n3 Effect of Obstructions 0.010 0.002 0.010 

n4 Amount of Vegetation 0.010 0.005 0.01 0 

m Degree of Meandering 1 1 1 

Manning's 'n' Value 0.047 0.032 0.047 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunset Wash 

Location Desc.: North of Park Street and Sylvan Road intersection 

GPS Lat: 33°57'56"N GPS Long: 112°43'53"W 

View downstream LOB View downstream ROB 

• 
View upstream LOB View upstream ROB 
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Date: 9/2/1 0 

Loc. No.: 4 

RS: 



0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunset Wash 

Location Desc.: Madison Street Crossing 

GPS Lat: 33°57'54"N GPS Long: 

View Downstream 

• 

View Upstream 

S vh5 

Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.025 0.028 

n1 Degree of Irregularity 0.002 0.000 

n. Variation in Chnl Cross-Sect 0.002 0.000 

n3 Effect of Obstructions 0.010 0.001 

n4 Amount of Vegetation 0.025 0.010 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.064 0.039 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 5 

RS: 
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• Wash Name: Sunset Wash 

Location Desc.: Madison Street Crossing 

GPS Lat: 33°57'54"N GPS Long: 

View downstream LOB 

• 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 5 

RS: 

View downstream ROB 



0 Wickenburg Area Drainage Master Study/Plan 
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• Wash Name: Sunset Wash 

Location Desc.: Southwest corner of Lincoln Street and Center Street 

GPS Lat: 33°57'50"N GPS Long: 112°44'07"W 

View Downstream View Upstream 

• 

Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.020 0.028 

n, Degree of Irregularity 0.000 0.000 

~Variation in Chnl Cross-Sect 0.001 0.000 

n3 Effect of Obstructions 0.015 0.001 

n4 Amount of Vegetation 0.005 0.002 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.041 0.031 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 6 

RS: 

ROB 

0.025 

0.002 

0.002 
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• Wash Name: Sunset Wash 

Location Desc .: Downstream of Sunset Dam west of Kellis Road 

GPS Lat: 

• 4 0 L 0\3 k 

Cross-Section, View Downstream 

Section 

Base 'n' Value 

n1 Degree of Irregularity 

n2 Variation in Chnl Cross-Sect. 

n3 Effect of Obstructions 

n4 Amount of Vegetation 

m Degree of Meandering 

Manning's 'n' Value 

\ _/ 
I : ) 

]:-; ''· 

L\3 

' . 'JV'I(I)) . 

Cuc.-u; 

LOB 

0.025 

0.002 

0.002 

0.010 

0.025 

1 

0.064 
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GPS Long: 

FIELD RECONNAISSANCE NOTES 

Date: 9/2/10 

Lac. No.: 7 

RS: 

CHNL ROB 

0.020 0.025 

0.000 0.002 

0.000 0.002 

0.000 0.010 

0.015 0.025 

1 1 

0.035 0.064 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location Desc.: Grant Street alignment 

GPS Lat: 33°57'51 "N GPSLong: 112°44'16"W 

View downstream at Grant Street alignment 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 FIELD RECONNAISSANCE NOTES 

• Wash Name: Sunnycove Wash ~----------- Date: 9/2/1 0 

Location Desc .: South of Lost Canyon Road crossing Lac. No.: 8 

GPS Lat: 33°57'42"N GPS Long: RS: 

View Downstream View Upstream 

• 
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Cross-Section, View Downstream 

Section LOB CHNL ROB 

Base 'n' Value 0.025 0.025 0.025 

n1 Degree of Irregularity 0.001 0.008 0.001 

n2 Variation in Chnl Cross-Sect 0.000 0.000 0.000 

n3 Effect of Obstructions 0.004 0.000 0.004 

n4 Amount of Vegetation 0.025 0.002 0.025 

m Degree of Meandering 1 1 1 

Manning's 'n' Value 0.055 0.035 0.055 
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A Wickenburg Area Drainage Master Study/Plan v FCD 2009C030 

• Wash Name: Sunnycove Wash =====------
Location Desc.: Downstream of Sunnycove Dam (west of Kellis Road) 

GPS Lat: 33°57'34"N GPS Long: 112°44'16"W 

View Downstream View Upstream 
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Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.025 0.025 

n1 Degree of Irregularity 0.000 0.000 

n. Variation in Chnl Cross-Sect 0.000 0.000 

n3 Effect of Obstructions 0.004 0.004 

n4 Amount of Vegetation 0.020 0.010 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.049 0.039 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunnycove Wash -----------

Location Desc.: Downstream of Sunnycove Dam (west of Kellis Road) 

GPS Lat: 33°57'34"N GPS Long: 112°44'16"W 

View downstream ROB View upstream ROB 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 9 
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Wickenburg Area Drainage Master Study/Plan 
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Wash Name: Sunnycove Wash Upper Reach 

Location Desc.: Agua Drive crossing (upstream of Sunnycove Dam) 

GPS Lat: 33°57'29"N GPS Long: 11 2°44'37"W 

View Downstream View Upstream 
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Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.030 0.025 

n1 Degree of Irregularity 0.000 0.000 

n2 Variation in Chnl Cross-Sect 0.002 0.003 

n3 Effect of Obstructions 0.002 0.000 

n4 Amount of Vegetation 0.025 0.002 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.059 0.030 
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Lac. No.: 10 
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• Wash Name: Sunnycove Wash Upper Reach ----===== 

Location Desc. : Agua Drive crossing (upstream of Sunnycove Dam) 

GPS Lat: 33°57'29"N GPS Long: 112°44'37"W 
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FIELD RECONNAISSANCE NOTES 
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Loc. No.: 10 
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Wash Name: Sunnycove Wash Upper Reach 

Location Desc.: Upstream of Mariposa Road crossing 

GPS Lat: 33°57'24"N GPS Long: 

View Downstream View Upstream 

------• 
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Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.030 0.026 

n1 Degree of Irregularity 0.000 0.002 

~Variation in Chnl Cross-Sect 0.002 0.005 

n3 Effect of Obstructions 0.005 0.000 

n4 Amount of Vegetation 0.025 0.002 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.062 0.035 
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~ Wickenburg Area Drainage Master Study/Plan v FCD 2009C030 

• Wash Name: Sunnycove Wash Upper Reach -~====== 
Location Desc. : Upstream of Mariposa Road crossing 

GPS Lat: 33°57'24"N GPS Long: 

• 

·~ P Hoskin · Ryan Consu ltan ts. Inc. 
rr '' U V"''' ~, s.:1 :J ., 

FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No.: 11 

RS: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location Desc.: Downstream of Ocotillo Drive crossing 

GPS Lat: 33°57'11 "N GPS Long: 

View Upstream 
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Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.030 0.026 

n, Degree of Irregularity 0.000 0.000 

11:! Variation in Chnl Cross-Sect 0.002 0.003 

n3 Effect of Obstructions 0.010 0.000 

n4 Amount of Vegetation 0.015 0.002 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.057 0.031 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunnycove Wash Upper Reach --------

Location Desc. : Downstream of Ocotillo Drive crossing 

GPS Lat: 33°57'11 "N GPS Long: 

View downstream LOB 

• 

• 1!11 
'>~ Hoskin · Ryan Consultants. 1nc. 
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FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Loc. No. : 12 

RS: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location Desc.: Between Vulture Mine Road and Ocotillo Drive 

GPS Lat: 33°56'58"N GPS Long: 112°45' 43"W 

View Upstream 
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Cross-Section, View Downstream 

Section LOB CHNL 

Base 'n' Value 0.030 0.026 

n1 Degree of Irregularity 0.000 0.000 

~ Variation in Chnl Cross-Sect 0.002 0.005 

n3 Effect of Obstructions 0.005 0.000 

n4 Amount of Vegetation 0.020 0.002 

m Degree of Meandering 1 1 

Manning's 'n' Value 0.057 0.033 
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0 Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

• Wash Name: Sunnycove Wash Upper Reach -------= 
Location Desc. : Between Vulture Mine Road and Ocotillo Drive 

GPS Lat: 

• 
View upstream LOB 

. 1!111 
't~ Hoskin · Ryan Consultants. 1nc. 

J t' .. 1 " f 'I'J .;;. I ' 

FIELD RECONNAISSANCE NOTES 

Date: 9/2/1 0 

Lac. No.: 13 
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Location Wash Name LOB 

# Base Value111 Adjustments lor Roughness Factors121 Degree ol 1'1 Calculated 141 

no n, nz n, n4 Meandering, m n -Value 

1 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
2 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
3 Sunset Wash 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
4 Reaches 1 & 0.025 0.000 0.002 0.010 0.010 1.0 0.047 
5 2 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
6 0.020 0.000 0.001 0.015 0.005 1.0 0.041 
7 0.025 0.002 0.002 0.010 0.025 1.0 0.064 

8 SunnyCove 
0.025 0.001 0.000 0.004 0.025 1.0 0.055 Wash- Reach 

9 1 0.025 0.000 0.000 0.004 0.020 1.0 0.049 
10 

SunnyCove 
0.030 0.000 0.002 0.002 0.025 1.0 0.059 

11 
Wash· Reach 0.030 0.000 0.002 0.005 0.025 1.0 0.062 

12 2 0.030 0.000 0.002 O.D10 0.015 1.0 0.057 
13 0.030 0.000 0.002 0.005 0.020 1.0 0.057 

Reference: Phillips, J.V., and Tadayon, S., 2006, Selection of Manning's Roughness Coefficient for Natural and 
Constructed Vegetated and Non-Vegetated Channels, and Vegetation Maintenance Plan Guidelines fo1 

WICKENBURG AREA DRAINAGE MASTER STUDY /PLAN 
PHASE 1 WASHES 

Manning's •n•-value Calculation 

Channel 

Base Value111 Adjustments lor Roughness Factora121 Degree ol 131 

no n, nz n, n4 Meandering, m 

0.025 0.000 0.000 0.001 0.008 1.0 
0.025 0.000 0.000 0.001 0.010 1.0 
0.020 0.000 0.000 0.005 0.000 1.0 
0.025 0.000 0.000 0.002 0.005 1.0 
0.028 0.000 0.000 0.001 0.010 1.0 
0.028 0.000 0.000 0.001 0.002 1.0 
0.020 0.000 0.000 0.000 0.015 1.0 

0.025 0.008 0.000 0.000 0.002 1.0 

0.025 0.000 0.000 0.004 0.010 1.0 
0.025 0.000 0.003 0.000 0.002 1.0 
0.026 0.002 0.005 0.000 0.002 1.0 
0.026 0.000 0.003 0.000 0.002 1.0 
0.026 0.000 0.005 __ Q.OOO __ 0.002 1.0 

Vegetated Channels in Central Arizona: U.S. Geological Survey, Scientific Investigations Report 2006-5108, 41 p. 

Notes: 
1. n 0 = Base value of n for a straight, unifonn channels (Tables 1 and 2) 
2. Adjustments for roughness factors other than meanders (Table 3), where: 

n 1 = Degree of Irregularity 
n 2 = Variation in channel cross section 
n 3 = Effect of obstructions 
n 4 = Amount of Vegetation 

3. m = Degree of meandering (Table 3) 
4. n- value = (n 0 + n 1 + n 2 + n 3 + n 4)*m 

pi Haskin • Ryan 9,g,Q~ ~),\?m,s,.. !~.~;., 

ROB 

Calculated 141 Base Value111 Adjustments lor Roughness Factors121 Degree of 131 Calculated 141 

n -Value no n, nz na n• Meandering, m n -Value 

0.034 0.025 0.000 0.000 0.005 0.005 1.0 0.035 
0.036 0.025 0.002 0.002 0.020 0.020 1.0 0.069 
0.025 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
0.032 0.025 0.000 0.002 0.010 0.010 1.0 0.047 
0.039 0.025 0.002 0.002 0.010 0.025 1.0 0.064 
0.031 0.025 0.002 0.002 0.020 0.025 1.0 0.074 
0.035 0.025 0.002 0.002 0.010 0.025 1.0 0.064 

0.035 0.025 0.001 0.000 0.004 0.025 1.0 0.055 

0.039 0.020 0.000 0.003 0.002 0.010 1.0 0.035 
0.030 0.030 0.000 0.002 0.002 0.025 1.0 0.059 
0.035 0.030 0.000 0.002 0.005 0.025 1.0 0.062 
0.031 0.030 0.000 0.002 0.010 0.015 1.0 0.057 
0.033 0.030 0.000 0.002 0.005 0.020 1.0 0.057 

3/9{2011 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009-C030 PHASE 1-FIELD RECONNAISSANCE REPORT 

Appendix B: Hydraulic Structures Survey Information 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location: Steinway Drive 

Benchmark 10: Elev: 2329.47 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK 

CULVERT NUM# 5 TYPE RCP 

DAM TOP WIDTH 

ADDITIONAL COMMENTS: 

~ I< 
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LENGTH 50.0' 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: 

Location: 

GPS Lat: 

..,o 
'lr 

'• 

./' 

Sunnycove Wash Upper Reach 

Steinway Drive 

GPS Long: 

. .. 
'>~ Hoskin · Ryan ConsultantS. Inc. 

• ' ' 1 ~ • g , 

STRUCTURE SURVEY NOTES 

ID: 

RS: 

SUN 100 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location: Steinway Drive 

GPS Lat: GPS Long: 

View to East, Upstream of Culvert 

View to North, from Culvert Crossing 
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SUN 100 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location: Mariposa Drive 

Benchmark 10: Elev: 2186.79 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 3 lYPE CMP LENGTH 100.0' 

• 

DAM TOP WIDTH 

ADDI110NAL COMMENTS: 

• ••• 0 . -
'. 

/ 
/ / 

/ 

• IIlii 
'>~ Hoskin · Ryan Consul tants. Inc. 

,., I li 

SIDES LOPE 

/. ·' -
' 

·. · ·. 

/ 
/ 

/ 

US: 

I 

' '. . 
' 7-.j 

~ 
I 

,_~ 

\1 
" 

tJ 
\' 

' . 

PC: 

PIER(S) @ 

SIZE H: 48" 

OS: 

r .R BB.S! 

7' !?._ 81. 5f- I 
/ 

/ 

/ 
/ / 

... r.-f(e_z.;/3 

() 

'!.. 
\.) 

~ 
-rc:;_B?. 7 t? . ~ 

STRUCTURE SURVEY NOTES 

10: SUN_200 

RS: 1.137 

IM: 

Photo 10: 

SKEW 

W: 48" SKEW 53° L 

RISER 

/ 
/ 

/ 
/ 

/ / 
/ 

/ 

/ 

, Jv~ 13. !?/r.. 

,~./.,; r9. :JZ 

December 2010 
1 



• 

• 

• 

Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location: Mariposa Drive 

GPS Lat: GPS Long: 

STRUCTURE SURVEY NOTES 

ID: SUN 200 

RS: 1.137 

r---------------------~--------------------~ .- ~,80 
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Hoskin· Ryan Consul tantS, Inc. 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash Upper Reach 

Location: Mariposa Drive 

GPS Lat: 

View to North, from Culvert Crossing 
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STRUCTURE SURVEY NOTES 

10: 

RS: 

View to South, from Culvert Crossing 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash 

Location: Kellis Road 

Benchmark 10: Elev: 2108.45 

GPS Lat: GPS Long: 

PC: 

BRIDGE RAIL DECK WIDTH PIER(S) 

CULVERT NUM# 1 lYPE CMP LENGTH 79.0' SIZE 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: 

Location: 

GPS Lat: 

Sunnycove Wash 

Kellis Road 

~6 
8 .81 

GPS Long: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash 

Location: Kellis Road 

GPS Lat: GPS Long: 

View to North, from Culvert Crossing 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunny cove Wash 

Location: Cottonwood Road 

Benchmark 10: Elev: 2102.36 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 2 lYPE CMP LENGTH 60.0' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITlONAL COMMENTS: No headwall on either side of culvert 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash 

Location: Cottonwood Road 

GPS Lat: GPS Long: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunnycove Wash 

Location: Cottonwood Road 

GPS Lat: GPS Long: 

View to West, from Culvert Crossing 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Lincoln Street 

Benchmark 10: Elev: 2073.60 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 3 lYPE CMP LENGTH 47.0' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Lincoln Street 

GPS Lat: GPS Long: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Lincoln Street 

GPS Lat: GPS Long: 

View to Northwest, from Culvert Crossing 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Jackson Street 

Benchmark 10: Elev: 2069.01 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTii 

CULVERT NUM# 3 TYPE CMP LENGTH 46.0' 

DAM TOPWIOTii SIDES LOPE US: 

PC: 

PIER(S) @ 

SIZE H: 16' 

OS: 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: 

Location: 

GPS Lat: 

' - ~ 

Sunset Wash 

Jackson Street 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Jackson Street 

GPS Lat: GPS Long: 

View to Northeast, Upstream of Culvert 

View to Northeast, Downstream of Culvert 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Mesquite Drive 

Benchmark 10: Elev: 2062.23 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK WIDTH 

CULVERT NUM# 1 TYPE CBC LENGTH 47' 

DAM TOP WIDTH SIDESLOPE US: 

ADDITIONAL COMMENTS: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Mesquite Drive 

GPS Lat: 
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Wickenburg Area Drainage Master Study/Plan 
FCD 2009C030 

Wash Name: Sunset Wash 

Location: Mesquite Drive 

GPS Lat: GPS Long: 

View to West, Downstream of Culvert 
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View to Southeast, from Culvert Crossing 
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~ Wickenburg Area Drainage Master Study/Plan v FCD 2009C030 

• Wash Name: Sunset Wash ~~-------= 
Location: BNSF Railroad Crossing 

Benchmark 10: Elev: PC: 

GPS Lat: GPS Long: 

BRIDGE RAIL DECK Wood WIDTH 18.60' PIER(S) 4 @ 

CULVERT NUM# TYPE LENGTH SIZE H: 

DAM TOP WIDTH SIDES LOPE US: OS: 
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• Wash Name: Sunset Wash Tributary -=======----======= ID: SST_150 

• 

Location: America Street and Private Driveway RS: 0.119 

Benchmark ID: Elev: 2145.55 PC: IM: 
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BRIDGE RAIL DECK WIDTH PIER(S) @ SKEW 

CULVERT NUM# 3 lYPE CMP LENGTH 21.0' SIZE H: 24" W: 32" SKEW 

DAM TOP WIDTH SIDES LOPE US: DS: RISER 

ADDITIONAL COMMENTS: No headwall on either side of culvert 
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• Wash Name: Sunset Wash Tributary =------------- ID: SST 160 

• 

Location: Mariposa Drive and America Street RS: 0.082 

Benchmark ID: Elev: 2137.18 PC: IM: 
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ADDITIONAL COMMENTS: No headwall on either side of culvert 
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WICKENBURG AREA DRAINAGE MASTER STUDY/PLAN 
Prorated Flow Summary used in HEC-RAS Model 
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