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CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

The Honorable Wayne Brown 
Mayor, City of Mesa 
P.O. Box 1466 
Mesa, Arizona 8521 1 

Dear Mayor Brown: 

u J 
u J~-luoa conrroi !?j,s4.riii :li Mc... I... L . . I ; . ~ P ~ ~  .i 

Washington, D.C. 20472 F,'3it:2: i9;.: t: G. !-. 
' * t I:;,:> 

IN REPLY REFER TO: 
Case No. : 98-09-364P - 
Community: City of Mesa, Arizona 
Community No. : 040048 
Panels ~ffected:  04013C2205 E and 2215 F 
Effective Date of J U L 2 0 1998 
This Revision: 

This responds to a request that the Federal Emergency Management Agency (FEMA) revise the effective 
Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona and Incorporated Areas (the effective 
FIRM for your community), in accordance with Part 65 of the National Flood Insurance Program (NFIP) 
regulations. In a letter dated January 16, 1998, Hasan Mushtaq, Ph.D., P.E., Engineering Division, Flood 
Control District of Maricopa County, requested that FEMA revise the FIRM to show the effects of more 
detailed topographic information and hydrologic and hydraulic analyses along the upslope side of the 
Roosevelt Irrigation District Canal (RIDC) from Brown Road to McKellips Road. 

All data required to complete our review of this request were submitted with letters from Dr. Mushtaq. 

We have completed our review of the submitted data and the flood data shown on the effective FIRM and 
FIS report. We have revised the FIRM to modify the elevations, floodplain boundary delineations, and 
zone designations of the flood having a 1-percent chance of being equaled or exceeded in any given year 
(base flood) along the upslope side of the RIDC. As a result of the modifications, base flood elevations 
(BFEs) were added along the upslope side of the RIDC from Brown Road to McKellips Road, and the 
width of the Special Flood Hazard Area (SFHA), the area that would be inundated by the base flood, 
decreased. The SFHA zone designation along the upslope side of the RIDC from Brown Road to 
McKellips Road has been changed from Zone A, an SFHA with no BFEs determined, to Zone AH, an 
SFHA with flood depths of 1 to 3 feet (usually areas of ponding) and BFEs determined. The modifications 
are shown on the enclosed annotated copies of FIRM Panel(s) 04013C2205 E dated September 4, 1991, 
and 04013C2215 F dated December 3, 1993. This Letter of Map Revision (LOMR) hereby revises the 
above-referenced panel(s) of the effective FIRM dated September 30, 1995. 

The modifications are effective as of the date shown above. The map panel(s) as listed above and as 
modified by this letter will be used for all flood insurance policies and renewals issued for your community. 
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The following table is a partial listing of existing and modified BFEs: 

Existing BFE Modified BFE 
Location (feet)* (feet)* 

Just south of McKellips Road 
Approximately 1,800 feet north of Brown Road 

None 1,351 . . 

None 1,349 - 
*Referenced to the National Geodetic Vertical Datum, rounded to the nearest whole foot 

Public notification of the proposed modified BFEs will be given in the Arizona Republic on or about 
August 20 and August 27, 1998. A copy of this notification is enclosed. In addition, a notice of changes 
will be published in the Federal Register. Within 90 days of the second publication in the Arizona 
Republic, a citizen may request that FEMA reconsider the determination made by this LOMR. Any 
request for reconsideration must be based on scientific or technical data. All interested parties are on 
notice that, until the 90-day period elapses, the determination to modify the BFEs presented in this LOMR 
may itself be modified. 

We are processing a revised FIRM and Flood Insurance Study (FIS) report for Maricopa County; 
therefore, we will not physically revise and republish the FIRM and FIS report for your community to 
incorporate the modifications made by this LOMR at this time. Preliminary copies of the countywide 
FIRM and FIS report were submitted to your community for review on December 23, 1997. We will 
incorporate the modifications made by this LOMR into the countywide FIRM and FIS report before they * become effective. 

This LOMR is based on minimum floodplain management criteria established under the NFIP. Your 
community is responsible for approving all floodplain development, and for ensuring all necessary permits 
required by Federal or State law have been received. State, county, and community officials, based on 
knowledge of local conditions and in the interest of safety, may set higher standards for construction in the 
SFHA. If the State, county, or community has adopted more restrictive or comprehensive floodplain 
management criteria, these criteria take precedence over the minimum NFIP criteria. 

The basis of this LOMR is, in whole or in part, a channel-modification/culvert project. NFIP regulations, 
as cited in Paragraph 60.3(b)(7), require that communities ensure that the flood-carrying capacity within 
the altered or relocated portion of any watercourse is maintained. This provision is incorporated into your 
community's existing floodplain management regulations. Consequently, the ultimate responsibility for 
maintenance of the modified channel and culvert rests with your community. 

This determination has been made pursuant to Section 206 of the Flood Disaster Protection Act of 1973 
(Public Law 93-234) and is in accordance with the National Flood Insurance Act of 1968, as amended 
(Title XI11 of the Housing and Urban Development Act of 1968, Public Law 90-448), 42 
U.S.C. 4001-4128, and 44 CFR Part 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 minimum NFIP criteria. These criteria are the minimum and 
do not supersede any State or local requirements of a more stringent nature. This includes adoption of the 
effective FIRM to which the regulations apply and the modifications described in this LOMR. Our records 
show that your community has met this requirement. 



0 A Consultation Coordination Officer (CCO) has been designated to assist your community. The CCO will 
be the primary liaison between your community and FEMA. For information regarding your CCO, please 
contact: 

Ms. Dorothy M. Lacey 
Director, Mitigation Division 

Federal Emergency Management Agency, Region IX 
The Presidio of San Francisco, Building 105 

San Francisco, California 94 129- 1250 - 
(415) 923-7177 

FEMA makes flood insurance available in participating communities; in addition, we encourage 
communities to develop their own loss reduction and prevention programs. Our Project Impact initiative, 
developed by FEMA Director James Lee Witt, seeks to focus the energy of businesses, citizens, and 
communities in the United States on the importance of reducing their susceptibility to the impact of all 
natural disasters, including floods, hurricanes, severe storms, earthquakes, and wildfires. Natural hazard 
mitigation is most effective when it is planned for and implemented at the local level, by the entities who 
are most knowledgeable of local conditions and whose economic stability and safety are at stake. For your 
information, we are enclosing a Project Impact Fact Sheet. For additional information on Project Impact, 
please visit our Web site at www.fema.gov. 

If you have any questions regarding floodplain management regulations for your community or the NFIP 
in general, please contact the CCO for your community at the telephone number cited above. If you have 
any technical questions regarding this LOMR, please contact Mr. Mike Grimm of our staff in Washington, 
DC, either by telephone at (202) 646-2878 or by facsimile at (202) 646-4596. 

Sincerely, 

Mike G r i m ,  Project Engineer 
Hazards Study Branch 
Mitigation Directorate 

cc: Hasan Mushtaq, Ph.D., P.E. J 

Engineering Division 
Flood Control District 
of Maricopa County 

Ms. Terri Miller 
State Coordinator, NFIP 
Arizona Department 
of Water Resources 

Mr. Gregory A. Schuelke 
A-N West Consulting Engineers 

For: Matthew B. Miller, P.E., Chief 
Hazards Study Branch 
Mitigation Directorate 



Federal Emergency 
Management Agency FACT SHEET 
Office of Emergency Information and Media Affairs, Washington, D.C. 20472 (202) 646-4600 

PROJECT IMPACT 
Building a Disaster Resistant Community 

BACKGROUND 
PROJEm IMPACT is an initkke developed by FEMA Director James Lee Wrtt to challenge the 
country to undertake actions that protect families, businesses and communities by reducing the 
effects of natural disasters. This inithive includes a national awareness campaign, the selection of 
pilot communities that demonstrate the benefits of hazard mitigation through a partnership 
approach, and an outreach effort to businesses and communities using a new guidebook that offers 
a formula for a community or business to follow to become disaster resistant. 

The increasing number and severity of natural disasters the past decade demands that action be 
taken to reduce the threat that hurricanes, severe storms, earthquakes, floods and wildfires impose 
upon the economic stabiity, economic future and safety of the citizens of the U.S. As the federal 
agency responsible for emergency management, FEMA is committed to reducing disaster losses by 
focusing the energy of businesses, citizens, and communities in the U.S. on the importance of 
reducing their susceptibility to the impact of n a n d  disasters. 

0 There are three primary tenets of the PROJECI' IMPACT initiative: 

Mitigation is a local issue. It is best addressed by a local partnership that involves 
government, businesses h d  private citizens. 

Private sector participation is essential. Disasters threaten the economic and commercial 
growth of our cities, towns, villages and counties. Wrthout the participation of the private 
sector, comprehensive solutions will not be developed. 

Mitigation is a long-term effort that requires long-term investment. Disaster losses wiU not 
be ehinated overnight. 

PILOT COMMUNITIES 
Director Wla and FEMA have worked closely with seven communities throughout the U.S. to 
develop a PROJECT IMPACT plan that localities, businesses and citizens can follow to build 
disaster resistant communities where they live and work Director Wltt will participate in events in 
each of these communities to congratulate them on their foresight, commitment, and contribution 
to a disaster resistant nation. 

PROJECT IMPACT GUIDEBOOK 
The guidebook presents that steps a community can take to become disaster resistant. It also 
~rovides examples of the actions and resources available to accomplish this.goal. 



CHANGES ARE MADE IN DETERMINATIONS OF BASE FLOOD ELEVATIONS FOR THE CITY 
OF MESA, MARICOPA COUNTY, ARIZONA, UNDER THE NATIONAL FLOOD INSURANCE 
PROGRAM 

On September 30, 1995, the Federal Emergency Management Agency identified Special Flood Hazard 
Areas (SFHAs) in the City of Mesa, Maricopa County, Arizona, through issuance of a Flood Insurance 
Rate Map (FIRM). The Mitigation Directorate has determined that modification of the elevations of the 
flood having a 1-percent chance of being equaled or exceeded in any given year (base flood) for certain 
locations in this community is appropriate. The modified base flood elevations (BFEs) revise the FIRM 
for the community. 

The changes are being made pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (Public 
Law 93-234) and are in accordance with the National Flood Insurance Act of 1968, as amended (Title XI11 
of the Housing and Urban Development Act of 1968, Public Law 90-448), 42 U.S.C. 4001-4128, and 
44 CFR Part 65. 

A hydraulic analysis was performed to incorporate more detailed topographic information and hydrologic 
and hydraulic analyses along the upslope side of the Roosevelt Irrigation District Canal (RIDC) from 
Brown Road to McKellips Road and has resulted in a revised delineation of the regulatory floodway, an 
increase and decrease in SFHA width, and the addition of BFEs along the upslope side of the RIDC. The 
table below indicates existing and modified BFEs for selected locations along the affected lengths of the 
flooding source(s) cited above. 

Existing BFE Modified BFE 
Location (feet)* (feet)* 

Just south of McKellips Road 
Approximately 1,800 feet north of Brown Road 

None 1,351 
None 1,349 

*National ~eodet ic  vertical Datum, rounded to nearest whole foot 

Under the above-mentioned Acts of 1968 and 1973, the Mitigation Directorate must develop criteria for 
floodplain management. To participate in the National Flood Insurance Program (NFIP), the community 
must use the modified BFEs to administer the floodplain management measures of the NFIP. These 
modified BFEs will also be used to calculate the appropriate flood insurance premium rates for new 
buildings and their contents and for the second layer of insurance on existing buildings and contents. 

Upon the second publication of notice of these changes in this newspaper, any person has 90 days in which 
he or she can request, through the Chief Executive Officer of the community, that the Mitigation 
Directorate reconsider the determination. Any request for reconsideration must be based on knowledge 
of changed conditions or new scientific or technical data. All interested parties are on notice that until the 
90-day period elapses, the Mitigation Directorate's determination to modify the BFEs may itself be 
changed. 

Any person having knowledge or wishing to comment on these changes should immediately notify: 

The Honorable Wayne Brown 
Mayor, City of Mesa 
P.O. Box 1466 

9 Mesa, Arizona 852 1 1 



MAP LEGEND 

Revised 100-Year F loodpla in  

Areas o f  500-year flood; areas o f  
100-year flood with average depths 
o f  less than 1 foot or with drainage 
areas less than 1 square mile; and 
areas protected by levees from 100- 
year flood. 
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UEMF TECHNICAL DATA NOTEBOOK (TDN) 

STUDY DOCUMENTATION ABSTRACT 

SECTION 1: GENERAL INFORMATION 

1A. Community: City of Mesa 

18. Community Number: 040048 
1C. County: Maricopa 

ID. State: Arizona 

1 E. Date Study Accepted: Pending 

1 F. Study Contractor: A-N West, Inc. 
7600 North 15th Street, Suite 200 

Phoenix, Arizona 85020 

(602) 861-2200 

FCDMC Contract No. 94-26 

Subconsultants: Aerial Mapping Company, Inc. 

3141 West Clorendon Avenue 

Phoenix, Arizona 8501 7 

(602) 263-5728 

Aerial Mapping 

10. FEMA Technical Reviewer: Pending 
1 H. FEMA Regional Reviewer: Pending 

1 I. State Reviewer: Arizona Department of Water Resources 

(602) 41 7-2445 

1 J. Local Reviewer: Flood Control District of Maricopa County 

(602) 506-1 501 

1 K. River or Stream Name: Upper East Maricopa Floodway (UEMF) 

1L. Reach Description: From 1000 feet downstream of Brown Road to McKellips Road, a distance of 

1.26 River Miles. Located on FIRM Panel Nos. 2205 E and 2215 E. 

1 M. Study Type: Riverine 

SECTION 2: MAPPING INFORMATION 

2A. USGS Quad Sheets: 7.5 Minute Series; Buckhom, AZ, 1956, Photo Rev 1982 

28. Mapping for Hydrologic Study: Same as above Section 2A, supplemented by 11/21/94 Photos 
Date Aerial Photo. 

2C. Mapping for Hydraulic Study: Aerial Photography Flown at Scale of 1:8400. Topographic 

Mapping Compiled at Scale of 1" = 200' and 2 feet. C.I. Photography Flown on 7/7/95. 

Mapping Consultant: Aerial Mapping, Co., I 

e 



SECTION 3: HYDROLOGY 
3A. Model or Method Used: U.S. Army Corps of Engineers HEC-1 Model, Flood Hydrograph 

Package Computer Model, Version 4.0, September, 1990. 

Vendor. Resource Consultants and ~ngineers, Inc. 

P.O. Box Q 

Fort Collins, CO 80522 

(303) 223-5556 

3B. Storm Duration: 2dhour duration 

3C. Hyetography Type: SCS Type II rainfall distribution 

3D. Peak Flow Frequencies Estimated in Hydrologic Study: 100-year storm 

3E. List of Gages Used to Calibrate Model: No specific gages used or in study area. General 

comparison made to Log Pierson Ill analysis curves of Arizona stream gages from AZ D.O.T. 

Drainage Manual. 

3F. List of Rainfall Amounts: A 100-year - 24-hour precipitation value of 3.47 inches was generated 

from the Flood Control District of Maricopa County Hydrology Design Manual and aerially 

reduced by factor of 0.982. 

3G. Description of Unique Conditions: Numerous split-flows at streets, side channels from street and 

storm drains as well as retention basins were analyzed as part of study. 

3H. Coordination with Applicable Agencies: Peak flow results were compared to downstream EMF * study results by Soil Conservation Service as well as submitted to FCDMC and City of Mesa. 

SECTION 4: HYDRAULICS 

4A. Model or Method Used: U.S. Corps of Engineers HEC-2 Model, Water Surface Profiles 

Vendor. McTrans Center 

512 Weil Hall 

Gainesville, Florida 3261 1-2083 

Version: 4.6.2, May, 1991 

48. Regime: Subcritical 

4C. Frequency for which profiles computed: 100-Year Frequency Storm 
4D. Method Floodway Calculation: No floodway modeled per FCDMC and City of Mesa direction. 

4E. Unique Conditions and Problems: Special Problems Report No. 1 by A-N West, Dated 11/22/95, 

discusses comparison of UEMF study results to EMF results at border and impact of 'N' value 

difference. 

SECTION 5: ADDITIONAL STUDY INFORMATION 

Lenath and Area of Floodelain Delineated 

Main Channel = 1.26 Miles and 53.3 Acres 

Lenath and Area of Floodwav Delineated 

No Floodway Delineated. 
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Project 
I FCDMC No. 
A-N West No. 

, Consultant 
Discussion 

DATA COLLECTION SUMMARY REPORT 

: Upper EMF Fkodphin Delineation Study 
: 94-26 
: 7158-03 
: 7/11/95 
: The following is a summary of the data collection effort by A-N West. 

More detailed documentation will be included in the Technical Data 
Notebook. 

Data Requested 
Contact Agency/ Contact Method andfor Obtained c ' 

No. Oraanvation Date of Contact Reauested Flood Hazard 

1 ADWR - Ms. Terri Miller 6/21/95 Letter Reports, FIRM Maps, Historical Flooding 
Info. LOMAROMR No Response Received 
to Date. 

2 Soil Conservation 611 9/95 Meeting Borrowed Two East Mesa Fioodway 
Service - Mr. John Design Report Binders. 

e Ham'ngton 

3 City of Mesa - Mr. Peter 6/22/95 Meeting Reviewed Available Subdivision 
Knudson Drainage Reports. Left Data Request List 

for other Data Including Major Street 
PlanIProfile, Princess Drive Det. Basin 
Plans, Storm Drain Design ReportslPlans. 
City of Mesa Elev. Datumn Benchmarks. 

4. FCDMC - Ms. Lisa Young 6/20/95 Field Sie a.) Land UseJSoils Data from MIS Files. 
Viit 8 Meeting b.) City of Mesa Storm Drain Master Phn. 

c.) Partial Plans on Princess Drive Det. 
Basin. 



FLOOD CONTROL DISTRICT 
of 

Maricopa County 

2801 West Durango Street Phoenix, Arizona 85009 
Telephone (602) 506-1501 

Fax (602) 506-4601 
TT (602) 506-5859 

August 9, 1995 

Greg Schuelke, Vice President 
A-?i 'XCS, ~ I C .  
7600 North 15th Street, Suite 200 
Phoenix, Arizona 85020 

BOARD OF DIRECTORS 
Betsey Bayless 

Ed King 
Tom Rawles 
Don Stapley 

Mary Rose Carrido Wilcox 

Dear Mr. Schuelke: 

SUBJECP Upper East Maricopa Floodway Flood Delineation Study 

I have conducted a preliminary review of the proposed draft HEC-1 schematic map, subarea boundary 

@ 
and I.D. maps submitted to me on August 3, 1995. At this time, I do not have any comments. I will 
be conducting an in-depth review of these articles and should have any comments to you by Tuesday, 
August 15. You may continue with the study, but please note that I may have comments to you next 
week. 

If you have questions, please feel free to call me at (602) 506-1501. 

Sincerely, 

Jisa C. Young 
Hydrologist 

Copy to: Peter Knudson, City of Mesa 



FLOOD CONTROL DISTRICT 
of 

a Maricopa County 
BOARD OF DIRECTORS 

2801 West Durango Street Phoenix, Arizona 85009 Betsey Bayless 

felephone (602) 506-1501 Ed King 
Fax (602) 506-4601 Tom Rawles 
TT (602) 506-5859 Don Stapley 

Mary Rose Garrido Wilcox 

11 September 1995 

A-N West, Inc. 
7600 North 15th Street 
Suite 200 
Phoenix, Arizona 85020 

Subject: Upper East Maricopa Floodway Flood 
FCDMC NO. 94-26 

Dear Greg: 

I have reviewed the bluelines of the draft 200 scale 2 foot contour interval floodplain study base 
mapping from Aerial Mapping Co. I would like to request that the following be changed on the 
mapping. 

1. Elevation Reference Marks were left out. 

2. Scale and Contour Interval were not noted on the mapping. 

3: Section and quarter section references were not included. 

4. Please label the following: 

a. Roosevelt Water Conservation District (RWCD) Canal 

b. Princess Park 

c. East Maricopa Floodway (EMF) 

d. Falcon Field 

I have forwarded a copy of the mapping to Peter Knudson of the City of Mesa as we discussed earlier 
today on the telephone. 



- - 
FLOOD CONTROL DISTRICT 

of 
Maricopa County 

BOARD OF DIRECTORS 
2801 West Durango Street Phoenix, Arizona 85009 Betsey Bayless 

Telephone (602) 506-1501 Ed King 
Fax (602j 506-4601 Tom Rawles 
ll (602) 506-5859 Don Stapley 

Mary Rose Garrido Wilcox 

September 14, 1995 

Gregg Schuelke 
A-N West, Inc. 
7600 North 15th Street, Suite 200 
Phoenix, Arizona 85020 

Subject: Upper East Maricopa Floodway Flood Delineation Study 
FCD NO. 94-26 

Dear Mr. Schuelke: 

The Technical Data Notebook Field Reconnaissance and Hydraulic Parameter Estimation has been 
reviewed. In this report and in previous correspondence, the project has been referred to as the Upper 
East Mesa Floodway FIS. The proper name of the study is the East Maricopa Floodway Hood 
Delineation Study. This will need to be changed on the cover and in the text of the subject report, as 
well as on any further correspondence. Your selection of Manning's 'n' values are appropriate. 

In reviewing the aerial photos that were received with the Field Reconnaissance Report, it was noticed 
. that there were no labels on the photo. Label major roads, Roosevelt Water Conservation District 

Canal (RWCD), Princess Park Retention Basin, and the East Maricopa Floodway (EMF). 

The marked up bluelines of the floodplain mapping 200 scale, showing the proposed hydraulic 
baseline and cross-section locations, have been reviewed. The cross-section i.d. numbers are 
appropriate. Recommendations for cross-section locations are as follows: 

1. Cross-sections should be included at Princess Drive and Hobart Drive to anticipate weir 
flow. 

2. The following cross-sections should be added: 

3. The following cross-sections should be moved to the noted locations: 



1 Letter to Gregg Schueke - - 

I @ Page 2 

4. Cross-section 21.544 should be bent to intersect the 1350' contour. 

5. The green line that will be used for quality control should be used in the HEC-2 m, 
as it could represent weir Bow. 

If you have any questions on the review of the report, mapping, or cross sections, please call me at 
506-47 19. 

Lisa C. Young U 
Hydrologist 
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Maricopa County 
I 

BOARD OF DIRECTORS 

I 2801 West Durango Street Phoenix, Arizona 85009 Betsey Bayless 

Telephone (602) 506~1501 
Fax (602) 506-4601 

~d ~ i n g  
Tom Rawles 

TT (602) 506-5859 Don Stapley 
Mary Rose Garrido Wilcox 

October 1995 

Greg Schuelke, P.E. 
A-N West, Inc. 
7600 North 15th Street 
Suite 200 
Phoenix, Arizona 85020 

Subject: Upper East Maricopa Floodway Flood Delineation Study 
FCDMC NO. 94-26 

Dear Mr. Schuelke: 

I have reviewed the Hydrology Report for Upper East Maricopa Floodway (UEMF) Flood plain 

s" Y 
Delineation Study. I would like to request the following revisions. 

2 

; * 1. Section 3.1, third sentence. Clarify point of sentence. 

L 2. Page 4, Section 4.1, 'weighed' should be 'weighted'. 
I 

3. Section 4.3, page 6, rethink your position on the ponding area as described in the second 
paragraph, as the ponding area may be necessary for the floodplain delineation. Analyze what 
would occur if the groves were irrigated just prior to the event. 

4. Check spelling. 

5. East Mesa Floodway should be referred to as East Maricopa Floodway throughout report. 

6. On the HEC-1 schematic 1031 should be in a box as it is a routing reach. 

7. Subbasin SB16, SB92, SB98 assess whether the majority of impervious area is near the 
concentration point, if it is not, drop impervious area to zero percent. 



September 2 1, 1995 

Ms. Lisa Young 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Subject: Upper E-.M.F. Flodplain Deli~mtion Study -... - .. . - .. .- -.- - ;-z 
C ' 

Dear Ms. Young: 

We have reviewed the draft report of the referenced study and offer the following comments: 

I. Section two states that the East Maricopa Floodway (E.M.F.) was designed to 
* convey the 100-year storm event runoff. There have been some discussions 
1. concerning assumptions made in the original E.M.F. regarding the actual level 

; @ 
of protection. The level of protection afforded by . , the E.M.F. should be 
confining. a ., . ., 

i. 2. Section 4.3 excludes contribution from the orange grove north of McKellips and 
west of Greenfield. If this area is irrigated at the time of a storm event it could 
very easily contribute to the study area. We therefore believe this area should 
be included as a contribution area. 

3. Page 14 of the study shows a 100-year peak discharge at Brown Road of 603 
C.F.S. The appendix contains some discussion an what the E.M.F. capacity 
should be but we are unclear what the present capacity is. Please verify the 
capacity of the E.M.F, at Brown Road and the capacity of the Brown Road 
bridge over. the E.M-.-F. . . 

Please contact me if you have any 

Sincerely, ~~~~ Peter Knu son 

c Senior Civil Engineer 

I 

E 20 East Maln Street, Suite 400 m 

& printad on recycled -per 



Maricopa County 

2801 West Durango Street Phoenix, Arizona 85009 
Telephone (602) 506-1501 

Fax (602) 506-4601 
JJ (602) 506-5859 

BOARD OF DIRECTORS 
Betsey Bayless 

Ed King 
Tom Rawles 
Don Stapley 

Mary Rose Garrido Wilcox 

June 13, 1995 

A-N West, Inc. 
7600 North 15th Street, Suite 200 
Phoenix, Arizona 85020 

ATTENTION: Mr. Greg A. Schuelke, P.E., R.L.S. 

SUBJECT: Contract No. FCD 94-26 
Upper EMF Floodplain Delineation Study 

0 
Dear Mr. Schuelke: 

- This letter will serve as confirmation of the June 7, 1995 verbal notice to proceed with the 
' work covered by the subject contract, 

3' 
A fully executed contract document is enclosed for your file. Should you have any questions, 
please contact Lisa Young or me at telephone 506-1501. 

Leama Cumberland 
Chief, Contracting Branch 
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ANNOUNCEMENT OF INTENT TO 
PERFORM FLOOD HAZARD STUDIES 

The Fbod Control District of Maricopa 
(5h5/9$ 

County, (FCDMC), under authority of the 
National Flood Insurance Act of 1968 (P.L. 
90448), as amended, and the Flood 
Disaster Protection Act of 1973 (P.L. 93- 
234), is funding a detailed study of flood 
hazard areas in eastern Maricopa County. 
FCDMC has contracted A-N West, Inc. to 
perform studies for the upstream side of 
the Roosevelt Canal, between Brown Road 
and McKellips Road in the City of Mesa, 
Arizona. Flood elevations from these 
studies will be used to determine flood 
insurance rates by the Federal Emergency 
Management Agency (FEMA). This 
announcement is intended to inform all 
interested persons and communities of the 
commencement of this study so that they 
may have an opportunity to bring any 
relevant technical information to the 
attention of FCDMC/FEMA, so that it may 
be considered during the course of this 
study. Your comments should be 
addressed to Ms. Lisa Young or Mr. Pedro 
Calza, Hydrologists at the Flood Contrd 
District of Maricopa County, 2801 W. 
Durango Street, Phoenix, Arizona 85009, 
Phone: (602)506-1501. Published: Arizona 



EXGIIXERING iT7J 
2 .<:" . .., . :. : 

I... LI .'._'.* 

FLOOD CONTROL DISTRICT 
OF MARiCOPA COUNTY 

2301 West Durango Suerr Phoenix. Arizona 85009 
Tt?lr?phone: (602) 506- IS01 
Fax: (602) 5061601 
TT: (602) 506-5897 

COVER SHEET 

TO: r e  Qchue\\ce 

Company 
@ or ~cpartment: A-hl \ U R ~  , \ n ~  FPX t q Y 3 -  \qEq 

L 

FROM: \L%3 .. ~ O L C ~  CI- 

~ u r n b u  of pages being sent including Cover Shkc 2 

comments: & h ~ n L  a ~ .  ~ ~ r n t ~ i  OJ ~ - Q ~ P s * . .  . 
I 

7-1 Q U , ~  /act / A  L-lrMd RA 



MEMORANDUM 
,.3 

TO: City of Mesa DATE: June 14,1995 

, FROM: Greg Schuelke RE: Upper EMF Floodplain Delineation 
Study - FCDMC No. 94-26 
A-N West NO. 71 58-03 

SUBJECT: Data Request List for the City of Mesa 

The following is an initial list of data requested of the City of Mesa for use in the referenced project; c ' 

1. Closest City of Mesa elevation benchmark to project. 

2. Design Report and Construction Plans for; 

a. Princess Road detention basin and other City basins, such as at Airport or abng blth Street (114 Mile 
North of Mckellips Road). 

e b. Storm drains along Rwsevelt Canal, Greenfield Road and McDowell Road and McKellips Road. 

3. In order to evaluate existing detention in the watershed, A-N West requests to review or borrow drainage 
reports of subdivisions in the study area. 

4 
-4. In order to evaluate potential drainage boundaries created by major streets, A-N West requests to review 

or borrow major street plans in the study area. 



MEMORANDUM 

TO: Flood Control District of Maricopa County DATE: June 14,1995 

FROM: Greg Schuelke RE: Upper EMF Floodplain Delineation 
Study - FCDMC NO. 94-26 
A-N West NO. 7158-03 

SUBJECT: Data Request List for the City of Mesa 

The folbwing is an initial list of data requested of the FCDMC for use in the referenced project; c ' 

1. Two copies of District's Digital Terrain Model Mapping, Data Collection & Delivery Specifications, Release 
1.0, May, 1994. 

2. Two copies of District's HIS Data Delivery Specifications, Revision 2.0. 

3. In order to tie this study into the reported downstream FEMA approved study per Scope Task 6.4, A-N 

0 
West requests; 

a. Hydrology data from previous study, including drainage area map(s) computer model input and output 
and peak discharges near Brown Road. 

b. Hydraulic data from previous study including work mapping, cross-sections locations, HEG2 computer 
model input and output, mapping benchmarks. 

4. If District has existing land use and soil type data of study watershed in HIS files, A-N West requests a 
copy of this data in Auto Cadd format. 



c':> 1 :'.a 
7 3.2' 

b. .  

PROPOSEI) SCHEDULE 
UPPER EAST MARICOPA F'LOODUAY 

Consulting Cnglneem FU)ODPMN DEU?EATION SPUDY 
NO. 7168-03 FVDMC NO. 94-26 

1 

NOTICE TO PROCEED: 8/12/95 ? ' +  
-VlgP COYPIETIOH: 3/11/96 b f ~ f ~ ~ ~ ~ ~ ' j Y , f ? f ~ / ~ / ~ / / d  c ? ? Q Q Q ''9 4 ' 4 '  * * . 4  5 

TASKS No.ofWnkr0 2  4 6  8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 

SUBMITTALS 

@ Data Collection Summary 

@ Subarea Boundarys 

@ Bluelino Topographic Mapping 

@ Estimated Parameters 

@ Preliminary HEC-1 Resuns 

@ Cross-Section Locations 

Final Hydrology Report / HEC-1 

Floodplain Field Reconn. R 

Preliminary HEC-2 Model 

@ Final HEC-2 Model and Hydraulics Report 

@ Preliminary Technical Data Note Book (T.D.N.) 

@ Preliminary H.I.S. Files 

Final T.D.N. 

@ Final H.I.S. Filer and Remaining Oeliverobles 

A - Field Visit 

- Coordination Meetings Telephone Updates 
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2801 West Durango Street 
Phoenix, Arizona 85009 

. WE ARE SENDING YOU G Attached Under separate cover via the following items: 

Shop drawings Prints 0 Plans Samples 0 Specifications 

D Copy of letter Change order 

I I I I I 

THESE ARE TRANSMllTED as checked below: 

0 For approval Approved as submitted R e s u b m i t c o p i e s  for approval 
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D For review and comment 
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MONTHLY PROGRESS REPORT 

Reporting Month Ending : 6130195 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC NO. : 94-26 
A-N West NO. : 7 1 W 3  
Project Notice-to-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Prdect Task Remrtina Month Percent Comolete 

Task 1 
Task 2 
Task 3 
Task 4 
Task 5 

Task 6 

Task 7 
Task 8 

Coordination 
Data Collection 
Topographic Mapping 
Field Survey 
Hydroby 
a. Delineate Subbasins 
b. Estimate Parameters 
c. HEC-1 Model and Results 
Fkxdplain Delineation 
a. Field Reconnaissance 
b. Cross-Section Locations 
c. Floodplain Delineation 
d. Hydraulics Report 
e. Technical Data Notebook 
HIS Data Preparation 
Delivera bles 

Work Performed in Month of June. 1995, 
A-N West conducted field visit with FCD Project Manager, Ms. Lisa Young, on 6/20/95. 

A-N West submitted data request lists to FCDMC (Ms. Lisa Young) on 6/20/95 and City of Mesa (Mr. Peter 
Knudson on 6/22/95. A-N West met with Mr. Knudson to review drainage reports, available data on 6/22/95. 
A-N West met with Soil Conservation Service on 6/19/95 to review and borrow design data on Upper East 
Mesa Floodway. A-N West delivered Rightof-Entry Letters on 6/29/95 to residents that were to have finished 
Roas surveyed. Field survey intiated fw aerial mapping which was flown on morning of 7/7/95. 

Work to be Acmmolished in Month of Jub. 199% 
Compete data collection, field survey, mapping tasks and initial hydroby tasks. 
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MONTHLY PROGRESS REPORT 

Reporting Month Ending : 7/31/95 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC No. : 94-26 
A-N West NO. : 715843 
Project Notice-teproceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Prqiect Task Re~ortina Month Percent Com~lete 

c ' 
Task 1 Coordination 10 20 
Task 2 Data Collection 10 100 
Task 3 Topographic Mapping 25 45 
Task 4 Field Survey 70 100 
Task 5 Hydrology 

a. Delineate Subbasins 100 100 
b. Estimate Parameters 0 0 
c. HEC-I Model and Results 0 0 

Task 6 Floodplain Delineation 
a. Field Reconnaissance 0 0 
b. Cross-Section Locations 0 0 
c. Floodplain Delineation 0 0 
d. Hydraulics Report 0 0 
e. Technical Data Notebook 0 0 

Task 7 HIS Data Preparation 0 0 
Task 8 DeliveraMes 0 0 

Work Performed in Month of Julv. 199L , 
Mapping fbwn on 71795. 
Data colection Summary Report Transmitted on 711 1/95. Field survey completed. 
Proposed HEC1 Schematic, Drainage Area Boundaries submitted 8/3/95. 

Work to be Accomolished in Month of Auaust. 1995, 
Complete hydrology task, locate cross-sections for Floodplain Analysis. Finish mapping. 
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e 
MONTHLY PROGRESS REPORT 

Reporting Month Ending : 8/31/95 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC NO. : 94-26 
A-N West No. : 7158-03 
Project Notice-ta-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Proiect Task Rewrtina Month Percent Com~lete 

c ' 
Task 1 Coordination 20 40 
Task 2 Data Collection 0 100 
Task 3 Topographic Mapping 65 100 
Task 4 Field Survey 0 100 
Task 5 Hydrology 

a. Delineate Subbasins 100 100 
b. Estimate Parameters 80 80 
c. HEC-1 Model and Results 80 80 

Task 6 Fbodplain Delineation 
a. Field Reconnaissance 100 100 
b. Cross-Section Locations 100 100 
c. Floodplain Delineation 0 0 

. d. Hydraulics Report 0 0 
e. Technical Data Notebook 0 0 

Task 7 HIS Data Preparation 0 0 
Task 8 Deliverables 10 10 

Work Performed in Month of Auaust. 1995, 
Draft Floodplain Base Mapping completed and copies transmitted 8/25/95. 
Hydrology Analysis nearing completion with submittal in early September anticipated. 
Field Reconnaissance and Hydraulic Parameter Report and proposed HEC-2 cross-section locations submitted 
on 9/1/95 for review and approval. 

Work to be Accom~lished in Month of ~e~tember.  1995. 
Complete hydrology task and begin Floodplain Analysis task. 
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MONTHLY PROGRESS REPORT 

Reporting Month Ending : 9130195 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC No. : 94-26 
A-N West No. : 7158-03 
Project Notice-to-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete . . Cumulative 
Proiect Task Remrtina Month Percent Comolete 

c ' 
Task 1 Coordination 15 55 
Task 2 Data Collection 0 100 
Task 3 Topographic Mapping 0 100 
Task 4 Field Survey 0 100 
Task 5 Hydrology 

a. Delineate Subbasins 0 100 
b. Estimate Parameters 20 100 
c. HEC-1 Model and Results . ,I 0 90 

a- Task 6 Floodplain Delineation 
a. Field Reconnaissance 0 100 
b. Cross-Section Locations 0 100 
c. Floodplain Delineation 0 0 
d. Hydraulics Report 0 0 
e. Technical Data Notebook 0 0 

Task 7 HIS Data Preparation 0 0 
Task 8 Deliverables 10 20 

Work Performed in Month of Se~tember. 1995, 
Draft Floodplain Base Mapping completed and copies transmitted 8/25/95. Got FCDMC review comments on 

- 9111195 on mapping. Resubmitted revised mapping, aerial photos, and Field Reconnaissance Report on 
9120195 addressing comments. 

Hydrology Analysis Report submitted on 9/12/95. 

Submitted approved cross-section locations to Mapping Co. on 9120195 for digitizing. 

Work to be Accomolished in Month of October. 199L 
Respond to hydrology report comments and begin floodplain delineation. 
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MONTHLY PROGRESS REPORT 

Reporting Month Ending : 11/30/95 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC No. : 94-26 
A-N West No. : 7158-03 
Project Notice-to-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Proiect Task Remrtina Month Percent Com~lete 

c '  

Task 1 Coordination 10 75 
Task 2 Data Collection 0 100 
Task 3 Topographic Mapping 0 100 
Task 4 Field Survey 0 100 
Task 5 Hydrology 

a. Delineate Subbasins 0 100 
b. Estimate Parameters 0 100 
c. HEC-1 Model and Results 0 100 

e Task 6 Floodplain Delineation 
a. Field Reconnaissance 0 100 
b. Cross-Section Locations 0 100 
c. Floodplain Delineation 85 90 
d. Hydraulics Report 85 90 
e. Technical Data Notebook 5 5 

Task 7 HIS Data Preparation 0 0 
Task 8 Deliverables 10 30 

Work Performed in Month of November. 199% 
1. A-N West submitted on November 30,1995. Special Problems Report No. 1 (Re: Comparison to 

Downstream Design WSEL). 
2. Draft FIS Report with Profiles and Floodplain inputloutput. 
3. Draft 100 yr Floodplain Delineation on 200 scale mapping. 
4. Cross-Section Plots. 

Work to be Accom~lished in Month of December. 1995, 
Respond to comments and finish Technical Data Notebook and Floodway Analysis. 
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MONTHLY PROGRESS REPORT 

Reporting Month Ending : 10/31/95 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC NO. : 94-26 
A-N West No. : 7158-03 
Project Notice-to-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Proiect Task Rewrtina Month Percent Com~lete 

Task 1 
Task 2 
Task 3 
Task 4 
Task 5 

Task 6 

Task 7 
Task 8 

Coordination 
Data Collection 
Topographic Mapping 
Field Survey 
Hydrology 
a. Delineate Subbasins 
b. Estimate Parameters 
c. HEC-1 Model and Results 
Floodplain Delineation 
a. Field Reconnaissance 
b. Cross-Section Locations 
c. Floodplain Delineation 
d. Hydraulics Report 
e. Technical Data Notebook 
HIS Data Preparation 
Delivera bles 

Work Performed in Month of October. 199% 
A-PI West received comments from FCD on hydrology report on 10/12/95 and from City of Mesa on 9/21/95. 

Revised Hydrology Analysis Report submitted on 11/1/95, with response to above comments. 

Work to be Accom~lished in Month of November. 1995, 
Perform floodplain delineation and prepare hydraulics report and begin preparation of Technical Data 
Notebook. 
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Muricopo Counfy BOARD OF DIRECTORS 
2801 West Durango Street Phoenix, Arizona 85009 Rctsey Bayless 

Telephone (602) 506-1501 Ed King 
Fax (602) 506-4601 Tom Rawlcs 
n (602) 506-5859 Don S t a p l q  

M a r y  Rose Garrido Wilcox 

January 2,1996 

Mi'. Greg SchueIke, PB., R.L.S. 
Vice President 
A-N West, Inc. 
7600 N o h  15" Street, Suite 200 
Phoenix, &na 85020-4331 

Re: Upper East MMcopa Floodway (UEMF) PIS 

Dear Mr. Schueke: 

Attached are comments regarding the review of the following: 

1. Special Problem Report NO. 1. - 2. haft PlS Report with Frones Exbibit and HEC-2 Inpur-Oufqut. 
3. Draft 100-Year Floodplain Delineat30n Mapping. 
4. Cm$s-Section Plots with, 'n' Values, 1oO.Year WSEL's Encroachem sod Channel Banks 

Noted. 

1 Special Problem Report No. 1. 

Altbough the design of the EMF h9d an original 'n' value of 0.025, the District J 

agrees with cbe use of an Y value of 0.05 due to the increased amount of vegetation 
md applicable flows. 

2. Draft FI9 Report with ProWes Exhibit aod HECd Input-Outpul 

M of the slope-ma mehod to determine slarting surface water elevations is J 
acceptable. 
Page numbering in teport is not consistent with table of contents. J 
Table 2 is not labeled 
M b i t  3, Flood ltlsuwce Rate Map was not w i v e d  
Report indicates that floodways were delineated, but they were not included in the 
mapphg* ,. 

h 
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-< ,& -,,- - *,---, ,-.. * -- ---- - - - - . 
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Letter w Mt. GTeg Schueb, PX., R.L.S. 
Page two 

HEC-2 input indicates that cross-section 21.307 is nsed yet, cross-section plots have 
a note that it was not used, 
NC m r d  in HEC-2 input after cross-section 21.5 13 should be entered before the 
cross-section per 'n' values noted in cross-smtion plots. 

3. Ilrafl100-Year Floodplain Delineation Mapping. 

Township, range and section comers,should be included on mapping. 

4. Cross-Section Plots with, 'n' Values, 100-Year WSELys Encroachments and 
Channel Banks Noted. i 9 

Label major elevation changes. This was done for some cross-sections, but all spikes 
should be explahed. 
Cross-sections 21.874,22.116,22.468, elevations indicated on cross-section plots 
we inconsistent with elevations on floodplain delineation mapping. 
Cross-section 21.953, further explanation on the placement of left and right stations 
is xquired. 

If you have any questions, please feel free to call me at 506-4719. 

Sincerely, 

Lisa C. Young 
Hydrologist 
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Consulting Engineers 

Letter of Transmittal 
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2 801 #w f p . 4  A JOBTITLE: 
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THE FOLLOWING ITEMS: 

0 SPECIFICATIONS 0 ORIGINALS 0 COPY OF LETTER 
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PLANS 0 SAMPLES CI OTHER 

QUAN. I I.DJDWG. NO. I TlTLUDESCRlPTlON 1 
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:I L ' ~ c o p y ~ o : * : . .  . 6 7s ' . 5 t .  o W~TH ENCLOSURES. 

. . . ,- . . - ,  ; . - . - . . -I _--. - * - .  - j .  . .  , . -. . .. L 
r. - ,g ...,.. - ,>.-- ' . " ' - . ,. . " . . :":,,-/-. 
ks-&~A.<*-:?.~"-~>--dc;~2-:k *.--- :.2:5: ;*- - .. - --&2..7- - - - 8'. .. . , . .., ; r, 



MONTHLY PROGRESS REPORT 

Reporting Month Ending : 12/31/95 
Project Name : Upper EMF Floodplain Delineation Study 
FCDMC No. : 94-26 
A-N West No. : 7158-03 
Project Notice-to-Proceed : 6/12/95 
Current Schedule Completion Date : 2/05/96 

Percent Complete Cumulative 
Proied Task Revortina Month Percent Complete 

Task 1 Coordination 10 85 
Task 2 Data Collection 0 100 
Task 3 Topographic Mapping 0 100 
Task 4 Field Sulvey 0 100 
Task 5 Hydrology 

a. Delineate Subbasins 0 a 100 
b. Estimate Parameters 0 100 
c. HEGI Model and Results 0 100 

a Task 6 Floodplain Delineation 
a. Field Reconnaissance 0 100 
b. Cross-Section Locations 0 100 
c. Floodplain Delineation 10 100 
d. Hydraulics Report 10 100 
e. Technical Data Notebook 30 35 

Task 7 HIS Data Preparation 0 0 
Task 8 Deliverables 10 40 

Work Performed in Month of December. 1995 
A-N West received FCDMC comments on 1/2/96 for Floodplain submittal sent on 11/30/95. 
The City of Mesa had no comments for the A-N West 11/30/95 submittal. 
FCDMC and City of Mesa responded to A-N West on 1/4/96 that no floodway was desired for project study. 
FCDMC and City of Mesa to meet to discuss type of floodplain zone designation desired. 

Work to be Accom~lished in Month of Januarv, 1996 
Respond to comments and finish Technical Data Notebook and FEMA Forms and begin HIS Data preparation. 

Problem Discussioq 
A-N West is currently over budget due to the unanticipated extra work associated with; 
a. The special problems report to research and document reasons for difference in matching the EMF 

design. 
b. Assessing the larger number and difficulty of split flow and detention issues in the hydrology task. 

A-N West is approximately one month behind schedule due to extra time required to address the above items, 
as well as receiving data from agencies. A schedule extension request is anticipated to be forwarded to 

i @ FCDMC before our 2/5/96 scheduled completion. 

/ .A/ (5%) 

--... s.. = ... .,'. --... - .  , =, _ . . r,----.,., .- -- -'I.r --. *-7--.--- . .- I- 
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AFFIDAVIT OF PUBLICATION 

The Arizona ~epubl ic /~  he Phoenix Gazette 

STATE OF ARIZONA 
COUNTY OF MARICOPA 

} ss. 

TOM BIANCO, being first duly sworn, upon oath 
deposes and says: That he is the assistant 
legal advertising manager of the Arizona 
Business Gazette, a newspaper of general 
circulation in the county of Maricopa, State 
of Arizona, published at Phoenix, Arizona, by 
Phoenix Newspapers Inc., which also publishes 
The Arizona Republic and The Phoenix Gazette, 
and that the copy hereto attached is a true 
copy of the advertisement published in the 
said paper on the dates as indicated. 

Sworn to before me this 

5TH day of 



SCOPE OF \VORK 

a FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
FLOODPLAIN DELINEATION AND TOPOGRAPHIC MAPPING 
FOR THE UPPER EAST MARICOPA FLOODWAY FCD 94-26 

GENERAL 
, 

The project consists of approximately 1.0 river mile of floodplain delineation for the area along the 
Roosevelt Inigation District Canal north of the East Maricopa Floodway from Brown Road to 
McKellips Road, as shown on Exhibit 1. This will require the development of the necessary 
topographic data and approximately 3.4 square miles of watershed hydrology. The consultant will 
develop the hydrology using the Corps of Engineer's HEC-1 computer model; and the floodplain 
delineation using primarily the HEC-1 computer model and the HEC-2 computer model if appropriate. 
The consultant must use sound engineering judgement in the development of the hydrologic and 
hydraulic models. The results of the models must be analyzed carefully and refinements made to thec ' 
input parameters in order to obtain the most realistic results. All work must meet Arizona Department 
of Water Resources (ADWR) and Federal Emergency Management Agency (FEMA) requirements for 
floodplain delineations. The results of this study must be reviewed and accepted by FEMA and the 
City of Mesa prior to the finalization of this contract. All work under this Scope will be completed 
within 270 calendar days from the date of Notice to Proceed, including 60 days for District reviews. 

@ TASK 1 - COORDINATION 

1.1 The consultant will submit a project schedule showing coordination meetings and completion 
dates for each of the tasks in the scope within 14 days of Notice To Proceed. The consultant 
shall update this project schedule when appropriate. 

1.2 The consultant shall participate in regular coordination meetings (at least every 6 weeks) with 
the District's Project Manager and in milestone coordination meetings in the development of the 
hydrologic and hydraulic analyses. The consultant is responsible for the minutes of any 
meetings. Whenever possible, coordination and milestone meetings should be combined. 

1.3 The consultant will submit a quarterly estimation of the projected billing within 14 days of 
Notice to Proceed. Thereafter, this estimation will be updated and submitted to the District's 
project manager at least 10 days prior to the end of each quarter. 
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a 1.4 The consultant shall submit monthly progress reports at least 5 days before submittal of monthly 
invoices. The report shall be brief and should be no longer than two typed pages. At a 
minimum, the monthly report shall contain the following: 

a. A description of the work accomplished by task during the repokng month. 

b. Percent (9%) completed for the month and percent (%) cumulative completed for each task. 

c. A brief description of the work to be accomplished the following month. 

d. A description of any problems encountered. 

1.5 The consultant is responsible for placing the legal advertising at the beginning of the study, 
notifying the public of the study. The ad will be run in a widely circulated newspaper two 
times, with approximately one week between runs. The ad must also be run two times in a local 
newspaper that serves the area being studied. Aner the ad is run the consultant will supply the ' 
District with the original affidavit of publication from each of the newspapers for each day that 
the ad ran. 

1.6 The consultant will notify all property owners and obtain any necessary Rights of Entry for the 
study area. The consultant will furnish the District with a list of all the property owners notified 
and a sample Right of Entry letter. 

1.7 The consultant shall meet with officials from the City of Mesa. The purpose of this meeting is 
to identify local flooding problems and obtain information on current and planned public works 
projects, channel modifications, storm-drainage systems, development, and corporate limits. 

. 1.8 The ,District will plan and conduct two public meetings in conjunction with this study. The first 
meeting will be to inform the public of the purpose and scope of the study. The second meeting 
will be to inform the public and obtain public comment on the study results, and shall take place 
prior to the submittal of the final report to FEMA. The consultant/District will be responsible 
for the preparation of the graphic displays for these meetings. One representative from the 
consultant will attend each of the meetings. The consultant will respond to the public's 
comments and make revisions to the study if necessary. 

1.9 ConsuItant/District Performance Evaluations will be performed. An informal evaluation will be 
performed at the completion of the hydrologic analysis. A formal evaluation will be performed 

- at the completion of the project upon receipt of all deliverables. 



a TASK 2 - DATA COLLECTION 

2.1 The consultant will collect and review pertinent data from the District and other outside sources. 
Data to be collected will include previous flood hazard reports and hydrology for the study 
area; existing topographic mapping; historical flooding information; as-built plans for existing 
structures; FEMA Flood Hazard Boundary Maps and any Letters of Map Amendment and/or 
Revisions, and other pertinent information. 

2.2 A written report summarizing the data collected will be submitted to the District for information 
purposes. A preliminary draft of this report is due within 90 days of Notice to Proceed. 

3.1 An aerial survey subcontractor shall be retained by the consultant as part of this contract. The 
consultant shall coordinate all the aerial surveying work with the aerial surveying subcontractor 
to ensure that the specifications of the aerial surveying work are met. The consultant is 
responsible for ensuring that the topographic mapping covers the area of delineation. Quality 
control on surveys will be per FEMA Document 37, Flood Insurance Study Guidelines and 

Specifications for Study Contractors, January 1995. 

3.2 Digital contour and planimetric data developed for this study shall be delivered according to the 
District's Digital Terrain Model Mapping, Data Collection & Delivery Specifications, Release 
1.0, May 1994. Digital contour and planimetric data shall be developed and delivered in 
accordance wi* the District's HIS Data Delivery Specifications, Revision 2.0. 

3.3 Prepare topographic mapping to a 2-foot contour interval, with a scale of 1 inch = 200 feet, 
with spot elevations and/or 1-foot contours on all section line and mid-section line roads. 

3.4 Ground Control: 

a. The consultant shall provide a11 survey control using 1983 NAD. 

b. The consultant shall systematically set panel points and establish horizontal and vertical 
control throughout the areas to be mapped for use in compilation by the aerial survey 
contractor. Where readily available, surveys will tie into the State Plane Coordinate 
System. Field control shall be sufficient to readily allow for compilation of maps by the 
aerial survey contractor at the desired map scale and contour interval, and will be based on 
the National Geodetic Vertical Data of 1929 (NGVD). A conversion factor, including 
documentation of how it was derived, will be provided by the consultant to allow 
comparison of NGVD 29 elevations to NAVD 88 elevations and will be included in the 
Technical Data Notebook. Fee proposal was based on the control being available within 
ond mile form study area. 
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* A conversion factor, including documentation of how it was derived, will be provided by 
the consultant to allow comparison to the City of Mesa datum and will be included in the 

. Technical Data Notebook. 

c. The horizontal and vertical control points shall be located and marked by the consultant. 
The controls for the aerial mapping shall be in sufficient numbers and shall be in locations 
which will be compatible with the accuracy of the mapping requirements. The controls 
shall be of at least third order accuracy. Section comers, quarter comers, and mid-section 
points shall be used for control points wherever possible. 

3.5 The consultant shall provide permanent non-erasable topographic mylars of the work study 
drawings. The drawings shall be 24" X 36" in size, with a scale of 1 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. 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 

c ' 
mapping sheet. Each drawing shall include the floodplain and floodway delineations and a 
minimum of a north arrow, scale, section comers and quarter comers, current and proposed 
streets and highway names, State Plane Coordinate System, major drainage features, corporate 
boundaries, cross section lines, channel station center line, index map, and description and 
elevation of elevation reference marks (ERMs). A note explaining the proper means to convert 
the NGVD 29 elevations to NAVD 88 elevations shall be included in "NOTES" in the map 
border. See Exhibit 2 for how the drawings are to be laid out. The mapping will have an 
accuracy such that ninety percent (90%) of all contours shall be within one-half contour of the 
true elevations and the remaining ten percent (10%) of the contours shall not be in error by more 
than one contour interval. 

TASK 4 - FIELD SURVEY 

4.1 Prepare topographic mapping to a 2 foot contour interval with a scale of 1 inch = 200 feet, with 
spot elevations or 1 foot contours on all section line and mid-section line roads, for 
floodplain/floodway delineation areas as identified in Task 6 or FEMA criteria, whichever 
is more stringent. 

4.2 Ground Control for Floodplain Delineations: 

4.2.1 All topographic mapping and survey work shall meet or exceed Federal Emergency 
Management Agency (FEMA) minimum criteria as dekned in FEMA Document 37, Flood 
Insurance Study Guidelines and Specifications for Study Contractors, March 1993. This 
would include, but is not limited to: the establishment of "permanent" elevation reference 
marks (ERMs); field control; and verification of profiles by the ground survey profile 
procedure. 



4.2.2 Horizontal and Vertical Control: Systematically set panel points and establish horizontal 
and vertical control throughout the area to be mapped for use in compilation by the aerial 
survey contractor. Where readily available, surveys will tie into State Plane Coordinate 
System 1983 NAD. Field control shall be sufficient, at least one "permanent" point per 
mile, such point(s) being used as Elevation Reference Marks (ERMs). Surveys will be 
based on National Geodetic Vertical Datum (NGVD) 1929, per FEMA guidelines. A 
conversion factor, including documentation of how it was derived, will be provided by the 
consultant to allow comparison of NGVD 29 elevations to NAVD 88 elevations and will 
be included in the Technical Data Notebook. "Permanent" survey points shall consist of 
existing monumentation, such as brass caps or similar survey monuments. Where 
additional monumentation is needed, survey markers conforming to Maricopa Association 
of Governments (MAG) Unifonn Standard Detail for Public Works Construction, detail 
120-1, Type C, shall be placed 2" +/- above grade, and topped with a brass cap. Elevation 
Reference Marks will be labelled on available maps and described in a manner which 
allow them to be readily located in the field. 

c ' 
4.2.3 All aerial targets are to be removed following completion of the topographic mapping. 

4.3 The consultant shall verify the accuracy of the mapping by the procedures called for in FEMA 
Document 37 or other methods approved by FEMA. This shall include the verification of cross 
sections used in the floodplain delineation. 

4.4 Field surveys of bridges, culverts, and hydraulic structures are to be obtained by the consultant 

- 0  when as-built plans are not available or when changes significant to the HEC-2 modeling, such 
as sedimentation, have occurred since the date of as-built. This information should be reduced 
and compiled into an 1l"x 17" (maximum size) drawing for inclusion in the final report. The 
information presented in the drawing should be in a format appropriate for use in the HEC-2 
model. Field surveys of bridges, culverts, hydraulic structures, and routing reaches must also be 
obtained where necessary for proper hydrologic modeling. It may be necessary to field survey 
some structures since the as-built plans may not be on 1929 NGVD. 

TASK 5 - HYDROLOGY 
5.1 The hydrologic study of the watershed will be delivered to the District under separate cover from 

the hydraulic analysis. The consultant shall use the U.S. Army Corps of Engineers computer 
program HEC-1, 1991 Version, to develop a hydrologic model for the area. Using appropriate 
hydrologic judgement, 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 Iands or urban and undeveloped areas), and time of 
concentration as criteria. Sub-basin break-downs will be done in sufficient detail to provide 

confluences, and at boundary lines. An 
be selected that allows for complete 
ing resolution of the flood peak. All 

b-basin and routing parameters shall be 
e hydrology report. Field surveys may need 
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5.2 Four meetings associated with four tasks, and two field trips shall be held with the Flood 
Control District staff at the following milestones: 

a. One field trip at the start of the project to scope out the critical points of the watershed 
and problem areas. 

b. Meeting number 1: as soon as basic data are gathered and the sub-basins have been 
delineated. sample HEC-1 parameter estimations should also be presented and discussed 
at this meeting. A copy of the draft maps of the sub-basins must be delivered to the 
District at this meeting. 

c. Meeting number 2: 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. 

d. Meeting number 3: 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 Districts computer, must be delivered two weeks prior to 
the meeting. 

e. Meeting number 4: to review comments by the District. A second field trip may be 
scheduled for the same day so the results obtained could be discussed. 

The specific hydrologic techniques to be used in this study are: 

a. Rainfall Depth: Point precipitation values will be determined using the information and 
procedures described in the Drainage Design Manual for Maricopa County, Arizona: 

. Volume I - Hydrology. 

Rainfall Distribution: Peak discharges and peak volumes for the 100-year 6-hour storm 
will be estimated using the District's Distribution(s). Peak discharges and peak volumes 
for the 100-year 24-hour storm will be estimated using the SCS Type 11 rainfall 
distribution. 

b. Areal Reduction: The point precipitation values will be areally reduced for critical 
concentration points. Areal reduction for the 6 hour rainfall duration will be applied 
using the curves in the Drainage Design Manual for Maricopa County, Arizona: Volume I 
- Hydrology. NOAA HYDRO-40 will be used with the 24 hour rainfall reduction. Copies 
can be obtained from the District. 

c. Rainfall Excess: The Green and Ampt methodology will be utilized for estimation of 
rainfall losses. The Lotus spreadsheet and procedures, provided by the District, will be 

' used to determine composite parameter values for each sub-basin. 



a- d. Unit Hydrograph: The Clark and S-Graph method should be used following the procedures 
outlined in the Drainage Design Manqal for Maricopa County, Arizona: Volume I - 
Hydrology. The choices in methodology will be to the discretion of the consultant, with 
consent from the District. 

e. Time of Concentration and S-Graph Lag Equation: The Papadakis method should be used 
with the Clark unit hydro,orph, along with the MCUHPl computer program, to determine 
the time of concentration. If this method results in unsuitable times of concentration, other 
method(s) must be used and compared for the most realistic result. The S-graph lag 
equation, along with the MCUHP2 computer program, should be used with the appropriate 
S-graph (Phoenix mountain or Phoenix Valley). 

f. Channel Routing: Channel routing will be accomplished using either the 
Muskingum-Cunge or the Normal-Depth option of HEC-1. The choice of methodology 
will be at the discretion of the consultant, with consent from the District. Average cross 
sections will be developed utilizing available mapping and field reconnaissance data. c ' 
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-2 will be adjusted after 
the HEC-2 cross sections are available. The resulting velocities and depths, for all 
reaches, must be assessed for realistic values. 

' a g. . Reservoir Routing: Detailed analysis of structures and ponding areas will be accomplished 
using the Modified Puls reservoir routing option of HEC-1. Stage versus discharge tables 
for hydraulic structures will be estimated using appropriate hydraulic methodology. 

h. . 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 final report must acknowledge so and explain how the peaks and volumes of 
flow are affected by not including the transmission losses. 

5.4 The District will provide appropriate references to facilitate parameter estimation. 

5.5 Output of the computer model should be reviewed to see if the peak flows and volumes are 
realistic. Adjustments to input for obtaining the most realistic results is normal to the scope. 

5.6 Every attempt must be made to recover historic stream gage 
results obtained by the hydrologic model. Major differences 
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a 5.7 It is required that the consultant obtain the approval of the District at each of the following 
steps: 

a. Soil maps, watershed boundary maps, and land use maps. 

b. HEC- 1 parameter estimation. 

c. HEC-1 flow diagram and input parameters. 

d. HEC-1 results. 

5.8 The Hydrologic Report 

5.8.1 The findings of the hydrologic study will be presented in Section 3 of the Technical Data 
Notebook and will be prepared in accordance with ADWR State Standards Attachment 1- 
90 (SSA 1-90). The report will be organized as specified by the District, following SSA : ' 
1-90 format. 

5.8.2 Tables and Figures for &e appendices: 

a. Topographic base map(s) showing the sub-basins,.routing reaches, Tc flow paths or lag 
flow paths, major man-made structures, and references (i.e. street names, Township, 
Range, Section, etc.) at a scale of 1 inch = 2000 feet. 

b. Soils map(s) at the same scale as the base map. 

c. Land use map(s) at the same scale as above. 

d. Schematic map for the HEC-1 showing the sub-basins (area, Tc), the flow paths, the 
routing reaches (length, slope, friction, width, velocities, transmission losses, etc.), 
order of combining the hydrographs, channel, pipe or culvert dimensions (where 
appropriate). 

e. Pertinent data on all the structures in the watershed (such as spillway elevation, rating 
curves, etc.). 

f. One set of study maps (i.e. sub-basin boundary maps, flow path maps, soils maps, land 
use maps) to be folded and delivered in a binder. 

Specific deviations from this hydrologic scope shall not be undertaken without the specific written 
concurrence from the Hood Control District. 



@ TASK 6 - FLOODPLAIN DELINEATION 

6.1 Floodplain delineations must be obtained using the U.S. Army Corps of Engineers HEC-2 Water 
Surface Profiles computer model, version 4.6.2, May 1991, and methodology acceptable to 
FEMA. This model will simulate the effects of floodplain geomorphology, flow changes, 
bridges, culverts, hydraulic roughness factors, effective flow limitations, split-flows, and other 
considerations. The consultant will prepare the study using the guidelines established in FEMA 
Document 37, Hood Insurance Study Guidelines and Specification for Study Contractors, 
January 1995, and FIA Document 12, Appeals, Revisions, and Amendments to Flood Insurance 
Maps, January 1990. 

6.2 The delineation work shall meet requirements for floodplain and floodway delineations as 
prescribed by FEMA and the Arizona Department of Water Resources. 

6.3 The delineation study shall be based on the final results of the hydrologic study as directed by t ' 
the District. 

6.4 The hydraulic analysis shall be compatible with the previous study of the East Maricopa 
Floodway to the south of the proposed study area and shall tie into the FEMA approved 
delineation to the south. 

6.5 The consultant is to make refinements to the HEC-2 model based on review comments from the 

e District, ADWR, FEMA and the Technical Evaluation Contractor. Adjustments to the input 
parameters for obtaining the most realistic results is normal to the Scope of Work. 

6.6 The consultant must obtain District approval at each of the following steps: 

a. Field reconnaissance report and estimation of Manning's "n" values. 

b. . Proposed location and alignment of the cross sections and channel centerline. 

c. Floodplain (natural) delineation. 

d. Final Hydraulics Report. 

6.7 Field Reconnaissance 

6.7.1 The consultant will conduct a field reconnaissance of 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; determination of channel 
bank stations; observation of possible overflow areas; inspection of levees or other flood 
control structures; and measurement of bridge dimensions. 



6.7.2 Mannings "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, April 1991. 

6.7.3, A draft report on the field reconnaissance will be submitted to the District for review and 
approval prior to beginning the HEC-2 modeling. The report will present the 
determination of channel and overbank "n" values using captioned color photographs or 
color photocopies. The report will also discuss floodplain conditions affecting the 
delineation, describe structures and obstructions, and provide color photos or photocopies 
of major hydraulic structures. Photo locations, structures, and "n" values will be displayed 
on reduced scale mapping and included in the Final Report. 

6.8 Cross Sections 

6.8.1 The location and alignment of cross sections and channel centerline will be submitted for 
the District's review and approval prior to digitizing the cross section data. Cross section 
stationing will be from left to right looking downstream with the thalweg as station C ' 
10,000. 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 100-year flood waters. Identification of cross sections will be in river miles, increasing 
upstream. The stationing will tie into the specified river mile of the existing FEMA 
studies. Cross section orientation may need to be altered after running of HEC-2 model to 
ensure that sections are perpendicular to flow per FEMA criteria. 

6.8.2 All cross sections will be plotted using a pen, laser, or electrostatic plotter. The cross 
section plots will show water surface profiles, ineffective flow areas, "n" values, 

r encroachments, channel stationing and other pertinent information. All plots are to be 
accompanied by a legend. These plots are to be available at all reviews. 

6.8.3 Cross section plots are limited to one plot at the following three stages of work: (a.) a plot 
of digitized "GR", STCHL, STCHR, centerline (station 10,000) to be used as a check of 
input data and for working sections during compilation of the floodplain model; (b.) a plot 
of the cross section for the completed floodplain run which shows the floodplain water 
surface elevation, ineffective flow areas, and"nW values. These cross sections will be 
submitted -- - as part of the Final Report. 

6.9 Bridges and culverts must be modeled in compliance with HEC-2 modeling requirements for the 
selected routine. Where multiple bridges occur, each bridge will be modeled separately. The 
HEC-2 modeling results for bridges, culverts, and other hydraulic structures must be checked by 
using an independent method approved by the District to analyze these structures. 

6.10 Hood Zones must be clearly labelled as Zone A on the final drawings. 

for each reach square miles 



6.12 The findings of the floodplain delineation study will be presented in Section 4 of the 
Technical Data Notebook and will be prepared in accprdance with ADWR State Standards 
Attachment 1-90 (SSA 1-90). The report will be organized as specified by the District 
standids, following SSA 1-90 format. 

TASK 7 - HIS DATA 

7.1 Digital data will prepared in conformance with the District's HIS Data Delivery Specifications, 
Revision 2.0 dated February 6, 1995, for the following themes: 

a. Drainage sub-basin area and ridge - DRNBSN - LP12 

b. Drainage path - DRATTH - LP15 

c. Land use (if not provided by the District) - LDUSE - LP36 C ' 

d. Soil type area (if modified from that provided by the District) - SOIL - LP59 

e. Elevation (land) - ELV - LP17 

f. Floodplain FCD Zone - FPZNFCD - LP28 

0 g. Floodplain FCD Water Surface Elevation - FPSRFFCD - LP25 

h. Canal coverage - CNL - LP7 

> 
i. . Easement, FCD not a party - ESMT - LP19 

j. Roodplain baseline route system - FPBLN - LP22 

k. Floodplain FCD cross section - FPXFCD - LP26 

1. Hydrologic land use - LDUSEHYD - LP37 

m. Outfall ( and field screen site ) - OUTFLL - LP42 

n. Structure - STRCT - LP61 

o. Street detail - STRTDTL - LP63 

p. Utility - UTLTY/FLTY - LP65 1 21 

q. Cartographic coverages 
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r. Data quality - DQ - LP71 

s. Sheet boundaries index - NDXPRJ - LP41 

t. Study boundaries - PRJ - LP54 

Separate check plots will be produced from either Arc-Info or Arc-CAD from the digital 
database(s) of each theme in 7.1. The check plots will be prepared with a minimum of 
annotation and will serve only to verify the information in the data base. If the hydrologic and 
delineation maps have not derived directly from the digital data delivered to the District, then the 
consultant will certify that the check plots have been examined and that the check plots 
faithfully represent the data and maps used in the report and /or work maps. 

TASK 8 - DELIVERABLES 

8.1 FEMA Submittal: The consultant will submit the following items to the District for review by 
FEMA and any other appropriate governmental agency. All of the following products are 
considered deliverables for the FEMA subkttal: -- 

8.1.1 Original Affidavits of Publication 

8.1.2 Two (2) complete sets of blueline topographic base maps with the floodplain/fl oodway 
delineations shown. All drawings will be signed and sealed by persons of appropriate 
professional registration(s). Each registrant will provide a specific statement as to what 
service they performed. 

8.1.3 Two (2) complete copies of the Technical Data Notebook, including HEC-1 and HEC-2 
input/output files on diskettes. The Technical Data Notebook will be prepared in 
accordance with ADWR State Standards Attachment 1-90 (SSA 1-90). The notebook will 
be organized as specified by the District, following SSA 1-90 format. 

8.1.4 Two (2) sets of completed FEMA forms will be submitted in a notebook separate from the 
Final Report. 

8.1.5 Three (3) sets of complete survey notes will be submitted in a notebook separate from the 
Final Report. 

/ 

8.1.6 Two (2) copies of the current FIRM panels showing the proposed delineation. 

8.2 Final Submittal: The following products are considered deliverables for the final submittal to 
the District after FEMA approval is issued: 

8.2.1 One (1) complete set of non-erasable topographic mylars of the work study drawings. 
Y Sheets shall be 24" X 36" in size and numbered to correspond to the delineation maps. 
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8.2.2 One (1) complete sets of mylars and four (4) complete sets of sealed blueline topographic 
base maps with the floodplain/floodway delineations shown. All drawings will be signed 
and sealed by persons of appropriate professional registration(s). Each registrant will 
provide a specific statement as to what service they performed. 

8.2.3 One (1) complete set of transparent overlays of photo-mylars. Sheet size, numbering, and 
layout shall correspond to the delineation work maps. 

8.2.4 One (1) complete set of 9" X 9" contact prints of the aerial stereo photographs sequentially 
numbered and catalogued. 

8.2.5 One (1) complete set of 9" X 9" film diapositives of the aerial stereo 
sequentially numbered and catalogued. 

8.2.6 Digitized topographic data and floodplain/floodway boundaries in conformance with the ' 
District's HIS Specifications. 

8.2.7 Four (4) complete copies of the Techr~ical Data Notebook including HEC-1 and HEC-2 
inputloutput files on diskettes. The Technical Data Notebook will be prepared in 
accordance with ADWR State Standards Attachment 1-90 (SSA 1-90). The notebook will 
be organized as specified by the District, following SSA 1-90 format. This submittal of 
the Technical Data Notebook 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-2 model, and/or the Final Report. 



SECTION 2 - MAPPING AND SURVEY INFORMATION 

2.1 Description of Mapping, Map Control, etc.: A list of benchmarks at NGVD 1929 elevation datum 
was obtained from the Salt River Project; which was established in 1986. A-N West performed 

field surveys in June, 1995 to set and tie the mapping panel points and elevation benchmarks, 

horizontally and vertically to these benchmarks. 

The mapping datum benchmark (NGVD 29) at Brown and Greenfield Road was compared to the 
City of Mesa Datum benchmark at this location, p. 2.0 (26), to establish that 0.40 feet must be 

added to mapping datum elevations to obtain Mesa datum elevations. 

The Vertcon computer program results are presented on p. 2.0 (27) showing conversion of NGVD 
29 to NAVD 88 vertical datum. 

A-N West also field surveyed finished floos within the floodplain at NGVD 29 datum as well as 

supplemental surveys of box culvert and storm drain inverts, and cross-sections of detention basin 

overflow spillway and two channel cross-sections downstream of mapping limits, at mapping 

datum. 

Mr. Fred L. Baker, R.L.S. of A-N West was responsible for establishing horizontal and vertical 

e control for the new mapping and supplemental surveys on this project. 
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HYDROLOGY REPORT 
FOR 

UPPER EAST MARICOPA FLOODWAY (UEMF) 
FLOODPLAIN DELINEATION STUDY 

FCD NO. 94-26 

1.0 INTRODUCTION: 

The purpose of this report is to present the results of an existing hydrologic analysis of the 
100-year storm runoff contributing to the Upper East Maricopa Floodway (UEMF) between 
Brown Road and McKellips Road in the City of Mesa, Arizona (see Figure I). The storm 
runoff was analyzed for the purpose of performing a detailed floodplain delineation along 

, this reach of the UEMF or the upstream side of the Roosevelt Water Conservation District 
(RWCD) Irrigation Canal. 

f* 
6- 2.0 STUDY AREA: 
t " 0  
b. This one mile floodplain study reach of the Upper East Maricopa Floodway is currently 
k delineated with an approximate Flood Hazard Zone A (Reference 12). 

Downstream of, and including Brown Road, is the East Maricopa Floodway (EMF) which 
was designed and built by the Soil Conservation Service (SCS) with the local sponsor, the 
Flood Control District of Maricopa County (FCDMC). The East Maricopa Floodway extends 
from the Gila River Roodplain near SR87 upstream to Brown Road, a distance of 
approximately 20.4 miles along the upstream side of the RWCD Canal. 

The hydrologic analysis for the EMF was performed in the mid-1980's by the Soil 
Conservation Service with construction of the EMF in the late 1980s. The EMF was 
designed to convey the 100-year storm event runoff. The floodplain along this reach of the 
EMF is also delineated as an approximate Flood Hazard Zone A (Reference 12). 

The watershed, contributing to the UEMF study reach between Brown and McKellips Roads, 
extends upstream (easterly) to the Central Arizona Project (CAP) Canal (see Figures 2 and 
3). The CAP Canal drains from a north-northwest to south-southeast direction across the 
watershed, approximately 113 mile east of the Bush Highway. The CAP was built by the 
Bureau of Reclamation in this area in the mid-1980s. Retention basins and storm channels 

, . Page 1 
10 

3 

& . . . - -, ~ ~ s ~ ; ~ . . 2 - < , : . . -  <--,:>& ;,,; ... -:~ - - -  -.-- . . . . . .  . -.-:--.-, ,L,. . - . - . . .., . . ' . .' . , ' ;?"$:-::-."x:.- ,.., . .: .. , . .. , ~ . -  . .. . . .  



upstream of the CAP prevent any 100-year storm runoff from upstream of the CAP Canal 
from entering the study watershed. 

The contributing watershed to the study UEMF reach is approximately 3 114 miles long 
extending between the UEMF (or RWCD Irrigation Canal) to the CAP Canal. 

The contributing watershed to the study UEMF reach is approximately 2 miles wide at its 
downstream end, between McDowell and Brown Roads, and less than 112 mile in width near 
the CAP Canal. 

The watershed slopes to the west-southwest at slopes of approximately 0.8 percent 
(downstream) to 1.4 percent (upstream), and is approximately 2.5 square miles in size. 

It is approximately 75% developed by a range of uses from light residential or golf courses 
to high residential (mobile home parks and condominiums) and commercial and industrial, 
including Falcon Field Airport. 

3.0 EXISTING INFLUENCES ON DRAINAGE PATTERNS: 

a 3.1 Storm Drains: 
As shown on Figures 2 and 3, there are existing storm drains in several of the major streets 
within the study watershed. The storm drains were generally designed for only the minor 
storm events (2-5 Year event). The storm drain's influence storm water runoff patterns for 
the 100-year 24-hour storm study by intercepting base flows (to the storm drain's capacity) 
and conveying the flow to Greenfield Road. This storm drain flow is not subject to flow splits 
at street and channel intersections as surface flow is. The storm drain then conveys water 
along the UEMF, bypassing the Princess Road Basin and outletting into the channel 
upstream of Brown Road. 

The majority of the storm drains are concrete pipe (CP) based on City of Mesa Master 
Plans, and, therefore, a Manning's 'n' of 0.012 was used for estimating capacity. For 
simplicity, the storm drain's capacity was estimated by computing the average ground slope 
along the reach of pipe being evaluated. The pipe slope was assumed to equal the ground 
slope over these long reaches. Pipe capacity was then computed by a pipe capacity 
nomograph for full flow. 

The following table lists the main pipe reaches considered in the hydrologic analysis in 
conveying and routing flows. * 

Page 2 

:.'-- 7 r  -7Ts%'v~V'-~- L : , - ' , ; - . 4 7 . -  - , - -  0 , . , - - rm s A. -., -. s . r.I . - - 



TABLE 1 
SUMMARY OF STORM DRAINS CONSIDERED 

Ave. 
Ave. Ground 

Diameter Slope Capacity 
Location (Inches) tfwt) cfs 
64th Street - Hermosa Vista Dr. to McKellips Road 24 (1) 0.0020 11 
McKellips - Delmon (66th St.) to Recker Road 36 0.014 86 
McKellips - Recker Road to Higley Road 42 0.01 02 112 
McKellips - Higley Road to Greenfield Road 48 0.0081 140 
Greenfield Road - McDowell to Brown Road 66 0.00095 112 
GreenfieldIRWCD Canal - McKellips to Princess Basin Outlet 84 0.002 310 

\ 

Notes: ( I )  The upper reach of this storm drain was a 24-inch pipe and was of interest in 
analysis for its capacity to intercept base flow from Subarea 10 and convey it 
into study watershed rather than have Subarea 10 flow northwest out of 
watershed. 

3.2 Streets and Channels: 
Streets convey significant drainage within the watershed. McKellips Road, a major street, 
conveys a portion of the upstream subarea runoff west to the RWCD Canal within the 
watershed. An existing channel along the north side of McKellips Road from the Bush 
Highway to approximately Recker Road adds conveyance capacity along McKellips Road. 

Several streets, north of McKellips Road, including 64th Street, Recker Road, a short (1200 
foot) reach of 56th Street, Higley Road and Greenfield Road also convey runoff toward 
McKellips Road. 

Several streets and channels also convey flow south from McKellips Road, out of the study 
watershed, including; 

a.) a channel, just south of 66th Street, which conveys flow, west southwest, into and 
through the Palmas Del Sol Mobile Home Park (PDSMHP), thence, south on Recker 
Road. 

b.) a channel, 750 feet west of 64th Street conveys flow from McKellips Road again into 
Palmas Del Sol Mobile Home Park, thence, south on Recker Road. 

c.) Recker Road. 
d.) Higley Road. 
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3.3. Retention Basins: e? 

A number of developments, built before approximately 1980, did not include retention to 
mitigate the affects of development on increasing runoff. 

However, several significant retention basins within the study watershed were inventoried 
and considered which are described below; 

TABLE 2 
SUMMARY OF RETENTION CONSIDERED 

Low Volume 
No. of Average Peak Flow Drain At Overtlow Spillway 

Subbasin I.D. Basin@) D e ~ t h  (FtI(1). Sizemoe (Ac. - Ft.) 
16 1 7 12" S.D. 1.04 
54 3 3.55 Drywells 2.12 
62 2 2.86 Drywells 1.71 
80 1 (Falcon Field) 6 12" S.D. 57.03 

118 1 (Princess Dr.) 9.25 (2) Pump 24.4 (El. 1348.0) 
86 1 (Along RWCD) 2.5 (3) 24" & 36" (In Series) 54.6 (El. 51.70) 

Notes: (1) Basin Invert to Elevation of Overflow Spillway or Top of Berm. 
(2) Basin I.E. 1338.5 and Low Overflow Spillway El. 1347.74 
(3) Not a Designed Basin, But Retention occurring along RWCD Canal, McKellips to McDowell Road. 

4.0 HYDROLOGY METHODOLOGY: 
4.1 Genera 
The Flood Control District's Hydrologic Design Manual for Maricopa' County, dated, 
September, 1990 with January, 1995 revisions, was used as the basis for the hydrologic 
analysis. The HEC-I computer model (Reference 2) was used for computing the peak 
discharges. The FCDMC Drainage Design Menu System (Reference 1) was used to 
compute weighted average soil and land use parameters and data input parameters to the 
HEC-1 program. 

The USGS Quadrangle Map (Reference 4) was used for the base mapping for the analysis 
(see Figure 2). A recent aerial photo (Reference 5) was used to supplement the USGS 
base mapping to show current development, land use, etc., (see Figure 3). 

4.2 Design Storm-Rainfall Depth. Distribution and Aerial Reduction: 
The 100-year 24-hour duration storm was used for the analysis. A Soil Conservation 
Service (SCS) Type II rainfall, distribution was used as developed from the FCDMC 
Hydrologic Design Manual Drainage Design Menu System (Reference 9). The 100year 24- 
hour Storm precipitation value computed from the FCDMC Design Manual (Reference I )  , a ,  
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was 3.47 inches (see Appendix A). The aerial reduction factor of 0.982 was used as 
generated by the Drainage Design Menu System (Reference 9) and Table 2.la of the 
manual (Reference I )  for an approximate 3 square mile drainage area. 

4.3 Drainage Subareas: 
Twenty-three drainage subbasins were identified within the study watershed as shown on 
Figure 2 and 3. These subbasins' boundaries were identified using several criteria; 

a.) drainage areas to potential split flow locations. 

b.) drainage areas of similar land use. 
c.) drainage areas contributing to retention basins. 
d.) drainage areas of roughly equal size. 
e.) drainage area size small enough that the time of concentration does not exceed the 

rainfall excess duration for use of Clark U.H. Method. 

The drainage subarea parameters are summarized below. 

' @ Subarea Area 
1 I.D. Sa. Mi. 
F 

TABLE 3 
SUMMARY OF SUBAREA PARAMETERS 

Flow Path Wtd. Kb Slope Tc R 
Lenath !Miles) Value (Ftlmile) Hours Hours 

0.032 
0.030 
0.037 
0.051 
0.040 
0.046 
0.055 
0.032 
0.031 
0.030 
0.045 
0.043 
0.046 
0.048 
0.063 
0.042 
0.031 
0.030 
0.031 
0.031 
0.036 
0.054 
0.049 
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Two areas of 0.054 and 0.008 square miles in Subarea 80 and 76, respectively, were 
considered non-contributing and not included in the subarea drainage areas. On-site 
retention for runoff from these areas was considered sufficient to prevent runoff from the 
100-year 24-hour storm. 

The drainage area bounded by McKellips Road, RWCD Canal, McDowell Road and 
Greenfield Road was expected to be non-contributing, because; a.) this area has little 
runoff potential as it is an orange grove; b) any runoff to the upstream side of the RWCD 
canal will pond along the canal as there is little slope along the canal; and c) any nuisance 
flow to McKellips Road is drained into the RWCD Canal by a 24 - 36-inch culvert at 
McKellips Road. 

This drainage area (HEC-1 I.D. No. SB86) as well as the retention created by ponding 
upstream of the RWCD canal and the flow split relationship of the culverts into the canal 
versus overflow of McKellips Road were modeled to evaluate this expected non-contributing 
condition. The Appendix contains the analysis of culvert capacity to the canal, storage 
along the canal and rating curve of flow over McKellips Road. No flow over McKellips Road 
into the system was noted when this subarea and associated retention was modeled in the 
HEC-I model. 

4.4 Land Use: 
A digital file of land use in AutoCadd Version 12 format was obtained from the FCDMC's 
Hydrologic Information System (HIS) files (see Figure 4) to use as a basis for analyzing the 
impact of various types of land use and its imperviousness on runoff. 

The watershed photo, Figure 3, was used to update this land use base digital data for 
recent construction and minor discrepancies. 

The attached HIS Data Delivery Specifications Manual Lookup Table (see Appendix) 
provides a correlation from the digital base map I.D. numbers to a land use definition. The 
attached Table 4.2a (Reference I) in Appendix A of la, RTlMP and Percent Vegetative 
Cover for various Land Uses was used as a guide for these values. The la and percent 
vegetative cover values were generally applied per Table 4.2a. Some adjustment in RTlMP 
(Percent, Effective Impervious Area) was made for specific subareas such as 60% for dense 
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4. ils; 
Th5e ::en and Ampt Method was used to estimate rainfall losses due to soil infiltration and 
initial retention. 

A digital file of soils classifications in AutoCadd Version 12 format was obtained from the 
FCDMC's Hydrologic Information Systems (HIS) files to use as the basis for determining the 
soil infiltration parameters for each subarea (see Figure 5). The soils map I.D. Number of 
Letter correlates to a textural soils classification in the attached Appendix A and B tables 
from the FCDMC Manual (Reference 1) and the Drainage Design Menu System (DDMS) 
Computer Program (Reference 9). 

The soils classifications are from the Soil Conservation Services (SCS) Soils Surveys for the 
AquilaICarefree (Reference 10) and Eastern Maricopa (Reference 1 1) Areas. 

The FCDMC Drainage Design Menu System (DDMS) Computer Program (Reference 9) 
subbasin preparation subroutine was used to compute Green and Ampt Loss Parameters. 
The (la), Surface Retention Loss, Vegetative Cover Percent, and RTlMP values were 
generally derived from the FCDMC manual (Reference 1) Tables 4.1 and 4.2a. 

@ Soil Moisture was assumed as normal for most soils in subareas. Soil moisture was 
assumed dry for vacant or desert land, power stations, airport or industrial and other land 
not irrigated. The citrus orchards were assumed wet soil moisture to account for heavier 
irrigation. 

Soil moisture was used to adjust the DTHETA values in the DDMS program (Reference 9). 
The vegetative cover percent was used to adjust the XKSAT value in the DDMS program 
(Reference 9). 

The DDMS computer output for loss parameters is included in the Appendix A with percent 
and type of soils and land use and weighted average rainfall loss parameters. 

4.6 Unit Hydroaraph Method; 
The Clark Unit Hydrograph method was used to generate Time of Concentration (Tc) and 
Storage Coefficient (R) values using the MCUHPI subroutine of the DDMS (Reference 9) 
computer program. 

Input values used to compute Tc by the Papadakis Egn. include: flowpath length in miles 
(L), surface resistance coefficient (dimensionless) (~b), slope in (Wmile) (s) and rainfall 
excess intensity in incheslhour (i). Flowpath length (L) and slope (s) were computed from 
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the base mapping (Figure 2). The surface resistance coefficients ( K ~ )  were computed as 
weighted averages based on area and type of land use from the DDMS subbasin 
preparation subroutine. 

The storage coefficient (R) was in turn computed by the MCUHPl subroutine of the DDMS 
program based on the computed time of concentration (Tc), flowpath length (L) and 
drainage area (A) in square miles. 

The urban area curve was selected for developed land and the natural time area curve was 
selected for vacant, desert or agricultural land as part of the MCUHPI subroutine of the 
DDMS program. These time-area (TIA) curves were input for each individual subarea to the 
HEC-1 model to complete the Clark Unit hydrograph input parameters of Tc, R and TIA 
curves. For several subareas, Nos. SB84, SB97, SB98, the default TIA curve of the HEC-1 
model was used where the land use was considered between a natural to a fully urban 
condition. See Appendix A for the MCUHPl computer program output. 

4.7 Channel Street or Storm Drain Routina: 
The normal depth channel routing option of the HEC-1 model was used to route flows along 
channels or streets. This method included inputting an eight point representative channel 
cross-section using the RX, and RY records of HEC-1. Also, input on h e  RC record are left 
overbank, channel and right overbank Manning's "n' values and channel reach length in feet 
and slope in Wft. Also, included in the channel routing parameters is the NSTPS record 
value which is the integer number of routing steps to route flow along the reach length. 
Initially, the NSTPS value was computed by dividing the reach length by an estimated 
average travel velocity, which in turn, was divided by the 5 minute time ordinate times 60. 

After the initial HEC-1 model run a second check of the NSTPS value was made by dividing 
the difference in peak times from start to end of the routing reach by the 5 minute time 
ordinate times 60. The resultant integer value was used to update the earlier estimate of 
NSTPS and again checked by this time difference method. 

Storm water was routed in storm drains using the Muskingum-Cunge routing method of 
HEC-1 model or the RD record which involved inputting reach length in feet, pipe Manning's 
"n' value, slope in feetlfeet and pipe diameter in feet. 

Routing input parameters are included in the Appendix. 

Channel RoUlgJnfiltration I osseg. These losses were not considered in the HEC-I 
model routing. Most of the routing involved primarily streets or storm drains where 
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infiltration was minimal. Channel routing along the RWCD Canal between McKellips and 
Greenfield Roads also did not involve infiltration losses as most of this reach was in orange 
groves, which could be flood irrigated, thus, reducing infiltration potential. 

4.8 Retention Rasin Routina: 
The reservoir routing option of HEC-1 model was used to route flows through retention 
basins. This method involved inputting the storage and discharge versus elevation 
parameters for basins on SV, SQ and SE records. Basin storage capacity (in Acre-Feet) 
was entered on SV records, Basin discharge (in CFS) on SQ records and Elevation (feet) 
data on SE records. 

Table 2 provides a summary of the significant retention basins inventoried and modeled in 
the study watershed. In some drainage subareas, several small basins were combined to 
model as one basin in the HEC-1 model to simplify the hydrologic analysis. 

Retention basin routing input parameter calculations for these retention basins are included 
in Appendix A. 

Included in the Appendix A is the modeling of retention which occurs along the RWCD 
Canal from McKellips to McDowell Roads. Although this is not a designed basin, it does 
store significant runoff from Subarea I.D. 86 before bleeding it off into the RWCD canal, by 
culvert or weiring over McKellips into the drainage study area. Appendix A includes a HEC- 
2 model rating curve analysis of cross-sections taken by A-N West along the canal. 

4.9 Split Flow Analysis: 
Several locations were identified within the study watershed, where stormwater can split 
either into or out of the study watershed. Also, the major storm drain system was modeled 
using the split flow option to split base flow out of the combined flow to the capacity of the 
storm drain at each critical storm drain location. 

The following is a summary of each split flow location. Supplemental computations are 
provided in Appendix B for some of the more complex split flow conditions. The HEC-1 
Schematic (Figure 7) shows the split flow locations and HEC-1 I.D. Numbers. 

Split Flow l ocatioa Hermosa Vista Drive and 64th Street. Subarea No. 10 is a 
esidential Subdivision. A 24-inch diameter storm drain proceeds along 64th Street 

d west of Subarea No. 10 south to a retention basin, midway between Hermosa 
lsta Drive and McKellips Drive (See Figure 2). Storm water from Subarea No. 10, not 

,- . 
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intercepted by the 24-inch storm drain was considered to continue west as overland 
flow which exits the study watershed. Using the approximate pipe or street slope of 
0.2 percent aJong this storm drain, a pipe capacity of 11 cfs was estimated for a 
concrete pipe with N = 0.012. 

The split flow option of the HEC-1 model was used to split the base flow of the 
Subarea No. 10 stormwater runoff up to the 11 cfs storm drain capacity and route it 
into the study watershed. Any flow over this base 11 cfs was split out of the study 
watershed. 

Delmon Drivel66th Street and McKellips Road, At the Delmon Drive166th Street 
intersection with McKellips Road is the upstream end of a 36-inch concrete pipe storm 
drain at street slope of 1.4 percent and 86 cfs capacity (N = 0.012). Initial base 
stormwater runoff of 86 cfs was split using the split flow option of HEC-1 from the 
Subarea No. 24 and routed west along McKellips Drive as pipe flow. 

Of the remaining surface flow, initial flows again will flow in the north ditch along 
McKellips Road or in the north half of McKellips Road. Larger stormwater flows can 
overtop the McKellips Road street centerline and then flow out of the study watershed, 
eventually flowing south on Recker Road. Field survey and a HEC-2 capacity analysis 
was performed at this surface split flow and is included in Appendix B. 

Palmas Del Sol Mobile Home Park !PDSMHP! S ~ l i t  at McKellips Road. The storm 
drain in McKellips Road proceeds from Delmon Drive166th Street to Recker Road as a 
36-inch concrete pipe at approximately 1.4 percent slope and capacity of 86 cfs was 
again split out using the HEC-1 split flow analysis. This insured that all of the pipe 
capacity was being accounted for before surface splitting was evaluated. 

A field survey and HEC-2 analysis was performed to determine the split of surface 
stormwater flows west along McKellips Road and south into the PDSMHP. 

A concrete channel of 2 foot bottom. 1.25 H:lV sideslopes and approximately 2.33 
foot deep conveys flow south then west in the PDSMHP, eventually flowing south on 
Recker Road. and out of the study watershed. A HEC-2 model (File:UEMF2) was 
created to analyze the capacity of'the concrete channel in the PDSMHP proceeding 
upstream through an opening in the Block wall and to the center of the McKellips Road 
street, where the split was assumed to occur. 

"* , . - .-,* -. " . ~ - A- ---..". - - 



The results of the concrete channel HEC-2 model (File: UEMF2) was used in a second 
HEC-2 model of the adjacent McKellips Road which employed the split flow option of 
HEC-I to compute the split (see Appendix B for HEC-2 models and Figure B-1 for 
cross-section, street, channel, etc. locations). 

o Recker Road Split at McKellips Road. At Recker Road, all surface and pipe flow 
was again combined. The split flow option of HEC-1 was employed to split out the 
storm drain capacity of 112 cfs for the larger 42-inch storm drain between Recker 
Road and Higley Road. 

Of the remaining surface flow, Recker Road was capable of intercepting and 
conveying a portion of the flow south and out of the study watershed. A field survey of 
critical elevations at this intersection was made. Two HEC-2 models were generated 
to compute elevation versus discharge capacities of McKellips and Recker Roads at 
this intersection. The resultant individual street rating curves were plotted on a graph 
together with the combined capacity curve. 

The split flow option of HEC-1 model was then employed to model the flow splitting 
south on Recker Road and out of the study watershed. The plan view of the 
intersection, field survey results, HEC-2 models and rating curves plots are included in 
Appendix B. 

o Hialev Road Split at McKellips Road, At Higley Road, all pipe and surface flow was 
again combined. The split flow option of HEC-1 was employed to split out the storm 
drain capadty of 140 cfs for the larger 48-inch storm drain between Higley and 
Greenfield Roads. 

For the remaining surface flow, Higley Road was capable of intercepting and 
conveying a portion of the flow south and out of the study watershed. A field survey of 
critical elevations at this intersection was made. Two HEC-2 models were generated 
to compute elevation versus discharge capacities of McKellips and Higley Roads at 
this intersection. The resultant individual street rating curves were plotted on a graph 
together with the combined capadty curve. 

The split flow option of HEC-1 model was then employed to model the flow splitting 
south on Higley Road and out of the study watershed. The plan view of the 

k intersection, field survey results, HEC-2 models and rating curves plots are included in 
*.: ., Appendix B. 

I 
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o Greenfield Road Storm Drain Split to McKellips Road. All surface and pipe flow 

a was combined at Greenfield and McKellips Roads. The split flow option of HEC-1 was 
employed to split out the storm drain capacity of 310 cfs for the larger 84-inch storm 
drain in Greenfield Road, between McKellips Road and the Princess Drive retention 
basin outlet. 

o 48th Street - East Half Street and Storm Drain Split. On 48th Street at Hobart 
Street, a 30-inch storm drain begins and proceeds south increasing to a 36-inch storm 
drain which outlets into a retention basin at Brown Road. The retention basin drains 
into the Brown Road storm drain which outlets south of Brown Road in the East 
Maricopa Floodway. The east half street of 48th Street from McLellan Road south also 
conveys flow with the 30-inch storm drain to the retention basin and out of the study 
watershed. 

The split flow option of HEC-1 was used to split the combined from the east half street 
capacity to top of centerline pavement and 30-inch pipe capacity for a total base flow 
of 25.8 cfs from Subarea 102 and the study watershed. See Appendix B for half street 
and storm drain capacity calculations. 

@ o 46th Street Split North of Princess Drive. Of the total flow computed for 46th Street, 
north of Princess Drive, a base flow equal to the east half street capacity of 46th Street 
or 3.8 cfs was determined to be conveyed south. The split flow option of HEC-1 was 
employed to model this split. 

o 46th Street Split, North of Brown Road. Of the total flow computed to 46th Street 
north of Brown Road, a base flow equal to the east half street capacity of 46th Street 
of 3.8 cfs was determined to be conveyed south out of the study watershed. The split 
flow option of HEC-1 was employed to model this split. 

o Greenfield Road. Between Mckellips Road and McDowell Road, The combined 
capacity of the 66-inch storm drain in Greenfield Road and the full street capacity were 
estimated as shown in the Appendix to be 133 cfs. Since the Subarea SB84 peak 
100-year discharge of 122 cfs could be conveyed in this combined street and storm 
drain, no split flow was considered to occur for flow over the road to the west. 

o RWCD Canal at McKellips Road, A 24-inch CMP culvert under the east maintenance 
road of the RWCD Canal and a 36-inch CMP culvert under McKellips Road convey 
initial stormwater runoff from the Subarea I.D. 86, north of McKellips into the RWCD 
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canal. The Appendix A culvert calculations indicate these pipes, in series, can convey 
23.2 cfs before flow starts to overtop McKellips Road. 

Also in Appendix A, is a HEC-2 model of rating curve analysis of critical depth flow 
over McKellips Road. The culvert and road weir flow data were used to model by the 
split flow option of HEC-1 model, the flow out of the system (by culvert) versus weir 
flow into the system. 

5.0 RESULTS; 
- 5.1 Discussion of Results; 

Table 4 presents a Summary of Peak Discharges computed by the HEC-1 model analysis at 
significant concentration points. The HEC-1 model input, HEC-1 schematic and summary 
output hardcopy are included in Appendix C as well as digital data files. Figures 2, 3, and 7 
provide locations of subareas, split flow points, retention basins, and streets as referenced 
in Table 4. 

5.2 Com-parison to Stream Gage Data; 
There are no stream gage stations with the study watershed nor are there stream gage 
stations of similar size, development type within a close proximity per review of Reference 
13. The numerous split flows and retention basins as well as storm drains, within this study 
watershed, make a comparison to stream gage data difficult for other than individual 
subareas. Several individual subareas of greater than 0.1 square miles were plotted on a 
Log-Pierson Type Ill plot of 100-year discharges obtained from the ADOT manual 
(Reference 14) as shown on Appendix D, page D-16. Most of these results plotted within 
the 75% confidence limits. The two subareas that plotted low were relatively undeveloped 
which may explain the lower discharges. 

5.3 Comparison to Other Studv Results: 
Several excerpts from subdivision drainage reports were reviewed at the City of Mesa 
ofices (Reference 8). These drainage reports addressed only local flows and/or offsite 
flows impacting the subdivisions. The studies generally utilized the Rational Method and 
were prepared in the early 1980's. Meaningful comparison to these studies was not 
considered appropriate. 

There are no published FEMA FIS discharges along the East Maricopa Floodway (EMF) a 
this area was delineated as Approximate A flood hazard zone. 
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TABLE 4 
SUMMARY OF PEAK DISCHARGES 

HEC-1 Drainage Peak Existing 
I.D. Area Comments 100-Yr. 24-Hr. 

(See Figure 7) Square Miles Description Discharae (CFS) 

SBlO 
DIVI 15 
DlVl 1 P 
SUB16 

(1) Split Out of System 
(1) Intercepted by 24" Pipe 

,170 

(1) Into 64th St. Basin 
(1) Out of 64th St. Basin 

.I69 

(1) Surface Flow At 66th St. 

(1) Surface Split Out of System 

(1) Surface Split Into System 
(1) Total Flow to Mobile Home Park 

(1) Surface Flow to Mobile Home Park 

(1) Surface Split out of System 

(1) Surface Split Into System 
(1) Total Flow at Recker Road 

(1) Total Surface Flow at Recker Road 

(1) Surface Split out of System 

(1) Surface Split into System 
.033 Flow to Ten Basins Along 56th St. 
.033 Outflow From Basins 

(1) Total Surface Flow at 56th St. 
.072 Flow to 2 Mobile Home Park Basins 
,072 Basin Out Flow 

(1) Total Flow Out Higley Road 
(1) ~ o t a l  Flow at Higley Road 
(1) Surface Split out of System 
(1) Surface Split into System 

.I97 Flow North of Airport 

.636 Flow to Airport Basin 

.636 Oufflow Airport Basin 

(1) Total Flow at GreenfieldlMcKellips 
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• HEC-1 Drainage Peak Existing 
I.D. Area Comments 100-Yr. 24-Hr. 

(See Fiaure 7) Square Miles Description Discharae (CFS) 

DIV935 
SUB92 
SUB94 
C099 
COl 00 
SUB102 
DIV1031 
C0105 
DIV187A 
DIVI 07B 
C0108 
C0120 
R0121 
C0116 

Surface FLOW to McKellips & UEMF 

Flow to 48th St. S.D. Split 
Surface Flow into System 
Flow to 46th St. N. of Princess 
Surface Flow Split West 
Surface Flow Split South 

Surface Flow lnto Princess Basin 
Surface Flow Out of Princess Basin 
Flow to 46th St. N. Brown 
Surface Split Out of System 
Surface Flow lnto System 
Total Flow UEMF, N. of Brown Rd. 

Note: (1) Drainage Aea Not Applicable Due to Upstream Split FLOWS. 



The Soil Conservation Service Hydrologic Analysis Design Notes (Reference 7) for the East 
Maricopa Floodway (EMF) formerly RWCD Floodway (Reference 5) and several hydrology 
studies and alternate watershed conditions were considered in developing the design 100- 
year 24-hour storm discharges for the EMF from Brown Road downstream. 

Appendix D includes design notes and memorandums on design discharges for the Soil 
Conservation Service (SCS) East Maricopa Floodway (formerly RWCD channel). Pages D- 
l - D-2 are the most recent notes found which discussed the 100-year 24-hour design 
discharges to be used by the design consultant to SCS. This summary page D-2 notes a 
300 cfs discharge from Station 30+70.0 to 32+24.5 which is a 1545 foot reach upstream of 
the existing 2 Barrel 8 ft. x 8 ft. x 138 ft. culverts under Brown Road. Page D-2 further notes 
a design discharge of 900 cfs from Station 32i24.53 - 35+43.0 which is a 3185 foot reach 
from the upstream face of the Brown Road culvert downstream. Page D-2 notes a design 
discharge of 1200 cfs for a 4320 foot reach downstream of the 900 cfs design discharge. 
The design discharge for the Brown Road culverts appears to be 900 ds. 

Appendix D, pages D-3 - D-10 provide a Soil Conservation Service Summary of discharges 
+. computed at a number of critical points along the channel. This summary notes several 

F different studies and alternate split flow assumptions at upstream drainage areas. 
i 

- 
+ The SCS Summary, page D-8 appears to recommend a design discharge of 300 cfs for the 
," short (1502 foot) channel upstream of Brown Road and 1200 cfs at Brown Road as well as 

at Adobe Road, 114 mile or 1320 feet downstream of Brown Road. The drainage area map 
on page D-10 provides the subareas and parameters used in some of this analysis. 

Appendix D, page D-I 1 provides some discussion by SCS on flow assumptions. 

Appendix D, pages D-12 - D-13 provide a memorandum referring to a 900 cfs design 
discharge recommendation by SCS for the Brown Road culverts. 

Appendix D, pages D-14 - D-15 show computed discharges performed by Anderson-Nichols 
for the FCDMC for the Eastern Maricopa County Area Drainage Master Study (Reference 
15) that were considered by SCS. 

The computed 100-year 24-hour discharge from this UEMF study at I.D. C0126 of 603 cfs 
at Brown Road is within the range of design discharges used for the EMF (RWCD) channel. 

i 

iv 
!,> 

g 
b @ 
& 

!a 

I4 L, 
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.4 Analvsis of Floo ran roves: 
i n  agency review comznEequ~t:d analysis for the impact of a storm occurring after the 
orange groves had been flooded. 

The orange groves were assumed to have saturated soil due to recent irrigation as part of 
the basic analysis. Referring to the green and Ampt Infiltration Parameter discussion in the 
manual (Reference I), the DTHETA value (Volumetric Soil Moisture Deficit) was set equal to 
zero for saturated soil for modeling of irrigated land. The XKSAT (hydraulic conductivity) 
and PSIF (wetting front capillary suction) values were not considered affected by the 
irrigated condition. In order for the soil to percolate this irrigation water away, it was 
assumed the soils hydraulic conductivity and wetting from capillary suction would be 
ongoing even as water was standing on the soil. 

The one value of the Green and Ampt parameters which was considered affected by this 
condition was the initial loss (IA) value. This value was changed from 0.5-inches for 
irrigated fields to zero assuming the irrigation water filled the surface depressions modelled 
by this parameter. 

The HEC-I model was run with the IA value changed to zero on Subarea I.D.'s 86, 92 and 

- @ 94. There was no increase in peak discharges as a result of this IA value change, except at 
Sub92 which increased by 1 cfs. 

Because of the insensitibity of adjustment of the IA value and the excess retention basin 
volume, available north of McKellips Road, no increase in runoff was predicted for the 
scenario of a storm occurring on recently irrigated orange groves. The IA values were left at 
0.5 inches for orange groves land use in the HEC-1 modeling. 

6.0 REFERENCES: 

1. Hydrologic Design Manual for Maricopa County, Dated; September, 1990, with 
Revisions, Dated; January, 1995. 

2. HEC-I Flood Hydrograph Package Computer Model Version 4.0, September, 1990 
U.S. Corps of Engineers, Hydrologic Engineering Center, Davis California 856764617. 

3. HEC-2 Water Surface Profiles Computer Backwater Program, Version 4.6.2, May, 
1991, by U.S. Army Corps of Engineers, Hydrologic Engineering Center, 609 Second 
Street, Davis, California 95616-4687. 
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a 4. US Geologic Survey 7 112 Minute Quadrangle Map, "Buckhorn, Arizonaw, Date; 1956, 
Photo Rev. 1982, Scale 1 " = 2000'. 

5. Aerial Photo Mylar at Scale 1" = 1200', Photo Date; 11/21/94, by Aerial Mapping 
Company, Phoenix, Arizona. 

6. The Hydrologic Information System (HIS) Data Delivery Specifications, Rev. 2.0. 
Flood Control District of Mariwpa County. 

7. TR-20 Hydrology, RWCD Floodway - Reach 6, Dated; May, 1985, Original Design 
Notes in 3 Ring Binder, from Soil Conservation Service (SCS) Office (AKA, National 
Resource Conservation Service, NRCS), 3003 North Central, 8th Floor, Phoenix, 
Arizona. 

8. Excerpts from Subdivision Drainage Reports obtained from the City of Mesa Files on 
June 22,1995; 

'r' a. Preliminary Hydrology Report - Camelot Golf Club Estates, Unit IV (4 Pages). 

I b. Preliminary Drainage Report for Alta Mesa, December, 1983, by Coe and Van Loo 
r: Consulting Engineers (3 Pages). 
8 

c. Maplewood Hydrology Report, Dated; 9/16/83, by J.D. King and Associates (3 
Pages). 

d. Sonata Subdivision, Addendum to the Drainage Report, Dated; January 25, 1984, 
by Engineering and Surveying of Arizona, Inc. (13 Pages). 

e. Offsite Drainage Report and Channel Design for Palmas Del Sol Mobile Home 
Park, Mesa, Arizona by Trico International, Inc., Dated; May 28, 1980 (32 Pages). 

9. Drainage Design Menu System (DDMS) Computer Program by FCDMC, January, 
1995. 

10. Soil Survey for AguilaICarefree Area Part of Maricopa and Pinal Counties, Arizona by 
USDA, Soil Conservation Service (SCS). Date: 1978. 

I 1 Soil Survey for Eastern Maricopa and Northern Pinal Counties, Arizona Area by USDA 
Soil Conservation Service (SCS). Date: November, 1974. 
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12. Flood Insurance Rate Map (FIRM) Panels 2205 and 2215 of 4350, Map Revised 
September 4, 1991, FEMA. 

13. Basin Characteristics and Stream Flow Statistics in Arizona as of 1989, by J.M. Garrett 
and D.J. Gellenbeck, U.S. Geological Survey, Prepared in Cooperation with ADWR 
and FCDMC. 

14. Arizona Department of Transportation, Highway Drainage Design Manual - Hydrology. 
Report No. FHwA - AZ93 - 281, March, 1993. 

15. Eastern Maricopa County Area Drainage Master Study, Flood Control District of 
Maricopa County, Prepared by A-N West, Inc., Date: January, 1987. 
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Appendix A 



Figure 2.1 4 
Precipltatlon Depth versus Return Perlod for Partial-Duration Series 
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LOOKUP TABLE: LDUSE.LUT 

NAME MEANS: Type of land use 

!a2 CODE DEFINITION 
0 Blank/unknown/uncertain 
1 Low Density Residential 
2 Medium Density Residential 
3 High Density Residential 
4 Mobile Home or RV Pa& 
5 Developing Residential 
6 Low Intensity Commercial 
7 Medium Intensity Commercial 
8 Hotel or Resort 
9 Regional Shopping Center 
10 Commercial Warehouse 
11 Low Intensity Office 
12 High Intensity Office 
13 Light Industrial 
14 General Industrial 
15 Unknown 
16 Institution - School 
17 Institution - College 
18 Institution - University 
19 Institution - Small Hospital 
20 Institution - Large Hospital 
21 Institution - Public Facility 
22 Institution - Religious 
23 Power Station 
24 Railroads or Railyard 
25 mfl 

26 Freeway, Canal or Dam 
27 Park 
28 Golf Course 
29 Lake 
30 River 
3 1 Vacant 
32 Agricultute - Citrus 
33 Agriculture - Other Crops 
34 Agriculture - Stockyard 
40 Undevelopable - Other 
4 1 Undevelopable - Forest 
42 Undevelopable - Mountain Range 
43 Undevelopable - Gunnery Range 

/ + - A -  

HIS: Data Delivery Specifications - Rev. 2.0 - LT - 3 1 



. . 

. . 

; 

Table 4.2a IA, RTIMP, and Percent Vegetation Covet for Representative Land Uses in Maricopa County . .- 

Multi-Family Limited R-4 
R-4 Multi-Family General R-5 
R-Th Townhou~e MF. 1.000 sq.R/unit 

Mobile Homes TCR-2 TC. Restricted Multi-Res. RhM Mobile Home Residence h m  Manufactured Housing. Resid. CPBP Business Park 
Commercial Trailer Park TCR-3 TC, General Res. Resort District 

Neighborhood Commercial C-2 Intermediate Commercial 
General Commercial General Commercial 

Residential Senvices Commercial Offlee 
Residential Conveniences Intensity hlixed Use High Rise District 

ted Comm/Generaf hlanufacturing 

Planned Shopping Center 

Planned C O5ces  Planned Employment Park 
Public Facilities 

SC Senior Citizen Overlay PCD Planned Community Development 
mP Neighborhood Plan of Development 
RUP ReAdential Plan of Development 
SUP Inciktrial Plan of Development 

watershed for hydrological variations from these t>pical values. 
R0.W. Right of Way 

-. . - . . January 1. 1995 





Ralnfall Losses 

* hydtaulic conductivity a t ~ t w a l  saturation Oa<sAT> equal 

wetting front capillary suction (PSIF) equal t 

w volumetric soil moisture defiat at the start of rainfall ( 
8 in Equation 4.1. 

The three infiltration parametersare functions of soil characteristics, ground surface 
characteristics, and land management practices. The soil characteristics of interest 
are particle size distribution (soil texture). organic matter, and bulk density. The 
primary soil surface characteristics are vegetation canopy cover. ground cover, and -- 
soil --- wting. The land management practices are identified as various tillages as 
they result in changes to soil porosity. 

Values of Green and Ampt equation parameters as a function of soil characteristics 
alone (bare ground condition) have been obtained from published reports (Rawls 
and others, 1983; Rawls and Brakensiek. 19831, and average values of XKSAT and 
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table 
4.2. The values of XKSAT and PSIF from Table 4.2 should be used if general soil 
texture classification of the drainage area is available. References used to create 
Table 4.2 can be found in the Documentation Manual. 

' Selection of DTHETA: 
Dry = Noninigated lands, such as desert and rangeland; 

Normal = Irrigated lawn, turf, and permanent pasture; 
Saturated = Irrigated agricultural land. 



Ralnfall Losses 

Table 4.1 
Surface Retention Loss for 

Surface Cover IA Inches 
(1 ) (2) 

Natural 
Desert and rangeland, flat slope 0.35 
Hillslopes, Sonoran Desert 0.1 5 .A 

I Mountain, with vegetated surface 1 0.25 1 I Developed (Residential and Commercial) I 
1 Lawn and turf 0.20 ' I 

Miltration can be controlled by percolation if the soil does not have a sustained 
drainage capaaty to provide access for more infiltrated water. However, before 
percolation can be assumed to restrict infiltration for the design rainfalls being 
considered in Maricopa County, the extent by which percolation can restrict infiltra- 
tion of rainfall should be carefully evaluated. SCS soil scientists have defined 
hydrologic soil group D as: 

Desert landscape 
Pavement 

"Soils having very slow infiltration rates when thoroughly wetted and consist- 
ing chiefly of clay soils with a high swelling potential, soils with a permanent 
high water table, soils with a claypan or day layer at or near the surface, and 
shallow soils over nearly impervious material." 

This definition indicates that hydrologic soil groups A, B, or C could be classified 
as D if a near impervious strata of clay, caliche, or rock is beneath them. When these 
soils are considered in regard to long-duration rainfalls (the design events for many 
parts of the United States) this definition may be valid. However, when considered 
for shortduration and relatively small design rainfall depths'in Maricopa County, 
this definition could result in underestimation of the rainfall losses. This is because 
even a relatively shallow horizon of soil overlaying an impervious layer still has the 
ability to store a significant amount of infiltrated rainfall. 

0.1 0 
0.05 

For example, consider the situation where only 4 inches of soil covers an impervious 
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can 
be infiltrated and stored in the shallow soil horizon. For design rainfalls in Maricopa 
County, this represents a significant storage volume for infiltrated rainfall and so 
when developing loss rate parameters for areas of Maricopa County that contain 
significant areas classified as hydrologic soil group D, the reason for that classifica- 

a tion should be determined. 

Agricultural 
Tilled fields and idgated pasture 1 0.50 

:~:~:~z~:.>:.:.:.:.x:.:.:.:.>:.:.~:.:.:.:.:.:.:<.:.:.>:.:.:*:+x<~~~:+:.z.:.:.>*.>:.:.:~>:.:.:.:.:.:.%<.:4~.:.~~>>>>:.>~.:.~~~?:.:.:.:<.:.>:.:.>:.:.:.~.~+:.>:.x<.;:.:.:.:.>~.;:.~.>:.>>:.>:+,;:+:.$:.~,:.:.>>~x.:.:.:.;x,:,;:.~:.:.:<.:.:.:.:.:.i:.:,:.:,: .:<.;, :.; *:.>; ;.>:.; :.:,:.:.:.,>:,:,:,; x,:.:.:,:.:.>>:.:,:,z.,,:,:,:,!,:+:, 
42 k -  4 September 1,1990 
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Agulla-Carefree Loss Rate Parameters, contlnued 

3% 
f 
\ 
0 

September 1, 1990 



M a p  
Unlt # 

101,102 

Soi l  Name 

Rillio 
Rillilo , 

Gachado 

Lehmans 

Sal 
Cipriano 

Schenw 

U.S.D.A. Sol l  Texture 
(Control Horizon) 

Loam (0-24) 

Gravelly Loam (0-14) 

Very Gravelly Sandy Clay Loam (1-7) 

Very Gravely Clay Loam (0-2) 

.Very Gravelly Clay Loam (2-20) 

Very Gravelty Sandy Loam (0-20) 

Sun Ciiy 

Fragments 
>0.0074 
mm,% 

57.5 

60 

73.75 

70 

71-75 

72.5 

Very Channery Loam (2-1 1) 

Clay Loam (1-9) . 

Clay, % 

14 

14 

26.25 

30 

27.75 

20 

Cipriano 

Tremant 

Aguila-Carefree Loss Rate Parameters, continued 
Page 8 of 9 

4.3 1 0.35 1 0.25 1 0.7 1 0.6 1 B 1 

70 

45 

Tremant 
Antho 

Trernant 
Gunsighl 
Rillilo 

September 1,1990 . . 
(.. ' 
... 

Textural Class 
(Appendix) 

Sandy Loam 
Sandy Loam 

Sandy Clay Loam 

Sandy Clay Loam 

Sandy Clay Loam 
Sandv Loam 

Very Gravelly Loam (0.6) 

Gravelly Sandy Loam (0-9) 

XKSATi 
CNSTL 
(lnlhr) 

0.40 
0.40 

0.06 

0.06 

0.06 

0.40 

21 

30 

Gravelly Sandy Loam (0-9) 

Sandy Loam (0-3) 

Clay Loam (2-26) 

Very Gravelbj Sandy Loam (0-10) 
Gravelly Loam (2-60) 

72.5 ------ 
65 

-- - - 

Sandy Clay Loam 

Sandy Clay Loam 

65 

65 

45 

85 

55 

0.06 

0.06 
20 

15 

15 

10 

32.5 

12.5 

20. 

Sandy Loam 

Sandy Loam 

0.40 

0.40 

Sandy Loam 
Sandy Loam 

Sandy Clay Loam 
Loamy Sand 
Sandy Loam 

0.40 

0.40 

0.06 

1.20 

0.40 



Northern Pinal  ounces 
Loss Rate Parameters 



Seplember 1, 1990 

Eastern MaricopaINorthern Pinal Counties Loss Rate Parameters 

Map 
Symbol 

Al, Ag 

Am 

AnA. AnB, 
AoB 

Av 

Ca, Cb 

Cc 

CeC 

Co 

Es 

GI. Gm 

Gn 

Gr 

LeA,LaB. 
LeA 

Soll Name 

Agault 

AUwial Land 

Anlho 

Avondale 

Carrizo 

Cashion 

Caveh 

Contine 

Estrelh 

Gilman 

Glenbar 

Gravelly 
Aluvial Land 

Laveen 

U.S.D.A. Soil Texture 
(Control Horizon) 

Loam (0-27) - - - -  
Gravelly Sand (0-60) 

Sandy Loam, Gravelly Sandy Loam 
(0-46) 

Clay Loam (0-1 3) 

Fine Sandy Loam, (0-15) 8 Gravelly 
Loamy Sand 

Clay (0-28) ' 

Gravelly Loam (0-10) 

Clay Loam (0-12) 

Loam (0-26) 

Loam (0-13) 

Clay Loam (0- 14) 

Very Gravelly Sandy Loam 8 Loamy 
Sand (0-60) 

Loam (0-1 4) 

Fragments 
~0.0074 
mm, % 

45 

55 to100 

72.5 

25 

57.5 

10 

50 

30 

35 

27.5 

15 

90 

30. 

Clay, % 

- 
- 
9 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

Textural Class 
(Appendix) 

Loam 

Loamy Sand 

SandyLoam 

Clay Loam 

SandyLoam 

Clay 

Loam 

Clay Loam 

Loam 

Loam 

Silty Loam 

LoamySand 

Silty Loam 

XKSATI 
CNSTL 
(inlhr) 

0.25 

1.20 

0.40 

0.04 

0.40 

0.01 

0.25 

0.04 

0.25 

0.25 

0.15 

1.20 

0.15 

PSlF 
(in) 

3.5 

2.4 

4.3 

8.2 

4.3 

12.4 

3.5 

8.2 

3.5 

3.5 

6.6 

2.4 

6.6 

DTHETA 
(Dry) 

0.35 

0.35 

0.35 

0.25 

0.35 

0.15 

0.35 

0.25 

0.35 

0.35 

0.40 

0.35 

0.40 

DTHETA 
(Normal) 

0.25 ____------ 
0.30 

0.25 

0.15 

0.30 

0.05 

0.25 

0.1 5 

0.25 

0.25 

0.25 

0.30 

0.25 

IL (in) 
(Dry) 

IL(in) 
(Normal) 

H.S.G. 

B 

A 

B 

8' 
-- 

A' 

C' 

D' 

C 

B 

B 

B 

A 

B 

flop 
0.6 

0.8 

0.7 

0.5 

0.7 

0.3 

0.6 

0.5 

0.6 

0.6 

0.8 

0.8 

0.8 

Horkon) 
0.5 

0.8 

0.6 

0.4 
- 

0.6 

0.2 

0.5 

0.4 

0.5 

0.5 

0.7 

0.8 

0.7 



Eastern MaricopdNorthern Pinal Counties Loss Rate Parameters, continued 
Page 2 of 2 

Map 
Symbol  

Mo, Mv 

Pm 

Soi l  Name 

Nohall 

Piier . 

U.S.D.A. Sol1 Texture 
(Control Horizon) 

Loam (0-1 5) 

Clay Loam (0-1 5) 

50 

Po P i l  Variant Loam (0-9) 45 

PvA, PvC P i m l  Gravelly Loam (0-13) 85 

RIA, Rlb Rilliio Gravelly Loam (0-1 3) 62.5 

WARNING: Hydrologic sol group does not accurately represent soil texture charaderiics. Check soil description for rock 
outcrop, cemented hardpan, soil group associatbns, percent course fraclii, elc. 

f 

- 
- 
- 
- 
- 

- 
- 
- 
48 

- 

Ro, Ru 

Trf3 

I Tx 

Va 

Ve 

1 VI 

Fragments 
>0.0074 
mm,% 

40 

15 --- 

Rock Land 

Tremant 

Trix 

Valencia 

Vecont 

V i t  

clay, % 

21 

- - -- 

50 - 70% Rock Outaop, Shallow 
Areas of Clay Loam, Sandy Loam, 
and Gravelly Loam. 

Gravelly Sandy Clay Loam (1-15) 

Clay Loam (0-14) 

Sandy Loam (0-1 3) 

Clay (0-14) 

Loamy Fine Sand (0-12) 

Textural Class 
(Appendix) 

Loam 

Clay Loam 

- 

60 

15 

65 

15 

80 

D ' 

C 

B 

B 

B 

B ' 

8' 

B 

C' 

8' 

L~am 0.35 0.5 

XKSATl 
CNSTL 
(inlhr) 

0.25 

0.04 

Loam 

Sandy Loam 

Sandy Loam 

UseSandy Loam For Pervious 
Areas 

Sandy Clay Loam 

Silty Clay Loam 

SandyLoam 

Clay 

Loamy Sand 

PSlF 
(in) 

3.5 

8.2 

0.25 

0.40 

0.40 

0.40 

0.06 

0.04 

0.40 

0.01 

1.20 

DTHETA 
(Dry) 

3.5 

4.3 

4.3 

4.3 

8.6 

10.8 

4.3 

12.4 

2.4 

DTHETA 
(Normal) 

0.35 

0.35 

0.35 

0.35 

0.25 

0.30 

0.35 

0.15 

0.35 

0.35 0.25 0.6 0.5 

0.25 0.15 0.5 0.4 

IL (In) 
(Dry) 

B 
6' 

0.25 

0.25 

0.25 

0.25 

0.15 

0.15 

0.25 

0.05 

0.30 

IL(In) 
(Normal) 

0.6 

0.7 

0.7 

0.7 

0.6 

0.6 

0.7 

0.3 

0.8 

- 

(TOP Horkon) 

0.5 

0.6 

0.6 

0.6 

0.5 

0.5 

0.6 

0.2 

0.8 

H.S.G. 



Sail Survey Used AguilafCaref ree 

XKSAT ------- ------- 
)lap Unit AREA X Area XKSAT X Rock 

Sq.Hiles Out crop --------- 
98 0.017 54.8 0 . 3  0 
110 0.003 9.7 0.13 0 
115 0.011 35.5 0.39 0 
------I_-..--- 

TOTAL = 0.031 Sq.Hiles XKSClT = 0.34 Mock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.30 
Normal = 0.25 
wet = 0.00 

LAND USE 

='=LAND USE X Area D N A  XVeg. RTItlPI IA Kn Kb Kb 
Sq.Hiles Type condition cover in. Type - - 
0.031 H.D.R. 100. NORIlAL 50 30 0.25 Hin 0.03 

0.031 = Total Area Avg. = 50 30Y, 0.250 

PERCENT OF SUBBCISIN DRY= 0.02 
NORMAL = 100. X 
WET = 0.0 X 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.25 

SUBBCISIN XKSClT ADJUSTED FOR VE6. = 0.49 

INWIVIOUS AREA: URBCW C 100 X effective = 30 
ROCK OUTCROP @ 100 1 effective = 0 

2 EFFECTIVE IHP. = 30 

INWT VALUES FOR rlCUHP1 PROGRAM 
--- --- - 
SUBBASIN Area Length Kb Slope IA DMCI PSIF XKNT RTIHP 

sq,~i. mi. ftfmi in. adj. % 
---__I- 

S -#- 0.031 0.390 0.032 87.0 0.25 0.25 4.30 0.49 30 
- - - - - -  -------------- - - -  



LOSS PiWETERS FOR SUBBASIN: SB24 

Soil Survey lked Agui la1Caref ree 

XKSAT ------- ------- 
Hap Unit AREA X Area XK%T X Rock 

Sq.Hi1es Outcrop 

TOTAL = 0.169 Sq.Hiles XKSCIT = 0.35 XRock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.25 
Now1  = 0.25 
wet = 0.00 

LAND USE 

===LAND LEE % firer DTHETA XVeg. RTIHPX 1A Kn Kb Kb 
Sq.Hiles Type condition cover in. TYW ----- --- - 
0.002IHT.RLG 1.2 NORI1C\L 50 10 0.15 Min 0.04 
0.005 L.D.R. 2.9 NOREfAL 50 1 0.30 tlin 0.04 
0.163 VACANT 95.9 DRY 30 0 0.25 Low 0.05 

0.170 = Total Area Clvg.= 31 0% 0.250 

PERCENT OF SUBBASIN D R Y =  96.0% 
NCRMAL = 4.0 X 
WET = 0.0 11 

SUBWIN DMETA Y16HTED BY LAND USE = 0.35 

SUBMIN XKSClT CIDJUSTED FOR VE6. = 0.43 

iHRRVIOllS AREB: URBAN@ 100Xef fect ive= 0 
ROM( OUTCROP @ 100 X effective = 0 

-- 

X EFFECTIVE IIIP. = 0 

INPUT VALUES FOR MCWP1 PROGRAM 
-----1___1__------ ----- 

IN Area Length Kb Slope I A  DTHETA PSIF XKSCIT RTIHP 
f t l a i  in. adj. X - -------- ----- 

S524 0.169 0.840 0.051 74.0 0.25 0.35 4.25 0.43 0 
............................... ----- 



Soil Survey lked AguilalCaref ree 

XKSCIT ------- ------- 
Hap Unit MEA 2 Area XKSClT % Rock 

Sq.Uiles Outcrop --------- 
110 0.139 81.8 0.13 0 
115 0.031 18.2 0.39 0 

DTETA -------- -------- 
Dry = 0.39 PSIF = 5.80 
Normal = 0.25 
k t  = 0.00 

LAM) llSE -------- 
A LRND USE X CIrea DTHETA XVeg. RTIMPX IA Kn Kb Kb 

condition cover in. TYP 

0.021 V W  12.4 DRY 30 0 0.25 LW 0.06 
0.013 INST RL6 7.6 NORURL 50 10 0.15 #in 0.03 
0.136 L.D.R. 80.0 EIORf4AL 50 1 0.30 #in 0.03 

0.170 = Total Area Avg.= 47 2X 0.200 

NORMCIL = 88.0 X 
WET = 0.0 x 

SUBWIN DTHETA WEIGHTED BY LAND USE = 0.27 

IMPERVIOLIS ARM: lRBflN B 100 % effective = 2 
ROCK WiCROP @ 100 % effective = 0 

X EFFECTIVE IMP. = 2 

INPUT VALUES FOR I'iCMPl PROGRAM 
---------------_I_- 

SUBBASIN Area Length Kb Slope IA DTHETA PSIF XKSClT RTWP 
sq.~i. mi. ftloi in. adj. % - 

SB16 0.170 0.960 0,030 76.0 0.28 0.27 5.80 0.23 2 



XKSAT ------- ------- 
flap Unit AREA X Area XK%T X Rock 

Sq.Niles [lutcmp ------- --- 
110 0.005 100. 0.13 0 
----------I- 

TOTAL= 0.005Sq.HilesXK!3iT=0.13 %Rock= 0 

PSIF = 6.40 

DTXETA 
-------- 
Dry = 0.38 
Dikrmal = 0.21 
k t  = 0.00 

ARE#l LAND USE X Area DTHTA XVeg. RTItlR I 4  Kn Kb Kb 
condition cover in. 

.--- ------- - Type 

0.005 L.D.R. 100. NNMAL 50 1 0.30 t l in 0.04 
-----------,-- 

0.005 = Total Area Avg. = SO 1X 0.300 

PERCENT W SUBBASIN DRY = 0.0 % 
m L  = 100. % 
KT = 0.0 X 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.21 

SUB%INXKSATADJUSTEDFM(W6.= 0.19 

IMPERVIOUS AREA: URBAN @ 100 X effect ive = 1 
ROCK WJTCROP @ 100 X effect ive = 0 

X EFFECTIVE IMP. = 1 

INPUT VALUES FOR tWHP1 PROGRCIM 
----------__.--I-- - 
SUBBASIN Area Length Kb Slope ICL DTHETA PSIF X M T  RTIHP 

sq.mi. mi.  ft/mi in. adj. X - --- 
SB18 0.005 0.450 0.037 47.0 0.30 0.21 6.40 0.19 1 -e ----- - - 



XKSAT ------- ------- 
k i p  Unit AREA X Area XKWT X Rock 

Sq.fliles Outcrop ---------- - 
115 0.020 57.1 0.39 0 
110 0.015 42.9 0.13 0 -- 

TOTAL = 0.035 Sq.Miles XKSAT = 0.24 %Rock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.90 
Normal = 0.25 
Wet = 0.00 

LAND USE -------- -------- 
P LCWD LEE X Area DTHETA %Veg. RTIMPX I A  Kn Kb Kb 

q.Miles Type condition cover in. - -- Type 

0.009 VACANT 25.0 DRY 30 0 0.25 Low 0.07 
0.00260LFCRS 5.6 NORMClL 80 0 0.25 Lw 0.08 
0.025 L.D.R. 69.4 NWML 50 15 0.30 Win 0.03 ------------------- -- --- 

0.036 = Total Area Avg. = 46 10% 0.280 

PERCENT OF SUBBCISIN DRY = 25.0 % 
NORMAL = 75.0 X 
WET = 0.0 X 

SUBWIN DTHETA WEIGHTED BY LAND USE = 0.28 

SllBBCISIN XKSCIT CU)JIISTED FUR M6. = 0.34 

IMPERVIDllS WEA: MMN @ 100 % ef fect ive = 10 
ROCK OUTCROP @ 100 % ef fect ive = 0 -- 

% EFFECTIVE ItlP. = 10 

INWT VALUES FOR lEUHP1 PRO6RAN ------ --- - 
SIN Area Length Kb Slryle 14 DTHETA PSIF XKSClT RTIW 

sq.ai, mi .  f t l a i  in. adi. X 



a 
LOSS PWWlEfERS FOR S U B M I  

S o i l  Survey k e d  AguilaICaref ree 

XKSAT ------- ------- 
b p  Uni t  M A  X Area XKSCIT X Rock 

Sq .H i l s  R t tcmp 
_I__-------- -- 
101 0 .W 4.9 0.28 0 
110 0,018 9.9 0.13 0 
115 0.155 85.2 0.39 0 ------------------ --- 

TOTAL = 0.182 Sq.Hiles XKSAT = 0.34 Mock = 0 

PSIF = 4.30 

DTHETA -------- -------- 
Dry = 0.35 
Normal = 0.25 
Wet = 0.00 

$ 
b 
f 

i E L i W  UP i Area DTETA tVeg. RTIflIJ% lA  Kn Kb Kr 
Sq.fliles Type condit ion cover in .  - Type .3 -- i\- 

v- 

0.031 H.D.R. 17.1 NORllCIL 50 40 0.25 &in 0.U 
0.015 VACANT 8.3 DRY 30 0 0.25 Lcw 0.07 
0.010 INST PFC 5.5 NORML 50 55 0.15 Hin 0.03 
0.125 60LF CRS 69.1 NORMAL 80 0 0.25 LPW 0.05 - --- 

0.181 = Total Area Avg. = 71 1OX 0.240 

PERCENT OF SUBBASIN DRY = 8.0 # 
N M L  = 92.0 X 
WET= 0.0% 

SUBBASIN DTHETA BJEI6tlTED BY LAND USE = 0.26 

SUBENIN XKSAT CIDJUSTED FOR VE6. = 0.57 

IHPERVIOUS W: URBCW @ 100 % e f fec t i ve  = 10 
ROCKOUTCROP@ 1 0 0 % e f f e c t i w  = 0 

----- 
X EFFECTIVE IMP. = 10 

INPUT VALES FOR tEUHP1 PROGRCIM __------------~----------- aSIN Area Length Kb Slope I A  DTlfTA PSIF XK%T RTIHP 
sq.mi, mi. ft/mi in .   ad^. X 

---------------------- 
SB42 0.182 0.810 0.046 44.0 0.24 0.26 4.30 0.57 10 --- 4-20 



XKWT ------- ------- 
llapUnit AREA 

Sq.Hiles -- - 
LAB 0.003 
PNC 0.049 
PP#: 0.009 

X Area XKSAT X Rock 
Out crop ---- 

4.9 0.25 0 
80.3 0.40 0 
14.8 0.40 0 

TOTAL = 0.061 Sq.tliles XKSAT = 0.39 %Rock = 0 

D M A  -------- -------- 
Dry = 0.35 PSIF = 4.00 
Normal = 0.25 

Sq.Niles Type condition cover in. TY P ------ -- 
0.053VaCANT 88.3 DRY 30 0 0.25 Low 0.06 
0.001 L.I.C. 1.7 NWML 75 55 0.10 Min 0.04 
0.006 M.D.R. 10.0 NORMCIL 50 30 0.25 Hin 0.04 -- ----- -- - --- 

0.060 = Tatal Area Avg. = 32 4% 0.250 

PERCENT OF SUBBASIN DRY= 88.0% 
NORMAL = 12.0 % 
WET = 0.0 X 

S U B W I N  DMFTA WEIGHTED BY LAND USE = 0.34 

SUBSCISIN XKSCIT ADJUSTED F[#l VE6. = 0.49 

IMPERVIDUS m: URBAN Q 100 X effective = 4 
RKKGUTCROPQ 100 % effective = 0 -- 

X EFFECTIVE IMP. = 4 

INPUT VALUES FOR MMP1 PROGRAM ----------------- ----.. 
*IN Area Length Kb Slop IR DTHETA PSIF XKSRT RTItlP 

sq.mi. mi. ftloi in. adi. X ----------------- ---- 
SB52 0.061 0.390 0.055 56.0 0.25 0.34 4.00 0.49 4 



-------------- -------------- 

XKSAT ------- ------- 
Hap Unit AREA X Area XKSAT X Rock 

Sq.Hiles Outcrop -- ---- - 
LAB 0.008 24.2 0.25 0 
PNC 0.025 75.8 0.40 0 ------- 

TOTAL = 0.033 Sq.Miles XKWT = 0.36 %flock = 0 

DTHET A -------- -------- 
Dry = 0.35 PSIF = 4.20 
Normal = 0.25 
Wet = 0.00 

L W  USE -------- -------- 
LAND USE % Area DTHETA %Veg. RTIMPX I A  Kn Kb Kb @'lies Type candi t ion cover in. ------------ ---- TY pe - 

0.002 L.I.C. 6.2 NORMCIL 75 55 0.10 Hin 0.04 
0.014 H.D.R. 43.8 lKWUlilL 50 10 0.25 !in 0.03 
0.011 LT.INDST 34.4 NORML 60 55 0.15 t l in 0.03 
0.001 H.D.R. 3.1 EIORMllL 50 40 0.25 Hin 0.04 
0.004 IffiT.RL6 12.5 NORllAL 50 45 0.15 Min 0.04 --- ------ --------- 

0.032 = Total Area Avg. = 53 34% 0.190 

PERCENT OF SCIBBASIN DRY= 0.0% 
NWUIAL = 100. X 
MET = 0.0 % 

SUBBASIN D N A  WEIGHTED BY LAMI) USE = 0.25 

SUBBCISIN XKSAT CtDJUSTED FOR VE6. = 0.53 

IMPERVIOUS CIREA: URBAN@ 1 0 0 X e f f e c t i v e = 3 4  
ROtXOUTCROPI! 100Xef fec t ive  = 0 

% EFFECTIVE IMP. = 34 

INPUT VALUES FOR tKWP1 PROGRAM 
------------- % Area Length Kb Slope I A  DlHETA PSIF XKSAT RTIllP 
sq.iui. m i .  ftlmi in. adj. % 

..................... ---- 
SBS4 0.033 0.250 0.032 52.0 0.19 0.25 4.20 0.53 34 
-----------------------.- --- A -22 



- 

Soil 

tlapUnit AREA Xbrea XKSAT X Rock 
Sq.fliles Outcrop 
---I--- 

L WI 0.104 68.0 0.25 0 
LAB 0.049 32.0 0.25 - - 0 -- 

TOTAL = 0.153 Sq.fliles XKSClT = 0.25 %Rock = 0 

DTHETA -------- 
----me-- 

Dry = 0.35 PSIF = 4.80 
Nomal = 0.25 
Wet = 0.00 

LFlND USE -------- -------- 
LAND USE % Area DTHETA XVeg. RTIUA I A  Kn Kb Kb 

@le5 Type condi t ian cover in. - Type 

0.024 60LF CRS 15.7 NWiEtAL 80 0 0.25 L w  0.06 
0.024 H.D.R. 15.7 ~KFWIL 50 20 0.25 Hin 0.03 
0.105 RV PARK 68.6 NOFML 50 M) 0.15 flin 0.03 

---------_I-- -- 
0.153 = Total Area Avg. = 58 44# 0.180 

PERCENT OF SdBBASIN DRY = 0.0 # 
NORMAL = 100. X 
WET = 0.0 x 

SUBBASIN DTHETA WEIGHTEI) BY LAND USE = 0.25 

SUBBASIN XKSCIT ADJUSTED FOA VE6. = 0.38 

IflPERVIOLiS AREA: WUB(r( @ 100 X effective = 44 
ROCK OUTCROP @ 100 X effective = 0 

X EFFECTIVE IflP. = 44 

INPUT VALUES FOR tfCWP1 PROGRAM ---- -- - 
W M I N  Area Length Kb Slope I A  D N A  PSIF XKSCIT RTIUP 

sq.ai. ai. f t l a i  in. adi. X - 
SBbO 0.153 0.570 0.031 44.0 0.18 0.25 4.80 0.38 44 
-----I------------------ -- 



a 
LOSS PWMTERS FOR SUBWIN: SB62 ----------------- ----------------- 

Soil Survey Used Eastern County 

XKSAT ------- 
-----em 

k p  Unit AREA X Area XKSClT X Rock 
Sq.Hiles Outcrop - --- --- 

LM 0.040 55.6 0.25 0 
L AE 0.005 6.9 0.25 0 
PNC 0.027 37.5 0.40 -- 0 ------ - 

TOTAL = 0,072 Sq.lliles XKSClT = 0.30 %Rock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.50 
Normal = 0.25 
kt = 0.00 

GLAND USE I Am DTHETA I V q .  R T I R i  I A  K Kb Kb 
Sq.Hi les Type condition cover in. -- TYP 

0.006 INST.RI.6 8.3 NORMClL 50 60 0.15 tlin 0.04 
0.066 RV PARK 91.7 NORMAL 50 60 0.15 IIin 0.03 ------ - 
0.072 = Total Area Avg.= 50 60% 0.150 

PERCENT W SUBBASIN DRY = 0.0 % 
N(#UYICIL = 100. % 
WET = 0.0 X 

SUBBCISIN DTHETA WEIGKTED BY LAND USE = 0.25 

SUBWIN XKSAT ADJUSTED FOR KG. = 0.43 

IIIPERVIOUS C1REA: IREMI @ 100 X effective = 60 
ROCKOUTCROP@ looxe f fec t i ve  = 0 ---- 

!4 EFFECTIVE IMP. = 60 

INPUT VALUES FOR tiClHP1 PROMiftM 
I-----..----- 

SUBWIN Area Length Kb S lop  I A  DTHETA PSIF XKSAT R T I S  
sq.oi. mi.  ftlrei in. ad~.  % - --- ---- 

SBb2 0.072 0.520 0.030 48.0 0.15 0.25 4.50 0.43 60 



a 
----------------- --..-------------- 

Soil Survey Used Eastern County 

XKSAT ------- 
-----a- 

Hap Unit AREA X Area XKSAT % Rock 
Sq.fliles Outcrop - ---- ----- 

LM 0.098 100. 0.25 0 --------------- ---- 
TOTAL = 0.098 Sq.Hiles XKSAT = 0.25 'XRock = 0 

DTHET A -------- -------- 
Dry = 0.35 PSIF = 4.80 
Normal = 0.25 
kt = 0.00 

LAND USE -------- -------- 
LAND LISE X Area DTHTA %Veg. RTIIIPX IA Kn Kb Kb 

liles Type 6 condition cover in. - TYP 

0.015 INST PFC 15.3 NOfUlAL 50 50 0.15 Hin 0.03 
0.027VACWlir 27.5 DRY 0 0 0.25 Lou 0.06 
0.023 L.I.C. 23.5 NORMlK 75 50 0.10 tiin 0.03 
0.033 CITRUS F 33.7 WET 85 0 0.50 Low 0.05 - ---- - 
0.098 = Total Area Avg. 51 19% 0.280 

PERCENT OF SUBBASIN DRY = 28.0 X 
N@WL = 39.0 X 
WET = 34.0 X 

SUBWIN DTtiETA WEIGKIED BY LAND USE = 0.20 

SUBWIN XKSAT ADJUSTED FOR VEG. = 0.36 

IMPERVIOUS AREA: URBAN @ 100 fl effective = 19 
ROCK OUTCROP Q 100 Y; effective = 0 ---- -- 

X EFFECTIVE IMP. = 19 

INPUT VALUES FOR MWHPl PROGRAM ---- ------- 

w IN Area Length Kb Slope IA DTHETA PSIF XKSAT RTIMP 
sq.si. mi. ftlmi in. adj. X ------------- --- 

SB76 0.098 0.990 0.045 43.0 0.28 0.20 4.80 0.36 19 
-------_- A -r5 



PSIF = 4.80 

Soil Survey Used Eastern County 

XKSAT ------- ------- 
Flap Unit AREA X Area XKWT % Rock 

Sq.Miles Outcrop ---- -- 
L M  0 . U  100. 0.25 0 - 

TOTAL = 0.636 Sq.Miles XKSAT = 0.25 %Rock = 0 

D M A  -------- -------- 
Dry = 0.35 
Normal = 0.25 
Wet = 0.00 

L W  USE -------- -------- 
PWEA LAW USE % l r ea  DTHETA XVeg. RTIMW 14 Kn Kb Kb 

e i l e s  ~ y p e  conditian cover in. - Type 

0.123VACANT 19.3 DRY 0 0 0.25 Lo# 0.05 
0.037 1EIST.PFC 5.8 NORML 50 80 0.15 t l in 0.03 
0.466 AIRWRT 73.3 MY 0 25 0.15 Low 0.05 
0.010 6EN.IW 1.6 DRY M) 55 0.15 Min 0.03 - ---- 

0.636 = Total Area Avg. = 1 24% 0.170 

PERCENT OF SUBBASIN MY = 94.0 X 
m L  = 6.0 % 
WET = 0.0 % 

SUBEASIN DTHETA WEIGHTU) BY LAND LlSE = 0.34 

SUBBASIN XKMT ADJUSTED FOR K6. = 0.22 

IMPERVIOUS M: lRlBCIN @ 100 % ef fect ive = 24 
ROM(WJTCROP@ 100%ef fec t i ve  = 0 - - 

% EFFECTIVE IMP. = 24 

INPUT VCllUES FOR HCUiiPl PROGRAM 
----1_-----__1_--- 

IIF SIN Area Length Kb Slope IA DTHETA PSIF XKSAT RTIRP 
5q.mi. mi .  ftlrai in. adj. % - - - - ----  -- --- - 

SBBO 0 . U  1.090 0.043 27.0 0.17 0.34 4.80 0.22 24 
---------..--- -----------_I_- 

R - # &  



Used Eastern County 

XKSAT ------- ------- 
Hap Unit W X Area XKSAT 2 Rock 

Sq.Hi les Outcrop ------- --- 
L M  0.197 100. 0.25 0 

---1_1__----__1_---- 

TOTAL = 0.197Sq.HilesXKSAT=0.25 %Rock= 0 

D M A  -------- -------- 
Dry = 0.35 PSIF = 4.80 
Normal = 0.25 
Wet = 0.00 

LAM llSE -------- 
-----em- 

MEA LAND USE X Area D M A  %Veg. RTIHW I A  Kn Kb Kb 
eilsr ~ y p e  condition cover in. - Type 

0.044 LT.INDST 22.3 DRY 60 55 0.15 Mia 0.03 
0.153VACCINl 77.7 DRY 0 0 0.25 LW 0.05 ----- -- -- 

0.197 = Total Area Avg.= 7 1 0.230 

PERCENT W SUBBASIN D R Y =  100.2 
MORMAL = 0.0 X 
WET = 0.0 % 

SUBBCISIN DMFTA YIGHTED BY LCV'lO USE = 0.35 

SUBBASIN XKSAT ADJUSTED FOR VE6. = 0.24 

IMWlVIOUS M A :  URN @ 100 X effective = 12 
ROM(OUTCROP@ lOO%effect ive= 0 -- 

X EFFECTIVE IMP. = 12 

INPUT VALUES FOR t#lHP1 P R W  
-------------- - -- 
SUBBASIN Area Length Kb Slope IR DTt!€TA PSIF XKSAT RTIllP 

sq.ai. mi .  ftlmi in. adj. X ----- 9 0.197 1.110 0.046 34.0 0.23 0.35 4.80 0.24 12 
-------_I_------------, 

A -27 



------- ------- 
Nap Unit AREA 31 Area XKSCIT % Rock 

Sq.Hi les Outcrop 

TOTAL = 0.043 Sq.1iles XKSAT = 0.25 mock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.80 
Normal = 0.25 
Wet = 0.00 

AREA LAND USE X Area DTHETA %Veq, RTIMR IA Kn Kb Kb 
P i l e s  Type condition cover in. - Type -- 

0.033 CITRUS F 78.6 MET 85 0 0.50 Law 0.06 
0.009LTINDST 21.4 DRY 40 20 0.15 Rin 0.04 ----- ----- -- 

0.042 = Total Area Avq. = 81 4% 0.430 

PERCENT W SUBBC\SIN DRY = 21.0 X 
tJORElAL = 0.0 X 
WET = 79.0 X 

SUBBASIN DTHETA WEI6HTU) BY L M  USE = 0.07 

SUBBASIN XKSAT ADJUSTED FOR VE6. = 0.45 

IflPERVIOffi AREA: M@ 1 W % e f f e c t i v e =  4 
ROCK OUTCROP @ 100 % ef fect ive = 0 

---- 
X EFFECTIVE IMP. = 4 

INPUT VALUES FOR KUHPl PROGRAM ------------- -- - 
SUBBASIN Area Length Kb Slope IA DTHETA PSIF XKSAT RTIIP 

sq.si. m i .  ftlri in. adj. X --- -- - 
0.043 0.260 0.054 8.0 0.43 0.07 4.80 0.45 4 

---------------- -- 



XKSClT 
-me---- ------- 
Map Unit AREA % Area XKSAT X Rock 

Sq.tiiles Outcrop ---- -- -- 
LM 0.015 55.6 0.25 0 
MI 0.012 44.4 0.25 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.80 
Narmal = 0.25 
Wet = 0.00 

LAND USE -------- -------- 
LCIND USE X Area DTHETA XVe9. RTItIPX IA Kn Kb Kb 

.Riles Type p condition cover in. - - - - - - - - - -  Type 

0.027 CITRUS F 100. WET 85 0 0.50 Lacr 0.06 
- - - - - - - I _ - - - - - -  ----- - 
0.027 = Total Area Avg.= 85 0% 0.500 

PERCENT OF WEEASIN DRY = 0.0 I 
NORMAL = 0.0 X 
WET = 100. X 

SUBBASIN DTHETA KIGHTED BY LCWD ltSE = 0.00 

SUEBASIN XKSAT ADJUSTED FOR VEG. = 0.46 

IHPERVIOUS AREA: W 4 100 I effective = 0 
ROCK OUTCROP @ 100 X effective = 0 

X EFFECTIVE IMP. = 0 

INPUT VALUES FOR KUHP1 PROGRA19 ---------------- --- 
SUBBASIN Area Length Kb Slop IA DTHETA PSIF XKSAT RTIMP 

sq.ai. mi. ft/mi in. adj. X 
------ --- 

0.0'27 0.W 0.063 8.0 0.50 0.00 4.80 0.46 0 



XKSCIT 
------- 
lap Unit ME4 X Area XKSAT X Rock 

Sq.fli ~ F S  Outcrop ---- 
LM 0.211 86.1 0.25 0 
HV 0.028 11.4 0.25 0 
ES 0.006 2.4 0.25 0 

TOTAL = 0.245 Sq.Hiles XKSAT = 0.25 Mock = 0 

DTHETA 
--em---- -------- 
Dry = 0.35 PSIF = 4.80 
Nomal = 0.25 
k t  = 0.00 

LAN AND USE X Area DnnR XVeq. RTIHPX I1 Kn Kb Kb 
Sq.fiil= Type condition cover in. Type 

0.006 INST PFC 2.4 MMAL 50 80 0.15 Min 0.04 
0.239VfXMT 97.6 DRY 0 0 0.25 Law 0.05 --- --- ---- 

0.245 = Total Area ~ v q .  = 0 3 0.250 

PERCENT OF SUBBASIN DRY = 98.0 % 
mL = 2.0 X 
WET = 0.0 X 

SUBMIN DTHETA WEIGHTED BY LAND LlSE = 0.35 

SUBBCISIN XKSAT ADJUSTED FMI VE6. = 0.22 

IRPERVIWS AREA: URR4N@ lOO%effective= 2 
ROCK OUTCROP @ 100 X effective = 0 - --- 

X EFFECTIVE IMP. = 2 

Area Length Kb Slope IA DMTA PSIF XKSCIT RTIMP 
sq.mi. rai. ft/mi in. adj. # 



e 
LOSS PAfWlETERS FOR --------- ..-------- 

Soil Survey Used Eastern County 

XKSCIT ------- ------- 
b p  Unit WlEA % Area XKMT % Rock 

Sq.fliles Outcrop 
------------------- 
LCIA 0.139 55.6 0.25 0 
HV 0.111 44.4 0.25 0 -- - 

TOTAL= 0.25OSq.HilesXKHT=0.25 Mock= 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.80 
Norm1 = 0.25 
Wet = 0.00 

LAMD us€ -------- 
-------a 

LAND USE fd Area DTHETA %Veq. RTIPIPf6 I A  Kn Kb Kb 
WIes Type condition cover in. -- ----- Type -- 

0.067 GEN.IIJD 26.9 DRY 60 20 0.15 Hin 0.03 
0.012 INST.PFC 4.8 NOREfAL 50 80 0.15 #in 0.03 
0.170 VACWllT 68.3 DRY 0 0 0.25 Law 0.05 

----I__----------- - ----- 
0.249 = Total Area Avg. = 15 YL O.m 

PERW OF SUBBASIN D R Y =  95.0% 
NORMCIL = 5.0 % 
WET = 0.0 X 

S U M I N  DTETA HEIWED BY LAND USE = 0.34 

SUBBCISINXKSCYTADJllSTEDFWVE6.= 0.26 

IMERVIOttS AREA: URMN @ lOQ % effective = 9 
ROCKOUTCROP@ l O Q %  effective = 0 --- 

% EFFECTIM IMP. = 9 

INPUT VALUES FMI M 1  PRm 

SUBWIN Area Length Kb Slope I A  DMETA PSIF XMT RTIHP 
sp.mi. ni. ft/mi in. adj. X 

--------------- - 



Soil Survey lked Easter 

XKSAT ------- ------- 
Map Unit ClREA 2 Area XKWT X Rock 

Sq.fliles Outcrop 

W 0.041 97.6 0.25 0 
LM 0.001 2.4 0.25 0 ---- - 

TOTAL = 0.042 Sq.Hiles XKSAT = 0.25 %Rock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.80 
Normal = 0.25 
Wet = 0.00 

LW USE -------- -------- 
L M D  USE 2 Area DTHnA XVeg. RTIflR I A  Kn Kb Kb qk Type condition cover in. -- TYW - 

0.042 M.D.R. 100. NORMCIL 50 30 0.25 Hin 0.03 ---- -- -- --- 
10.042 = Total Area Avg. = 50 30% 0.250 

PIERCENT OF SUBBCISIN DRY = 0.0 % 
r n L  = 100. X 
WET = 0.0 X 

SIBENIN DTHETA KIGHTED BY LAND USE = 0.25 

#JBBC\SIN XK%T ADJUSTED FOR VE6, = 0.36 

I!lPERVIOUS AREA: URWe l O O % e f f e c t i v e = 3 0  
ROCK OUTCROP @ 100 2 effective = 0 - 

!4 EFFECTIVE IMP. = 30 

INPUT VALUES FOR MCUHPl PROGRAM 
I----------- 

SUBWIN Area Length Kb Slape I A  DTHETA PSIF XKSAT RTlflP 
sq.mi. ai. ftlri in. adj. % 

9 0.042 0.360 0.031 31.0 0.25 0.25 4.80 0.36 30 
--------..-I--- 



LOSS PARMETERS FOR SUBNIN: SB104 

Soil Survey Used Eastern Cwnty 

XKSClT ------- ------- 
llap Unit AREA X Area XKSAT # Rock 

Sq.Hilw Outcrop ------ a 

HW 0.055 100. 0.25 0 ---------- ---- 
TOTAL = 0.055 Sq.Hiles XKSAT = 0.25 %Rock = 0 

DTHETA -------- -------- 
Dry = 0.35 
Normal = 0.25 
k t  = 0.00 

PSIF = 4.80 

LAND USE -------- -------- 
MA LPIND IISE % Area DTHETA %Veg. RTIHPX I A  Kn Kb Kb 

e i l e s  ~ y p  condition cover in. - - Type 

0.055 L.D.R. 100. NOROIC\L 50 15 0.30 nin 0.03 

0.055 = Total Area Avg. = 50 15% 0.300 

PERCENT OF SUBBASIN D R Y =  0.0% 
m L  = 100. X 
WET = 0.0 X 

SUBWIN D M T A  KIGHTED BY LAND USE = 0.25 

SUBWIN XKSllT ADJUSTED FMI VE6. = 0.36 

ItiiPERVIM(S PREA: MBfN C 100 % effective = 15 
ROCK OUTCROP @ 100 % effective = 0 - 

X EFFECTIVE IHP. = 15 

INPUT VALUES FOA mHP1 PRm 

SUBMI# Area Length Kb Slope I A  DTHETA PSIF XKSAT RTIHP 
sq.wi. mi.  f t / s i  in. adi. % --- -------- 
0.055 0,430 0.030 28.0 0.30 0.25 4.80 0.36 15 

--------- 





TOTAL = 0.051 Sq.fliles XKSCIT = 0.25 Mock = 0 

DTHETA -------- -------- 
Dry = 0.35 PSIF = 4.80 
krmal = 0.25 
Wet = 0.00 

ARE4 LAWUSE %Area DTHETA XVeg. RTIMP% I A  Kn Kb Kb 
e i l e s  ~ y p e  condition cover in. - TYP 

0.051 L.D.R. 100. tKRML 50 15 0.30 flin 0.03 
- - - - - - -- --- - - 

0.051 = Total Area Avg. = 50 15% 0.300 

PERCENT OF SUBBASIN DRY = 0.0 ld 
r n L  = 100. X 
WET = 0.0 % 

SUBBCISIH DTHETA WEIGHTED BY LAfQ USE = 0.25 

SUBBC\SIN XKSCIT ADJUSTED FOR KG. = 0.36 

IHPERVIOUS AREA: M B 100 X effective = 15 
ROCKOllTCROP@ 100Xeffective = 0 

X EFFECTIVE IHP. = 15 

IMWT VfiLUES FOR rtrXRlPl PROGRAM --- --- - 
SUBBASIN Area Length Kb Slope I A  DTHETA PSIF XKSAT RTlflP 

sq.mi. mi .  f t l n i  in. adj. X 
--- -- 

IF- 0.051 0.430 0.031 30.0 0.30 0.25 4.80 0.36 15 
------- - 

,q -35 



XKSAT ------- -..----- 
Hap Unit AREIl X Area XKSAT X Rock 

Sq.fliles Outcrop 
--_I_------------- - 

MV 0.043 100. 0.25 0 

TOTAL = 0.043 Sq.liles XKSCIT = 0.25 %Rack = 0 

n m a  -------- -------- 
Dry = 0.35 PSIF = 4.80 
Normal = 0.25 
Wet = 0.00 

Ltwl  llSE -------- -------- 
AREA LAM) LISE X Area DTHETA XVeq. RTIMPX I A  Kn Kb Kb 

)iles Type condition cover in. - TY P 

0.008 PARK 18.6 NORMCIL 80 0 0.25 Low 0.07 
0.017 L.D.R. 39.5 t4RML 50 15 0.30 flin 0.03 
0 . W ~ S T A T  4.7 DRY 0 1 0.25 #in 0.04 
0.016 L.D.R. 37.2 NORMAL 50 15 0.30 flin 0.03 - 

0.043 = Total Area ~ v g .  = 54 1% 0.290 

PERCENT OF SUBBASIN DRY = 5.0 X 
NORMAL = 95.0 X 
KT = 0.0 X 

SUBWIN DTHETA WEIGHTED BY LAND USE = 0.25 

SUBBASIN XKSCIT ADJUSTED FOR VEG. = 0.37 

IMPERVIWS AREA: IJRW @ 100 X effective = 12 
ROCK OUTCROP @ 100 % effective = 0 --- 

X EmCTIVE IMP. = 12 

INPUT VALUES FOR KUHPl PROGRAM 
---------- - --- 
SUBWIN Area Length Kb Slope I A  DIHETCl PSIF XKSAT RTIMP 

sq.ni. mi .  ftlmi in. adj. % --- ----- -- 
58118 0.043 0.180 0.036 33.0 0.29 0.25 4.80 0.37 12 

------------- 
A -3b 



...................... ...................... 

Input File: UIF1.HiI 
Output Fife: EMFl.Ml0 

SlllrBASIM I AREA IA DTHETb PSIF XKSAT RTIHP Tc 
I sq.miles ins. adj. 'A 

-------+-------------------------------- 

SBlO 1 0.031 0.250 0.250 4.30 0.490 30.0 0.19 0.20 
SB24 I 0.169 0.250 0.350 4.25 0.430 0.0 0.45 0.36 
SBi6 1 0.170 0.280 0.270 5.80 0.230 2.0 0.30 0.26 
SBl8 1 0.005 0.300 0.210 6.40 0.190 1.0 0.26 0.89 
SE30 I 0.035 0.280 0.200 4.90 0.340 10.0 0.36 0.47 
SB42 1 0.182 0.240 0.260 4.30 0.570 10.0 0.51 0.39 
5852 1 0.061 0.250 0.340 4.00 0.490 4.0 0.31 0.24 
SB54 1 0.033 0.190 0.250 4.20 0.530 34.0 0.17 0.12 
SEA0 I 0.153 0,100 0.250 4.80 0.300 44.0 0.27 0.16 
5862 1 0.072 0.150 0,250 4.50 0.430 60.0 0.24 0.20 
SB76 1 0.098 0.280 0.200 4.00 0.360 19.0 0.52 0.66 
SB80 I 0.636 0.170 0.340 4.00 0.220 24.0 0.64 0.31 
SW 1 0.197 0.230 0.350 4.80 0.240 12.0 0.64 0.62 

# 1 0.338 0.500 0.000 4.80 0.460 0.0 0.36 0.12 
i 0.043 0.430 0.070 4.80 0.450 4.0 0.48 0.34 
I 0.027 0.500 0.000 4.00 0.440 0.0 0.67 0.82 

S897 1 0.245 0.250 0.350 4.80 0.220 2.0 0.44 0.25 
SB98 1 0.250 0.220 0.340 4.00 0.260 9.0 0.41 0.22 
SB102 1 0.042 0.250 0.250 4.80 0.360 30.0 0.24 0.20 
SBlM I 0.055 0.300 0.250 4.80 0.360 15.0 0.28 0.23 
SBlOb 1 0.051 0.270 0.250 4.80 0.360 16.0 0.24 0.18 
SB114 I 0.051 0.300 0.250 4.80 0.360 15.0 0.27 0.24 
SB118 1 0.043 0.290 0.250 4.80 0.370 12.0 0.10 0.09 



Consulting Engineers 

KY 

~ 2 >  goo O i 0 0 2 0  0.012 CIAc 2 - _L_ - -- --.- 

& a n ~ ~  

. ~ p  1920 O,OI~SI 0.0lz - clac 3 - - --- - 
& Ro'35? 

RD 1720 0,0141 0-ol-2- - Ct PC 3 - - - - 
Kypoq7p 

RD 52b0 0*01*3 0.012 - C~IZC. 3 , s  7 
7 - - 

KI<tk'7 I f' 

PD%X~O 0 , 0 0 7 0  o.orz - C ~ P C  4 - -, -- - 
KW 05 

,kQ 2399 o.aoq6 0.012 CtRC 5 b 5  - - - 
_ _ _ _ _  -- CC* 

R093P - 
1 RO Y 800 a. ccqo 0. 01 z e ~ R c  - 

7 r ~ v r ,  - - .*-- -- -- 
I 





















Consulting Engineers 

Richmond, California 
Son Jose, Colifornla 

@Phos nlx , Arlzona 

Ro 1 





Consulling Engineers 

Richmond, California 
Son Jose, Collfornio 

ELEVAT~OP) F ~ L A U ) ~ ~ .  

I 

A \ / E R A ~ E  ~ O L ~ ~ . ~ & / D E P T Y  Ez5-i-1t.4 4 T E  T H A T  L\)ILL 8 E 

72oUT€p A ~ o d G  MCK-LLtr Ps 

3.86 ' 











INSTUL sm s.r. MIW nn *.LC. ~ n r r i  -5 tnn 2,. 



2 0 J W  11:13:45 

a 
W M W f + W 9 M H I * W M * W  
KC-2 WATEf4 SURFACE PROFILES 

Version 4.6.2; flay 1991 
* * * * * * ) ( t f * * * ~ * Y f t * * * W * t W H + Y  

T1 UPPER EMF FIS STUDY F C M  NO. 94-26 FILE: W 1 0  
T2 RWCD CANAL RIVER HILE 21.529 TO 21.546 BY A-N WEST, IN. PHX,AZ 
T3 RATING CURVE ANALYSIS 

J1 IMCK IN NINV IDIR STRT #ETRIC WINS q WSEL Fq 

2 .0001 1348 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIH ITRACE 

w CIRIMLE CODES FOR SUPB1ARY PRINTOUT 
38 43 1 53 21 22 54 51 
42 

4 
5 

8 
26 

J5 L W T  NUEC +))+I+)*REQUESTED SECTION NUWRSH+~*H 

€IT 7 50 100 150 200 250 300 
El 

350 
9.1 9.1 9.1 9.1 9.1 9.1 9.1 793 1055 

THIS EC-2 HODEL COnPUTES RATIW CWIVE OF DIStIiM6E OVER PRINCESS 
DR. RETENTIDN WINS OVERFLWJ SPILLWAY EMWWT VERSUS ELNATIWY 
FOR INPLlT TO HEC-1 HYDROLOGY ANALYSIS. 
THESE SAME CROSS-SECTIONS ARE PROPOSED TO BEUSED IN THE HEC-2 
NODEL FLOODPLAIN ANALYSIS TO ASSURE COHPATABLE RESULTS. 
*H-W*H 
CROSS-SECTION I.D. NO'S. CIRE IN RIVER HILES INCRECISING UPSTREAH 
ALONG EAST MEW FLOODWAY(RWCD CANAL) FRWl INTERSECTION WITH S.R.87 
NEAR 6114 RIVER FLOODPLAIN 
CROSS-SECTIONS WWD FROM LEFT TO RIGHT LOOKING WWfJSTM WITH 
STATION 1000 AT HYDRAULIC MLIM. 
CROSS-SECTIONS MSED ON FIELD SURVEY BY CI-N EST IN JULYAND A&. ,19?5 
SECTION 21.529 IS IN CHANNEL, 35 FT. DOWNSTREAH OF 64"STORn WIN 
HEADWALL AND PERPENDIWLCIR TO CHANNEL FLOWLINE. ;m;;: 9 960 1055 0 0 0 

778 1349.4 778.1 1340.8 810 1348.4 872 1346.0 
GR 1339.0 980 1338.75 1000 1339.0 1020 1348.0 9M) 1055 



ET 9.1 9.1 9.1 9.1 9.1 9.1 3.1 
SECTION 21.544 I S  ALONG A C m  CURB CIPPROX. F L W  WITH AND CILW 
Tt!€ TOP OF ME E).IBAEEKFIENT. 

X I  21.544 9 867 1074 21 21 21 
6R 1355.4 754 1349.39 754.1 1348.79 786 1348.27 867 
6R 1347.9 976 1348.27 989 1349.8 1074 1351.01 1102 

SECTION 21.546 I S  A L W  THE NDRTH TOP OF BWYK OF THE W I N  
A 6 FT .H IM  BLOCK OlCKL FDRMS THE WEST EKE OF SECTION 21.546 
THE EFFECTIVE AREA ENCROACHIZEM OPTION W S  1ISU) TO BLEK IWT 
FLOW AT A 30 DEGREE FLME ANGLE DOWNSTREAH OF SECTION 21.546 
AT SECTIONS 21.539-21.544. 

X 1  21.546, 9 864 1060 10 10 10 
782 1348.8 782.1 1348.56 064 1348.45 897 
972 1348.81 1020 1340.84 1060 1350.4 1081 



HEC-2 WTER SURFACE PROFILES 

Version 4.6.2; k y  1991 
+i******Mt~**Mf)**+MtH*wwM* 

NOTE- MTERISK (*) FIT LEFT OF MIOSS-SECTION NUMBER INDICATES ESSAGE IN S U M M Y  OF ERRORS LIST 

SEW fd CWSEL SSTA STCHL STCM ENDST DIFffiX TOWID DEPTH ELMIN 1PKS VCH 



S H Y  OF ERRORS AND SPECIAL NOTES 

CAUTION SECNc!= 
CMTIW S E W =  
CAUTION S E W =  
CAUTION SEm= 
CAUTION SEW= 
CAUTION S E N =  
CAUTION S E W =  
CAllTIaN SECNO= 
CAUTIOlU Em= 
CAUTION SECNO= 
CAUTION S E W =  
CAUTION E C M =  
CAUTION S E W =  
W I U N  S E W =  
CAUTION SECNO= 
CAUTION SECNO= 
CAUTION SEMI= 
CAUTIGN SECNO= 

CAUTION SECNO= 

W I N G  S E M =  
WARNING SECNO= 
MRNIMS SEND= 
W I N G  SECNO= 
WARNING SEW= 
WAKNIffi SEW= 

WARNING S E m =  
WARNING SECNO= 
UBRNING SEact= 
WARNINS SEW= 
WARNINE %act= 

21.539 PROFILE= 1 CRITICAL DEPTH ASSUIIER 
21.539 PROFILE= I PROBABLE MINIMUM SPECIFIC ENERGY 
21.539 PROFILE= 1 20 TRIALS ATTEMPTED TO B A L M  E L  
21.539 PROFILE= 2 CRITICAL DEPTH W E D  
21.539 PROFILE= 2 PROBABLE MINIM SPECIFIC ENERGY 
21.539 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE E L  
21.539 PROFILE= 3 CRITICAL DEPTH A!WlED 
21.539 PROFILE= 3 PROBABLE flINIMWl SPECIFIC M 6 Y  
21.539 PROFILE= 3 20 TRIALS ATTEMPTED TO B A L W  & € L  
21.539 PROFILE= 4 CRITICAL DEPTH CISSLED 
21.539 PROFILE= 4 PROBABLE HINIHLM SPECIFIC OUUIGY 
21.539 PROFILE= 4 20 TRIALS ATTEMPTED TO M L W  WSEL 
21.539 PROFILE= 5 CRITICAL MPTH RSSUElED 
21.539 PROFILE= 5 PftOEiABLE tlINIHllPl SPECIFIC ENERGY 
21.539 F'ROFILE= 5 M TRIALS KfTEEIPTED TO BALANCE E L  
21.539 PROFILE= 6 CRITICAL DEPTH ASSUMED 
21.539 PROFILE= 6 PROBABLE HINIMWl SPECIFIC EN€RGY 
21.539 PROFILE= 6 20 TRIALS ATTMPTED TO B A L M  OdSEL 
21.539 PROFILE= 7 CRITICAL DEPTH CISWED 
21.539 PROFILE= I PROBABLE I4INIMUn SPECIFIC D(ER6Y 
21.539 PROFILE= 7 20 TRIALS ATTEHPTED TO BALANCE E L  

21.544 PR&ILE= 2 CONVEYANCE MIAGE OUTSIDE ACCEPTABLE RANGE 
21.544 PROFILE= 3 WNVEYME CHANGE OUTSIDE ACCEPTABLE RANGE 
21.544 PROFILE= 4 CONVEYANCE CHM OUTSIDE ACCEPTABLE PANGE 
21.544 PROFILE= 5 CONVEYANCE CHANGE OUTSIJE ACCEPTABLE R M E  
21.544 PROFILE= 6 ~Y~ IXlNGE OUTSIDE ACCEPTABLE RANEE 
21.34 PROFILE= 7 CONWYISNCE CHANGE OUTSIM ACCEPTABLE RANGE 

21.546 PROFILE= 1 ~Y~ CHP1NGE 011TSIM: PAXEPTABLE RANGE 
21.546 PR[IFILE= 2 lXWEYW CHCINGE OUTSIDE ACCEPTABLE RANGE 
21.546 PROFILE= 3 CONVEYANCE CHCINGE DUTSIDE ACCEPTABLE RANGE 
21.546 PROFILE= 4 CONVEYCINCE CHANGE OUTSIDE ACCEPTABLE RANGE 
21.546 PROFILE= 5 WIUVMM ClUWE OUTSIDE ACCEPTABLE NWE 
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HEC-2 PIATER SURFACE PROF1 LES 

Version 4.6.2; May 1991 
**it**H*f*************W*******i**H 

Tl UPPER EMF FIS STUDY FCMC NO. 94-26 FILE: UEMFB 
12 ORANGE ERWE NORTH OF MCELLIPS RD. BY A N  WEST, INC. PHX Ai! 
T3 RATING CURVE W L Y S I S  DATE: 10/6/95 

51 ICHEN INQ NINV IDIR STRT METRIC WINS Q E L  FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW 

13 VARIABLE CODES FOR SUMMaRY PRINTOUT 3 >$ 

43 1 53 21 22 54 51 4 8 3 
5 26 -Z 

NC ,015 .015 .015 .1 .3 
QT 6 6.3 26.5 76 125.5 155.5 

THIS HEC-2 MODEL WAS PREPARED TO GENERATE A RATING CURVE OF WATER 
SURFACE ELEV. VS. STORAGE OCCURING ALONG THE RWCD CANaL BETWEEN 
MCKELLIPS AND MCDOWELL ROADS. 
THE CROSS-SECTIONS MERE GENERATED FROM A FIELD SURWEY BY A-N E S T  
TMEN ALONG THE CANAL. BECAUSE OF THE HEAVY ORANGE GROVE MWER 
THE FIELD SURVEY WAS LIMITED TO APPROX. 100 FT. FROM THE CANAL. 
THE EASTERN MOST POINT OF EACH CROSS-SECTION WAS ESTIMTED BY 
PROJECTING W T  AT APPROX. 1.0 PERCENT HSED ON QUADRANGLE HAPPING. 
CROSS-SECTIONS PROCEED UPSTREAM FROH MCKELLIPS RD. ENTERLINE IN 
RIVER MILES WITH SEC.22.468 AT CENTERLINE. 
SECTIONS ARE CODED FROM LEFT TO RIGHT LOOKING UPSTREAM WITH STA. 1000 
AT LOW FLOW POINT. 
THERE IS A 24 INCH CMP UNDER THE ERST MINT. RD. OF THE WNAL AND SOUTH 
OF MELLIPS RD. THERE IS ALSO A 36 INCH CMP UNDER tIM(ELL1PS W C T I N G  
THIS 24 INCH PIPE. THESE TWO PIPES ,IN SERIES, CAN CONVEY 23.2 CFS 
INTO THE CRNRL BEFORE OVERTOPPING OF HCKELLIPS RD. BEGINS AT EL 51.7. 
********w* 
FLOW OVERTOPPING MCKELLIPS RD. CONTRIBUTES TO THE UPPER EMF STDY 
WHICH IS THE REASON FOR THIS ANALYSIS OF DETENTION ALONG THE CANAL. 
* * t * t * * f ~ *  







TIME 
SLOPE 

17:25:55 

DEPTH CWSEL 
PLOB 6)CH 
VLOB VCH 
XLOBL XLCtl 

CCHV= ,1011 CEHV= ,300 
*SEEN0 22.468 
3720 CRITICAL DEPTH ASSUMED 

THIS HEC-2 MODEL WAS PREPARED TO EENERATE A RATING CURVE OF MTER 
S W A C E  ELEV. VS. STORAGE OCCURING ALONG THE RWCD CANAL BETWEGV 
HCELLIPS AND NCDOWELL ROCIDS. 
THE CROSS-SECTIONS WERE GENERATED FROM A FIELD SURVEY BY A-fl WEST 
TAKEN ALONG THE CANAL. BECAUSE OF THE HEAVY ORANGE GROVE WVER 
THE FIELD SURVEY WAS LIMITED TO CIPPROX. 100 FT. FROM THE CANAL. 
THE EASTERN HOST POINT OF EACH CROSS-SECTION WAS ESTIMTED BY 
PROJECTING OUT AT APPROX. 1.0 PERCENT BASED ON QUADRANGLE WPPiNG. 
CROSS-SECTIONS PROCEED UPSTREAM FROM M L L  I PS RD, CENTERLINE IN 
RIVER MiLES WITi 93.22.468 AT CENTERLINE. 
SECTIONS ARE CODED FROM LEFT TO RIGHT LOOKING UPSTREAM WITH STA, 1000 
AT LOW FLOW POINT. 
TKERE IS A 24 INCH CHP UNDER THE EAST MINT. RD. OF THE CANAL AND W T H  
OF HCKELLIPS RD. THERE IS CILSO A 36 INCH C R  UNDER MCKELLIPS CONNECTING 
THIS 24 INCH PIPE. THESE TWO PIPES ,IN SERIES, CAN CONVEY 23.2 CFS 
INTO THE CANAL BEFORE OVERTOPPING OF MCKELLIPS RD. BEGINS AT EL 51.7. 
f f W f * *  Mf * 
FLOW OVERTOPPING MCKELLIPS RD. CONTRIBUTES TO THE UPPER EMF STUDY 
WEICH IS THE REASON FOR THIS ANALYSIS OF DETENTION ALONG THE CANAL. 
i*f*Hf***f* 
A RATING CURVE W DISCHARGE US. EL. OF CRITICAL FLOW DEPTH OVER 
WAS MADE FOR SECTION 22.468 AT CENTERLINE OF HEELLIPS ROaD AS 
FILE:UEHF8A. 
THIS WEIR FLOW RATING CURVE WAS COMBINED WITH A RATING CURVE OF THE 
PIPES UNDER MCKELLIPS RD AND THE CAML TO DETERMINE STARTING WSELS 
AT SECTION 22.475. 
***f**t*f*****f 
FLWJ FROM THE ORANGE GROVE WAS ESTIFATED TO FLOW NEST TO THE CAM!. 
AT THE CANAL PONDING WOULD OCCUR AND EVENTUALLY S W  HYDRAULIC GRAM 
WOULD BE GENEMTED ALONG THIS MILD SLOPED BASIN TOWARD DICKELLIPS RD. 
SOME ADDITIONAL STORAGE FROM A LEVEL WATER SURFACE WOULD BE GENERATED 
IN THE PROCESS OF CREATING THIS HYD. GMDE. THE D I S M G E  TO EACH 
CROSS-SECTION ALONG THE CANAL WAS INCREASED FROM KDOWELL TO MCKELLIPS 
IN PROPORTION TO CONTRIBUTING DRAINAGE AREA FOR EACH RATING CURVE 
DISCHARGE AT HCEELLIPS TO MORE ACCURATELY ESTIMATE THE STORGE VOLUHE 
OCCURING ALONG THE CANAL. 

22.468 -11 1351 .%I 1351.81 1351.73 1351.85 -03 .a1 
.O 6.3 . 0 .O 4.5 . O .0 
.00 1.41 '00 ,000 .015 OlE , 0QO 
0. 0. 0, 0 25 0 .00 





~ O O  DEPTH CWSEL 
P PtOB PCH 
TIME VLOB VCH 
SLOPE XLOBL XLCH 

3302 WAfiNINlj: CONVEYANCE CHANGE OUTSIDE OF XGEPTABLE RANGE, KRATIO = 

3302 WARNlN: CONVEYANCE CHANGE OUTSIOE OF ACCEPTABLE RANGE? KRATIO = 



27JUL80 17:25:55 P A M  27 

a 
THIS RUN EXEUJTED 27JULBfj 17:25:57 

**t***i**********W**H*H*il*W*EIC*** 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
*******************H*wM+****~H** 

NOTE- ASTERISK (V AT LEFT OF CROSS-SECTION NL!NUER INDICATES KSSAGE I N  SUNHARY OF ERRCRS LIST 

ATING CURVE ANALYSIS 

SiMMARY PRINTOUT 

SECNO 

* 22.468 
22.468 

* 22.468 
* 22.458 
"2,460 0 22.468 

* 22.475 
* 22.475 
* 22.475 
* 22.475 
* 22.475 

22.475 

* 22.595 
* 22.595 
* 22.595 
* 22.595 
* 22.595 
* 22.595 

SST A STCHL STCHR ENDST DEPTH ELM1,hl 10*KS VCH 



27JUL80 17:25:55 

s~ma Q C~ISEL SSTA STCHL 

* 22.935 19.20 1351.85 915.07 887.00 1374.0 
22.935 32.00 1351.98 913.15 887.M 
22.935 64.00 1352.15 910.03 887.02 
22.935 96.00 1352.16 907.99 887.00 1374.00 1279.20 



SUMMARY OF ERRORS CIND SPECIAL MOTES 

PAGE 

CAUTIDN SECNO= 22.468 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 22.468 PROFILE= 3 CRITICClL DEPTH ASSUMED 
CkUTION SECNO= 22.468 PROFILE= 4 CRITICAL DEPTH ASSm 
CAUTION SECNO= 22.468 PROFILE= 5 CRITICAL DEPTH ASSUMED 

WAR4 1% SECEIO= 
WARNING SECFIO= 
WARNING SECNO= 
NAPAIWG SECNO= 
WARNING SECNO= 

NAPJIING SECNO= 
WARRNING SECNO= 
WAfUiING SECNO= 
WA94ING SSCNO= 
WFJNING SECNO= 
WARNING SECNO= 

22.475 PROFILE= 
22.475 PROFILE= 
22.475 PROFILE= 
22.475 PROFILE- 
22.475 PROFILE= 

22.595 PROFILE= 
22.595 PROFILE= 
22.595 PROFILE= 
22.595 PROFILE= 
22.595 PROFILE= 
22.595 PROFILE- 

1 CONVEYANCE CHANGE OUTSIDE RCCEPTABLE RANGE 
2 CONVEYANCE CHANGE OUTSIM ACCEPTABLE RANGE 
3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
4 CONVEYWE CHANGE OUTSIDE ACCEPTABLE RANGE 
5 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RGN6E 
2 CONVEYANCE CHANGE OUTSIDE CICCEPTABLE R W E  
3 CONVEYANCE CHANGE OUTSIDE CICCEPTABLE rWNGE 
4 CONVEYANCE CHNGE UUTSIDE CICCEPTllBLE RANGE 
5 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE M E  
6 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNIEIG SECNO= 22.935 PROFILE= 1 CONVEYANCE CHANGE WTSIDE PtXEPTkBLE RANGE 

WARNING SECNO= 
WAP,NIlllG SECNO= 
WA%V!NE SECNO= 
fdAR4ING SECNO= 
WARNi?4G SECNO= 
WARitiiNG SECNO= 

23.277 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE M E  
23.277 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE KEPTABLE RANGE 
23.277 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
23,277 PROFILE= 4 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RCWGE 
23.277 PROF1 LE= 5 CONVEVAPICE CiMGE OUTSIDE ACCEPTABLE RANGE 
23.277 PROFILE= 6 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

23.487 PROFILE= 1 CONVEYANCE CHAi.iGE OUTSIDE ACCEPTABLE R&lGi 
23.487 PROFILE: 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
23.487 PROFILE= 3 CDNVNANCE CHANGE WTSIDE ACCEPTAELE RANGE 
23.487 PROFILE= 4 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RMGE 
23.487 PROFILE= 5 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
23.487 PROFILE= 6 CONVEYANCE CHANGE OtiTSIDE ACCEPTABLE R&%E 



Appendix B 





Version 4.6.2; May 19% 
f#+fQtS*~ktfQfI+*f~ffQffY+*YPfQff*~i~ 



J l  ICHECK INIJ 

J 2 N P E G F  iPLgT PRFVS XSECV XSEiH FN AiLDC CKtiiM i T P K E  

bC ,035 ,025 ,015 -1  .3 
I?? t, 25 50 75 1 I)$ 125 1 

CRBSE-SECTIDNS OF MCKELLI?S ROAD FIELD NFVEYED BY A-N WEST, IYC. I N  
AUkilST, 1975 TO EVFllUATE POTENTIAL SERFACE WATER SPLIT TO SOUTHWEST 
ObT OF UATERSHED AT THIS LEGATION. CROSS SECTIONS ARE CODED FRCY 
LSFT TO RIGHT LOOKING DOWNSTREAM WITH STATIGbI 100 AT FAVEYENT 
CENTER! INE. CROSS SECTIGN I. D. NOS I &  FEET IbiCREASIKG UFSTREBE. 
AT SECTION 72 AhD 100, STREET I S  NOR?It?1 CROWN AFD FLOW NOP,TS OF 
CEMTEiiLlNE WILL FLOW WEST ALONG MEELLIPS AMD REMAIN ih  T M  STUDY 
WATERSYED. SECTIONS 155 THROUGH 250 H N E  ORE-MAY CROS? SLOPE TO 
SOUTH WITH SUHP CONDITION AT SECT!OFI 155. FLQbl WEIRING CVER THE WOGTd 
EDGE OF STREET BETWEEY SECTION 155 TO 230  WAS ASSUED TO F L O i  S O m  
E S T  EXITING THE STUDY WATERSHEII. THE SFLIT FLOlri OPTIOF4 OF hEC-2 %BE? 
#A3 EMPLOYED TO MODE? Tt i IS WEIR FLOlj TO SOiTHWEST. S55 K S X I A T E D  
FI2URE E-1 FGR PLAN VIEW. 

$1 9 s  4 100 124 0 0 Q 
C.5. 9E.01 100 97.74 124 98.42 142 SS.& 1% 





K C - 2  WATER SURFACE PROFILES 

Versios 4.6.2; May 1?9i 
if*+**ff*****t+*f*f*f**f~**~**i**f't*+ 

SPLIT FLOW RATING CURVE 





****************************i****ffiC** 

HEC-2 WATER SURFACE PRGFILES 

V- Z, =-; ,.on 4.t.2; May 1991 
i t *~ i * *u f * *~ *$ * i * * * * * *~ * * * * * * * fY~* * * *  

. .. .. - " 

T 1 UPPER E ~ F  F I S  S 2 9 y  FCD#C NO. 74-26 . f 1-LE: UEMF? 
7.-. 
: L ?ICKE?LIFS f FALKES DEL SOL MO81LE HOKE PARK BY A-N NEST INC. FHX.A2. 
T3 SPLIT FLOW EATIHG CURVE ANALYSIS DATE:3/ 3 /95 

J 1  lCHECK I N 5  SINV I D I R  STRT WETRiC HVINS L! &EL 

13 VARIABLE CODES FOR SUENARY PRIEiTOUT 

52 4:: 1 53 a! -. 2 2  54 5 1 4 ti 
42 , 5 2 5  

.0:3 .013 .013 .i .3 
t 25  50 75 1 ix 125 153 

THE FALMX DEL FOL M.H. FAKK I S  LUCATED Of4 THE EC?tTH SIDE OF W I L L I P S  
BETiJEEN RECKER RE. AN2 64 TH STREET. 

A CONCRETE CH451NEL DRAINS FLDW FROW FCK~LL IPS RD INTO THE R.H.FAR# 
AND ULTIMATELY SWTH Ui\l RECKER RE. 
THE CONCRETE DITCH TRAFEZOIDAL CF.OSS SECTIOW I S  CODED f80R LEFT TO RT. 
LOOKINE DOWNSTREAK. THE TRAPEZOIDAL SECTION i3  DIME!iSIOMED LDOKIWG i?!: 
FROPI LT. TCr F.T. g1Th 3.92'WIDE LEFT SLOPE,?' WIDE ECTTCi?I!BFiD 2.92' WIDE 
RT. SLOPE AT 1.251H1:1(V). 
THE MRTH (ET.1SIDE OF CHdNNEL I S  A ELOCK WALL AhiD T$E SBUjjti SIOE ( L i .  j 
SIDE IS A b INCH VERT. CLiRii! 
THE O iHM VERT. CliRB WAS NET EODELED BUT FLOM CAN RiSE C. IWC+S ABOVE 
, - 
~ 1 ,  BANI< EI ,, FV, EEr""' .,runt "-'"' m t 3 d I N G  OUT TO INTEfifOR STREET S N T H  CHANN. 
SECT. NOS, INCR. UFSTREfifi BEG!r\iYING AT 0.00 AND PROGRESS TO 273.L$, 
SECT1014 273 OF THIS FILE: UEMi2 I S  ALONG THE CENTERLINE OF MCKELLIPS & 
h i  ~ ' 1  ,F E, , EEM57 ,,, BEDEL'S SECTiT;N 393, WHERE FLEW #kS ASSGEED TO SPLIT. 
THIS MODEL EENEfiATEC SEVERAL PROFILES FOR A OF DISMARiES THE 



X 1 5 0 6.84 1 Oil 1Qc 100 
Gfi, 100.51 0 97.38 3.92 97 .:3 5.42 97.71 8.83 100.71 e.54 

I\iC .3 .5 
SECTION 215 MODELS fi 3 FT. HIGH OPENING I N  BLOCK WALL WITH 29 FT. BOTTOfZ 
WIDTH AND 40 FT. TOPUIDTH. FOUR 1.5 FT. FiEriS WERE NOT MO2ELEC ELiT 
CHSI~ll4EL SECTION WIDM WAS REDUCED E'f 6 FT, TO ACCOUNT FOR THIS. 

.Y1 218 4 0 34 I Q 18 1 8 
7. & :i:IQ.b3 Q 97.63 6 97. b3 29 1 i)> . $3 34 

0 100.04 148 100.04 149 109.99 233 

THIS SECTION I S  ALCHG THE CEhTERLI$iE OF t4CKELLIPS RD NORTH OF THE WALL 
OPENING AND iS THE SECTIOPJ USED AS THE POINT WHEEE FLOW SPLITS WEST 
I W  MCk:ELLIPS OR SCUTH TO THE CHfibiNEL. 

X1 273 4 0 203 35 35 35 
62 IO=l.r38 0 100.74 148 1110 .74 ! 49 101.19 ? -.7 ~ t L i  



~ ~ I U N B O  18:03:04 

*****+*****l******t***************f** 

HEC-2 WATER SCRFACE FRCFI LES 

Version 4.6.2; May 1991 
*f~ff**%l***f****+f**f********ff***** 

S?LIT FLt i i  RATING CCliiVE 

S'JHl4ARY PRINTOUT 

SSTA DEPTH EgiIFi i$W; VC! 





19MAY80 16:20:07 PAGE 1 

TH!5 RUN EXECUiEE 1738Y30 16: 20: 07 
*****Y**f********#f*t**************** 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; ksy 1991 
i * * * *~ * *~~* f * f f * * * * * t *~ * * * *~*~~* * *~* *  

SPLIT FLOW BEING PERFORMED 



@ UPPER EllF FIS STMY FCDMC N3. 94-26 
T2 ICKELLIPS & PALMES DEL SOL MOBiLE HOME PARK 
T3 SPLIT FLOW RATING CURVE ANALYSIS 

31 ICliECK Ii\iQ N I N!I IDIR STRT 

J2NPRDF !PLOT PRFVS XSECV XSECH FN ALLDC IEB CHEIIfl ITRAE 

J3 VARIABLE CODES FOR SUI?#ARY PRiNTOUi 

8C ,015 .035 ,015 . I  '3 4 

LT 8 25 51:' 75 lge ILJ 1 53 i75 L U : ~  n c  F - .- 
THIS HEC-2 MODE! (FILE:UEMFS! KOfELS ECRELLjPS "ROAD IN FRONT c: THE 
FALkAS EEL SF- M.H. PARK 
CROSS SECTIGWS ARE CODED FRO11 LEFT TO RIGHT LEOKiFIG ItOWNSTREAE NITH 
STA. 100 AT CENTERLIblE. 
SECTISN ID. NOS. ARE IN FEET I!iCREASIFIG UPSTREAP?. 
THIS SEC-2 KCIDEL NHIEH MODELS SPLIT FLOW WEST ON MCKELLIPS AND %jTH 
INTO THE PALEES DEC SOL F1.H. P M K  NAS RliN FOR SEVERAL DISCYkFGES 
TO DEVELO? A SFLIT FLOW RELATIONSHIP FOE THE HYDRCIL06'1 MOPE! OF 
THE WATEP3HED FZR THIS FIS STLiDY ALONE TiiE RWCC CA?4AL. 

X! 0 6 0 66 0 0 0 
EF, 97.4 0 96.90 0 97.37 34 95.57 A8 96 C4 8 1 
GF: 95,72 99 

XI 50 b 0 68 50 50 50 
EF, 97.97 0 97.49 0 97.95 34 57.15 &ti 95.63 81 
GR 97.31 99 

X 1 290 b 0 58 2 4 ~  240 240 
ED u i 101.2i 0 10i3.76 0 101.16 34 1~3Q.69 68 99.82 8 t 
GR 109.10 90 

SECTfCN 378 IS PERPENDICULAR iO AN EPE8ING IN A ELOCK NkiL AT T i  
PALHAS DEL SOL H.H. PARK. 
THIS CRClSS SECTIW WAS USED AS TkE POIELT WHERE TOTAL FLOh FEOM THE 
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/ E M  ~ 2 - 5  d&t4h project 7156 - 03 ~ h t .  of 
NC. 
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Richmond, California 
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+****+***Y*+**********+*+***+*i***f+* 

HEC-2 WATER SURFACE PP.OFILES 

V~rsion 4.0.2; May 1991 
iY***%*%f***f******Y*****+*+*fi***3*Y 

TI UPPER EMF FiS STUDY F'CDMC NO. 94-26 
T2 kCKELL I PS AND REEKER RDS . (MCKELLIPS VIEW f 

' T3 SPLIT FLOW RATING CLiilVE ANALYSIS 

i 
J1 ICHECK INP NINV IDIR STRT 

THiS RUN EXECUTED 09JC%90 

FIiE:iiE?4i4 
EY A-N WEST INC. PHX.A!, 
DATE:8/9/95 

EETRIC KVINS IJ LJSEL ~0 

, 52 NPROF IPLOT PRFVS XSECV XSECh FN ALLCIC IBU CHlliIR ITRAICE 

:c 
33 VPRIP5LE CODES FZR SU!IRARY PRINTOUT 

I -,- 
Jb 43 1 55 21 2; 54 51 4 E 

J5 LPRMT NUMEEC 

'04 .04 ,015 .I .3 
6 175 209 225 250 275 300 

THE MCKELLIPS RD CROSSSECTION IS CODED (IN FEET) LOOKI% UPSTREG?! 
NlTH STATION 100 AT THE STREET CENTERLINE. THE RIGHT OF FWY LIMITS 
EXTEND 55' FROM THE LEFT AND RIGHT OF CENTERLINE. M E  STREET IS 64' 
WIDE AND INCLUDES A 6" CURS AND 5.5' SIBEUALK WIDTHS WITH G DfiWqFkqD 
TO CEkTERLINE SLOPE OF 2%. SECTIOb 1.0, NUMBE3S INCREASE 60IhG UP 
STREAZZ BEGINNING AT 0.00' a m  PROGRESS TO 200.00' SIX PROFILES OF 
DISCHARGE FOF9 175 CFS TO 303 CFS PPE CALCULATED OYER ThE RECXE?. ROAD 
CkOSS SECTION. 
0 9 02.5 137.5 C !] C 

95.76 45 95.41 62.5 95.34 68 94.m 63.1 95.92 1 ~ 0  
q5,12 131.4 $5.62 132 9% ,72 137.5 74,Of 155 



X 1 150 
GF. 97.68 
65 96.97 

PAGE 2 

62.5 137.5 50 50 50 
97.33 62.5 97.22 b8 96-72 68.1 $7.78 160 
97.39 132 97. Xl 137.5 97.85 i 55 
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JUNIII 1$:39:55 

SUVMPFi OF EFRORS AND SFECIAL NOTES 

CFtUTIGN SECNO= 
CAUTION SECWO= 
&GUT i OH SECND- 
CFdTiGN SECWG= 
cA!-!TIO?j SEMi)= 
CAUTIOW SECNO= 
c&iTIOn SECMO= 
@]TIiX \iECCR= 
CAUTION SECNO= 
CA.'T", ' I i~pi SECNO= 
Z&jTIfiW SECN$= 
CAUTION SECi\iG= 
C&jTIQy SEENO= 
C&!jTI[+y SEC$jO= 
CAJTi4i\l SECNOz 
CAdTIOW SEC$J= 

Cqi;srn i 
, , , SECNOr 

!I&Gii::$j SEC/$zz 
p?.!;TY,a"' --- , 
LK! is+\ j.=i.&g= 
.> :\ ! 8- . -, ; SEC$O= 
=?..,-.. Lqzi igq SE:34+ 
,-:I! i--p.ii :-:--a,*- 

.000 PROFILE= ! CRITICAL DEPTH ASSUMED 
,000 PROFILE= 2 CRITICAL DEPTH ASSUMED 
,000 PROFILE= 3 CRITICAL DEPM ASSiHED 
,000 FROFILE= 4 CRITICAL DEPTH ASSUKD 
,000 PROFILE= 5 CRITICAL DEPTH ASSUMED 
,000 PROFILE= 5 CR~TICXL DEPTH ASSUKD 

100.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 
100.000 PROFILE. 1 PROBABLE MINI?!UM SPECIFIC EEEREY 
100.000 PROFILE= 1 20 TRIALS ATTEMPTED TO BALAFiCE USEL 
100.000 PROFILE= 2 CRITICAL DEPTi ASSUMED 
100.090 PROFILE= 2 PROBA9LE MINIMUM SPECIFIC ENERGY 
100,00!? PROFILE- 2 20 TRI4LS ATTEHPTED TO 8ALANCE WSEL 
i00.000 PROFILE. 3 CRITICAL DEPiid ASSUMED 
100.000 PROFILE= 3 PROBABLE MINIFUH SPECIFIC ENERGY 
100.000 FROFILE= 3 20 TRIALS ATTEYPTED TO BDiANCE WSi 
10t>.O(>O PROFILE. 4 CRITICAL DEPTH ASSUKD 
100.000 PRGFILE= 4 PROBABLE MIHIEUlI SPECIFIC EYERGY 
t!!1).0(>1> PROFILE= 4 2!2 TRIALS ATT&YPTED TO EiBiAl;CE NSEL 
100.000 PROFILE= 5 CRITICAL DEPTH ASSUMED 
100.000 PROFILE= 5 PROBABLE MI%IMUE SPECIFIC EMERGY 
100.000 PROFILE= 5 20 TRIALS ATTEMPTED TO BALANCE WSEi 
100.000 PROFILE= b CRITICAL DEPTH ASSUMED 
100.000 PROFILE: 6 P ROBABLE MINI MUM SPECIFiC ENERGY 
100.0?0 fRGFIiE= b 20 TRIALS ATTEMPTED TO EALFiHCE WSEL 

PROFILE: 1 CRITICAL DEPTH ASSURED 
PROFILE= 1 PROBABLE EINIMUM SPECIFIC ENERGY 
PROFILE- 1 20 TRIALS ATTERPTED TO BALAhCE WSEL 
P;IOFILE= 2 CRITICAL DEPTH ASSUYED 
PROF1 LE= 2 PROBABLE #IMI?4Jl'i SPECIFIC EEiERCiY 
PROFILE= 2 26 TiilALS ATTEEPTED TO EPLRiCE wSEL 
PROFILE= 3 CRITIC4L DEPTH ASSUMED 
PROFILE: 3 PRGEA9LE MINIMUM SPECIFIC ENEFGY 
FROFILE= 5 20 TRIALS ATTEMPTED TO EALANCE NSE, 
PROFILE= 4 CRITICAL DEPTH ASSGEED 
PROFILE= 4 PROB4BLE E1PIItitU;I SPEC171 C E!E!ERGY 
FROFILE= 4 20 TRIALS ATTEMPTED TO BAtAhCE kSEL 
PROFILE= 5 CRIiIC9L DEPTH ASS!J#ED 
F%FILE= 5 PRO2AELE flI;\bI+tUM SPEiIFIi: Eir!E2SY 
PROFILE: 5 20 TRIALS ATTEMPTED ,TO EAtDNCE USEL 
PROFILE= 5 CFiITlCAL CEPTH ASELlMED 
FROFILE= b PROBPELE MIKiEdM SPXIFIC E!iES$Y 
PfiOFiiE= 4 2f2 T R i W  ATTWPTED iO 5ALFNCS MSEL 



CAJTION SECMO= 
CAUTION SECNO- 
CAUTION SECl\iO= 
CAiiT ION SECiiO= 
CXTIOW SECNO= 
C&!JTIOti SECNfl= 
CAUTION SECNr!= 
CA:JTIQN SEcl\ji= 
izfiiJT!c~ SECNO= 
CAUiIOH S ECNO= 

FEUFILE= 
PRtIFiLEz 
PROFILE- 
F"nFILE= 
FROFILE= 
PROFILE= 
PROFILE= 
FROFILE= 
PROFILE. 
PROF1 LE= 

3 29 TRIALS ATTEMPTED Tr! BALANCE MEEL 
4 CRITICAL DEPTH ASSUME5 
4 PEOEPBLE MINIMUM SPECIFIC ERERG'? 
4 29 TRIALS ATTEHFTED TO EALANZE WSEL 
5 CRITICAL DEPTH ASSUMED 
5 PEDBABLE MIKIMUM SPECIFIC MERG'?' 
5 2Q TRIALS ATTEhPTED TI! EALANCE WSE! 
6 CRITICAL DEPTH ASSUMED 
O PRGBAELE ZiN:HUM SPESI'IC EhEFi.67 
O 20 TRIALS ATTEMPTED TO EAiGFi'jCE KSEL 



..................................... 

K C 2  MATS. SURFACE PROFILES 

Version 4.6.2; May 1991 
t******t************P*****i*****i***~ 

T l  UPPER EMF F I S  STUDY FCDEC PiO. 94-26  FILE:^^^ 
T? MCKELLIFS HZD RECER RDS, (RECGER VIEW) BY A-N NEST INC. PHX. AZ. 
T3 S P i I T  FLOW RATING CURVE ANALYSIS DATE:EI/?/?5 

31 ICEECK IblQ NINV IDIR STRT KETRif HVINS Q 

J2 NPfiOF IFLOT PRFVS XSECV XSECH FH . -., AiLPC 

a 
53 VBRIABLE CODES FOR SUFMARY FRINTOJT 

NC .a4 .04 ,015 .1 .3 
9T 0 175 200 225 250 275 so!:, 

THE ECKELLIFS ROHD CROSS SECTION i S  CODED ( I N  FEET) LCOKING DOlriK STXAH 
WITH STATION 100 AT THE STREET CENTERLIHE. T i E  RIGHT OF %BY LIEITS 
EXTEYD 55' FfiOM LEFT AiD RIGHT OF CENTERLIKE. THE STREET I S  64' tfIDE 
GXD INCLUDES 6" CURES, 5.5' SIDEWALK kiIDTXS, AND A DOtlNWARfr TO CE%TEF, 
L i M  SLOPE OF 2%. SECTION 1.0, NUMBERS INCREASE UPSTREAM EEGIBNING AT 
0.130' HND PROGRESS TO 200.0rj1 . SIX PROFILES OF DiSCHARE FROY 175 CFE 
TO 2130 CFS ARE CALCULATED OVER THE RECKER ROPD CROSS SECTIObi. 

X i  0 9 62.5 137.5 0 0 0 
GP 97.9 1 5  $7.55 02.5 97.44 62 96,44 
Gfi 97.16 131.9 17.bt 131 97.77 137.5 92.12 



* f * * *~* f *+** * f~ i *+* t *X**~**~f f * * * i * f *  

HEC-2 UAiEF SURFACE PRoFILES 

NOTE- ASTE5ISK i*; BT LEFT OF CROSS-SECTION NU88ER IldZICATES t4Ef.S&E IN SUHfifi,9'! EKZOES LIST 

SPLIT FLOW FiATi WE CtiRVE 

S?!KP&3'! FRINTOUT 

SECNCi '4 CW9L SSTA ST'CHL STCHR ENDST DIF[$SX TQfWiD DEPTH ELMIN 1ij+Ks VCH 



PAGE 

SUKKARY CF ERRORS AND SPECIAL NOTES 

CAUTIO@ SEC@O= 
CAUTION SECMO= 
CAUTIOW SEENO= 
CAUTIEt4 SECNO= 
C&jTIOfj SECHO= 
CWTIObi SEENO= 

CFiJTicM SECNO= 
CFdTiON SECNO= 
CACTIOM SEC!ifr= 
C A E  ION SECNO= 
C#dTION SECN$ 
CAUTION SECNO= 
CAUTION SEENO= 
n n  l L ~ ~ T I O N  SEGVU= 
CAUTIOW SEChO= 

CWTIOW SECNO- 
CAUT I OW SECNO= 
CBUTIOM SECPlO= 
C.AiTiM SECNlJ= 
CAUTION SEENO= 
CMTIOM SECWO= 
CAUTION SECNO= 
CAUTION SECNO= 
CAilTIOM SEENO= 
CAUTION SECNO= 
C4UTION SECNO= 
C&JTION SECNO- 
CAUTION SEENO= 
CAUTIGN SECNG= 
CAUTIOPI SECNO= 

,000 PROFILE= 1 CRITICAL DEPTt; ASSUMED 
,000 FROFILE= 2 CRITICAL DEPTH ASSWED 
,000 PROFILE= 3 CRITICAL DE?T;I ASSUMED 
.OCO PROFILE= 4 CRITICAL DEPTH ASZUkED 
,000 PROFILE= 5 CRITICAL DEPTH ASSURE9 
,000 PROFILE= t CRITICAL DEPTH PESQMED 

100.000 PROF I LE= 
100.000 PROFILE= 
100 ,000 PROFILE= 
100.000 PROFILE= 
100.000 PROFILE= 
100.000 PROFILE= 
100.000 PROFILE= 
100.000 PROFILE= 
100.000 PROFI LE= 
100,000 PRBFILE= 
100.000 FROFILE= 
100.000 PROFILE: 

200.000 PROFILE= 
200.000 PROFILE- 
200.000 PROFI LE= 
200.000 PROFILE: 
200.000 PROFILE. 
200.000 FROFILE= 
200.000 PROFILE= 
200.000 PROFI LE= 
200.000 PROFI LE= 
200.000 PROFILE= 
200.000 PROF ILE= 
200.000 PKOFILE= 
200.000 PROF i !E= 
200.000 PROFILE= 
200.000 PZOFILE= 

1 CRITICAL DEPTrf ASSUMEE 
1 MIblfEUH SPECIFIC EhEFGY 
2 CRITICAL DE?Tti ASSJME5 
2 HIMIMUM SPECIFIC E N E W  
3 CfiITICclL GEPTH ASSUKED 
3 MINIEUH SPECIFIC EK?W 
4 CRiTICAL CEPTH ASSUMED 
4 MINIHUH SPECIFIC EhEXY 
5 CRITICAL DEPTH ASSdNED 
5 MINIFUH SPECIFIC ENERGY 
6 CRITICAL DEPTH ASSUMED 
6 WiNIMUH SPECIFIC EbIERGY 

1 CRITICAL DEPTH ASSUMED 
1 MINIMUM SPECIFIC EEiE4SY 
2 CRITICAL DEFTM ASSUMED 
2 MINIMUE SPECIFIC EEER64 
3 CRITICAL DEPTH ASSUMED 
3 MININUll SPECIFIC EXERGY 
4 CRITICAL DEPTH ASSUKD 
4 PROBABLE MININUN SFECIFlC ENEFZY 
4 20 TfiIaiS ATTEHPTEI! TO EALAXE WSEL 
5 CRITICAL DEPTH ASSUEED 
5 PROBAFLE MiNIHlrY SPECIFIZ NEKW 
5 20 TFi!ALS ATTE?dPTED TO BAIP%CE &SEi 
6 CRITICAL DEPTH ASSUKD 
6 PRUBAPLE HI!i!YU!! SPECIFIC ENERGY 
6 20 TRIALS ATTEfifTED TO BALANCE WSEL 











Version 4.6.2; flay 19'71 
**********Q*********t*******f******H 

;iiOTE- ASTERISK (V GAT LEFT OF CROSS-SECTION NUMBER INDICATES ?!ESSkEE I N  SLMIGRY tSf EZFCRS LIST 

SPLIT FLOW FiFiTING CUR'JE 

SECNO P CtdSEL SSTk S L  STCHR €NET BIFibSX TOPAID GEPTi EL#Ig 10WS rim 



. - - - - - . . - - . . - - - - - - - 

OEJUNEO 19:43:47 

a 
*~*+*****c***********i*************** 

HEC-2 NATER SURFACE PROFILES 

V~rsion 4.6.2; Ray 1991 
*********iC**+B*l***********f**~***** 

T I  UPFER EriF F I S  STUDY FCDMC hO. 74-26 FILE:UERF1_ : 
TI: WCI.ELLIPSAlrlDHIGLEYRDS. E't A-ii %EST IdC. PHX .4Z. 
T3 SPLIT FLOW RATING CURVE ANALYSIS DkTE:3/Y95 

HETRIC I N S  4 WSE! 7- j l  ICHECK 1% NINV IDIR SiRT ?% 

7 .- JLNPROF IPLOT FRFVS XSECV XSECH FN ALLDC !BW CHM:~ I TR$CE 

j3 VARIABLE CODES FOR SUMHARY PRiNTOtlT 

J5 LPRNf NUMSEC **f****iRE&UESTED EECTiGN Fi;llEEflSf******* 

G l i  6 175 22 j 150 275 7.- , 
201 d:jiJ 

THE HIGLEY ROAD CROSS SECTION I S  CODED ( I N  FEET) L08KING 2OWFi STSEAPI 
WIT'K STATION 10C' AT THE STREET CENTERLINE. THE RiGiT OF KG'{ LIf?ITS 
EXTEND 55' FROM THE LEFT fiND RIC-HT OF CEFdTER1Ill;E. THE STREET I S  64' 
WIDE A?iD INCLUDES 6" CiRBS AND 5.5' SIDEiijArK WIDTHS WITH A DfjUNtil4ii2 TE; 
CENTERLINE SLOFE OF 2%. SECTION I.D. NUMBERS INCREGSE EOiNS UPSTREAfl 
BE::I?1!4ING AT 0.00' AND PfiOGRESS TO 200.00' . SIX FilCiFILE5 OF DISCHARGE 
FPOM 175 CFS TO 3C0 CFS ARE WLCULATED OKR THE HIELEY RO43 C5OS 
SECTION. 

X I  0 7 82.5 137.5 0 0 [I 

Eii 77.4 4 5 97.04 62.5 $6.46 63 90.46 
ER 96.81 131.4 97.31 132 97.  39 137.5 77.7 
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PAGE 1 

TriIS RUN EXECUTED 26JUL80 14:04:57 
***+H*************H****Hit***H**** 

HEC-2 WATER SURFACE PROFILES 

Vers ion  4.6.2; May 1991 
********H**t***H*t****H*Y******it** 

T1 UPPER M F I S  STUDY FCDMC NO. 94-26 FILE: U M F M  
T2 ORCINGE GROVE MIRTH OF NCtELLIPS RD. BY A-N WEST, INC. PHX A2 
T3 SPLIT FLOW RATING CURVE ANALYSIS DATE: lO/6/95 

J 1  ICHECG INQ NINV IDIR STRT ETRII :  HVINS I;I & E L  FQ 

J 2  MPRUF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRaCE 

1 -1 

J3 VARIABLE COC5S FOR SUMRY PRIHTOUT 

38 43 1 53 21 n 54 
42 5 26 

NC ,015 ,015 ,015 .1 .3 
PT 6 1 10 2 0  30 40 50 

THIS HEC-2 MODEL MIS PREPARED TO GENERATE A RATING CURVE OF WTER 
SURFACE ELEV. US. STORAGE OCCURING ALONG THE R K D  CMAL BEMEN 
MCKELLIPS AND MCDOWELL ROADS. 
THE CROSS-SECTIONS WERE GENERATED FROM A FIELD SURVEY BY C1-N WEST 
TAtEN ALONG THE CANAL. BECAUSE OF THE HEAVY DRANGE GROVE CCiSER 
THE FIELD SURVEY WAS LINITED TO CIPPilOX. 100 FT. FRUN THE C W L .  
THE EASTERN MUST POINT OF EACH CROSS-SECTION WAS ESTIMATED BY 
FROJECTING OUT AT APPROX. 1.0 PERCENT MSED ON QUADRAFlGLE MAPPING. 
CROSS-SECTIONS PROCEED UPSTREM FROM MCKELLIPS RD. CENTERLINE I N  
RIVER MILES WITH SEC.22.468 AT CENTERLINE. 
SECTIUNS ARE CODED FRO# LEFT TO RIGHT LEIKING UPSTREAM WITH STA. 1WA 
AT LOW FLOW POINT. @ THERE IS A 24 INCH CMP UNWI THE EAST MAIN.  RI). M THE CANAL MI) SOUTH 
OF MCKELLIPS RD. THERE I S  ALSO A 36  INCH CMP U N M  MEELLIPS CONNECTING 
THIS 2 4  INCH PIPE. THESE TtlO PIPES ,IN SERIES, CAN CONVEY 23.2 CFS 
INTO THE CANAL BEFORE OVERTOPPING OF MCKELLIPS RD. BEGINS AT EL 51.7. ************ 
FLDW OVEATOPPIEIG MCKELLIPS AD. CONTRIBUTES TO THE UPPER EfiF STUDY B 
WHICH I S  THE REASON FOR THIS CIINALYSIS OF DETENTION ALUNG THE CMAL. 
" P " " " " " " " " " "  



A RATING CURVE OF DISCHMGE VS. EL. OF CRITICAL FLOW DEPTH W E R  
WAS M E  FOR SECTION 22.468 AT CENTERLINE OF KKELLIPS ROAD hS 
FILE:UUIF8A. 
THIS WEIR FLOW RATING CURVE WCIS COMBINED WITH A RATING CURVE OF THE 
PIPES UNDER n m L L I P s  RD AND THE CANAL TO DETERMINE STARTING WSELS 
AT SECTIM 22.475. 
****#********** 

FLOW FROM THE ORANGE GROVE MS ESTIMATED TO FLOinl WEST TO THE CANAL. 
AT THE C M A L  PONDING WOULD OCCUR AWD EVENTUALLY SOME HYDRAULIC G R A M  
WOULD BE GENERATED ClLONG THIS MILD SLOPED BASIN TOWARD KKELLIPS RD. 
SOME ADDITIONAL STORAGE FROM A LEVEL WATER SURFACE WOULD BE GENERATED 
IN THE PROCESS OF CREATING THIS HYD. GRADE. THE DISCHARGE TO EACH 
CROSS-SECTION ALONG THE CANAL WAS INCREASED FROM M C M E L L  TO MCKELLIPS 
IN PROPORTION TO CONTRIBUTIE DRAINAGE M E A  FOR ECICH RATING JGVE 
DISCHMGE AT MCKELLIPS TO W R E  ACCWTELY ESTIMTE THE STORGE WLUDlE 
OCCURlNG ALWilG THE CANAL. 

a 2 2 .  468 16 618 1370 0 0 0 
GF! 1352.3 618 1352.18 b65 1352.33 713 1352.22 759 1352.03 807 
6R 1352.1 855 1352.05 903 1351.89 951 1351.70 1000 1351.81 1046 
GR 1352.0 1094 1352.25 1142 1352.51 1189 1352.71 1237 1353.25 1323 
GR 1353.5 1370 



PAGE 14 

THIS RUN EXECUTED 26JUL80 14:04:5a 
*YY*******MY********li************** 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
*****H*********ft***t*~**********t 

NOTE- ASTERISK t * )  AT LEFT OF GROSS-SECTION 

PLIT FLOW RATIK CURVE A 

SUPdARY PRINTOUT 

SEGM Q CblSEL SSTA 

EiUMBER INDICATES KSSASE IN SUfiMRY Of 

STCHL FilCHR ENDST DIFLJSX 

ERRGRS LIST 

TOPWID DEPTti ELMIN 10*KS W 





LINE 

KK SBlO 
KM SUB-BASIN SBlO 
KM 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC Ec R FOR THIS BASIN 
k?l THIS BASIN USED RAINFALL REWTION FACTOR OF ,982 
Kil L = .39 Kb = ,032 Adj. Slope = 87.0 
BA ,031 
IN 15 
KH RAINFALL DEPTH OF 3.47 WE SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 
PB 3.M 
KM THE FOLLOWING PC RECORD USED A 24-HR SCS TYPE I1 STORM 
PC ,000 ,002 a005 ,008 .Oil ,014 ,017 ,020 ,023 ,026 
PC ,029 ,032 ,035 ,038 ,041 ,044 ,048 ,052 ,056 ,060 
PC .064 ,068 ,072 .076 .OBO ,085 .090 ,095 ,100 ,105 
PC .I10 ,115 .I20 .I26 ,133 .I40 ,147 ,155 ,163 ,172 
PC ,181 .I91 ,203 ,218 .236 ,257 ,283 ,387 ,663 ,707 

PC, a735 ,758 a776 .791 W ,815 ,825 ,834 .@I2 ,649 
PC ,856 ,863 ,869 ,875 .881 ,887 ,893 .898 ,903 .908 
PC ,913 .918 ,922 ,926 ,930 ,934 ,938 .942 .946 ,950 
PC ,953 .956 ,959 ,962 ,965 ,968 ,971 ,974 ,977 .9M 
PC ,783 .986 ,989 ,992 ,995 .998 1.000 
LG ,250 ,250 4.300 .490 30.000 
UC ,188 ,197 
U A 0 5 16 30 65 77 84 W 94 97 
UA 100 

KK DIVllP 
k?l BASE FLOW OF 11 CFS (24" RCP @ 0.2 PERWVT SLOPE) DIVERTED AS DIV1lP INTO 
KM SYSTEH REMAINING PEAK FLOW EXITS SYSTEH AS DIVllS 
DT DIVllS 
DI 0 10 11 12 20 30 40 50 60 
DP 0 0 0 1 9 19 29 39 49 

KK ROllP 
KM ROUTING TtlROUEH 24" PIPE (SLOPE = 0.25%) ALONG 64TH STREET BETWEEN HWWSA 
KM VISTA DRIVE AND MCDOWELL ROAD 
RD 3060 ,0020 ,012 CIRC 2 

SBl6 
SUB-BASIN SEil6 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 
L = .96 Kb = .030 ADJ. SLOPE = 76.0 
,170 
.280 ,270 5.800 ,230 2.W 
,304 .262 - 



@ LINE 

HEC-1 INPUT PAGE 2 

I D ~ ~ ~ . ~ ~ ~ 1 ~ ~ ~ ~ . ~ ~ 2 ~ . ~ ~ ~ ~ ~ 3 s . ~ a ~ ~ ~ 4 s ~ ~ m m ~ s 5 ~ n n . . ~ m 6 ~ ~ ~ m ~ ~ ~ 7 ~ ~ ~ s ~ ~ ~ 8 ~ ~ ~ ~ ~ m . 9 . ~ , m , , l 0  

KK C020 
KH COMBINED HYDROGRAPHS (SB16 AND RO11P) AT THE INTERSECTION ON 64TH STREET 
K I  BETWEEN HERMOSA VISTA DRIVE AND MCKELLIPS ROAD 

R017 
ROUTIKG THROUGH RETENTION BASIN EAR MTH S~REET. BASIN IS DRAINED BY 
12" PIPE AT 0.2% SLOPE WHICH HAS GATE VALVE. A BASE WIN RATE OF 1 CFS 
WAS CISSUMED UNTIL FLOW REACHED TOP OF BASIN WHERE WEIR FLOW OVER TOP OF 
BANK OF SEVERAL HUNDRED FEET COULD OCCUR. THE WERFLOW WEIR FLOW WAS 
ASSUHED TO OUTLET PEAK FLOW AT No MORE THAN 1 FOOT OYU! TOP OF BANK. 

1 STOR 0 
0 0.949 1.949 
0 1 2 0 0  
0 7 8 

SB24 
SUB-BASIN SB24 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USU) RAINFALL REDUCTION FACTOR OF .982 
1 = .84 Kb = .051 Adj. Slope = 74.0 
,169 
,250 ,350 4.250 .430 ,000 
.446 ,362 

0 3 5 8 12 20 43 75 911 
100 

KX DIV25S 
KM BASE FLOW OF 86 CFS (26" RCP @ 1.4 PERCENT SLOPE) DIYERTED AS DIY25P INTO 
KH SYSTEM REMAINING PEAK FLObl AS DIV25S TO SURFACE SPLIT FLOi 
DT DIESP 
DI 0 28 30 40 100 200 
W 0 86 86 86 86 E 6 /  

KM SPLIT SURFACE IN FLOW (DIV25S) AS FLOW INTO SYSTEH (DIV2711 ALCiNG MCKELLIPS 
KH ROAD DITCH AND FLOW WT OF SYSTEM (DIE701 JO RECKER ROAD 
DT DIE70 
DI 0 25 50 75 100 125 150 
la 0 3.71 22.26 41.80 62.25 82.91 103.40 

KK RM7I 
KE1 ROUTIN6 SURFXE FLOW CILONG MCkELLIPS ROCID EETWEEM BUSH 
KM HIGHWAY AND 64TH STREET 
RS 1 FLOW -1 
RC ,035 .015 ,035 1920 ,0141 
RX 0 5 5 39' 73 84 93 91 
RY 100.84 100.76 100.26 101.16 100.68 98.82 100.10 100.24 



LINE ID.. 

L = -45 K b =  ,037 'Adj. Slope = 47.0 

KK SB30 
KM SUB-BASIN 5830 
I(M 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BWIN 
KM MIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 
KN L =  .52 KbZ.040 Adj.Slope= 33.0 
BA ,035 
LG ,280 .280 4.900 ,340 10.030 
UC ,358 ,474 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 I 

KK DIV25P . 
KM RETRIEVE DIV25P 36" PIPE FLWJ 
DR DIV25P 

R025P 
KM ROUTE FLOW THROUGH 36" PIPE ALON6 MCKELLIPS RW BEWEN 64TH & 6bTH STREETS 
RD 1920 ,0141 ,012 CIRC 3 

KK W32 
KM WMBINED HYDROGRAPHS (SB18, R017, RMSP, SB30, RND RE71 1 AT INTERSECTIOM OF 
KM 64TH STREET CIND MCKELLIPS ROAD 
HC 5 

KK DIV35S 
KM SPLIT FLOW OF 86 ffS (36' RCP CAP @ 1.4 PERCENT SLOPE) DIVERTED CIS DIV35P 
KM INTO SYSTEM. REMINIP& FLOW W DIV35S TO W A C E  SPLIT FLOW ALONG 
KM MCKELLIPS ROAD 
DT DIV35P 
DI 0 28 30 40 100 MO 350 
DQ Q 86 86 86 86 86 36 

131 KK DIV391 
132 KM SPLIT SURFACE FLOW AS DIV39I INTO SYSTEM NO& WELLIPS RD CWD DIVERT FLOW 
1 33 KM AS DIV390 WT OF SYSTEM INTO CONCRETE Ct(ANNEL IN P A L W  DEL SOL X.H. PARK 
134 DT DIV390 



HEC-1 INPUT 

LINE ID ....... 1 ....... 2 ....... 3 ...... .4.......5. ...... b... .... 7, ...... 8.......9..,,..10 

139 KK R039I 
140, KM ROUTING SURFACE FLOW ALONG NCKELLIPS ROAD BETWEEN 64TH 
141 KM STREET AND RECKER ROCID 
142 RS 2 FLOW -1 

SB42 
SUB-BASI N SB42 
24-HOUR SCS TYPE 11 RAINFALL WCIS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL RrrmCTlON FACTOR OF ,982 

L = .El Kb = ,046 Adj. Slope = 44.0 
,182 
,240 ,260 4.300 ,570 10.000 
,508 ,390 

0 3 5 8 12 20 43 75 90 96 
100 

KK DIV35P 
KM RETRIEVE DIV35P 
DR DIV35P 

U Rm5P 
KM RWTIffi THROUGH 36"PIPE (SLOPE = 1.41X) ALONG MCkELLIPS ROAD BETWEEN 64TH 
KM STREET ANII RECKER ROAD 
RD 1920 ,0141 ,012 CIRC 3 

163 KK C044 
164 KM COMBINEI) HYDROGRAPHS (RE5P, R(3391, AND SB42) AT INTERSECTION OF R E m  
165 KM ROAD CIND ICKELLIPS ROAD 
166 HC 3 

167 KK DIV47S 
168 BASE FLOW OF 112 CFS (42" RCP CAP @I .02 PERCENT) DIVERTED AS DIV47P. 
169 KM REMAINING PEM FLM AS DIV47S TO SURFACE SPLIT FLOW 
170 DT DIV47P 
171 Dl 0 112 120 2011 300 1000 
172 W 0 112 112 112 112 112 

173 KK DIV49I 
174 KM SPLIT SURFACE FLOW OF FLOW INTO SYSTEM ALONG HCKELLIPS STREET AS DIV49I AND 
175 KM FLOlil OUT OF SYSTEM AS DIV490 DOWN RECKER ROAD 
176 DT DIV490 
177 DI 0 25 50 55 75 100 125 150 175 200 
178 Dl 225 250 275 300 325 350 380 
179 DL! 0 0 0 0 .  7.69 11.54 15.30 19.23 23.00 26.92 



a LINE ID ..... . .I.. ..... 

181 KK R0491 
182 KM ROUTE SURFACE FLOW FROM DIV49I ALONG W. 
183 KM 56TH STREET 
184 RS 1 FLOW -1 
185 RC ,035 ,015 .035 2640 .010 
106 RX 0 23 23 55 87 87 110 110 
187 RY 1.5 .5 0 .64 0 a5 .96 1.5 

188 KK SB52 
189 KM SUB-BASIN SB52 
190 KM 24-HOllR SCS TYPE I 1  RAINFALL WAS USED TO FIND TC & R FOR THIS BCISIN 
191 KH THIS BASIN am RAINFALL REDUCTION FKTOR OF ,982 
192 KM L = .39 Kb = .055 Adj. Slope = 56.0 
193 BA ,061 
194 LG ,250 ,340 4.000 0.490 4.000 
195 UC ,313 ,236 
196 U A 0 3 5 8 12 20 43 75 90 96 
197 UA 100 

SB54 
SUB-BASIN SB54 
24-HOUR SCS TYPE I1 RkINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 

L = .25 Kb = ,032 Adj. Slope = 52.0 
,033 
,190 ,250 4.200 0.530 34.000 
,175 ,123 

0 5 16 30 65 77 84 90 94 97 
100 

R051 
ROUTING THRWGH COMBINED AVERAGE OF 10 RETENTION BASINS NEAR MCKELLIPS ROAD 
BETWEEN HIGLEY RMD RECKER ROADS. LUW FLUW OUTLET BY DRY ELLS, 1 CFS LOW 
FLOW CISSUMED. OVERFLOW OCCURS OVER BUUlS AND TOP OF BANKS. OVERFLWJ 
DISCHARGE ASSIRIED HIGH ENOUGH TO PASS PEA# OUTFLOW WITH NO flRE THAN 1 FOOT 
OF HEAD WER TOP O f  BANKS. 

1 STOR . 0 
0 2.12 3.12 

KK CO56 
KM COMBINED HYDROGRAPHS (SB52, R0491, AEU) R051) AT 56TH STREET ANR 
KM MCKELLIPS ROAD 
HC 3 

222 KK R057S 
223 K11 ROUTING StlWCICE FLOW ALONG MCKELLIPS ROAD EETKEN 56TH STREET 
224 KM AND HIGLEY ROAD 
225 RS 1 FLOW -1 
226 RC ,035 ,015 .035 2640 ,010 
227 RX 0 23 23 55 87 87 110 110 - 
228 RY 1.5 .5 0 .64 0 .5 .96 1.5 



LINE 

229 
230 
23 1 
232 KM THIS BASIN USED RAINFALl REDUCTION FACTOR OF ,982 
233 Kfl L = .57 Kb = ,031 Adj. Slope = 44.0 

SB62 
SUB-BAS I N  SB62 
24-HOUR SCS TYPE I 1  MINFALL NE USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .902 

L = .52 K b =  ,030 Adj. Slope= 48.0 
,072 
.I50 ,250 4.500 ,430 60.000 
,242 ,203 

0 5 16 30 65 77  84 90 94 97  
100 

R064 
RWTING THROUGH m I N m  AVERASE OF 2 RETENTION WINS NEAR  ELLI IPS AND 
HIGLEY ROAD INTERSECTION. THE LUW FLOW OUTLET INVOLVES DRMELLS CWD A 1 CFS 
DRAIN RATE kfAS ASSUElED FOR THIS. Tt!€ OVERFLOW OtXURS OVER A LUNG TOP OF 
BANK AND THE OVERFLUW DISCHARGE 4 s  ASSUMED TO PASS THE PEAK OUTFLOW WITH 
NO HORE THAN 1 FWT OF HEAD MOVE TOP OF BANK. 

1 STOR 0 
0 1.7115 2.7115 
0 1 100 
0 2.Eb 3 - 0 6  

KK DIV47P 
KM RETRIEVE DIV47P (SPLIT FLOW TO 42 INCH PIPE AT MCKELLIPS AND RECKERRD.) 
DR DIV47P 

KK R047P 
KM ROUTING THROUGH 42" PIPE (SLOPE = 1%) ALOMG Kk'ELLIPS ROAD BETWEEN RECKER 
KM AND HIGLEY ROADS 
RD 5280 ,010 ,012 CIRC 3.5 

KK CObe 
CUtlBIKD HYWIOGRAPHS [SBM), RO64, RU47P, AND R057S) AT INTERSECTION CF HIGLEY 

H ROAD AND MCKELLIPS ROAD 
HC 4 

KK D I W l S  
H BASE FLOW OF 140 CFS (48" RCP CAP @ 0.01 PERCENT SLOPE) DIVERTED CIS DIV71P 
KM REMAINING PEAK FLUW AS D I W l S  TO SURFACE SPLIT FLOW ALONG MCKELLIPS ROAD 
DT D I W l P  
D I  0 140 150 200 300 30 
DQ 0 140 140 140 140 140 



SURFACE FLOW OF FLOW INTO SYSTEM hLON6 MCKELLIPS RUM AS DIV73I AN 
SURFACE FLW OUT Of SYSTEM AS DIV730 DOWN HIGLEY ROAD 

278 DI 0 25 50 75 IQO 125 150 175 200 225 
279 DI 250 275 300 350 400 450 5QQ 515 
280 DJ 0 3.85 21.15 32.69 44.23 53.85 61.54 69.23 78.85 88.46 
28 1 DG! 100.00 107.69 119.23 140.38 165.38 138.46 215.38 219.23 

282 KK R0731 
283 KM ROUTING SURFACE FLOW FROM DIV731 ALONG MCKELLIPS ROAD FROM HIGLEY ROAD TO 
284 KM GREENFIELD ROAD 
285 RS 4 FLOW -1 
285 RC ,035 ,015 .035 5280 .M78 
287 RX 0 23 23 55 87 87 110 110 
288 RY 1.5 .5 0 .64 0 a5 '96 1.5 

SB76 
SUB-BASIN SB76 
24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 

L = 0.99 Kb = ,045 Adj. Slope = 43.0 
,098 
,280 .MO 4.800 ,360 19.000 
,517 ,663 

KK DIV71P 
KM RETRIEVE DIV7lP FRMl SPLIT FLW ALONG MCKELLIPS ROAD 
DR DIV71P 

300 KK R071P 
301 KM ROUTING THRWGH 48' PIPE (SLOPE = 0.86%) DIWlP FROM HIGLEY ROAD TO 
302 KM GREENFIELD ROAD &LONG MCKELLIPS ROAD 
303 RD 5280 ,0078 ,012 CIRC 4 

304 KK SB80 
305 KM SUB-BfiSIN SB80 
306 Rl 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FUR THIS BASIN 
307 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 
308 KSl L = 1.09 Kb = ,043 Adj. Slope = 27.0 
309 BA ,636 
310 LG ,170 ,340 4.800 ,220 24.000 
31 1 UC ,642 ,314 
312 UA 0 3 5 8 12 20 43 75 90 
313 UA 100 

314 KK ROE3 
31 5 KM ROUTING FROM SEE0 INTO FALCON FIELD RETENTION BASIN. THE LOW FLOW OUTLET 
316 KM IS A 12" RCP INTO THE GREENFIELD ROAD STORM DRAIN. AN INLET CONTROL 
317 1(M DISCHARGE CAPACITY WAS USED TO ESTIMTE THE 12" PIPE CAPACITY. THE 
318 KM EMERGENCY OVERFLOW WAS A SLOPED CONCRETE BROAD CRESTED KIR OF 30 FEET 
319 KM WIDTH AT I.E. Of 1361.59' - 
320 RS -1 STOR 0 
32 1 SV 0 5.75 19.60 36.76 5b.03 57.03 

c-7 



LINE 

322 
323 SE 1358 1359 

KK 5884 
KH SUB-BASIN SB84 

KH THIS BASIN USED RAINFALL REDUCTION FACTWl OF .982 THE DEFAULT TIA CURVE 
KM WAS USED. 
KM L = 1.11 Kb = ,046 Adj. Slope = 34.0 
BA ,197 
L6 ,230 .350 4.100 .240 12.000 
UC ,642 ,620 

KX R085 
KH RUUTING THROUGH 66' PIPE (SLOPE = 0.095%) ALONG GREENFIELD ROAD 
KH BETWEEN KOOWELL ROAD AND XCKELLIPS ROAD 
RD 2340 ,00095 .012 CIRC 5.5 

KK a90 
KH COMBINED HYDROGRAPHS (5876, RLi731, RO71?, R063, AND ROE51 AT GREENFIELD RMD 
KH AND HCKELLIPS ROAD INTERSECTION 
HC 5 

KK DIW3S 
KH SPLIT FLOW AT GREENFIELD CIND HCKELLIPS RDS WITH DIW3P ROUTED DOM 
KH GREENFIELD ROAD VIA 84"~lPE (310 CFS) AND DIW3.5 SPLIT AS SURFACE FLOW 
DT DIV93P 
DI 0 310 311 350 400 500 6120 
Dl 0 310 310 310 310 310 310 

KK SB8b 
KH SUB-BASIN SB86 
KM THIS SUBAREA IS BOUNDED BY RCDcWELL RD.,GREWFIELD RD.,MCKELLIPS RD.W RWCD 
KH CANAL AND INVOLVES EXISTING C@AN6E GROVE. 
KH 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
KH THIS BASIN USED RAINFALL REDUCTION FACTOR W ,982 
KM L = 0.5 Kb = 0.048 ADJ. SLOPE = 33.0 
BA ,338 
LG 0.50 0.0 4.80 .4M) 0.0 
UC .36 -12 -, 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK R087 
KM DETENTION ROUTING ALONG RED CANAL BETWEEN PEDMLL AND HCKELLIPS ROADS 
KM THIS LINEAR STORAGE AREA WAS WDELED BY HEC-2 MULEL (FILE:UEHF8) TO 
KM ESTIMTE STORAGE ALDNG THE CANAL VS. EEL AND DISCXPdl6E MEIRING OVM 
KM HCKELLIPS AM) INTO SYSTM. 
KM A 36 "CHP UNDER NIXELLIPS IN SERIES WITH A 24" U'lP UNDER THE RED 
KM CANAL EAST HAINT. RD. ARE CAPBBLE OF CONVEYING THE INITIAL 23.2 CFS 
KPI INTO THE CANAL bEFORE WATER BEGINS TO FL& WER MCKELLIPS INTO THE 
EM SYSTEM. THESE PIPES REACH HAXIMM CAPACITY OF APPRX. 24.5 CFS AT 
KM WSEL.=52.14 
RS 1 STOR 0 
SV 0 54.6 57.7 62.7 69.9 74.2 76.5 

C - 8  



KM OUT OF SY 

KK a91 
KM COMBINED HYDROGRAPHS (ROB7 CWD DIW3S) 
HC 2 

KK R093S 
KH RWTING SPLIT SURFACE FLOW FROM DIW3S ALONG RWCD CANAL 
RS 7 FLOW -1 
RC ,060 ,060 ,060 1380 ,0007 
RX 0 12 18 20 22 24 335 510 
RY 51 51 48.5 48 48 46.5 50 51 

KK SB92 
KN SUB-BASIN 5092 
KN 24-HOUR SCS TYPE I1 RAINFALL blClS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN usm RAINFALL   TIM FACTOR OF .a2 
KN L = .26 Kb = ,054 Cldj. Slope = 8.0 
BA ,043 
LG .430 .070 4.800 ,450 4.000 
UC ,483 .338 
U A 0 3 5 8 12 20 43 75 90 96 
UCI 100 

KK W96 
KM CMBINEII HYDROGRAPHS (R093S CIND SB94) ClLONG RKD CANAL 
HC 2 

KK R095S 
KM RWTING SURFACE FLOW ALONG RWCD CANAL 
RS B FLOW -1 / 

RC ,060 .Oh0 ,060 2160 .@I15 
RX 0 12 18 20 22 24 335 510 
RY 51 51 48.5 48 48 48.5 50 51 

KK SB97 
KH 24-HOUR SCS TYPE I1 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
Ki'l THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,982 THE DEFAULT T/C\ CURVE 
KM WAS lfSEO 
KM L = 0.70 Kb = ,049 ADJ. SLOPE = 43.0 
BA ,245 
LG ,250 ,350 4.800 .220 2.000 
UC ,440 ,250 



LINE 

RC ,035 ,015 .035 4320 ,0053 
RX 0 115 125 125.1 145.1 185.1 18582 310.2 
RY 1.5 .58 .5 0 .4 0 .5 1.5 

\ 

KK SBYE 
KM SUB-BASIN SB98 
KM 24-HWR SCS TYPE I1 RAINFALL MIS USED TO FIND TC & R FOR THIS BASIN 
KH THIS BASIN usm RAINFALL REWCTIDN FACTOR OF ,982 THE DEFAULT T/A CURVE 
KH WAS USED. 
KM L =  .70 Kb=.042 Adj.Slope= 38.0 
BA ,250 
LG ,226 .340 4.800 .260 9.000 
UC ,410 ,220 

KK CW9 
KM COHBINED HYDROGRAPHS (R097.1 AND SWE) 
HC 2 

sB94 
SUB-BASIN SB94 
24-HOUR SCS TYPE 11 RAINFALL R S  USED TO FIND TC & R FOR THIS BaSIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .982 

L = .36 Kb = .063 ADJ. SLOPE = 8.0 
,027 
,500 0.0 4.E00 .460 0.0 
,671 .E22 

0 3 5 8 12 26 43 75 90 
100 

KK COlOO 
KM COMBINED HYDROGRAPHS (R095, SB94, AND W99) ALGM RLCD CANAL 
KM BETWEEN MCKELLIPS ROAD AND BROWN ROAD 
HC 3 

SB102 
SUB-BASIN SB102 
24-HOUR SCS TYPE 11 RAINFALL WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED MINFALL REDUCTION FACTOR OF ,982 

L = .36 Kb = .031 Ads. Slope = 31.0 
.042 

KK DV103I 
KM BASE FLMJ OF 25.3 CFS DIVERTED AS W103I AND DV103P FLOWS WT VIA 36" PIPE 
M ALONG 48TH STREET 
DT DV103P - 
01 0 25.3 40 50 t4 70 
DP 0 25.3 15.3 25.3 25.3 25.3 

C-/6 



LINE 

463 
464 
465 
466 
467 
468 

RC 0.035 0.015 0.035 1320 ,0076 
RX 0 9 9 25 25.1 
RY 0.80 0.33 0 1.32 0.32 0 0.33 0.80 

KK SB104 
KM SUB-BASIN SBl04 
KM 24-HOUR SCS TYPE 11 RAINFALL WAS USEI) TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINALL REDUCTION FACTOR W ,982 
KM L = .43 Kb = ,030 Adj. Slop = 28.0 
BA ,055 
LG ,300 ,250 4.800 ,360 15.000 
W: -28 227 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK CO105 
KM CM1BINED HYDROGRAPHS (R01031 CIND SB107) 
HC 2 

KK DV107A 
KH BASE FLOW OF 3.8 CFS DIVERTED AS flV107A SURFACE FLOW MQ DV107B SURFACE FLOWS 
KM ALONG 46TH STREET 
DT DV107B 
DI 0 3.8 10 20 30 40 110 
09 0 3.8 3.8 3.8 3.8 3.8 3.8 

KK RO107A 
KM ROUTING SURFME FLOW ALONG MCLELLAN ROAI) 
RS 1 FLOW -1 
RC 0.035 0.015 0.035 1320 ,0076 
RX 0 9 9 25 25.1 41 41 50 
RY 0.80 0.33 0 0.32 0.32 0 0.33 0.80 

SBl06 
SUB-BASIN SB106 
24-HOUR SCS TYPE I1 RAIWALL W C l S  USED TO FIND TC & R FUR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .982 

L = .35 Kb = ,031 Adj. Slope = 29.0 
,051 
.270 ,250 4.800 .360 16.000 
,242 ,180 

0 5 16 30 65 77 84 90 94 97 
100 

KK CO108 
KH COMBINED HYW1OGMPHS (SB106 CIND RO107A) 
HC 2 



1 ALONG RWCD CANAL AT 6REENFIELD ROAD 
KM AND HOBART DRIVE INTERSECTION 

510 HC 2 

51 1 KK SBll8 
512 KM SUB-MSIN SBll8 
513 KM 24-HOUR SCS TYPE I1 RAINFALL WAS BED TO FIND TC & R FOR THIS BASIN 
514 KM THIS BASIN USED RAINFALL REDUCTIM FACTOR OF ,982 
51 5 WI1 L = ,18 Kb = ,036 ADJ. SLOPE = 33.0 
516 BA ,043 
517 LG ,290 ,250 4.800 ,370 12.000 
518 UC ,183 ,086 
519 UA 0 5 16 30 65 77 84 911 94 97 
520 UA loo 

52 1 KK COl20 
522 KM COMBINED HYDROGRAPHS (SBll8 AND C0110) ALW6 RWCD CANAL BY BROWN ROAD 
523 HC 2 

524 KK R0121 
525 Kfl ROUTING C0120 THROUGH PRINCESS PARK RETENTION WIN, LOW FLOW DRAINING Cf 
526 a 527 

Kfl BASIN IS BY PUMP. A 1 CFS LOW FLOW M A I M  MTE WAS ASSlit4m. WERFLOW OCCLRS 
m OVER AN EMBCINKMENT WITH RATING WRVE RATES ESTIMATED BY HC-2 HODEL. LM 

528 KM TOP OF EMBANKMENT OVERFLOW IS ELEVATION 1347.74. 
529 RS 1 STOR 0 
530 SV 0 .039 ,155 1.043 3.098 5.949 9.067 12.453 16.137 20.122 
531 SV 24.422 25.545 26.669 
532 Sq 0 1 1 1 1 1 1 1 1 7 
533 % 9 115 370 
534 SE1338.5 1339.5 1340 1341 1342 1343 1344 1345 1346 1347 
535 SE 1348 1348.5 1349 

536 KK DV107B 
537 KM RETRIEVE DVIOA AS SURFACE FLOM 
538 DR W107B 

539 KK SB114 
540 KM SUB-BASIN SB114 
541 KM 24-HOUR SCS TYPE I1 RAINFALL WAS !ED TO FIND TC & R FOR THIS WSIN 
542 KM THIS BASIN USED RAINFALL WTIONFACTDROF ,982 
543 EM L = .43 Kb = .031 Adj. Slope = 30.0 
544 BA ,051 
545 L6 ,300 .250 4.800 ,360 15.000 
546 UC ,267 .237 
547 U A 0 5 16 30 65 77 84 90 94 97 
548 UA 100 

KK Ell16 
KM COMBINED HYINOGRAPHS (R0107B AND SB114) 

55 1 HC 2 



a LINE ID.. ..... I... . .. 

552 
553 
554 
555 DT DV1170 

558 KK DIW3P 
559 KM RETRIEVE DIV93P 
560 DR DIW3P 

kX RW3P 
KM RWTING THRRWGH 84" PIPE (SLOPE = 0.20%) FROM GREENFIELD RWD 
RD 4800 ,0020 ,012 CIRC 7 

KK C0126 
KM WMBINED HYDROGRAPHS (RO93P, DVI 17A, AM) R0121) AT U P S M  SIDE OF BRDWN RD. 
He 3 











. . . 
564 C0126...........*............ 

(***I RUNOFF ALSO COMPUTED AT THIS LOCATION 



* 
@LoOD HYDROWAPH PACKAGE (HEC-11 * 
* SEPTEMBER 1990 * 
* VERSIDN 4.0 * 
* * 
* RUN DATE 06/06/1980 TIME 12:33:34 * * i 

EXISTING CONDITION HYDROLOGY FILE:EFIF2,DAT 
UPPER EAST MARICOPA FLOODWAY (UEMF) FIS FOR FCDMC (NO 94-26) 
100 YEAR - 24 HOUR STORM BY A-N bJEST, IN. ,PHX.AZ.DATE:9/21/95 

REVISED:lO/20/95 TO ADDRESS F C W  AND CITY/KSA C M N T S .  

6 IU CUTPUT CONTROL VARIABLES 
I PRNT 5 PRIM CONTROL 
IPLOT O PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN CDMPUTNIM INTERVAL 

0 
1 DATE 1 0 STARTING DATE 
ITIME 0000 STARTING TIME 

N4 301) NUMBER OF HYDRDGRAPH ORDINATES 
NDDATE 2 0 W I N G  M T E  
NDTIIE 0055 ENDING T I E  
IENT 19 CENTURY MARK 

COMPUTATION INTERVAL .OB HOURS 
TOTAL TIME BASE 24.92 HOURS 

ENGLISH UNITS 
DRCIINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
FLOW 
STORAGE VOLUME 
SURFACE AREA 
TEMPERATURE 

SqUARE MILES 
1 m s  
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 





DIVERSION TO DIV47P 

HYDROGRAPH AT DIV47S 

DIVERSIONTO DIV490 

HYDROGRAPH AT D iV49 I  

ROUTED TO R049I  

HYDROGRAPH AT SB52 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH FIT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

4 COMBINED AT 

DIVERSION TO 

HYDROMlAPH AT 

DIVERSION TO 

H'flROGRAPH AT DIV731 

RWTED TO R0731 

HYDROGRAPH AT SB76 

HYDROGRAPH AT DIV71P 

ROUTED TO RO71P 

HYDROGRAPH AT SB80 

ROUTED TO RM)3 

HYDROGRAPH AT SB84 

RWTU) TO ROE5 

5 COMBINED AT C W 0  

DIVERSION TO DIV93P 

HYEROGRAPH AT DIV93S 

HYDROGRAPH AT SBe6 

93. 

112. 

116. 

468. 

140. 

328. 

131. 

197. 

169. 

62. 

140. 

143. 

673. 

36. 

in. 

ROUTED TO R087 



DIVERSION TO 

HYDAOGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO ROY5 92. 13.83 20. 5. 5. 2.22 49.60 13.83 
L 

HYDROGRAPH AT SB97 256. 12.25 27. 7. 7. .25 

RWTED TO R097.1 203. 12.42 27. 7. 7. .25 .81 12.42 

HYDROGRAPH AT Sb98 279. 12.17 29. 8. 7. .25 

2 COMBINED AT C099 420. 12.25 55, 15. 14. .50 

HMROGRAPH AT Sb94 16. 12.50 3. 1. 1. .03 

3 COHBINED AT COl00 429. 12.25 78. 20. 20. 2.75 

HM)ROGAAPH AT SB102 58. 12.08 6. 2. 2. ,04 

DIVERSION TO DV103P 25. 12.08 5. 1. 1. .04 

HYDRKRAPH AT DV103I 33. 12.08 1. 0. 0. '04 

ROUTED TO R0103I 27. 12.17 1. 0. 0. .04 .49 12.17 

HYDROGRAPH AT SB104 67. 12.00 6. 2. 2. .05 

2 COHBIMED AT C0105 91. 12.08 %. 2. 2. .10 

DIVERSION TO DV107B 4. 12.08 2. 1. 1. .10 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 
- > 

HYDROGRAPH AT 

ROUTD TO 

HYDROGRAPH AT 

HYDROGMPH C\T 

2 COMBINED AT 

DIVERSION TO DV1170 4. 12.08 2. 1. 1. .05 

-- HYDROGRAPH AT DV117A b l .  t3.m ri i i 1>9 
0 -22 



HYDROGRAPH AT DIV93P 310. 12.25 112. 37. 



ELEMENT 

COEITIFlUITY SUMMARY (AC-fl) - INFLOW= .1772ENl EXCESS= .0OOOE+00 OUTFLOW= .1767E+01 BASIN STORAGE= ,121E-02 PERm ERR(3R= .2 

RO25P MANE 1.98 87.30 733.81 -1.00 5.00 86.07 735.00 -1.00 

RO35P MANE 1.98 87.38 719.93 -1.00 5.00 67.30 720.00 -1 '00 

RO47P MANE 5.00 116.20 730.00 -1.00 5.00 116.20 730.00 -1 -00 

RO85 MANE 5.00 115.90 750.00 1.23 5.00 115.90 750.00 1.23 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1305EtO2 EXCESS= .0000E+00 OUTFLOW= .1295E+02 BASIN STORAGE= .Bl3BE-02 PERCENT ERROR= .7 

*** NORMGL END OF HEC-1 *** 



Appendix D 







Soil 
Conservation West National Technical Center 
Service 511 N. W. Broadway, Room 547 &- ,-. , 

Por t land ,  Oregon 97209-3489 

\. 

SUbJeCt: ENG - Hydrology = RWCD Floodway, Reach 6 Date: October 21, 1985 
Design Flows, Morrison County, Arizona 

To: 
Harry Mil lsaps,  Hydraulic Engineer,  

SCS, Phoenix, Arizona 

File Code: 

The documentation f o r  t he  des ign  flows f o r  Reach 6 has  been reviewed. The 
recommended flows a r e  acceptab le .  

A s  we d iscussed  by phone l a s t  week, t h e  des ign  flows f o r  t h e  end of Reach 6 
should be c o n s i s t e n t  with t h e  des ign  o f  Reach 5 and t h e  Leisure  World 
greenway. 

You have done a  good job i n  eva lua t ing  t h e  d i f f e r i n g ,  and o f t e n  c o n f l i c t i n g ,  
changes i n  watershed cond i t i ons  t h a t  have occurred s i n c e  the  plan was 
prepared. 

The documentation i s  r e tu rned .  

Hydraulic Engineer 

A t  t achmen t 

cc :  
Jack C. Stevenson, Head, Engineering S t a f f ,  WNTC, Port land,  Oregon 



RWCD REACH 6 

INLET HYDROLOGY 
4- 

SUMMARY OF PEAK DISCHARGE FOR DESIGN 

Four separate alternatives were investigated during this analysis. ~hese were 
as follows: 

. . - - - . - . - - - - . . . . . 
Alt . #1. Present 1985 conditions, i.e. no channel upstream of Brown Road with 

present level of development and curve numbers. ( l a b  - 3- % S 1-4- ~ 5 4  ~ 5 ~ 4 )  

. . . -  - .  
Alt . 82. Year 2000 conditions, with 1-inch storage assumed on new developments 

between 1985 and 2000 and with 200 and 300 cfs channel assumed 
upstream of Brown Road. This analysis also basically assumes a E  
to 30% split of runoff to the west and south, respectfdily, for 
selected drainage areas. (See TR-20 Schematic Map). "&-- 

Alt. #3. This alternate is the same as Alternate #2 described above except for 
subareas 3 & 4 shown on the Schematic Map, a 90% to 10% split of 
flows to the south and west, respectively is assumed. This latter 
split is an attempt to evaluate the effect of the Alta Mesa - 

Develoment on flows originating to the north of Brown Road and east 
of Recker Road. The division of flows at. Adobe and Higley Roads also 
were reversed over that assumed in Alternate #2. (See Schematic 
Map) 

at. 64. This final alternate is again the same as the 2600 fo~ditions 
described . . . . . - - . - - . - - . . - .  above in Alternate 2 with the exception that a 100-year 
flood control channel is assumed upstream of Brown Road. This 
assumes that no flow overtops the RWCD Canal above Brown Road for any 
storm equal-to or less than the 100-year flood. 

The results of these analyses, with reference to Peak Discharges, are shown on 
the attached table which compares the computed peaks to those estimated by 
Anderson-Nichols in their Master Drainage Plan Study and in Bob Bartel's Study 
which is presently being used for the design of the RWCD. There are major 
differences in the computed flows based on the various assumptions, especially 
for the RWCD and Side Inlets for the drainage areas lying north of University 
Drive. For instance at Brown Road, the design discharge for the RWCD Floodway 
itself can vary from a minimum of 460 cfs (Alt. 3) to a maximum of 1601 cfs 
(Alt. 4). ' The peaks for the side inlet at this location vary between 357 cfs 
and 862 cfs for the same two respective alternates. 

For the Side Inlet at Brown Road it is recommended that the smaller value 
_---\ 

(i.e. 357 cfs) be used for design. This takes into account the effect -of the 
Alta Mesa Subdivision on storm runoff originating to the east of Recker Road 
and north of Brown Road. 

For the Floodway itself at Brown Road, it would be adequate to design the 
floodway for 460 cfs as computed under the assumptions of Alternate 93. 
However, the original design as developed by Bartel's in 1974 called for a 
design discharge of 1160 or 1200 cfs a t  this location. Bared on Bartel's 



- .I 

a - 
data, some pre-design excavation by a developer has already occurred between 
Brown Road and Apache Trail; therefore; it is recommended that the 1200 cfs -.:- discharge be maintained from Brown Road downstream to the intersection of the 
Powerline Channel proposed by Anderson-Nichols in their Master Drainage Plan 
Study. The Powerline hannel is located about halfway beween Adobe Road and 

&&I V L  
University Drive. Thehsuggested discharge will also provide the needed 
capacity in this reach should a 100-year channel be installed upstream of 
Brown Road sometime in the future. The Anderson-Nichols flows for the RWCD 
Channel (date~9/10/85) should then be maintained downstream until exceeded by 
computed flows from Alternate #3. 

For the remainder of the side inlets to the south of Brown Road it is again 
recommended that the Alternate #3 discharges be used for design, except for 
the Powerline Channel Inlet. At this location, it is recommended that 
Anderson-Nichols discharge of 1565 cfs be used. The final recommended' 
discharges for each location is shown in Tabular form following the peak 
discharge comparison table. It should be recognized, however, that once the 
Master Drainage Plan is completed, the Inlet Structures at University and 
locations to the south, will be over-designed, as will the RWCD from Higley 
Road downstream to Leisure World. 

Note, Alternate #3 discharges instead of Alternate #l , present condition 1985 
discharges, were recommended since they show the effect of the Alta Mesa 
Subdivision. A revised Alternate #l would be needed if "present condition" 
discharges are to be used. However, by comparing Alternates #1 and #2 it can 
be seen that there is not much difference in the estimated "present" and 
"future peaks with 1-inch of storage " when the same assumptions are made with 

- reference to Alta Mesa. Therefore, Alternate 13, gives about the same peaks 
as would be obtained if Alternate #l was revised to show the effect of Alta 
Mesa Development on present (1985) discharges. 
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201 East Indianola 
United States Soil 

Conservation Suite 200 
Agriculture Service Phoenix, Arizona 85012 

PDM - Inlet Hydrology for RWCD Floodway, Date: September 19, 1985 
Maricopa County, AZ 

To: Flle Code: 
390-11-13-19 

Enclosed for your review and comment is the documentation for hydrologic 
studies made to estimate required inlet capacities for the RWCD from the 
intersection of the Broadway Road channel (located about 500 to 600 feet south 
of Broadway Road) upstream to about 230 feet north of Brown Road. This reach 
is referred to as Reach 6 in the design and construction phase of the RWCD. 

From the documentation it will be noted that the final recommended design 
discharges for both the RWCD and the side inlets are dependent to some extent 
on both present and future conditions. A present condition that has greatly 
altered the distribution of flows along the RWCD (over those used in the Work 
Plan) is the construction of the Alta Mesa Subdivision. This Subdivision has 
detention storage sufficient to store the total on-site runoff from a 
50-year, 24-hour storm, but off-site runoff from drainage areas (Subareas 3 
and 4) located to the east of the subdivision and north of Brown Road are 
diverted to the south before they can enter the RWCD Floodway. 

A future condition which must be accounted for in the Final Design is the 
effect of a Master Drainage Plan presently being studied by Anderson-Nichols 
and Associates for Maricopa County Flood Control District. One proposal in 
the Master Drainage Plan is a flood control channel intersecting the RWCD 
about half way between Adobe Road and University Drive. This channel not only 
affects the design capacity of the side inlet but also affects the magnitude 
of the recommended discharges for the RWCD at this location and points 
downstream. 

A contract has already been issued by the SCS to Greiner Engineers for the 
design-of the subject reach; therefore, should any discrepancies be found in 
the documentation, please notify the State as soon as possible. Also, since 
the enclosed data is the original documentation for this study, please return 
it as soon as your review is completed. 

W. Wayne Killgore 
ASTC(W) 

Enclosures 

CC: Ralph Arrington, SCE, SCS, Phoenix, AZ 
Barry C. Millsaps, Hyd. Enar.. SCS. Phoenix, AZ 

Q 
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Greiner 
3 .$: Engineering e--:' 

MEMORANDUM 

To: 'F i  1  e 

From: Michael Shapiro 

Subject:  RWCD Floodway Reach 6 
Contract  No. 53-9457-00469 
Pre-Hydro1 ogy Meeting 
Job NO. E-101-012 

Date: September 4 ,  1985 

A m e e t i n g  was h e l d  September 4 ,  1985, a t  8:00 a.m. a t  t h e  S o i l  
Conservat ion Serv ice.  The fo l low ing were present :  

Mr .  Don Paulus, S o i l  Conservat ion Serv ice  
M r .  Ha r ry  M i  1  sap, Soi 1 Conservat ion Serv ice  
M r .  Michael Shapiro, Greiner Engineer ing 

a!D A summary of peak d ischarge fo r  t he  RWCD Reach 6 f o r  i n l e t  hydrology 
was handed out  by M r .  M i lsap and discussed a t  length.  I n  our  d i s -  
cussion, i t  was decided t h a t  t he  peak f lows f o r  the  channel no r th  of 
Brown Road would be 300 c.f.s. The b r i d g e  a t  Brown Road was a l so  
discussed a t  length .  Range i n  100-year design f lows f o r  t h i s  b r idge 
i s  300-1,200 c.f.s. Mr.  M i lsap recommended t h a t  t h e  b r i d g e  be de- 
signed f o r  a peak f low of  900 c.f.s. I t  was decided t h a t  M r .  Paulus 
would get i n  touch w i t h  the  Flood Contro l  D i s t r i c t  and d iscuss  a l l  t h e  
op t ions  f o r  t h i s  b r i dge  design and r e p o r t  back t o  us. It was a l s o  
decided t h a t  A l t e r n a t e  #3 would be used f o r  our  i n l e t  and floodway 
design w i t h  t h e  except ion o f  t h e  i n l e t  a t  t h e  power l ine  easement 

/ between U n i v e r s i t y  07 '  and Adobe Road. T h i s  i n l e t  would be designed $ f o r  a peak f l o w  o f  @ c.f.s. as addressed i n  t h e  Anderson-Nichol's 
Master Drainage P lan  Study. I n l e t s  n o r t h  o f  Apache Boulevard would be 
overdesigned once the  Anderson-Nichol p l a n  was constructed,  b u t  u n t i l  
t h a t  t ime these i n l e t s  would be designed t o  handle present  cond i t ions .  

M r .  Paulus s t a t e d  t h a t  t h e  SCS would l i k e  Greiner  Engineer ing t o  
d e l i v e r  o f f - s i t e  drainage i n t o  the  main f loodway as soon as poss ib le  
and no t  t o  c o l l e c t  them i n  a minor channel east  o f  t h e  east  main- 
tenance road. -It was a l s o  decided t h a t  Gre iner  Engineer ing would 
develop cross sec t ions  a t  a l l  i n l e t  l o c a t i o n s  a long major  s t r e e t s  t o  
determine how much f l o w  goes n o r t h  and south t o  l i m i t  t h e  s i z e  o f  t he  
i n l e t  s t ruc tu re .  I t  was 4-se decided t h a t  i n  some cases south o f  
these major s t r e e t s  t h a t  t h e  f low e n t e r i n g  t h e  i n l e t s  would be so wide 
t h a t  n o t  a l l  o f  i t  cou ld  en ter  i n t o  one i n l e t .  I n  these cases i t  



would be necessary t o  des ign  a smal l  c o l l e c t o r  channel and p lace 
another i n l e t  100-200 f e e t  downstream if t h e r e  was no t  enough area t o  
1 e t  i t  co l  l e c t  i n  a small pounded area. 

M r .  Shapiro showed some concern about i n te rmed ia te  p o i n t s  between t h e  
major i n 1  e t s  where e x i s t i n g  and/or proposed subd iv i s ions  would be 
o u t l e t t i n g  s t o r m  r u n o f f  t h a t  was n o t  addressed i n  M r .  M i l s a p ' s  
hydro logy study. M r .  Shapiro d i d  n o t  want t o  design a c o l l e c t o r  
channel us ing t h e  l a r g e  i n l e t  f lows because t h i s  would c r e a t e  a f lood-  
way ou ts ide  o f  a floodway and cause a d d i t i o n a l  maintenance problems. 
M r .  Shapiro suggested g e t t i n g  a l l  t h e  dra inage s tud ies  done f o r  these 
deve lopments  and u s i n g  them as a g u i d e l i n e  i n  d e s i g n i n g  a m i n o r  
co l  l e c t o r  channel. This  was agreed upon. 

M r .  M i l  sap had developed a summary sheet o f  h i s  recommended peak f l o w  
f o r  t h e  100-year storm event f o r  i n l e t  designs and f o r  t h e  design o f  
t he  main channel. Mr .  Shapiro advised Mr.  M i lsap t h a t  t h e  10-year 
peak flows were a l s o  necessary f o r  t h e i r  backwater ana lys i s .  Mr .  

4 
m -8 

Mi lsap s a i d  t h a t  he would develop a summary sheet f o r  t h e  10-year - ,  p -  

storm and would g i ve  him a copy o f  bo th  summary sheets a t  a l a t e r  
date. & 

Q 
Mr .  Shapiro advised M r .  Paulus t h a t  he had n o t  y e t  rece ived t h e  back- 
water ana lys i s  done f o r  Le i su re  World up t o  Broadway Road. He had 
on ly  rece ived t h i s  ana lys is  up t o  Southern Avenue. M r .  Paulus advised 
him t h a t  the a n a l y s i s  up t o  Southern Avenue had not  been approved by 
t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  as o f  y e t .  As soon as t h i s  was 
approved, he would g i ve  us t h e  backwater a n a l y s i s  up t o  Broadway. 

M r .  -Shapiro asked M r .  Paulus f o r  b i d  t a b u l a t i o n s  and maintenance and 
ope ra t i ng  manuals prepared f o r  Reaches 2 and 3 so they  cou ld  be evalu- 
ated du r ing  t h e i r  Comparative Design Study. M r .  Shapiro a l s o  handed 
M r .  Paulus a d e t a i l e d  schedule and approach f o r  t h e i r  Comparative 
Design Study -and asked Mr .  Paulus t o  comment. Mr .  Shapiro a1 so recom- 
mended t h a t  t h e y  meet w i t h  the  Flood Cont ro l  D i s t r i c t  i n  t h e  near 
f u t u r e  t o  get t h e i r  feedback on maintenance and ope ra t i ng  procedures 
fo r  Reach 6. Access t o  t h e  area n o r t h  o f  Brown Road was discussed so 
t h a t  s o i l  p i t s  cou ld  be dug on Thursday morning, t h e  5 t h  o f  September. 
Mr .  Paulus s a i d  t h a t  t h e  ga te  would be l e f t  open, bu t  gave him the  
name and number o f  Michael Leonard from t h e  RWCD j u s t  i n  case the re  
were any problems. 

\ 

cc: Bob Berkowi tz  
Don Paulus 
Mustafa Chudnoff 
Gary Sun - 
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@ Anderson-N khols 

4120 North 20th Street 

Woodrow C. Scoutten, P.E. 
Phoenix. Arizona 85016 

Vice Prddent 
(602) 957-3881 

September 10, 1985 

h. Xebba Buckley 
l lood  Control D i s t r i c t  of 

k r i c o p r  County 
3335 West Durango S t r ee t  
Phoenix, A2 85009 

Re: IlWCD Beach 6 Hydrology 
East Maricopa County M u t e r  Drainage Plan 

Dear Ha. Buckleyt 

Enclosed is the  information requested by t h e  So i l  Conmrvation Service 's  
l e t t e r  dated Ju ly  16, 1985 (copy at tached).  Their  l a t t e r  requested 
pa r t i cu l a r  channel inflow design information f o r  one locat ion alolrg t he  BWCD 
Reach 6. a We h e  remodeled the  watershed f o r  th in  a r ea  b a e d  on t h e  ~ a l r c t e d  a l t e r  
na t ive  acheme and have enclosed a sketch displaying t he  new 100-year peak 
dl , eharges  along Beach 6. 

If  you 
Darre l  

have any questions 
V O Q ~  

o r  cements, please  f e e l  f r e e  t o  c a l l  myself o r  

Sincerely,  

b6I1)EBSON-NICHOLS d COHPW, INC. 

Steve H i l l e r ,  P.E. 
Project  Engineer 

enc l o  surer  

cc: Mr. Barry Millnapa 
So i l  Conservation & m i c e  

% o c z r e e  I O f M F  /=25 R q A  R./: 7 
Engineers/ Environmental Consultants/Architects 





FIGURE 10-3 

100-YEAR PEAK DISCHARGE BY LP3 ANALYSIS (LP3 Q100) AND 
MAXIMUM RECORDED DISCHARGE (QM RECORD) VS. DRAINAGE AREA 

FOR 0.1 TO 2.0 SQUARE MILES 

n 
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September 21, 1995 

Ms. Lisa Young 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Subject: Upper E-.M.F. F!occlplain Delinetian Study - .. - . . ..- ...- ".- - --= 

Dear Ms. Young: 

We have reviewed the draft report of the referenced study and offer the following comments: 

I. Section two states that the East Maricopa Floodway (E.M.F.) was designed to 
convey the 100-year storm event runoff. There have been some discussions 
concerning assumptions made in the original E.M.F. regarding the actual level 4 
of protection. The level of protection afforded by the E.M.F. should be e * . , 
confining. . .% . , 3 

P 

2. Section 4.3 excludes contribution from the orange grove north of McKellips and 
west of Greenfield. If this area is irrigated at the time of a storm event it could 
very easily contribute to the study area. We therefore believe this area should 
be included as a contribution area. 

3. Page 14 of the study shows a 100-year peak discharge at Brown Road of 603 
C.F.S. The appendix contains some discussion on what the E.M.F. capacity 
should be but we are unclear what the present capacity is. Please verify the 
capacity of the E.M.F. at Brown Road and the capacity of the Brown Road 
bridge over the E.M.;F. . . . 

Please contad me if you 

Sincerely, 

&Y<X- Peter Knu son 

Senior Civil Engineer 

have any 

20 East Main Street, Suite 400 P.0, Box 1466 - Mesa. Arizona 8521 1-1 466 (602) 644-2251 



FLOOD CONTROL DISTRICT 
of 

Maricopa County BOARD OF DIRECTORS 

2801 West Durango Street Phoenix, Arizona 85009 Betsey Bayless 

Telephone (602) 506-1501 Ed King 
Fax (602) 506-3601 Tom Rawles 
TT (602) 506-5859 Don Stapley 

Mary Rose Garrido Wilcox 

12 October 1995 

Greg Schuelke, P.E. 
A-N West, Inc. 
7600 North 15th Street .. - 

Suite 200 " 1. . . ). - . : 
- I  

Phoenix, Arizona 85020 , 
. -, 

Subject: Upper East Maricopa Floodway Flood Delineation Study 
FCDMC NO. 94-26 

Dear Mr. Schuelke: 

I have reviewed the Hydrology Report for Upper East Maricopa Floodway (UEMF) Flood plain 
Delineation Study. I would like to request the following revisions. 

Section 3.1, third sentence. Clarify point of sentence. 

2. Page 4, Section 4.1, 'weighed' should be 'weighted'. , 

3. Section 4.3, page 6,  rethink your position on the ponding area as described in the second 
paragraph, as the ponding area may be necessary for the floodplain delineation. Analyze what 
would occur if the groves were irrigated just prior to the event. 

4. , Check spelling. 

5. East Mesa Floodway should be referred to as East Maricopa Floodway throughout report. 

6. On the HEC-1 schematic 1031 should be in a box as it is a routing reach. 

7. Subbasin SB16, SB92, SB98 assess whether the majority of impervious area is near the 
concentration point, if it is not, drop impervious area to zero percent. 

U 

If you have any questions on these revisions, please call me at 506-4719. 

Thank you, 

Lisa C. Young 
Hydrologist 

e 
copy to: Peter Knudson, City of Mesa 
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TECHNICAL DATA NOTEBOOK 
UPPER EAST MARICOPA FLOODWAY FIS 

SECTION 4.2 FIELD RECONNAISSANCE 
AND HYDRAULIC PARAMETER ESTIMATION 

4.2.1 Manning's 'n' Values 
4.2.1 .I Introduction. On August 16, 1995, A-N West, Inc. made a reconnaissance field trip 
to the Upper East Maricopa Floodway (UEMF) to photograph and evaluate Manning's 'n' 
values. The study reach proceeded from the McKellips Road and Greenfield Road 
intersection, west to the Roosevelt Water Conservation District (RWCD) Irrigation Canal, 
and then south along the RWCD Canal to Brown Road, a distance of approximately 1.3 
miles. The UEMF study reach area is shown on Figures 1, 2, and 3. Figure 1 shows the 
extent of the study in reference to the surrounding area. Figure 2 shows the location of 
photograph I.D. numbers and their directions. Figure 3 shows the aerial photo of the 
respective UEMF study reach from the detailed mapping and photography flown on 7/7/95. 

4.2.1.2 Methodology. Manning's 'n' values were estimated using two references. The first 
document, "Estimated Manning's Roughness Coefficients for Stream Channels and 
Floodplains in Maricopa County, Arizona", was prepared by U.S. Geological Survey (USGS) 
Water Resources Division by B.W. Thompson and H.W. Hyalmarsen for the Flood Control 
District of Maricopa County, dated, April, 1991 (Reference 1). The other reference used 
was "Open Channel Hydraulics" which was written by Ven Te Chow, Ph.D.; published by 
McGraw Hill Book Company in 1959 (Reference 2). 

Field visit observations of vegetation, and channel and overbank 'n' value characteristics 
were noted and representative photographs were taken. The photos are included in this 
report and are referenced with orientation of photo, estimated 'n' values and location by 
geographical proximity to landmarks such as streets, RWCD Canal, or Princess Park 
Retention Basin. Aerial photo contact prints were also used to evaluate changes in channel 
widths, vegetation types and densities and to determine appropriate reach limits of similar 
'n' values. These aerial photo contact prints are included in the following report, as Figure 
3. 

Using the USGS document, "Open Channel Hydraulics," field photos, site observations, and 
aerial photos, Manning's 'n' values were estimated at several key locations of the floodplain 
just east of the RWCD Canal. In some cases, a typical cross section will indicate overbanks 

@ with different 'n' values to account for different vegetation. Dr. Chow's text, "Open Channel 

Page 1 



Hydraulicsw, was used for special topography like the citrus grove and swamp grass 
because the USGS document did not cover this vegetation adequately. 

It is anticipated that the NC record option of the HEC-2 model will be used to subdivide the 
distinct 'n' value sub-elements which were noted in the channel and overbank areas. 

4.2.2 Expansion and Contraction Coefficients: 
Expansion and contraction of flows due to changes in channel cross section were estimated 
to be relatively gradual and small for the majority of the study reach. Much of the lower half 
of the study is uniform excavated channels, streets or graded basin. Therefore, expansion 
and contraction coefficients of 0.3 and 0.1, respectively, are proposed based on the HEC-2 
model user manual's discussion of these parameters. 

4.2.3 Hydraulic JumpIDrop Analysis: 
A hydraulic jump is expected to occur at the Princess Basin inlet spillway for initial flows into 
the basin. As the basin fills, the hydraulic jump will be drowned out. The peak discharge 
into the Princess Basin is anticipated to coincide with a less than full basin. The HEC-2 
analysis is anticipated to assume a peak discharge into the basin without backwater from 
the basin. The HEC-I hydrologic analysis will determine peak ponding in the basin, and 
backwater from the basin will be superimposed on the hydrologic analysis profile to show 
the backwater affect. The HEC-2 model is proposed to be used to analyze the hydraulics 
through this basin inlet spillway. The sub-critical flow regime of the HEC-2 model is 
expected to be utilized for the full length of UEMF Study. If overflow from the Princess 
Basin's emergency overflow outlet spillway into the Upper East Mesa Floodway occurs, a 
short reach of supercritical flow may occur in this reach. 

This short reach of supercritical flow is not expected to adversely affect the hydraulic results 
upstream or downstream of the basins emergency overflow outlet spillway. 

4.2.4 Inventory of Road Crossings & Drainage Structures: 
The following Table 1 shows an inventory of road crossings, drainage structures and sizes 
along the UEMF study limits. 



TABLE 1 
Road Crossing & Drainage Structure Summary 

Drainage 
Structure 

Location Description Type Size 

McKellips Road Major Street *' Asphalt Pavement None 

Greenfield Road Major Street *2 Asphalt Pavement None 

Brown Road Major Street Asphalt Pavement Double Barrel 
8' x 8' x 139' 

*Note 1 - A 36" diameter 72' long pipe which conveys storm runoff from the north side of 
McKellips Road, brings the water to a junction structure where water is then 
conveyed to the RWCD Canal in a 24" diameter and 51' long pipe. 

*Note 2 - An 84" storm drain, with catch basins that intercept minor flows, is located 
under and parallel to Greenfield Road and conveys stormwater to the EMF 
Channel, downstream of the Princess Drive Basin. 
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No. 7 

Looking South Along RWCD 
Canal, at East Side, at 
Greenfield Road Intersection. 

No. 8 

Looking North Along RWCD 
Canal, at East Side, at 
Greenfield Road Intersection. 

Channel = From Top of Bank 
of Canal to East 30'2 Width 
Channel N = 0.060 
Overbank N = 0.040 

No. 9 

Looking South at Princess 
Drive Park and Basin, North 
Edge Along RWCD Canal 
(East Side) Between 
Greenfield & Brown Road. 

Channel = Street 
Street N = 0.015 
Overbank N = 0.035 



No. 10 

Looking North at Princess 
Drive Park and Basin, North 
Edge Along RWCD Canal, 
East Side, Between 
Greenfield & Brown Road. 

Channel = Concrete 
Concrete N = .015 
Grass N = 0.028 
Rock N = 0.035 

No. 11 

Looking Northwest at Outlet 
Structure of 84" Storm Drain 
Into Channel South of 
Princess Park Detention 
Basin Along RWCD Canal, 
East Side, Between 
Greenfield & Brown Road. 

GrassIGravel N = 0.028 
(Top and Groomed 
Sideslopes) 

No. 12 

Looking South at Channel 
South of Princess Park 
Detention Basin Along 
RWCD Canal, East Side, 
Between Greenfield & Brown 
Road (Brown Road Culverts 
in Background). 

Channel N ==&6660.050(1) 
Channel = Top Bank to Top 
Bank 



No. 13 

Looking North From South 
Edge of Princess Park 
Detention Basin Along 
RWCD Canal East Side 
Between Greenfield & Brown 
Road. 

No. 14 

Looking South at Channel 
from North of Brown Road on 
East Side of RWCD Canal. 

Channel N =8&% 0.05(1) 
Channel = Top Bank to Top 
Bank 

No. 15 

Looking South at Brown 
Road Culvert Crossing of 
Channel. ZBarrel 8'x8'~138' 
Long. Rounded Soffit and 
Pier. 

Culvert N = 0.013 
Channel N =W 0.05(1) 

Note t(N) VALUES REVISED PER SPECIAL 
PROBLEM REPORT NO.l (date:11/22/95) 



No. 16 

Looking North at Brown Road 
Culvert and East of RWCD 
Canal. 

Channel N = & S Q  0.050(1) 
Culvert N = 0.013 

No. 17 

Looking South From Brown 
Road at Channel East of 
RWCD Canal. 

Channel = Top Bank to Top 
Bank 
Channel N =&€SQ 0.050(1) 



No. 1 

Looking West at Northwest 
Corner of McKellips Road & 
Greenfield Road Intersection. 

Pavement N = 0.015 
Orange Grove and 
BuildingsIStorage Site N = 
0.060 

No. 2 

Looking North Along RWCD 
Canal at McKellips Road, 
South Side of Street and 
Outlet of 24" Pipe Under 
McKellips Road. 

No. 3 

Looking Southwest at Inlet of 
36" Concrete Pipe Draining 
Into RWCD Canal at 
McKellips Road on North 
Side of Road. 



No. 4 

Looking South Along RWCD 
Canal, at East side between 
McKellips Road & McLellan 
Road at North Edge of 
Orange Grove and South 
Edge of Storage Yard for Old 
Cars, RV's, etc. 

Orange Grove and Storage 
Yard N = 0.060 
Channel and Overbank 

No. 5 

Looking North Along RWCD 
Canal, at East Side Between 
McKellips Road & McLellan 
Road at South Edge of 
Orange. 

Orange Grove N = 0.060 
Channel and Overbank 

No. 6 

Looking North Along East 
Side of RWCD Canal 
Between McLellan & 
Greenfield Roads. 

Channel = From Top of Bank 
of Canal to East 30'+ Width 
Channel N = 0.06 
E. Overbank N = 0.04 



No. 10 

Looking North at Princess 
Drive Park and Basin, North 
Edge Along RWCD Canal, 
East Side, Between 
Greenfield & Brown Road. 

Channel = Concrete 
Concrete N = .015 
Grass N = 0.028 
Rock N = 0.035 

No. 11 

Looking Northwest at Outlet 
Structure of 84" Storm Drain 
Into Channel South of 
Princess Park Detention 
Basin Along RWCD Canal, 
East Side, Between 
Greenfield & Brown Road. 

GrassIGravel N = 0.028 
(Top and Groomed 
Sideslopes) 

No. 12 

Looking South at Channel 
South of Princess Park 
Detention Basin Along 
RWCD Canal, East Side, 
Between Greenfield & Brown 
Road (Brown Road Culverts 
in Background). 

Channel N ==&6660.050(1) 
Channel = Top Bank to Top 
Bank 



UEMF STUDY 

Location of Cross Section: Orange grove east of RWCD Canal, between McKellips 8 
Greenfield Roads. 

Description of Area: Tilled broken soil, orange trees aligned in rows with low lying 
branches similar to Chow's Handbook (Reference 2) picture designation number 20 (see 
Appendix) and in Table 5-6 for trees in cleared land with tree stumps and heavy growth of 
sprouts (see Appendix) in floodplain setting. 

Subdivision of Cross Section and Evaluation of 'n': Cross section was subdivided by 
Perimeter Method. 

Components 8 Weighted 8 Composite Values of Manning's 'n' 

100-Year Flood 
Portion of area of Weighted Composite 
Wetted Perimeters Components Values 

i 

Subsection A - - Channel nb = 0.024 
1 .OO (by Perimeter) n~ = 0.008 

n2 = 0.008 
n3 = 0.020 
n = 0.060 0.060 



Consulting Engineers 

Richmond, Colifornlo 
Sen Josc, Colifornlo 



19. n = 0.050. Dredge channel with very irregular side slopes and bottom, in 
dark-colored waxy clay, with growth of weeds and grass. Slight variation in shape 
of cross section for variation in size. 
20. n = 0.060. Ditch in heavy silty clay; irregular side slopes and bottom; practi- 

cally entire section filled with large-size growth of trees, principally willows and 
cottonwoods. Quite uniform cross section. 
21. n = 0.080. Dredge chanyel in black slippery clay and gray silty clay loam, 

irregular wide slopes and bottom, covered with dense growth of bushy willows, some 
in bottom; remainder of both slopes covered with weeds and a scattering growth of 
willows and poplars, no foliage; some silting on bottom. 
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DEVELOPMENT OF UNIFORM FLOW AND ITS FORMULAS 113 

TABLE 5-6. VALUES OF THE R o u o e ~ ~ s s  

Type of channel and description 

b. hlountain streams, no vegetation in 
channel, banks usually steep, trees 

COEFFICIEXT 

Minimum 

0.030 

0.040 

0.025 
0.030 

0.020 
0.035 
0.030 

0.035 
0.035 
0.040 
0.045 
0.070 

0.110 
0.030 

0.050 

0.080 

0.100 

0.095 

0.035 

I' 

and brush along banks submerged a t  
high stages 
1. Bottom: gravels, cobbles, and few 

boulders 
2. Bottom: cobbles with large boulders 

D-2. Flood plains 
a. Pasture, no brush 

1. Short grass 
2. High grass 

b. Cultivated areas 
1. S o  crop 
2. Mature row crops 
3. Mature field crops 

c. Brush 
1. Scattered brush, heavy weeds 
2. Light brush and trees, in winter 
3. Light brush and trees, in summer 
4. Medium to dense brush, in  winter 
5. BIedium to dense brush, in summer 

d. Trees 
1. Dense willows, summer, straight 
2. Cleared land with tree stumps, no 

5 I sprouts 
d r + f a 3 .  Same as above, but with heavy 

oflo u growth of sprouts 
4. Heavy stand of timber, a few down 

trees, little undergrowth, flood stage 
below branches 

5. Same as above, but with flood stage 
reaching branches 

D-3. hlajor streams (top width a t  flood stage 
> 100 ft). The n value is less than that  
for minor streams of similar description, 
because banks offer less effective resistance. 
a. Regular section with no boulders or 

brush 
b. Irregular and rough section 

n (continued) 

X'ormal 

0.040 
,- . . ., ,* ;-- 
0.050 

0.030 
0.035 

0.030 
0.035 
0.040 

0.050 
0.050 
0.060 
0.070 
0.100 

0.150 
0.040 

0.060 

0.100 

0.130 

. . . . . 

..... 

Maximum 

0.050 

0. 070 

0.035 
0.050 

0.040 
0.045 
0.050 

0.070 
0.060 
0.080 
0.110 
0.160 

0.200 
0.050 

O.OSO 

O.i?o 

0.160 

0.060 

0.100 
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UEMF STUDY . 

Location of Cross Section: Field east of RWCD Canal, south of orange grove between 
McLellan and Greenfield Roads. 

Description of Area: Bare ground, scattered debris, grass and shrubs in field. Within 30' 
of RWCD Canal banks are more trees and shrubs. 

of Cross Section and Evaluation of 'n': Cross section was subdivided by 
Perimeter Method. 

Components & Weighted & Composite Values of Manning's 'n' 

100-Year Flood 
Portion of area of Weighted Composite 
Wetted Perimeters Components Values 

Subsection A - Channel 
1 .OO (by Perimeter) 

Subsection B - Overbank 
I .OO (by Perimeter) 



Consulting Engineers 

Richmond, California 
Son Jose, Collfornlo 



Location of Cross Section: Road 
and Princess Park Detention Basin. 

UEMF STUDY 

along RWCD Canal east side between Greenfield Road 

Description of Area: Channel area is roadway asphalt. Overbanks have assorted short 
grasses, sparse trees, shrubs and desert landscaping. 

Subdivision of Cross Section and Evaluation of 'n': Cross section was subdivided by 
Perimeter Method. 

Components & Weighted & Composite Values of Manning's 'n' 

100-Year Flood 
Portion of area of Weighted Composite 
Wetted Perimeters Components Values 

Subsection A - ':Channel n = 0.015 0.015 
1 .OO (by Perimeter) 

Subsection B - Overbank 
I .OO (by perimeter) 



Consulling Engineers 

Richmond, California 
Son Jose, Collfornio 



UEMF STUDY 

Location of Cross Section: Princess Park Retention Basin on RWCD Canal east side 
between Greenfield & Brown Roads. 

Description of Area: The spillway area is lined on the bottom with concrete. The spillway 
sides are lined with maintained short grass. The entire basin area is lined with maintained 
short grass with sparse trees. 

Subdivision of Cross Section and Evaluation of 'n': Cross section was subdivided by 
Perimeter Method. 

Components & Weighted & Composite Values of Manning's 'n' 

I 00-Year Flood 
Portion of area of Weighted Composite 
Wetted Perimeters Components Values 

Subsection A - Channel n = 0.016 
1 .OO (by Perimeter) 

Subsection B Channel Bank and Basin nb = 0.024 
n i  =0 
n2 = 0 
n3 = 0.006 
n = 0.030 



- -- 
Consulling Engineers 

Richmond, Cal i fornia  
Son Jose, Collfornia 

@hoe nlx , Arlxono 



UEMF STUDY 

Location of Cross Section: Storm drain channel between Princess Park Drainage Basin 
outlet and Brown Road just east of RWCD Canal. 

Description of Area: Earthen channel bottom and sides, marsh grass growth along 
channel bottom, grass and shrubs along banks of channel. An estimate of 'n' value was 
made using Chow's Manual (Reference 2) for 2' tall grass with -, high (B) vegetal retardance 
and velocity x hydraulic radius of 5.5 according to Table 7-4 and chart Figure 7-14b 
(Reference 2). The result is an estimated 'n' value of 0.060. 

Subdivision of Cross Section and Evaluation of 'n': Cross section was subdivided by 
Perimeter Method. 

Components & Weighted & Composite Values of Manning's 'n' 

100-Year Flood 
Portion of area of Weighted Composite 
Wetted Perimeters Components Values 

Subsection A - : Channel 
1 .OO (by Perimeter) 

NOTE t 

(N) VALE REVISED PER SPECIAL PROBLEM 
REPORT NO.l (dateA1/22/95) 

A-I 7 
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Consulting Engineers 

Richmond, California 
Son Jose, Collfornlo 

e h o e n l x  , Arlxona 
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DESIGN OP CHANNELS  OR UNIFORM PLOW 181- 

T ~ L E  7-4. CLASSI~ICATION 3 F  DEGREE OF RETARDANCE FOR VARIOUS KINDS 
OF GRASS* 

Rctardance Cover Condition 

Weeping love grass.. .......... Excellent stand, tall (av 30 in.) 
A Very high Yellow bluestem ischaemum.. .. Excellent stand, tall (av 36 in.) 

Kudzu.. ..................... Very dense growth, uncut 
Bermuda grass.. .............. Good stand, tall (av 12 in.) 
Native grass mixture (little blue- 

stem, blue grama, and other 
long and short Midwest 
grasses). ................... Good stand, unmowed 

.......... B High Keeping love grass.. - ............ Lespedeza sericea.. 

...................... 
(av. 19 in.) 

Alfalfa. 
Weeping love grass.. .......... 
Kudzu.. ..................... 

................. Blue grama.. 
,9924 Pt+nce.r.; Basin* 

.................. Crab grass.. Fair stand, uncut (10 to 48 in.) 
Bermuda grass. ............... Good stand, mowed (av 6 in.) 
Common lespedeza.. .......... Good stand, uncut (av 11 in.) 
Grass-legume mixture-summer 

C Moderate (orchard grass, redtop, Italian 
rye grass, and common les- 

, pedeza). ................... Good stand, uncut (6 to 8 in.) 
Centi-ede grass.. ............. Very dense cover (av 6 in.) 
Kentucky bluegrass.. .......... Good stand, headed (6 to 12 in.) 

Bermuda grass.. .............. Good stand, cut to 2.5 in. height 
Common lespedeza.. .......... Excellent stand, uncut (av 4.5 

in.) 
Buffalo grass.. ................ Good stand, uncut (3 to 6 in.) 
Grass-legume mixture-fall, spring 

D Low (orchard grass, redtop, Italian 
ryc grass, and common les- 
pedeza). ................... Good stand, uncut (4 to 5 in.) 

Lespedeza sericea. ............. After cutting to 2 in. height, 
very good stand before cutting 

Bermuda grass. ............... Good stand, cut to 1.5 in. height 
E Very low .............. Bermuda grass.. Burned stubble 

I I 

* U.S. Soil Conservation Service [41]. 
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SPECIAL PROBLEMS REPORT NO. 1 
UPPER EAST MARICOPA FLOODWAY (UEMF) 

FLOODPLAIN DELINEATION STUDY 
FCD NO. 94-26 

1.0 INTRODUCTION 

The Upper East Maricopa Floodway's (UEMF) scope of work involved performing a detailed 
hydraulic analysis for the 100-year floodplain from Brown Road upstream along the RWCD 
Canal to McKellips Road. This study scope (Scope Item No. 6.4) requested that the 
hydraulic analysis be "compatible with the previous study of the East Maricopa Floodway to 
the south of the proposed study area and shall tie into the FEMA approved delineation to 
the south". 

2.0 PROBLEM STATEMENT 

The existing effective FEMA delineation along the RWCD Canal from Panel 2205 (Effective 
Date: 9/4/91) and Panel 2215 (Effective Date: 12/3/93) of 4350 for Maricopa County shows 
the study reach (McKellips Road to Brown Road) and the area to the south (to the map 
limits as a Special Flood Hazard Zone A. No 100-year base flood elevations are discharges 
are provided for this approximate 100-year Zone A zone. The Zone A floodplain width is 
shown as approximately 200 feet near Brown Road and to the south, which is compatible 
with this study's results. 

A problem was revealed when the Soil Conservation Service (SCS) Reach 6 RWCD 
Floodway (Now East Maricopa Floodway) hydraulic analysis (Reference 1) was compared 
with this study's results. The main channels design Manning's 'n' value for aged condition 
was 0.025. Approximately six, 2-3" thick three-ring binders of design consultant notes 
(Reference 1) were reviewed. Pertinent excerpts from this data are included in Appendix A. 

Design notes on design Manning's 'n' values, freeboard and design vegetative cover for the 
channel were limited. Excerpts from the computer hydraulic analysis for the aged condition 
100-year discharge is included in Appendix A (Page A-27 - A-45). On Page A-30 the input 
is noted where channel 'n' values of 0.025 are used for the channel on each side of Brown 
Road, and an 'n' = 0.013 was used for the 2 - 8' x 8' x 114' box culverts modelled. 
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On Page A-49 (4th Paragraph), a reference to design freeboard indicates that one foot 
freeboard from lowest bank of channel or one foot within box culverts was required. 

On Page A-51, (Bottom Paragraph) Manning's 'n' values for the channel of 0.02 for as-built 
were noted with aged condition per support of NEH5 manual. 

On Page A-53 is a Table 5.4-1 obtained from NEH5 which appears to be the source of the 
0.025 'n' value. 

A-N West's initial estimate of Manning's 'n' value for the SCS East Maricopa Floodway 
(EMF) channel at Brown Road and to the south was 0.06 per Hydraulic Parameter 
Estimation Report (Reference 4) of 9/95. The bank's of the channel contained shrubs of 
several feet height. The channel invert which was designed at longitudinal slope 0.0001 
1/Ft appeared to pond water and the bottom contained a good growth of grasses to several 
feet height. 

The EMF was landscaped (Reference 2) sometime after 6/26/95 by the FCDMC. The 
landscape plan called for grasses and shrubs on the sideslopes of the EMF, with some 
wetland plant materials to be planted on portions of the invert by others. : e  , 

The 'n' value of 0.06 was utilized by A-N West in initially modelling the East Maricopa 
Floodway. The SCS design discharge of 1200 and 900 cfs downstream of Brown Road, 
were used to establish water surface elevations. 

Section 21.213 was field surveyed to obtain a cross-section beyond mapping limits, 
downstream of Brown Road which could aid in establishing starting water surface. Section 
21.307 was also field surveyed. 

Detailed hydrology (Reference 3) for this study was performed from Brown Road upstream. 
The detailed study 100-year discharge was utilized through the Brown Road culverts and 
upstream. The SCS design discharges of 1200 and 900 cfs were utilized downstream of 
Brown Road. 

Figure 1, profiles shows the HEC-2 model results by A-N West for 'n' values of 0.06, 0.05 
and 0.025. The initial 0.06 'n' value profile resulted in backwater upstream to Section 
21.817. The resulting 100-year WSEL of 1349.22 for 'n' = 0.06 is at the finished floor 
elevation of 1349.2 for an existing house on the east side of the channel at this section. 

Page 2 

- -.,- - , - 7 ,  .. . < - +... a ..- -.*-.- - - 3  .-.- ---- ,-. .-.-*" &- -- --- - . 



A-N West's initial 'n' value estimate was based on an estimated 6 foot flow depth in the 
EMF. Since the HEC-2 model analysis at n = 0.06 was producing flow depths of 10 feet it 
seemed prudent to re-evaluate the selected 'n' value for the greater depth. The relative 
effect of greater depth to the vegetation was to reduce the 'n' value. A trial run at 0.05 'n' 
value was made. The Hydraulic Radius (R) for the channel (defined as flow area divided by 
channel bank to bank top width) was estimated at Sections 21.213 as 7.5 feet with channel 
velocity of 1.13 fps. 

Based on the Chow's Handbook Figure 7-14 'n' value estimation chart, Page A-57, using a 
Velocity (V) times (R) of 8.6 results in an 'n' = 0.05 for a high vegetal retardance. This chart 
was initially used in estimating the 0.06 'n' value A-N West (Reference 4). 

The 100-year water surface profile for 'n' = 0.05 has also been plotted on Figure 1. 
Backwater does no proceed upstream of Section 21.544, the Princess Basin outlet 
embankment for this 'n' value. 

Also plotted on Figure 1 is the 100-year water surface profile by this study's HEC-2 model at 
'n' = 0.025. One SCS elevation benchmark is also ERM - 4 for this study. To adjust SCS 
datum to this study mapping (NGVD29) add 0.79 feet to the SCS data. To further compare 

@ the SCS computer hydraulic results to this study's HEC-2 model, the SCS water surface and 
invert's results (Reference I )  were adjusted to NGVD29 datum and plotted on Figure 1. 

The 'n' = 0.025 water surface profiles are within 0.25 feet where common design discharges 
exist downstream of Brown Road. The channel inverts are within 0.2 feet at the box culvert 
and vary by 0.22 feet upstream and downstream of Brown Road. The 'n' = 0.025 profiles 
compare favorably from this study to the SCS designs. The small differences are attributed 
to construction tolerance from design and plan, local scour and deposition. 

3.0 CONCLUSION AND RECOMMENDATIONS 

The existing EMF channel 'n' value from Section 21.213 to 21.513 (excluding Brown Road 
culverts) is recommended to be 0.05 for the UEMF FIS. 

The difference in 100-year SCS design to existing water surface profile elevations of 3.02 
feet in this reach is explained by the effect of vegetation which has occurred. Since the 
original design, which did not assume significant vegetation. 

The higher 'n' value 100-year water surface profile of 0.05 still results in the floodplain 
essentially contained within the EMF right-of-way for the limits of this study with no 
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backwater into the Princess basin. No flooding of adjacent houses along the EMF was 
@ expected within the study reach. 

It is recommended that the operation and maintenance of the EMF by the FCDMC include 
limiting or reducing further vegetation growth within the EMF, such that the 'n' value and 
resultant water surface elevations does not increase further. 

4.0 REFERENCES 

Final Design Folder (3-Ring Binder) For SCS (Soil Conservation Service) RWCD (now 
EMF) Reach 6, Contract No. 53-9457-00469, Job No. E 101012, December, 1986 by 
Greiner Engineering Services, Inc. 

Also under separate cover by Greiner Engineering; Input/Output to Hydraulic 
Backwater Computer Program, "Water Surface Profile Edit Program Version 03.0Iw, 
Input File Name: wed-L.dat, Date: 6/17/86, for 100-year Design Flows Hydraulics for 
Main Channel, Trial No. 2 RWCD, Reach 6, Preliminary Design. 

Landscape Plans for RWCD Floodway, Reach 6 (East Maricopa Floodway) by DMJM 
for Flood Control District of Maricopa County 100% Submittal Seal and Submittal 
Dates: 6/26/95. (32 Sheets). 

3. Hydrology Report for Upper East Maricopa Floodway (UEMF) by A-N West, Dated: 
September, 1995, Revised October, 1995 for FCDMC and City of Mesa FCD No. 94- 
26. 

4. Technical Data Notebook; Upper East Maricopa Floodway FIS, Section 4.2, Field 
Reconnaissance and Hydraulic Parameter Estimation Report, FCD No. 94-26 by A-N 
West; Dated, September, 1995. 
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OPERATION AND WA1-CE PLAN 
FOR 

EAST WAEUCOPA FLOODYAY - REACH 6 
(Fomrly RVCD Moodway) 

This plan applies to East Maricopa Floodway (EMF), Reach 6 along with all 
associated works of improvement. The Flood Control District of Maricopa 
County is responsible for the features covered under this plan. 

The East Maricopa Floodway was enlarged and extended under this project to 
reduce frequency and extent of inundation of developed lands within the 
watershed. This reach is the sixth of six planned and extends from Station 
29t08 near Brown Road to Station 161+30 near Broadway Road. 

A regular program of inspection and maintenance will point out areas that 
need to be monitored closely. This program will ensure that excessive 
erosion, sedimentation or destruction of the floodway or appurtenances are 
prevented from occurring. 

While no improvements in this reach require control or operation, 
maintenance is essential for the project to function as intended over its 
design life. Identified maintenance items are listed below. 

MI1-CE 
/ 

Main Channel_ - It is anticipated that some erosion and deposition will 
occur within the floodway right-of-way. The reach between Station 128+79 

b and Station 140+00 shall be monitored for evidence of erosion of the bed 
and banks. The channel downstream from Brown Road shall be monitored where 
continuous presence of nuisance water softens the channel bottom, making it 
vulnerable to erosion. Unidentified localized areas of dispersive soils 
may exist. Timely maintenance is particularly critical in the following 
locations of higher turbulence and stress: 

Along the channel bottom at the toe of the channel slopes, 

Adjacent to ramps, bridge piers and other discontinuities in the 
channel geometry. 

Adjacent to side inlets and culvert outlets. 

Adjacent to transition areas for bridge and box structures. 

Make repairs to eroded areas by replacing lost material with compacted 
earth, soil-cement or other suitable erosion-resistant material in 
accordance with the design report and the original construction 
specifications. SCS assistance is available in determining the extent of 

k repair needed or suitability of differing materials. 
k.. 
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Remove deposits of loose material in the channel following significant flow 
events and successive small events. Remove or destroy excessive woody 
vegetation within the flow area of the channel and side inlets. Also. 
remove any trash or other objects dumped in the channel. 

Inspect the concrete channel lining under the Broadway Road bridge for 
evidence of uplift and report to SCS for recommendations on remedial 
action, Repair all cracking and chipping of this section by using the 
following methods. 

Only those cracks that are open wide enough to permit the entry of a 
pourable joint filler or a mechanical routing tool should be filled. 
Tightly closed cracks should be left alone. Each side of the open crack 
must be refaced so that the surfaces are completely free of dust, dirt, 
debris, and anything else that might prevent bonding of the new filler 
material. 

Special tools such as random-cut saw or crack grinders and vertical-bit 
routers should be used. The crack should be refaced for one inch minimum 
or full depth without deepening, whichever is less, and then blown out with 
compressed air hediately ahead of refilling. 

High-strength epoxy resin adhesives should not be used to rebond and seal 
any cracks where subsequent appreciable movement is expected, since this 
could lead to cracking elsewhere in the lining. A flexible epoxy or an 
elastomeric filler should be used in cracks that move. 

Concrete chips should be removed. A saw cut should be made around the 
chipped area, and material removed to create a squared-off recess which 
will accommodate repair. Exposed surfaces shall be blown clean with 
compressed air. A coating of bonding grout shall be applied and patching 
mortar compacted in place, finished and wet cured. 

Particular care should be taken to ensure that the texture and color of the 
repair will match the surrounding concrete, 

Repair cracks and damaged areas of the soil-cement, Cracks wider than 
about 1/8 inch should be filled. The cracks should be cleaned thoroughly 
and all spalled pieces of surface removed. The cracks should then be 
filled with a suitable joint sealant material. If it is necessary to 
replace any areas of soil-cement, the replacement shall be for the full I 
depth, with vertical cuts, using either soil-ceient or colored concrete. i 
No skin patches should be permitted. Particular care should be taken to 
ensure that the texture and color of the repair will match the surrounding 

I 

[ 
soil-cement. 

Side Inlets and Collections Svstems - Inspect the soil-cement lining for 
evidence of uplift, settling or displacement or loss of drainfill within 

I 1 

the spillway area. Check for evidence of excessive erosion within the ! 
collection systems and approach channels that could lead to undermining of i .; 
pillway structure and repair using the same methods as specified under the ! il 

annel. Remove accumulations of debris and sediment to ensure the : ; I  
ge capabilities of the side inlets. Note any damage or 

> j % I 
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deteriorkion of the maintenance road in the collection system, and regrade 
or fill as necessary. Replace animal guards in the soil-cement spillway 
drains if necessary. 

Examination should be made of the box culvert structure and the concrete 
channel located south of Apache Boulevard and the headwalls at Station 
36t02.00 and 92t04.61. Remove debris, trash and other obstructions. The 
concrete surfaces should be examined for erosion, cracks, joint separation 
or leakage at cracks or joints. Cracks or chips in the channel lining or - floor of the box culvert or headwalls should be repaired using the same 
methods as specified for concrete channel lining in the main channel. 
Concrete for the repair should be similar to the old concrete in maximum 
size of aggregate and water cement ratio. 

Forming shall be required for large repairs in vertical surfaces. 

Particular care should be taken to ensure that the texture and color of the 
concrete repair will match the surrounding concrete. 

Where joint filler has failed, the old filler shall be cut and removed to a 
depth that will accommodate new sealant plus any backer rod that is to be 
inserted. The same procedures and sealant materials for filling cracks 
should be used for refilling joints. 

Pipe handrails and pipe barriers should be inspected and repaired as 
needed. Weld or reweld breaks. Clean away rust with wire brush and paint 
with galvanizing paint. Replace broken or rusted hinge pins, shearpins, 
nuts and miscellaneous items with new galvanized parts. 

Collector Channel and Pipe Inlets - Remove debris and sediment from the 
collector channel and pipe inlets on a regular periodic basis and following 
significant channel flows. The inlet structure and all features should be 
examined for any conditions which may impose constraints on their proper 
functioning. The collector channels should be regraded as necessary, 
replacing lost material from any eroded areas with compacted earth. Pipe 
inlets should be inspected and repaired as needed. Weld or reweld breaks. 
Replace broken or rusted bars, bolts, nuts and other items as necessary to 
maintain the steel trash rack and corrugated metal pipes. Rusted items not 
requiring replacement should be cleaned with wire brush and coated with 
galvanizing paint. All steel replacement items should be galvanized. 

Inspect the maintenance roads for ruts left by passage of maintenance 
vehicles and regrade with a cross slope of 1.75% into the collector channel 
as necessary. 

Fencine; - Repair or replace any damaged or destroyed fencing. Repaint 
exposed metal surfaces as necessary. 

Bridges, Box Culverts and Utilities - Inspect for signs of stress or 
undercutting of support structures or other problems that may affect s 
performance of bridges, box culverts or utilities within the flood-w 
right-of-way. Report any items noted to appropriate owners. 

- - 
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Vepetation - Remove vegetation which will affect flow in the inlet 
structures or channels. Remove all vegetation, such as shrubs, bunch 
grasses, etc., which might create turbulent flow. 

State 06tM Handbook - The SCS National Operation and Maintenance Manual and 
the SCS State of Arizona Watershed Operation and Maintenance Handbook are 
herein incorporated as part of'this Operation and Maintenance Plan. 



OPERATION AND MAINTENANCE AGREEMENT 

-4. THIS AGREEMENT made on -. day of is between the 
Soil Conservation Service, United States Department of Agriculture. 
hereinafter ref erred to as SCS, and the following organizations ( s j ; 
hereinafter referred to as the Sponsor(s1: 

The Flood Control District of Maricopa County 

The Sponsor(s) and SCS agree to carry out the terms of this agreement for 
the operation and maintenance of the practice in the State of Arizona. The 
practices covered by this agreement are identified as follows: 

East Maricopa Floodway Reach 6 

I* GE-WL 

A. The Sponsor(s1 will: 

I. Be responsible for operating and performing or having 
performed all needed maintenance of practices, as determined 
by either SCS or the Sponsorts), without cost to SCS. 

2 .  Obtain prior SCS approval of all plans, designs, and 
specifications for maintenance work deviating from he 06rM 
plan and of plans and specifications for any alteration to 
the structural practice. 

i 

3. Be responsible for the replacement of parts or portions of 
the practice(s) which have a physical life of less duration 
that the evaluated life of the practice(s1. 

4. Prohibit the installation of any structure or facility that 
will interfere with the operation or maintenance of all or 
any part of the project practice(s1. 

5. .  Notify SCS of any agreement to be entered into with other 
parties for the operation or maintenance of all or any part 
of the project practice(s1, and provide SCS with a copy of 
the agreement after it has been signed by the Sponsor(s) and 
the, other party. 

6 .  Comply with the PROPERTY MANAGEMENT STANDARDS set forth in 7 
CFS 3015.160-3015.176, and all applicable federal, state and 
local laws. 

7 .  Provide SCS personnel the right of free access to the 
project practice(s1 at any reasonable time for the purpose 
of carrying out the terms of the agreement. 

I 
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B. -The SCS will: 

1. Upon request of the Sponsor(s) and to the extent that its 
resources permit, provide consultative assistance in the 
operation, maintenance, and replacement of practices. 

11. QPERATION AND MAINTENANCE PLAN ( O B I  PLAN) 

An O M  plan for each practice included in this agreement is attached 
to and hereby becomes a part of this agreement. 

111. INSPECTIONS AND REPORTS 

A. The Sponsors(s1 will inspect the practices as specified in the 
om plan. 

B. SCS or Federal land-administering agency may 'inspect the 
practices at any reasonable time during the period covered by 
this agreement. At the discretion of the State Conservationist, 
Service personnel may assist the Sponsor(s) in inspections. 

C. A written report will be made of each inspection and provided to 
others as outlined in the Om plan. 

IV. TIME AND RESPONSIBILITY 

The Sponsor(s)' responsibility for operation and maintenance begins 
when a practice is partially done or completed and accepted or is 
determined complete by SCS. This responsibility shall continue until 
the expiration of the evaluated life of all the installed project 

i' 
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practices. This does not relieve the Sponsor(s)' liability which 
continues throughout the life of the measure or until the measure is 
modified to remove potential loss of life or property. 

v. RE_cOWS 

The Sponsor will maintain in a centralized location a record of all 
inspections and significant actions taken, cost of performance and 
completion date with respect to operation and maintenance. The SCS 
may inspect these records at any reasonable time during the term of 
the agreement. 

VI. EEFECTIVE DATE 

This agreement shall become effective on the date it is filed with the 
Secretary of State pursuant to ,Arizona Revised Statutes 11-952, as 
amended. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

By: 

Title : 

Date : 

This action was authorized at an official meeting of the Sponsor named 
immediate above on at 

Attest: Title: 

UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

By: 

Title : 

Date : 
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December 1, 1986 

Re: S o i l  Conservation Service 
RWCD Floodway Reach 6 
Buckhorn - Mesa - Apache Junct ion  - . 
G i  1  b e r t  Watersheds 
F i n a l  Design Report 
Contract  No. 53-9457-00469 
Greiner  Job No. E-101-012 

L i s t  o f  De l iverab les  

- One (1)  s e t  o f  sepia mylars o f  t h e  cons t ruc t i on  drawings. - Seven (7) se ts  o f  b lue  l i n e  cons t ruc t i on  drawings. 
- Two (2 )  copies o f  t h e  design f o l d e r  i n c l u d i n g  t h e  cons t ruc t i on  perform- 

a n c e  s c h e d u l e  and t i m e  e s t i m a t e ,  t h e  f i n a l  c o s t  e s t i m a t e  and b i d  
schedule, and t h e  Operation and Maintenance agreement. - Two (2) se ts  o f  f i n a l  cons t ruc t i on  spec i f i ca t i ons .  a - One (1) se t  o f  f i n a l  t r a c t i  ve power ca l cu la t i ons .  

- One (1) s e t  o f  computer p r i n t o u t s  for: 

Box c u l v e r t  south o f  Apache/Higley f o r  50% QlO0. 
Hydrau l ics  f o r  s ide  i n l e t  a t  Transmission L i n e  Easement. 
F i n a l  hyd rau l i cs  f o r  54" concrete p ipe  south o f  Brown Road. 

- F i n a l  earthwork ca l cu la t i ons  - One (1) se t  o f  sepia mylars f o r  t h e  survey c o n t r o l  data. 
- Two (2) se ts  o f  b lue  1  i n e  p r i n t s  f o r  t h e  survey c o n t r o l  data. 

Work Completed i n  t h e  P re l im ina ry  Design Phase. 

1. F i n a l  hyd rau l i cs  f o r  t h e  main floodway f o r  t h e  QIOO and t h e  50% QlO0. 

2. F i n a l  hyd rau l i cs  f o r  t h e  twe lve  (12) major i n l e t  s t ruc tu res .  

3. F i n a l  hyd rau l i cs  f o r  t h e  easf. and west s ide  c o l l e c t o r  channels. 
. I  

4. Erosion p r o t e c t i o n  f o r  t h e  main floodway, major  s ide  i n l e t s  and co l l ec -  
t i o n  systems f o r  t h e  major s i d e  i n l e t s .  

5.  F i n a l  earthw 



8. P re l  iminary cons t ruc t i on  drawings inc lud ing:  

a. Revis ion t o  t h e  r ight-of -way no r th  o f  Brown Road. 

b. Adjustments t o  t h e  cons t ruc t i on  c e n t e r l i n e  due t o  t h e  changes by t h e  
Flood Contro l  D i s t r i c t  i n  t h e i r  f i n a l  design o f  t h e  s t r u c t u r e  a t  
Apache/Hi g l  ey. 

c. E s t a b l i s h i n g  f i n a l  grades f o r  t h e  east  and west s ide  c o l l e c t o r  
channels. 

d. F ina l  i z e  t h e  design f o r  t h e  floodway i n v e r t  and t h e  tops  o f  banks. 

e. A l l  u t i l i t i e s  c ross ing t h e  floodway have been p l o t t e d  i n  p r o f i l e  on 
t h e  one hundred (100) sca le  cons t ruc t i on  drawings. 

f. A1 1 t h e  temporary cons t ruc t i on  easements (TcE) have been i d e n t i  f i e d  
on t h e  p lan  p o r t i o n  o f  t h e  one hundred (100) sca le  const ruc t ion  
drawings. 

g. A1 1  u t i l i t i e s  needing r e l o c a t i o n  have been i d e n t i f i e d  on t h e  p l a n  
p o r t i o n  o f  t h e  one hundred (100) sca le  cons t ruc t i on  drawings. 

h. Typical  sec t ions  have been completed. 

i. Side i n l e t  and floodway t r a n s i t i o n  d e t a i l s  have been completed f o r :  
-- Sta. 29+00.00 t o  Sta. 37+00.00 
-- Sta, 39+00.00 t o  Sta. 80+00.00 -- Sta. 87+00.00 t o  Sta. 95+00.00 -- Sta. 143+00.00 
-- Sta. 117+74.12 t o  Sta. 131+00.00 
-- Sta. 150+00.00 t o  Sta. 158+90.67 

j. T y p i c a l  s i d e  i n l e t s  and maintenance ramp d e t a i l s  have been com- 
p l  eted. 

k. Headwall d e t a i l s  f o r  o u t l e t  p ipes a t  S t a t i o n  92+40.61 and 36+02.00 
are  completed. 

1. Erosion p r o t e c t i o n  f o r  o u t l e t  p ipes a t  S t a t i o n  92+40.61 and 36+02.00 
a re  compl eted. 

m. Channel l i n i n g  d e t a i l s  a t  Broadway Road Br idge i s  completed. 

n. Soi 1 -cement eros ion  p r o t e c t i o n  d e t a i  1  i s  completed. 

4 gvI-jT 
o. Typ ica l  c o l l e c t o r  channel i n l e t  i n c l u d i n g  t r a s h  rack d e t a i l  i s  com- 

,?<?- pleted. 

p. Concrete p i p e  c o l l a r  d e t a i l  i s  completed. 

1- )2 
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@ Greiner 
Work Completed i n  Final Design Phase. 

1. Prepare final specifications. 

2. Computation of final quantities and preparation of final cost estimates 
and bid schedule. 

3.  Prepare construction performance schedule. 

4. Prepare operation and maintenance plan. 

5. Prepare final design report and design folder. 

6. St ructura l  design for the two ( 2 )  barrel 6'x7' RBC in le t  and headwalls 
south of Apache Blvd. 

7. Revise the structural design for the concrete lined channels south of 
Apache Blvd. and under the Broadway Road Bridge. 

8. Hydraulic calculations and final design for  a l l  major inlet  structures 
La including erosion protection. 

!.. 9. Final construction drawings including: 
-r r 

- a. Ba r r i e r  d e t a i l s  f o r  t he  ou t l e t  pipes a t  Sta t ion 92+40.61 and 
36+02.00. 

b. S t ructura l  detai ls  for the two ( 2 )  barrel 6 ' x 7 '  RCB inlet  and head- 
wall s south of Apache Blvd. 

c. Revise the structural detail for the concrete lined channels south 
of Apache Blvd and under the Broadway Road Bridge. 

d. Manhole adjustment and watertight frame and cover detai ls  for man- 
holes within the collection system for some of the major side in- 
le ts .  

e. Curb cut detai ls  for driveways for the maintenance roads a t  Univer- 
s i ty  Drive and Broadway Road. 

f.  Backfill, pavement and surface rep1 acement detai 1 s for  some of the 
existing roadways. 

connections from 

m for the major 



j. Excavation and b a c k f i l l  pay l i m i t s  f o r  a11 s t ruc tures .  

10. A p r i s m  f o r  excavation has been i d e n t i f i e d  i n  t h e  f i n a l  design fo lder ,  
so  t h a t  p e r m i t t i n g  can take p lace w i t h i n  t h e  floodway t o  remove excava- 
t i o n .  

11. A temporary const ruc t ion  easement has been i d e n t i f i e d  n o r t h  o f  Brown 
Road, west o f  t h e  most wester ly  r ight-of -way and f o r  approximately 
t h i r t y  (30) f e e t  no r th  o f  t h e  most n o r t h e r l y  r ight-of -way t o  grade t o  
t h e  e x i s t i n g  d i t c h  on t h e  east  s ide  o f  t h e  RWCD canal maintenance road 
and t o  const ruc t  t h e  nor th  floodway terminus, respect ive ly .  

12. The power p o l e  a t  approximate S t a t i o n  31+50, 55 f e e t  r i g h t  (no r th  o f  
Brown Road) must be re located (by others). 

13. C e r t a i n  l o c a t i o n s  have been i d e n t i f i e d  a long t h e  west s i d e  o f  t h e  f lood-  
way where an agreement f o r  a j o i n t  maintenance road w i t h  t h e  RWCD canal 
maintenance road i s  needed. The l o c a t i o n s  a r e  as fo l l ows :  

-- Sta. 59t17.36 -- Sta. 70+19.36 -- Sta. 117t72.36 -- Sta. 133t69.36 -- Sta. 151+73.92 

Desc r ip t i on  o f  Job 

Major fea tu res  are: 

1. An excavated e a r t h  f l  oodway channel extending approximately 13,222 f e e t  
on c e n t e r l i n e  from t h e  end o f  t h e  sedimentat ion bas in  a t  Le i su re  World 
approx ima te l y  530 feet south of Broadway Road a t  Sta. 161+30 t o  Sta. 
29+08 a t  t h e  upstream end approximately 405 fee t  n o r t h  o f  Brown Road. 

2. Th i r teen  (13) major  s ide  i n l e t  s t ruc tu res  have been designed f o r  t h i s  
p r o j e c t .  Ten (10) o f  these s t ruc tu res  a r e  designed w i t h  a c o l l e c t i o n  
system p i c k i n g  up overland f lows from s t r e e t s  o r  an e x i s t i n g  r e t e n t i o n  
f a c i l i t y  and d e l i v e r i n g  f lows t o  s ide  i n l e t s  notched i n t o  t h e  east  bank 
o f  t h e  floodway. The o ther  t h r e e  (3) i n l e t s  a re  c u l v e r t s  d ischarg ing 
s t o r m  d r a i n  f a c i l i t i e s  from t h e  City o f  Mesa o r  t h e  Flood Cont ro l  Dis- 
t r i c t  o f  Maricopa County t o  t h e  RWCD Floodway. 



@ ,  Greiner 
bot tom. A p l a t i n g  method was designed f o r  a l l  areas which have a maxi- 
mum s i d e  s lope o f  3:l. A s t a i r  s tep method was designed f o r  a l l  s i d e  
s l o p e s  steeper than 3:l. A concrete l i n i n g  was designed f o r  t h e  i n l e t  
channel south o f  Apache Blvd. and f o r  t h e  f loodway underneath t h e  e x i s t -  
i n g  Broadway Road Bridge. A concrete bas in  has been designed f o r  o u t l e t  
p r o t e c t i o n  f o r  t h e  54" concrete p i p e  south o f  Brown Road. 

5. Channel grades and sect ions-  per  t h e  Comparative Design Study have been 
u t i l i z e d  du r ing  t h e  f i n a l  design phase. 

Design Objec t i ve  

The floodway design o b j e c t i v e  i s  t o  s a f e l y  and economical ly  convey f l o o d  
f lows from t h e  p r o j e c t  area, thereby reducing f l o o d  water damage on urban 
1 and. 

Basis for Design 

Work Plan 
SCS TR-20 RWCD Floodway Reach 6, May, 1985 @ Greiner  Engineering Comparative Design Study f o r  Reach 6 
SCS Nat ional  Engineering Handbook Sect ions 5, 6 & 20 
SCS Design Folder  A & E Contract  Reach 6 
SCS RWCD Channel S t a b i l i t y  Ana lys is  & Erosion Study 
S o i l  Mechanic Report RWCD Floodway Reach 6 
Geologic Report RWCD Floodway Reach 6 
SCS, Design o f  Open Channels TR-25 
Soil-Cement f o r  Water Resources, Po r t l and  Cement I n s t i t u t e  
Soil-Cement A p p l i c a t i o n  and use i n  Pima County f o r  F lood Con t ro l  P r o j e c t  
SCS Nat iona l  Engineering Manual 
SCS TR-55 
Road and r ight-of -way Locat ion by t h e  Flood Con t ro l  D i s t r i c t  
Engineer ing Design Standards - Far  West States 
SCS TR-67 
SCS TR-5 

Location and Layout 

The channel al ignment p a r a l l e l s  and ad jo ins  on t h e  eas t  o f  t h e  RWCD I r r i g a -  
t i o n  Canal throughout Reach 6. The a1 ignment was based on t h e  o r i g i n a l  work 
p lan  by SCS dated October 1974, w i t h  t h e  amendments due t o  M o d i f i c a t i o n  No. 
3 and No. 4 o f  Gre iner 's  contract .  

,.?;': ie: 
  he design o f  major i n l e t  s t r u c t u r e s  and c o l l e c t i o n  systems on t h e  eas t  s i d e  

%-*-- ,a ~ f t h e f l o o d w a y a r e t o c o l l e c t o f f - s i t e d r a i n a g e .  

The eas t  and west s i d e  c o l l e c t o r  channels were designed t o  d r a i n  t h e  storm 
water between t h e  maintenance road and t h e  r ight-of-way. 

k+-/4' 
- -- 



Greiner 
Hydro1 ogy 

Design f lows were obtained from t h e  f i n a l  hydrology meeting w i t h  SCS using 
t h e  A l t e r n a t i v e  No. 3 condi t ion.  The design f l o w  i s  a 100-year, 24-hour 
storm event. Design f lows i n  t h e  floodway va r ies  from 300 c f s  t o  2,400 cfs.  
For  f u r t h e r  documentation o f  design f lows i n  t h e  floodway see t h e  Compara- 
t i v e  Design Study. 

Hydrologic ana lys is  was performed t o  e s t a b l i s h  peak f lows f o r  subd iv is ions  
adjacent  t o  t h e  floodway. Th is  was done by us ing  t h e  SCS's TR-20 program. 
The range of design f lows f o r  major s ide  i n l e t s  i s  from 17 c f s  t o  727 cfs. 

The r a t i o n a l  method was used f o r  hydro log ic  design o f  t h e  east  and west s ide  
c o l l e c t o r  channels. The 100-year, 24-hour storm event w i t h  a r a i n f a l l  depth 
of 3.40 inches was u t i l i z e d .  

A f t e r  re -ana lys is  o f  t h e  drainage from Apache T r a i l  M in i  Park, i t  was deter-  
mined t h a t  t h e  r e t e n t i o n  basin has t h e  adequate capac i ty  t o  handle t h e  100- 
year, 24-hour storm event. Therefore, t he re  i s  no need f o r  t h e  design o f  a 
new s i d e  i n l e t  from t h i s  subdiv is ion.  

1. The Main Channel 
, 

The channel geometry and grade were based on t h e  recommendation i n  t h e  
Comparative Design Report, w i t h  minor changes i n  design. Adjustment t o  
t h e  c e n t e r l i n e  of t h e  floodway was made between Sta. 129+98.28 and Sta. 
117+74.12 due t o  t h e  f i n a l  design o f  t h e  Flood Cont ro l  D i s t r i c t  s t ruc-  
t u r e  a t  Apache/Higley Road. Channel i n v e r t s  were ad jus ted i n  t h i s  
reach,  A s ide  s lope o f  3 : l  adjacent t o  t h e  nor th /eas t  end l e v e l  wing- 
w a l l  was used a t  t he  upstream s ide  o f  t h i s  s t ruc ture .  The t o e  o f  t h e  
r i g h t  embankment i n  t h e  t r a n s i t i o n  no r th  o f  ApachelHigley Road has been 
r e v i s e d  as pe r  S o i l  Conservat ion Serv ice comments i n  t h e  p r e l i m i n a r y  
design review. 

The nor th /eas t  tapered wingwal l  o f  t h e  proposed Brown Road box c u l v e r t  
has been changed t o  a l e v e l  wingwal l  approximate 25 f e e t  i n  length.  The 
reason was t h a t  a r e v i s i o n  was made t o  t h e  r ights-of-way n o r t h  o f  Brown 
Road, 

Water sur face p r o f i l e  c a l c u l a t i o n s  i n  t h e  f l  oodway were performed w i t h  
d e s i g n  f l o w s  o f  QlO0 f o r  aged c o n d i t i o n  and w i t h  design f l ows  o f  50% of 

Q100 f o r  a s - b u i l t  condit ions. 

2. Major  Side I n l e t s  

Water sur face p r o f i l e  c a l c u l a t i o n s  f o r  h i g h  f l o w  and low f l o w  i n  t h e  
floodway were performed t o  f i n a l i z e  t h e  design o f  twe lve  major  s ide  

. - 

- - 



Greiner 
i n l e t s .  Ten (10) o f  these s t r u c t u r e s  cons is t  o f  a  c o l l e c t i o n  system and 
a  spi l lway.  F i n a l  s i z i n g  o f  t h e  sp i l lway  f o r  these s t r u c t u r e s  was based 
on t h e  assumption t h a t  maximum a l lowab le  v e l o c i t y  o f  15 f p s  i n  t h e  
s p i l l w a y  f o r  t h e  low f l ow  c o n d i t i o n  i n  t h e  floodway. The s p i l l w a y  t i e s  
i n t o  t h e  i n v e r t  o f  t h e  floodway w i t h  an i n v e r t  slope o f  3: l .  An i n v e r t  
s l o p e  of 5 : l  was used f o r  s i d e  i n l e t  s t r u c t u r e s  n o r t h  o f  U n i v e r s i t y  
Dr ive ,  no r th  o f  Apache Blvd, and a t  t h e  Transmission L i n e  Easement. The 
i n l e t  a t  t h e  n o r t h  terminus o f  t h i s  p r o j e c t  has a  s p i l l w a y  i n v e r t  slope 
o f  0.0381 ft/ft. 

The concept o f  s h i f t i n g  t h e  maintenance road over t h e  w e i r  p o r t i o n  o f  
t h e  s i d e  i n l e t  was used a t  Sta. 143+66.00. Th is  e l im ina tes  t h e  removal 
of e x i s t i n g  42" p ipe  and headwall. The s i d e  i n l e t  a t  Sta. 150+66.00 was 
re-designed t o  p i c k  up t h e  storm water w i t h i n  t h e  r ight-of -way l i n e .  

F i n a l  s i z i n g  o f  t h e  box c u l v e r t  south o f  Apache Blvd. f o r  M o d i f i c a t i o n  
No. 4 of Greiner 's  con t rac t  was achieved. Selected s t r u c t u r e  i s  a  
double b a r r e l  6 'x7 '  box c u l v e r t  w i t h  wingwal l  s. The box c u l v e r t  w i t h  29 
1  i n e a l  f e e t  i n  l eng th  has an i n v e r t  s lope o f  0.0353 ft/ft. The s t ruc -  
t u r a l  design has been performed as per  SCS requirements. 

!-# 
3. C o l l  ec to r  Channel s  

- 
The grade f o r  t h e  east  and west s i d e  c o l l e c t o r  channels was designed t o  
r e f l e c t  t h e  new t o p  of banks o f  t h e  floodway and t o  assure reasonable 
v e l o c i t i e s .  The hyd rau l i c  design f o r  t h e  east  c o l l e c t o r  channel a l s o  
assu res  t h a t  t h e  water w i l l  n o t  ge t  ou ts ide  t h e  east  right-of-way. Two 
summary tab les  show t h e  design o f  t h e  c o l l e c t o r  channels and are  i n -  
c luded i n  Sect ion 4 o f  t h e  f i n a l  design fo lde r .  

Erosion Pro tec t  ion 

1. Main Floodway 

Areas w i t h i n  t h e  floodway have been i d e n t i f i e d  us ing  t h e  t r a c t i v e  power 
method t o  e s t a b l i s h  t h e  l i m i t s  o f  erosion p ro tec t i on .  Soil-cement as 
recommended i n  t h e  Comparative Design Study i s  used f o r  t h i s  purpose. 
The b o t t o m  of t h e  floodway i s  t o  be p l a t e d  w i t h  2-6" l i f t s  o f  s o i l -  
cement which extend 3 '  beyond t h e  t o e  o f  t h e  l e f t  and r i g h t  embankment. 
The embankments are  p l a t e d  w i t h  8 "  soi l -cement i n  areas w i t h  s ide  slopes 
o f  3 : l  and t h e  s t a i r s t e p  method o f  placement i s  used w i t h  8 '  wide x  8" 
t h i c k  l a y e r s  on slopes steeper than 3:l. C u t o f f  w a l l s  a re  used on a l l  
s ides  o f  t h e  soil-cement. 

e  i n l e t s  were evaluated us ing  t h e  t r a c t i v e  power method f o r  
ng t h e  need f o r  e ros ion  pro tec t ion .  The upstream end o f  t h e  

c t o r  systems were p l a t e d  w i t h  8" soil-cement which extends from t h e  
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R/W t o  the toe of the in l e t  and typically 5 '  beyond the toe  of the in l e t  
and further i f  erosive conditions were indicated. Other areas w i t h i n  
t h e  collection system were evaluated and erosion protection was appl ied 
accordingly. The upstream side of the  spillway was protected for  a 
d i s t ance  of 14' upstream of the  c res t  in most cases. I f  the veloci t ies  
were high enough t o  create erosive conditions, then i t  was extended. 
The spillway area i s  protected w i t h  8" soil-cement and an out let  apron 
was designed t o  extend a di-stance beyond the  toe such tha t  the velocity 
dropped below erosive conditions. The f l a r e  angle on the apron i s  
12.5'. Cutoff walls are  used on a l l  s ides  of the structures.  A so i l -  
cement apron was also designed fo r  the 36" pipe south of University. 

Conrete channel l ining i s  used underneath Broadway Road Bridge and up- 
stream of the 2-6'x7' box culvert  south of Apache. 

3. Col 1 ector Channel s 

Erosion protection fo r  the col lector  channel out1 e t  s t ructures  consist 
of an 8" soil-cement apron 10' i n  length and 3.5' wide a t  the  upstream -.. end w i t h  a f l a r e  angle of 12.5O. A cutoff wall i s  provided around the 
perimeter of the out le t  apron. 

Design Folder 

The design folder i s  se t  u p  with eight (8) sections as follows: 

Section 1 - 
Section 2 - 
Section 3 - 
Section 4 - 
Section 5 - 
Section 6 - 
Section 7 - 
Section 8 - 

Design Report, 0 & M Manual, Const. Perf. Schedule 
Hydraul ics  for  Main Fl oodway 
Hydraulics for  Side Inlets  
Hydraulics for  Col lector  Channels 
Erosion Protection 
Earthwork Calcul ations 
Structural Calculations 
Quanti t ies ,  Cost Estimate, and Bid Schedule 

Each section contains backup informati on,  cal cul a t  ions, sketches, rational e 
for  design decisions, resul ts  and recornmenations for  a l l  design features 
w i t h i n  the Final Design Phase. 
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OPERATION AND MAINTENANCE PLAN 
RWCD FLOODWAY - REACH 6 

This plan applied to the RWCD Floodway Reach 6 along w i t h  all associated 
works of improvement. The Flood Control District of Maricopa.County i s  
responsible for the features covered under this plan. 

GENERAL 

The RWCD Floodway is being enlarged and extended under this project t o  re- 
duce frequency and extent of inundation of developed lands within the water- 
shed. This reach is the sixth of six planned and extends from S t a t i o n  29+08 
near Brown Road t o  Station 161+30 near Broadway Road. 

A regular program of inspection and maintenance will point ou t  areas t h a t  
need t o  be monitored closely. This program will ensure t h a t  excessive ero- 
sion, sedimentation or destruction of the floodway or appurtenances i s  n o t  
occurring. 

While no improvements in' .  this reach require control or operation, mainte- 
nance i s  essential for the project to .function as intended over i t s  design 
l ife.  Identified maintenance items are listed below: 

MAINTENANCE 

Main Channel. I t  is  anticipated that some erosion and deposition will occur 
within the f l  oodway right-of-way. The reach between Station 128i79 and 
Station 140i00 shall be monitored for evidence of erosion of the bed and 
banks. Construct and extend soi 1 -cement as needed. Unidentified localized 
areas of dispersive soils may exist. Timely maintenance i s  particularly 
critical i n  the following locations of higher- turbulence and stress: 

Along the channel bottom a t  the toe of the channel slopes. 

Adjacent t o  ramps, bridge piers and other discontinuities in the channel 
geometry . 
Adjacent to-  side in1 ets and cul vert out1 ets. 

Adjacent t o  transition areas for bridge and box structures. 

Make repairs of eroded areas by rep1 acing lost  material compacted earth, 
or other suitable erosion' resistant materi a1 in accordance w i t h  

report and the original construction speci fications. SCS assi s- 
vailable in determining the extent of repair needed or the suit- 
differing material s. 

osits of loose material in the channel foliowing significant flow 
successive small events. Remove or destroy excessive woody vege- 

h i n  the flow area of the channel and side inlets. Also remove any 
ther objects dumped i n  the channel. 

R-20 



Inspect the concrete channel lining under the Broadway Road Bridge for evi- 
dence of up1 i f t  and report to  SCS for remedial action. Repair a1 l cracking 
and chipping to  th is  section using the following methods. 

On1 y those cracks that are open wide enough t o  permit the entry of a pour- 
able joint f i l l e r  or a mechanical routing tool should be f i l led .  Tightly 
c losedcracksshou1dbe le f t a lone .  Each side of theopencrackmustbe  
refaced so t h a t  the surfaces i r e  completely free of dust, d i r t ,  debris, and 
anything else that might prevent bonding of the new f i l l e r  material. 

Special tools such as random-cut saws or crack grinders and vertical-bit  
routers should be used. The crack should be refaced for l - i n .  minimum or 
ful l  depth without deepening. whichever i s  less, and then blown o u t  with 
compressed a i r  imrnedi ate1 y ahead of refil  1i ng. 

Tight-strength epoxy resin adhesives should not be used t o  rebond and seal 
any cracks where subsequent appreciable movement i s  expected, since th is  
could lead t o  cracking elsewhere in the lining. A flexibilized epoxy or an 
elastomeric f i l l e r  should .. be used in cracks that  move. 

Chipped concrete should be removed preferably by a sawcut along the 
perimeter (for larger areas) t o  a t  leas t  2-in. minimum depth, and the area 
blown clean. A coating of bonding grout should then be applied and the 
patching mortar compacted into place, finished, and wet-cured. 

Particular care should be taken t o  ensure that the texture and color of the 
repair will match the surrounding concrete. 

Repair cracks and damaged areas of the soil-cement and report t o  SCS for 
remedial action. Cracks wider than about 1/8 inch should be f i l led .  The 
cracks should be cleaned thoroughly and all spalled pieces of surface re- 
moved. The cracks are then f i l l ed ,  using a hand squeegee and broom, w i t h  an 
asphal t-emu1 sion sl urry or 1 i g h t  grade asphalt mixed w i t h  f ine  sand. The 
crack should be sealed w i t h  liquid asphalt. An asphalt kettle, hand-pouring 
pot, and hand squeegee are the most common methods. Joint sealing compounds 
and heavier bodied asphalt material should be used t o  f i l l  large cracks. If 
necessary t o  replace any areas of soil-cement, the replacement shall be for 
the fu l l  depth. w i t h  vertical cuts, using either soil-cement or concrete. 
No s k i n  patches should be permitted. Particular care should be taken to  
ensure t h a t  the texture and color of the repair will match the surrounding 
soil -cement. 

Side In1 e t s  and Col lection systems. Inspect the soil -cement 1 i n i n g  for  
evidence of uplift, settling or displacement or loss of drainfi l l  within the 
spillway area. Check for evidence of excessive erosion within the collec- 
tion systems and approach channels that  could lead to  undermining of spi l l -  
way structure and repair using the same methods as specified under the Main . 
Channel. Remove accumulations of debris and sediment t o  ensure the d l s -  . 
charge capabilities of the side inlets.  Note any damage or deterioration 
capabilities of the side inlets.  Note any damage or deterioration of the 
maintenance road in the collection system, and regrade or f i l l  as necessary. 
Rep1 ace animal guards in the soil -cement spillways i f  necessary. 



Examination should be made to  the box culvert structure and the concrete 
channel located south of Apache Boulevard and the headwalls a t  Station 
36i02.00 and 92i40.61. Remove debris, trash and other obstructions. The 
concrete surfaces should be examined for erosion, cracks, joint separation 
or leakage a t  cracks or joints. Cracks or chips in the channel lining or 
floor of the box culvert or headwalls should be repaired using the same 
methods as specified for concrete channel l i n i n g  in the Main Channel. 

Concrete rep1 acement i s  the- desired method if  there is  honeycomb or 
deterioration i n  the box culvert and headwalls which goes entirely through 
the wall or beyond the reinforcement, or i f  the quantity i s  large. 
Considerable concrete removal i s  ,required for this type of repair. 
Excavation of affected areas should continue until there i s  no questions 
t h a t  sound concrete has been reached. Additional chipping may be necessary 
t o  accommodate the repair method and shape the cavity properly. 

Concrete for the repair should be simil ar to  the old concrete in maximum 
size of aggregate water-cement ratio. 

Forming shall be require$ for 1 arge repairs i n  vertical surfaces. 

Particular care should be taken t o  ensure that the texture and color of the 

Q repair will match the surrounding concrete. 

Where j o i n t  f i l l e r  has failed, the old f i l l e r  must be cut and removed t o  a 
depth t h a t  will accommodate the new sealant plus any backer rod t h a t  i s  t o  
be inserted. The same procedures and sealant materials for f il  ling cracks 
should be used for refilling joints. 

Pipe handrails and pipe barriers should be inspected and repaired as needed. 
Reweld, replace hinge pins, shearpins, nuts and miscell aneous items and 
regal vanize as necessary. . 

Collector Channels and Pipe Inlets. Remove debris and sediment from the 
collector channel and pipe inlets on a regular periodic basis and following 
significant channel flows. The inlet structure and all features should be 
examined for any conditions which may impose constraints on their proper 
functioning. The co11 ector channel s should be regraded as necessary, re- 
placing lost  material from any eroded areas w i t h  compacted earth. Pipe 

- inlets should be inspected and repaired as needed. Reweld, replace bars, 
bolts, nuts and regal vanize as necessary on the trash rack steel and corru- 
gated metal pipes. 

Inspect the maintenance roads for ruts l e f t  by passage of maintenance 
vehicles and regrade w i t h  a cross slope of 1.75% into the collector channel 
as necessary. 

Repair or replace any damaged or destroyed fencing. Repaint ex- 
tal surfaces as necessary. 



Bridges. Box Culverts and Uti l i t ies .  Inspect for signs of stress or under- 
cutting of support structures or other problems that may affect safe perfor- 
mance of bridges. box culverts or u t i l i t i e s  within the floodway right-of- 
way. Report any items noted t o  appropriate owners. 

Vegetation. Large dead or dying vegetation near the in le t  structures that 
could affect flow to the inlets  or in the channels should be removed. Re- 
move all  vegetation, such as shrubs. bunch grasses. etc.. which might create 
turbulent flow. 

State OPM Handbook. The SCS National Operation and Maintenance Manual and 
the SCS State of Arizona Watersheds Operation and Maintenance Handbook are 
herein part of th is  Operation and Maintenance Pi an. 
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- Greiner Engineering Sciences, lnc. 
3240 E. Camelback Road 
Phoenix, Arizona 8501 8 
(602) 275-5400 

- -- --- -.---- 

A Greiner Engineering, Inc. Company 

TO: F i  1 e 

FROM: Michael Shapiro 

SUBJECT: RWCD Floodway Reach 6 - • 

Contract No. 53-9457-00469 
Comparative Design Study Meeting . . 
Job NO. E-101-012 . . : . . ;- 

DATE: October 21, 1985 -. . . . 

A meeting was held October 10, 1985, a t  10:OO a.m. a t  the Greiner Engineer- 
i n g  Sciences, Inc. The fo l lowing were present: 

Mr. Don Paulus, So i l  Conservation Service 
Mr. B i l l  Osterquist, So i l  Cpserva t ion  Service 3 

Mr. R.W. Shobe, Flood Control D i s t r i c t  
Mr. Michael Shapiro, Qeiner Engineering Sciences -. . 
Mr. Gary Sun, Greiner Engineering Sciences 

The meeting was he ld  t o  get Input  f o r  our comparative design studies on 
maintenance problems from ex i s t i ng  reaches and how we could incorporate 
these ideas i n t o  our design t o  a l l e v i a t e  po ten t i a l  problems. We also wept 
over the  status o f  the  job. - 
The f i r s t  top ic  f o r  discussion was the  spacing o f  maintenance"ramp$ f o r  t h i s  
p ro j ec t  and t o  why i n  past projects, d i d  maintenance ramps l i n e  up on e i t h e r  
s ide o f  the  floodway? Mr. Shobe stated t ha t  maintenance ramps should be a t  
a11 major in te rsec t ions  and t ha t  there was no ra t i ona le  as t o  why they had - 
t o  l i n e  up on e i t h e r  s ide o f  the floodway. Fur ther  discussion took place 
f o r  each o f  the major in tersect ions as fol lows: r i  

A t  Broadway Road i t  would be necessary t o  have maintenance ramps on 
b o t h  sides o f  t he  br idge (upstream and down-stream) because the 
channel  under t h e  b r i d g e  was o n l y  30 f e e t  wide and would  most 
l i k e l y  requ i re  e i t h e r  dumped r fp- rap o r  grooted r ip - rap  because o f  
h i g h  ve loc i t i es .  I f  other protect ion, such as, s o i l s  cement o r  a 
concrete l i n i n g  were used, the  number o f  ramps could be revaluated. 

A t  Apache Boulevard 
s i d e  o f  Apache Boule 
t h e r e  w f l l  be a box 
would be r e s t r i c t i v e .  

i t  will1 be necessary t o  access from t h e  nor th  
vard and t he  east s ide o f  H ig ley  Road becauss 
cu l ve r t  i n  p lace and access through the  bok 
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A t  Un ivers i ty  Dr ive i t  w i l l  on ly  be necessary t o  access : through . . Q; 
e i t h e r  the nor th  o r  south s i d e  o r  t o  have one ramp o n - e i t h e r  Side ' .. . . . . ..: 

o f  t h e  floodway, one t o  t he  nor th  and one t o  the south; 'beca'use' a 

access t o  e i t h e r  side could be handled through the bridge. . 

A t  Brown Road i t  would be necessary t o  have maintenance .:ramps on 
the nor th  and south s ide because, most l i k e l y ,  t h i s  crossing w i l l  
be a box culvert .  -. . . ,. . . .. 

At  t h i s  point,  Mr. Shobe brought up t h a t  th; City o f  Mesa was pushing f o r  a 
br idge a t  Adobe Road and asked us i f  we could loca te  the' i n l e t s  north' and 
south t o  consider t h i s  f u tu re  bridge. It was made c l e a r ' t h a t  we'would ' -  ' 

consider the br idge when designing our i n l e t s  bu t  not  dur i t ig  our backwater - 
e .  

. F 
analysis. Therefore, i t  might be necessary t o  design a larger jst r 'ucture.  . . 

6n4G 

The second top ic  f o r  discussion was the c o l l e c t o r  d i t c h  on e i t h e r  side o f  ': 
the  maintenance road on both sides o f  the floodway. Mr.,Shapiiro s ta ted  t h a t  
the  cross slope f o r  the maintenance road would be designed. t o  dra in  away 
from the  main channel t o  e l iminate  r u t s  on t h e  main chanhel banks from 
nuisance drainage. This minor drainage would be co l lec ted  in minor co l lec-  
t o r  ditches, on the east s ide o f  the  floodway discharging ' fn to  the major 
i n l e t  structures, and on the west s ide o f  t he  floodway d ischafg ing through a 
p ipe  f n t o  the floodway. It was establ ished t h a t  on the west s ide o f  t he  
floodway a constant spacing f o r  the  i n l e t  p ipe would be se t  and used f o r  t he  
e n t i r e  project .  Questions were ra ised a t  t h i s  po in t  as. t o  maintenance 
problems i n  the minor c o l l e c t o r  d i tches due t o  sedimentation and i f  there 
could possib ly be more maintenance due t o  the  c o l l e c t o r  d i t c h ?  Mr. Shapiro - 
s ta ted  the  ve loc i t i es  would be kept h igh enough t o  e l im ina te  sedimentation 
i n  the  co l l ec to r  d i tch,  therefore  e l im ina t ing  most maintenance. Mr. Shobe , 
asked what would happen t o  the l oss  o f  mater ia l  from the maintenance roads? 
Mr. Shapiro stated t h a t  cross slope f o r  the  maintenance roads woul 
establ ished steep enough so l oss  o f  mater ia l  would not  be' -evident 4::' 
Paulus stated t ha t  on the past projects,  cross slopes were approximate y a t  
1.75 percent. Mr. Shobe asked if there  could be any way t o  prevent slippage 
o f f  the  maintenance roads, because i f  a maintenance veh ic le  were t o  s l i p  o f f  
the  roadway, the veh ic le  would e i t h e r  s l i d e  i n t o  the  main channel o r  i n t o  
the  c o l l e c t o r  d i t ch?  Mr. Shapiro stated t h a t  s l ippage wouq'd most l i k e l y  
occur away from the  main channel and towards t h e  c o l l e c t o r .  d i t c h  and t he  

. c o l l e c t o r  d i t c h  could be designed w i t h  a fou r  t o  one s ide s lope so t ha t  i n  
the event o f  slippage a veh ic le  could ge t  out. Mr. Shapiro also stated t h a t  
we would look f n to  the use of chemical ly t r e a t i n g  the  matntmance road t o  
make i t  more stable. Mr. Shapiro a l s o  stated t h a t  he would;.work' t o  deter- 

' mine a f r i c t i o n  coe f f i c f  ent f o r  the maintenance roads % tb: d e t e n l n e  the  
maximum cross slope before sl ippage would 'occur. ..,. a . . . 

=. ' 
1 
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Mr. Shapiro asked i f  i t  was poss ib le  t o  grade outs ide o f  t he  floodways west 
r ight-of-way t o  connect .to the ex i s t i ng  RWCD Canal maintenance road. Mr. . . 

Paulus and Mr. Shobe saw no pfoblem w i t h  t h i s  bu t  sa id  they would contact 
the RWCD t o  make sure. Mr. Shapiro asked i f  the  side c o l l e c t o r  d i t c h  could 
be placed outside o f  the west right-of-way. Mr. Shobe sa id  they would l i k e  
t o  see t h i s  d i t c h  kept w i t h i n  the floodway right-of-way. 

, The t h i r d  top ic  f o r  discussion was the erosion problems'along . the  mainte-. 
nance roads a t  the rnajer i n l e t s .  Mr. Shapiro asked i f  they shoulcPconsider 
asphal t  w i t h  concrete ~ u t  o f f  wa l l s  o r  possib ly the use o f  concrete i n  t h i s  

Mr. Shobe and Mr. P a u w t h o u g h t  t ha t  t h i s  would be t o o  expensive and 
o t  be n e c e w  -0bq~gvrth-e s) j i~ /&& r /kb .~-d  h r e  drmpe*fi* &YL! 

The f o u r t h  top ic  was access t o  the maintenance roads from major i n t e r -  
P 

9 sections. Mr. Shapiro asked i f  they could use the  e x i s t i n g  curb cuts from 
k the  RWCD Canal maintenance road. Mr. Shobe ind icated t ha t  he would ra ther  

n o t  use t h e  e x i s t i n g  cu rb  c u t s  b u t  would r a t h e r  p u t  i n  new ones. Mr. 
Shapiro ind icated t h a t  h i s  survey crews d i d  no t  cross sect ion any of the 
e x i s t i n g  roadways a t  the major in tersect ions per t h e i r  scope o f  work and 
contract. Mr. Shapiro asked i f  they could s ta te  on t h e i r  f i n a l  plans t o  
match i n t o  ex i s t i ng  curb and gu t t e r  f o r  these curb cuts. Mr. Shobe and Mr. 
Paulus stated t ha t  t h i s  would be adequate. 

The f i f t h  t op i c  was the freeboard requirements f o r  box c u l v e r t  a t  Apache 
Boulevard and Hig ley  Road and the  box cu l ve r t  a t  Brown Road. Mr. Shapiro 
asked i f  the one foot freeboard requirement was from the lowest bank of the  
channel o r  one f oo t  w i t h i n  the box i t s e l f .  Mr. Paulus s ta ted t h a t  i t  was 
one f o o t  w i t h i n  t h e  box i t s e l f  and would take a waiver i f  we recommended - 
anything e l  se. 9 

The s i x t h  top ic  was the design f o r  connecting proposed ' ! ipecMd/storm dra in  
f a c i l i t i e s  i n t o  the  main channel. Mr. Shapiro asked i f  they needed t o  
design our f a c i l  i t y  a t  t h i s  t ime t o  accept these proposed s t ruc tures o r  do 
they design for the  ex i s t i ng  conditfons? (East Brown Rojid' and Univers i ty  . 
Dr ive)  Mr. Paulus stated t h a t  we do need t o  incorporate these proposed 
s t ruc tu res  i n t o  our design a t  t h i s  time. 

-@ ? i t rUr f r t+ l ' *  
Mr. Shapiro asked i f  there were any freeboard requirements f o r  t h e  c o l l e c t o r  

. di tches? Mr. Paulus stated t h a t  there were no such requfrements but  free- 
board should be considered and should be recmended by Greiner Engineering. 

Mr. Shapiro stated t h a t  r e ten t i on  basins adjacent t o  the east  rfght-of-way 
of the  floodway have on ly  been desfgned f o r  t h e  50 year 24 ' hou r  storm and 
therefore, they need t o  desfgn. and provfde i n l e t s  f o r  t he  100 year  24 hour 
g i  ;charge. . b.,,... . - .  .- 
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The next t op i c  f o r  discussion was the  maintepince road across the powerline 
easement channel. Mr. Shapiro stated that;because the l i m i t a t i o n  o f  space 
w i t h i n  the r ight-of-way and the channel ng a 6.5 foot depth w i t h  approx- 
imate ly  4 foot  o f  water w i th  a f l ow of cfs,  i t  may be v i r t u a l l y  impos- 
s i b l e  t o  provide a d i p  sect ion f o r  t he  road. Mr. Shapiro stated 
t h a t  i t  might be necessary t o  br idge t h i s  channel o r  use a box.culvert; Mr. 
Shobe and Mr. Paulus agreed w i t h  Mr. Shapiro. Mr. Shapiro sa id  tha t  if we 
can grade outside o f  the floodway r ight-of-way f n t o  the powerl ine easement 
they might be able t o  t r a n s i t i o n  the  i n l e t  channel and provide a d i p  section . 
f o r  the  maintenance road. Mr. Paulus said t h a t  he would check i n t o  th i s .  

(~r. Shapiro brought up the po in t  t h a t  they would also have €6 consider the 

A t  t h i s  time, Greiner Engineering presented there  computerfzed-:cross section 
p l o t s  showing the p r e l  iminary floodway design against  the exist' ing ground a t  
100 f o o t  intervals.  - . > . ~ f  

Mr. Shapiro and Mr. Sun went over the status o f  the  RWCD Reathi6 pro jec t  t o  
date. 

Mr. Paulus asked Mr. Shapiro t o  check the t raverse f o r  thei?:'panel points 
because he could not  f o l l ow  the  computer p r i n t o u t  and how i t re la tes  t o  the 
f i e l d  book. Mr. Shapiro said t h a t  he would check i n t o  it. :.- 

The meeti  ng was then adjourned. 

cc: B. .Berkowitz 
D. Paulus 
R .W. Shobe 
M. Chudnoff 
6. Sun 
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C l a r i f i c a t i o n  of  Erosion Ana lys is  
Job No. E-101-012 - 

Date: September 4, 1985 

A m e e t i n g  was h e l d  August 14, 1985, a t  2:00 p.m. a t  t h e  S o i l  
Conservation Service. The f o l l  owing were present :  

Mr .  Don Paulus, S o i l  Conservat ion Serv i ce  
Mr. Aubrey Sanders, Soi  1 Conservat ion Serv ice  
Mr .  B i l l  Payne, S o i l  Conservat ion Serv i ce  
Mr.  Ral ph Ar r ing ton ,  Soi 1 Conservat ion Serv ice  
Mr. C ra ig  Wiedeman, Western Techno1 ogies,  Inc.  
Mr.  Michael Shapiro, Gre iner  Eng ineer ing  

SCS s ta ted  t h a t  i f  a t r a c t i v e  s t r e s s  approach i s  used, Dr. Thur 's  
approach i s  n o t  app l icab le .  With slow v e l o c i t i e s ,  we may n o t  need t o  
use t h e  t r a c t i v e  power approach ( i f  we' re n o t  c l o s e  t o  t h e  l i n e  i n  
TR25 F igure  6-15). It was agreed upon t o  f i r s t  use t h e  t r a c t i v e  power 
approach and compare i t  t o  t h e  t r a c t i v e  s t r e s s  ana lys i s  w i t h  d i s c r e e t  
p a r t i c l e s  and t o  use t h e  most conserva t ive  r e s u l t s .  

M r .  Wiedeman had a quest ion on sediment l oads  f o r  e ros ion  analys is .  
We were informed t h a t  i n  t h e  Chandler W i l l i ams  Watershed study, sus- 
pended sediment was ca l cu la ted  f o r  a 2-year, 10-year, and 100-year 
storm e v e i t  f o r  Reach 6. 

M r .  Wiedeman asked i f  there  i s  any th ing  s p e c i a l  requ i red  f o r  d isper -  
s i v e  s o i l s .  SCS informed us t h a t  t h e r e  i s  no spec ia l  ana lys i s ,  bu t  
v e l o c i t i e s  must be lower. 

Mr .  Wiedeman asked what t h e  c r i t e r i a  i s  f o r  e ros ion  s t a b i l i t y  
analys is .  SCS s t a t e d  t h a t  we must use a 4100, a 50% Q l O O  o r  a 010, 
whichever was more conservat ive,  and t e s t  f o r  an a s - b u i l t  and an aged 
c o n d i t i o n  w i t h i n  t h e  channel. It was s t a t e d  t h a t  t h e  p r e l i m i n a r y  work 
p lan  should be used f o r  the  s o i l s  mechanics r e p o r t  and t h a t  t h e  s o i l s  
mechanics r e p o r t  does n o t  have t o  be t h e  f i n a l  a n a l y s i s  f o r  t h e  f lood- 
way. "Nu values w i l l  change between a s - b u i l  t and aged cond i t i ons .  We 
should s t a r t  w i t h  an "Nu value of .02. The "N" va lues we use should 
be supported by t h e  "N" values shown i n  NEH5. - 
cc: Bob Berkowi tz  

Don Paulus 
Cra ig  Wiedeman 

_I -- _ I._ -- - - ->----- -LA=L -- - 
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TABLE 5 -4-1. VALUES OF ROUGHNESS COEFFICIENT, n 
Type of Conduit and Description Values of n Refer- 

Min. 1 Design I Max. enc es 
Pipe 1 I 

Earth; straight and uniform 
Dredged 

#?Winding and sluggish 
Stony bed, weeds on bank 
Earth bottom, rubble sides 

A 4  .$ .~ . . . *  b/e  5 . 9  O F  hp-d ~ & A ' f l c / ~ ,  (Continued on next page) 
W&~+W n  ole R W C  b R e  r h  chaJqne/ NU 

0.017 
0.025 
0.0225 
0.025, 
0.028 

0.0225 
0.0275 

JC 0.025 
0.035 

0.030 - 0.033 

0.025 
0.033 
0.030 
0.040 
0.035 

1 
1 
1 
1 
1 



1. "~ing s Handbook1', pp . 182 and 268. 
2. "Hydraulics of Corrugated Metal Pipes" by H. M. Morris, St. Anthony Falls Hydraulic 

Laboratory, University of Minnesota. 
3. "Flow of Water in Channels Protected by Vegetative Linings" by W. 0. Ree and V. 3 .  Palmer) 

and USDA Technical Bulletin No. 967, February 1949. 
4. "Low Dams" by national Resources Coxnittee, U. S. Government Printing Office, 

Washington, D. C. , pp. 227-233. 
5. ''!The Flow of Water in Flumes" by Fred C. ScObeyj USDA Technical B q t i n  No. 393, Dec . 1933. 
6. "Hydraulic Studies of Twenty-four Inch Culverts", studies by St. Anthony Falls Hydraulic 

Laboratory, University of MimeSotaj The American Concrete Pipe Association; and the 
Portland Cement Association. 

7. "The Flow of Water in Irrigation Cha.nnelsl' by Fred C . Scobey, USDA Bulletin 194, 1914. 
8. "Flow of Water in Drainage Channels" by C. E . Ramser, USDA Technical Bulletin No. 129, 1929. 
9. "Some Better Kutter 'a Formula Coefficients" by R. E . Horton, Engineering News, February 24, 

M ~ Y  4, 1916. 

TABU 5.4-1- (continued) . YALmS OF ROUGHNESS 
a 

Type of Conduit and Description 

Unlined Channels-Continued 
Rock cuts; smooth and uniform 

Jagged and irregular 
Natural Streams 

(1) Clean, straight banks, full stage, no rifts or 
deep pools 

(2) Same as (1) but more weeds and stones 
) Winding, some pools and shoals, clean 
Same as (j), lower stages, more ineffective slopes 
and sections 

) Same as (j), some weeds and stones -- 
) same as (4), ston- 

( 8 )  
17) Sluggish reaches, rather weedy, very deep pools 

Very weedy reaches 

REFERENCES : 

Refer- 
ences 

1 
1 

1,4 
1,4 
1,4 

1,4 
1,4 
1,4 
1,4 
1,4 

Values of n 
Min. 

0.025 
0.035 

0.025 
0.030 
0.033 

0.040 
0 035 
0.045 
0.050 
0 075 

Design 

0.033 

Max. 

0 035 
0.045 

0.033 
0.040 
0.045 

0 055 
0.050 
0.060 
0.080 
0.150 
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DESIGN OP CHANNELS TOR UXIFORY FLOW ' 181. 

T ~ ~ L E  7-4. CLASSI~ICATION 3P DECREE O F  RETARDANCE ?OR VARIOUS KINDS 

Condition 

Excellent stand, tall (av 30 in.) 
Excellent stand, tall (av 36 in.) 

Very dcnse growth, uncut 
Good stand, tall (av 12 in.) 

Good stand, unmowed 
Good stand, tall (av 2-1 in.) i Good stand, not woody, tall 
(av. 19 in.) 

Good stand, uncut (av 11 in.) 
Good stand, mowed (av 13 in.) r O ~ f l  
Dense growth, uncut 
Good stand, uncut (av 13 in.) ~ A J  e m  3 un Rod/4 

m4 Prrn r ese Bas 
Fair stand, uncut (10 to 48 in.) 
Good stand, mom-ed (av 6 in.) 
Good stand, uncut (av 11 in.) 

Good stand, uncut (6 to 8 in.) 
Very dense cover (av 6 in.) 
Good stand, headed (6 to 12 in.) 

Good stand, cut to 2.5 in. height 
Excellent stand, uncut (av 4.5 
in.) 

Good stand, uncut (3 to 6 in.) 

Good stand, uncut (4 to 5 in.) 
After cutting to 2 in. height, 
w r y  good stand before cutting 

Good stand, cut to 1.5 in. height 
Burned stubble 

Rctardance 

A Very high 

I 

B High - 
i 

C Moderate 

. 

D Low 

ITery low 

U.8. Soil 

OF GRASS* 

Cover 

nkeping love grass.. .......... 
... Yellow bluestem ischaemum. 

..................... Kudzu.. 
.............. Bermuda grass.. 

h'stive grass mixture (little blue- 
stem, blue grams, and other 
long and short Midwest 
grasses). ................... 

Keeping love grass.. .......... 
............ Lespedeza sericea.. 

..................... Alfalfa.. 
Weeping love grass.. .......... 

..................... Kudzu.. 
Blue grama.. ................. 
Crab grass.. .................. 
Bermuda grass.. .............. 
Common lespedeza.. .......... 
Crass-legume mkturesummer  

(orchard grass, redtop, Italian 
rye grass, and common les- 
pedeza). ................... 

Centi?ede grass.. ............. 
Kentucky bluegrass.. .......... 
Bermuda grass.. .............. 

........... Common lespedeza. 

Buffalo grass.. ................ 
Gra~s-legume mixt-fall, s~ring 

(orchard grass, redtop, Italian 
rye grass, and common les- 
pedeza). ................... 

Lespedeza sericea. ............. 

Bermuda grass.. .............. 
Bermuda grass.. .............. 

Conservation Service 1411. 
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1.0 INTRODUCTION: 
1.1 Pumose of Study 
This Flood lnsurance Study investigates the existence and severity of flood hazards in Maricopa 

/ 

County, Arizona, and aids in the administration of the National Flood Insurance A d  of 1968 and the 

Flood Disaster Protection A d  of 1973. This study has developed flood risk data for various areas of the 

community that will be used to establish actuarial flood insurance rates and assist the community in 

their efforts to promote sound flood plain management. 

1.2 Authority and Acknowledaments 

The hydrologic and hydraulic analysis for this study were performed by A-N West, Inc. for the Flood 
Control Dlstrid of Maricopa County, under contract No. FCD 94-26. This study was completed in 

F 
5 November, 1995. 

p. ' 9 1.3 Coordination 
; y.;;; 

The areas to be studied were provided by the Flood Control District of Maricopa County during contract 
negotiations in April, 1995. 

A public notice was published in the Arizona RepublicPhoenix Gazette on June 26 and July 3, 1995 

and the Mesa Tribune on July 21 and 28,1995 to notify all interested parties of the commencement of 
this study. 

On June 29,1995, a letter was delivered to all property owners within the mapping limits of the study to 

notify of commencement of the study and to solicit any objections to property access for surveys. 

The following agencies and companies were contacted to obtain information on the study; Flood Control 

Distn'd of Maricopa County, Arizona Department of Water Resources, Soil Conservation Service (AKA, 

National Resource Conservation Service), and City of Mesa. 

Page 1 
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2.0 AREA STUDIED 
2.1 SCOW of Study 
The limits of detailed study in these areas of the City of Mesa, Madcopa County, Arizona were 

determined by the Flood Control District of Maricopa County in association with the City of Mesa and 
were fowarded to the study contractor during contract negotiations in April, 1995. The detailed study 

areas included the Upper East Mariwpa Floodway (UEMF) along the upstream side of the Roosevelt 

. Water Conservation District (RWCD) Canal from Brown to McKellips Road, a distance of approximately 

1.0 mile. 

The general study area is shown on the Vicinity Map (Figure 1). 

2.2 Communitv Description 
The study area is currently in the City of Mesa corporate limits of Mariwpa County, Arizona. The 

floodplain study area from Brown Road to 700 feet north is currently an excavated channel. From 700 

to 1450 feet north of Brown Road is the City of Mesa's Princess Road retention basin and Park facility. 

From 1450 feet to 2400 feet north of Brown Road are single-family residences and a mobile home park 

east of the RWCD Canal, with a paved street of 30 foot width between the RWCD Canal and the 

houses. From 2400 to 3150 feet north of Brown Road is a mostly vacant parcel of land between the 

RWCD canal and Greenfield Road with one commercial business office building. From 31 50 feet north 

: ,, of Brown Road to McKellips Road is an existing orange grove. Just south of McKellips Road are 
c:, 

~2-</  several residences and a storage yard. 

+' 
The study area lies at an elevation of approximately 1350 feet. 

The climate of the study area is typically desert in character with short, mild winters and long, hot 
summers. Wide diumal temperature variations are also characteristic. Temperatures generally range 
between 35 degrees Fahrenheit PF) and 105O F, with an annual average of 71° F. The prevailing 
winds are from the east and are usually light, although severe windstorms occur occasionally during the 

summary thunderstorm season. The annual precipitation for the study area averages approximately 

7.4 inches. 

There are two separate rainfall seasons. The first occurs during the winter months from November to 
March, when the area is subject to storms from the Pacific Ocean. While this is classified as a rainfall 

season, there can be periods of a month or more, in this or any other season, when practically no 
precipitation falls. No significant snowfall occurs over the study area. The second rainfall season 
occurs dun'ng July and August when Arizona is subject to widespread thunderstorm activity. These 
thunderstorms are extremely variable in intensity and location. The spring and fall months are 
generally dry. although precipitation in substantial amounts has fallen on occasion during every month 
of the year. .p y. 

I 

i - . .  
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2.3 Princioal Flood Problems 

The current UEMF floodplain is appmximately half developed. with approximately, 45 permanent 

inhabited residential structures along the floodplain near the middle and northern study limits. 

Several residential houses have experienced flooding in an area between Princess Drive and McLellan 

Road and east of the RWCD Canal as late as approximately 1984. 

2.4 Flood Protection Measures 
The Granite Reef Aqueduct (Central Arizona Project Canal) which parallels the UEMF 3-112 miles to 

the east intercepts stormwater from the east. The CAP Canal was built by and is owned, by the U.S. 

Bureau of Reclamation. The Central Arizona Water Consewation District (CAWCD) is responsible for 

inspection and maintenance. 

The City of Mesa constructed an Winch storm drain in Greenfield Road and the Princess Road 

retention basin and park in approximately 1985. 

This flood insurance study is intended to be utilized in the planning and regulation of future 
development within the study area to provide for adequate drainage and flood proofing of development. 

(@ 3.0 ENGINEERING METHODS - ;:. ' j - > 

6 3.1 Hvdroloaic Analvsis 
The hydrology for the Upper East Maricopa Floodway (UEMF) was performed for this study and is 

summarized in a hydrology report (Reference 4). The peak discharges were computed for the 100-year 
24-hotir storm event by the HEC-1 computer model (Ref. 5) using the Flood Control District of Maricopa 

County Hydrology Manual (Ref. 6). 

A summary of drainage area - peak discharge relationships for the UEMF at several locations along the 

study reach from Reference 1 is shown in Table 1. 



TABLE 1 
Summary of Discharges 

1 OO-Year 24-Hour Storm 

Floodina Source and Location 
Umer East Marico~a Floodwav (UEMF) 
1000' to 450' Downstream Brown Road 
450' to 130' Downstream Brown Road - At Brown Road 
Exiting City of Mesa 
Princess Drive Retention Basin 

Entering City of Mesa 
Princess Drive Retention Basin 

At Hobart Drive 
At McLellan Road 
At McKellips Road 

Drainage Area 
JSauare Miles) 

WA (Note 1) 
WA (Note 1) 
WA (Note2) 

WA 

WA 
WA 
NIA 
WA 

Peak Discharge 
{Cubic Feet Der Second) 

1200 (Note 2) 
900 (Note 2) 
603 

Note 1: Due to numerous split-flow conditions where surface flow exits the study watershed, the 
drainage area is not applicable. The gross-study watershed, except for Subarea SB86, was 2.65 square 
miles. 

Note 2: The original EMF 100-year 24-hour storm design discharges (Reference 4 and 10) were used 
to start the detailed hydraulic analysis, since this study's hydrology ended at Brown Road, but back 
water from the EMF proceeded upstream to the Princess Basin outlet. 

3.2 Hvdraulic Analysis 
Cross-sections were digitized from topographic mapping (Reference 1) that was compiled . - 

k - :  k ' .., < ,  photogrammetically from aerial photos. The Brown Road culveds were tield sulveyed for inlet and 

outlet inverts and the length and wingwall configuration was obtained from as-built plans and site visits. 

Water-surface elevations for floods for the 1 00-year recurrence inteival were computed using the COE 

HEC-2 step-backwater computer program (Reference 2). Starting water surface elevations were 

determined using the slope-area method, starting 1000 feet downstream of the Brown Road culverts. 

The detailed hydrology for this study did not include the area south of the Brown Road culverts. 

Starting water surface elevation at the first and second cross-sections, No. 21.213 and 21.307 located 

1000 and 450 feet downstream of the Brown Road culvert outlet was based on the original East 
Maricopa Floodway 100-year design discharge of 1200 cfs. The discharge at Section 21.364, 130 feet 

downstream of the Brown Road culvert outlet utilized the EMF design discharge of 900 cfs. This 
study's hydrology discharges were utilized through the Brown Road culverts and upstream. 

Locations of selected cross-sections used in the hydraulic analysis are shown on the Flood Profiles 

(Exhibit 1) and Flood Insurance Rate Maps (Exhibii 3). For stream segments for which a floodway was 
computed (Sections 4.2) selected cross-section locations are also shown on the Flood Insurance Rate 
Map (Exhibi 3). 

- . -  
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Channel and overbank roughness factors (Manning's "n3 used in the hydraulic computations were 

chosen using procedures from References 7 and 8 and based on field observations of the stream and 
floodplain areas. A summary of the Manning's "nu values used in the floodplain modeling of the study 

wash follows in Table 2: 

TABLE 2 

Summarv of Rouahness Coefficients - 

Stream Channel Overbank 
Umer East Marico~a Floodwav (UEMF) 

Brown Road to 700 ft. Upstream 0.050 0.040 - 0.045 

700 ft. to 1450 ft. Upstream of Brown Road 0.020 - 0.028 (Short Grass) 0.028 

1450 ft. to 24602 ft. Upstream of Brown Road 0.015 (Pavement) 0.035 - 0.20 (Note 1) 

24502 A. to 31 50 ft. Upstream of Brown Road 0.01 5 to 0.045 0.035 to 0.045 

3150 ft Upstream of Brown Road to 

McKellips Road 0.045 to 0.060 0.045 to 0.060 

Note 1 - A horizontal varied 'n' value (NH record) was used with 'n' = 0.10 to 'n' = 0.20 where houses or 
houses with fenced yards occurted. 

,:-. - -  A Manning's 'n' of 0.01 3 was used for the concrete box culverts at Brown Road. 

The hydraulic analyses for this study were based on unobstructed flow. Flow profiles were not 
compared to historical events. No information exists on flood elevations and historical discharges for 
the study streams with which to make this comparison. 

All elevations are referenced to the National Geodetic Vertical Datum of 1929 (NGVD). Elevation 
reference marks and descriptions used in this study are shown on the maps (Exhibit 3) and summarized 

in this report (Exhibit 2). A conversion to North American Vertical Datum 1988 (NAVD88) is also 
included in Exhibii 2. 

4.0 FLOODPLAIN MANAGEMENT APPLICATIONS 
4.1 Flood~lain Boundaries 
For the streams studied in detail 100-year flood boundaries were delineated using the topographic maps 
at a scale of 1 :2,400 and with contour interval of 2 feet (Reference 1). 

The 100-year floodplain boundaries are shown on the Flood Insurance Rate Map, (Exhibit 3). On this 

map, the 100-year floodplain boundary corresponds to the boundary of the areas of special flood 

hazard. Small areas within the floodplain boundaries may lie above the flood elevations but cannot be 

: 9 shown due to limitations of the map scale andlor lack of detailed topographic data. 
*. t: +" 

4 - ' .  
Page 5 

.* . 
.x.351-.;au--- 



4.2 Floodwavs 
No floodway was prepared for this study. 

5.0 INSURANCE APPLICATION 
For flood insurance rating purposes, flood insurance zone designations are assigned to a community 

- based on the results of the engineering analyses. These zones are as follows: 

Zone A 

Zone A is the flood insurance rate zone that corresponds to the 100-year 

floodplains that are determined in the Flood Insurance Study by approximate 

methods. Because detailed hydraulic analyses are not performed for such 
areas, no base flood elevations or depths are shown within this zone. 

Zone A 0  
Special Flood Hazard Areas inundated by types of 100-year shallow flooding 

where depth are between 1.0 and 3.0 feet; depths are shown, but no FHFs 
are determined. 

Zone AH 
Zone AH is the flood insurance rate zone that corresponds to the areas of 
100-year shallow flooding with a constant water-surface elevation (usually 

areas of ponding) where average depths are between 1 and 3 feet. The 
BFEs derived from the detailed hydraulic analyses are shown at selected 

intervals within this zone. 

Zone AE 

Zone AE is the flood insurance rate zone that corresponds to the 100-year 

floodplains that are determined in the Flood lnsurance Study by detailed 
methods. In most instances, whole-foot base flood elevations derived from 
the detailed hydraulic analyses are shown at seleded intervals within this 
zone. 

Zone X 
Zone X is the flood insurance rate zone that corresponds to areas outside 

the 100-year floodplain, and areas of 100-year sheet flow flooding where 
average depths are less than 1 foot, areas of 100-year stream flooding, 

where the contributing drainage area is less than 1 square mile, or areas 

protected from the 100-year flood by levees. No base flood elevations or 
depths are shown within this zone. 
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6.0 OTHER STUDIES 
No previous FEMA Flood Insurance Studies were found for the study area or the East Maricopa 

Floodway immediately downstream. The effective FEMA Flood Hazard Zone for the study area and 

EMF downstream was an approximate Zone A (no discharges or BFE's presented). 

- No drainage reports were found through the City of Mesa for the Princess Drive retention basin and 84- 

inch storm drain along Greenfield Road. 

As discussed in the Hydrology Report (Reference 4), the Soil Conservation Service (SCS) with the 

Flood Control Distrid of Maricopa County (FCDMC) as local sponsor, designed and constructed the 

East Maricopa Floodway from approximately 240 feet upstream (north) of the Brown Road Centerline, 

downstream to the south. The Hydrology report (Reference 4) includes design notes and 

correspondence summarizing the SCS design discharges for the EMF. (Reference 7) The SCS 100- 

year 24-hour storm hydrology evaluated four alternate conditions, including an existing condition and 

future conditions involving different assumptions of upstream flow splits and amount of contributing flow 

from the watershed north of Brown Road. The range of 100-year discharges in the EMF immediately 
downstream of Brown Road presented in the SCS design notes for the alternates considered, ranged 

f 
I 2 from 365 to 1601 cfs. 

! L < \  .q 
- 
9 \.- 

The SCS design consultants notes show the EMF 100-year design discharge as; 300 cfs from 240 ft to 

6 89 ft upstream of Brown Road centeriine; 900 cfs from 89 ft upstream to 230 ft downstream of Brown 
Road centeriine and; 1200 cfs from 230 ft to 4550 ft downstream of Brown Road centeriine. 

A comparison of this study's 100-year water surface profile to the original EMF'S design results 

indicated that this study's water surface profile is approximately 3.2 feet higher than the original EMF 
design. The reason for this increase is attributed to a current estimated channel 'n' value of 0.05 versus 

the original design value of 0.025. A special problem report (Reference 10) was prepared to discuss 

this evaluation in more detail. The current EMF channel has a substantial vegetation growth which 

results in the higher On8 value which was not accounted for in the original design. The 100-year 
floodplain is contained within the EMF right-of-way for the limits analyzed for this study. 

7.0 LOCATION OF DATA 

Information concerning the pertinent data used in the preparation of this study can be obtained by 

contacting the Natural and Technological Hazards Division, FEMA, Presidio of San Francisco, Building 
105, San Francisco, California 94129. 
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5. US Department of Army, Corps of Engineers, Hydrologic Engineering Center, Davis, Califomia 

95616, HEC-1. Flood Hvdrmravh Packaae Com~uter Proaram. Version 4.0. September. 1990. 

6. Hvdroloaic Desian Manual for Marico~a Countv. Arizona, Prepared by Special Projects Branch, 

Hydrology Division, Flood Control District of Mariwpa County, Dated: September, 1990 with June, 

1992 Revisions. 

7. Estimatina Mannino's Rouahness Coefficients for Stream Channels and Flood~lain in Marico~a 

Countv. Arizona, Prepared by US Geological Survey, Water Resources Division, Prepared for 

Flood Control District of Maricopa County, April, 1991. 

8. TR-20 Hydrology, RWCD Floodway (Now Called East Maricopa Floodway) Reach 6, Dated: May, 

1985, Original Design Notes in 3 Ring Binder, From Soil Conservation Service (SCS) Office (AKA 

National Resource Conservation Service, 3003 North Central Avenue, Phoenix, Arizona. 

9. Chow, Ven T., Open Channel Hydraulics, New York: McGraw-Hill Book Company 1959. 

10. Final Design Folder (3-Ring Binder) for SCS (Soil Conservation Service) RWCD (now EMF) 
Reach 6, Contract No. 53-9457-00469, Job No. E 101 012, December 1986 by Greiner Engineering 
Services, Inc. 

' .  
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Also under separate cover by Greiner Engineering; Input/Output to Hydraulic Backwater Computer 

Program, "Water Surface Profile Edit Program Version 03.01a, Input File Name: wed-t2.dat, Date: 

6/17/86, for 100-year Design Flows Hydraulics for Main Channel, Trial No. 2 RWCD, Reach 6, 

Preliminary Design. 

11. Special Problems Report No. I, Upper East Maricopa Floodway (UEMF) Floodplain Delineation 

- Study, FCD No. 94-26, By A-N West, lnc., Date: November 22, 1995, for FCDMC and City of 

Mesa. 

Ernest F. Brater and Horace Williams King, Handbook of Hvdraulics. Sixth Edition, New Yo& McGraw- 

Hill Book Company, 1976. 

U.S. Geological Sunrey, To~oara~hic Ma~s. 7.5 Minute Series: Buckhom. Arizona: 1956. Photo 

Revision. 1982. 

U.S. Department of Transportation, Federal Highway Administration Hvdraulic Charts for the Selection 

of Hiahwav Culverts. Hvdroloaic Enaineerina Circular No. 5 (HEC-51, December, 1965. 

Page 9 



EXHIBIT 2 

ELEVATION REFERENCE MARKS (ERM) DESCRIPTIONS 
- 

Note: All Elevations are Based on National 
Geodetic Vertical Datum of 29 

NAVD 88 - 
I.D. Number Elevation (Ft) Descri~tionlLocation Latitude Lonaitude NGVD 29 (Meters) 

ERM-1 1356.04 Brass CAP in Hand Hole 33O 27' 06" 1 1 lo 44' 20" 0.551 
at lntersection of 
Greenfield and McKellips 
Roads. 

ERM-2 1349.44 Brass CAP in Hand Hole, 33O 26' 40" 11 lo 44' 20" 0.547 
lntersection of Greenfield 
and McLellan Roads. 

ERM-3 1340.55 Brass CAP in Hand Hole, - 33O 26' 1 9" 1 1 1 44' 20" 0.544 
Intersection of Greenfield 
and Brown Roads. 

ERM-4 1352.42 Brass CAP in West Top 33O 26' 19" 1 1 lo 44' 1 1 " 0.544 
Concrete Sidewalk Bamer 
Wall, North Side Brown 
Road Over RWCD Canal. 
(Stamped with SCS Datum 
Elev. of 1351.63) 

Note: NAVD88 Conversion Factor Generated from VERTCON vertical Conversion Transformation Computer 
Program) Version 2.0 Obtained from National Geodetic Survey, NJCG617, Coast and Geodetic Sunrey, 
National Ocean Survey, NOAA, Rockville, Maryland 20852. 
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* J  

contractors) or by the responsiile official (government agencies). 

, This Lto oerLify that all work accomplished in the conduct ofthis Flood kmcs study . 

fm th. co-uaitp & City o f  Mesa, Upper Eas t  Maricopa Floodway 

I *  was done in accordance with the Statement of Work and 

I & ~ ~ ~ o l u ~ ~ o a f r a c t ~ ~  FCD No. 94-26 (or, in the cam 01 

Federal agencieo, Intu-Agency Agreement Numbar 1, 

I and all amaadmenh thereto, together with all 8uch modificatiana, either written or oral, as the 

Regional Project Wear (PO) andlor the Contracting Weer or their representatives have 

1 m t e d ,  as such modificntions .Be thb ontract, and that all such work has been accomplished 

I in accordanca with the provisions contained in Guidaines and 5peifications for Stud= 

I Contractors, and in accordance with mund and accepted engineering practice within the contract 

provisions for respective phaaeta of the work. 

I This is also to cvtifp that: 
4 

. . 

a For Contiguous Communities: (Check one or more which apply) 

,, :, . a - ~ r l f f  <. kIS . revidonih.h - .  alm been submitted for affected contiguous communities, or 
L% ., ' -1.; J ;; :, 1. - ' . " - <  *-,.t'* 

> .?.... I 
- The diecrepancies with the effective FISs for the contiguous communities could not be 

resolved; these discrepancies have be& coordinated with the PO and documented and 
approved by the PO (attach documentation). . . 

The && FIS is entirely within the corporate limits of the &udied community and na - 
contiguous communities are impacted. 

The B& (100&r) mood Elevations (BFEb), floodplains, ahd floodrnya computeti aad - 
depi& f o f h  dr& Flood Insurance Study (FIS), are in complete agreement wit+ 
eff&ti+e FISs Tor ow co-unitie~ and a11 diecrepancies have been r e & + e &  
or -- .  . * 

- ? " - *  

I I '  
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T%ia b also to cerfifP that: 

Within the Flood hmrance Study 

i l a & i n s o d d n o ( , b a c h i e v 4 i ( r u ~ W r i t h  
. - 

approved by &e PO. (a- dtmmentntion) 

An In- Agreement ( c o ~ c y )  check haa bean perfonnod to mmre m m m t  
between mapa, pro6lq hydrologic ind hydraulic models, md FIS report for 

BFEa, and floodway width. u ~ e m d e d  in the Flood Innume. S h d ~  
Guidefiner and S~ecificatiom for Study Contractom. 

P r o p u n 0  repuktioah 

NW*: Qxuory A. Schuel ke 

Vice Pres ident  
( p l w  type or print) - 

A-N West, Inc. 7600 N. 1 5 t h  St,  S u i t e  200 Phoenix AZ 85020 
( p l w  Qpe or print) 

Pagesol 2 - 5. 
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The m c  requiremenb for the data to be included in the five major mdion. of the 'ISDN m 
described in the G&S. Check each item that hab been included. : 

General Documentation 

X 
- 

i) Special Fmb1emReporb 
X ii) Contact (Telephone Conversation) Reports 
X iii) Meeting Minutedhporb 
X 

C 

iv).. General Correspondence 

ut form and computer diskette) 

Draft FIS Report Data -. 

X i) Protilea fm all detailed study streams 

ii) Tables 
X Summary of Discharges 

Summary d Stillwater Elevations 

2 Floodway Data 
. Transect M p t i o n  

Ti.ansect Data 
iii) General d d p t i v e  paragraphs 
iv) Photographe of historic floqding - 

X V) Elevation Reference Mark D d p t i o n e  
L 

Mapping Information 

X i) Riverine Mapping 
ii) Coastal Mapping' 
iii) Alluvial Fan Mapping 

e L 

April 1993 

- . - .. .< 
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Fonnr Included: 
C 

Forma 1.2, m d  3 muat be submitted. 

fan- forma mmut be included, u applicable to the studr 

(check fonnr included) 

Hydrologic Analysis Form 

Riverine H y d r a u t i c h d ~  Form 

Riverine Mapping Form 

Form 7 CorrhlAnalyllrFonn 

Form 8 CoastalS-Fonn 

Form 9 CoarhlMappingForm 

Form 10 

Form 11 Dam Form 

Form 12 Alluvial Fan Anal* Form ' 

Miacellaneoua Ibterenca Maturih 

Provide a list of all r e f l a  matuiala submittd nitb W dr* utudy. 

T d e / c a /  D a k  N o & b t ( ,  JOn. 096 sv A.:/V 
wesf F i e .  FOT * , h o d  @vh h/* DJI)(I,cJ- . 4 Mcwr'e~pc 
&*A,, Pea. 0 ,  9 4 - 2 6 . ! , '  

e . . - _  * 
. . 

C 1  - ". . . . 
b 7" 

- ..*- 

A 

e 
April 1993 Page2d2 
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I. 

- L 

Flood Inavancs S M y  ' 
Community Coordination - .  

1 
- A ,  - - , b e -  

- .  ---. .̂. l. 

Mari copa Ar izona 
n a - I 

I 
U O ~ ~ Z ~ W G Y  AJ C U ~ O  uorm~y Stab I 
If study impacta more than one community, attach a listing of dl impacted coznmunitiea 

L 

Study Contractw A-N West. Inc.  7600 N. 15th S t  ,- S u i t e  200 Phoenix AZ 85020 

Subcantractor(ifapplicab1eh A e r i a l  Mappinq Co., Inc.  3141 W. Clarendon Ave. . 
Phoenix, AL 8501/ 

Completion Dab  (month and ysar): Feb. 96 

- -. 
Initial Consultation and Coordination OfBcsin (CCO's) meeting dah: A p r i  1 , 1995 

A list of attendees and agencies represeated a t  the initial CCO 

meeting is attached. Yea No N/A I 
Does the s t ab  have juridiction wer floodplains or their 

adoption by communities participating in the NFIP? ID Yes • No I 
. - -- 

Kyes, has the state approved the anal y w ?  *CX]( Yes NO NIA 
* AZ Dept of Water Resources has IGA . 

of Maricopa Co. t o  approve on ADWR's behal f .  
sea been submitted to the appropriate 

[xk Yea No NIA 

. , -  

April 1993 1 of Q 
~ m N l O I l L I ~ R w W N C l Z O a v o a B  



Z 

a- 
Ifno, please ex phi^^ - - . - , ?  1 .' 

, .t 

100-year f l o o d  on l y .  

Riverine Sources 

Upper Eas t  M a r i m p a  withfloodway wlofldway ~j apprmimn& C ,  

r i th f loodm WJO f l d w a y  approxinub 
wifhfldway =w/ofloodway . rJ approrbab 
withfldway 0 w10"OPoodway approximate 
with floodway wlofloodway apprmimrb 
with floodway w/ofloodway approlimab 

~thflood-Y wloflmdway appraimate 

Alluvial Fan Flooding 

USOS Quad Adape ~howing the limita of rtudy mud be pnwidd. * 
April 1993 Page 2 of S 
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A list of surrounding communities and their locations 
with respect tothesubject community. 

t . 
FIS Report Information 

A brief description of the community. ' 

i 

This d d p t i o n  may include pat- of residential 
and commercial development; the exteat and nature 
offloodphin development; natural features that affect 
flood hazards in the community; and &dent 
d d p t i o n  of climatic, physiographic, and land 
um hctora to support the discadan offlood problema 

w 

If there &I no published FIS Report or the FTS Report contaias inadequate detmiptiono, the 
following must be providd 

Community Description Provided? 

A general description of the communitfa location 
within the county and state. Yes =No 

r Y-  XI NO 

a Yes No 

Principal Flood Problems 

Di- and Annual Excdaace Probability of 
major flooda yes E?~No 
Gage name and number for all gages used for ahdied 
0treamw yes ~XBNO 

. Photos, if available, offlooding, flood control structures, 
ete., with date, nrbject, and location ofphoto noted. Yes BNO 

Flood Protection Measures 

Description of all flood protection structures and floodplain 
management measures used to reduce potential flood 
damage in the watersheds studied. Provide names of 
government entities responsible for operatiam and 
maintenance. E# Yes 

A list of dams on the watersheds otudied ueed for 
purposes other than flood controL Yes 

Other Sections 

CompIete descriptive data aa outlined in the 
Guidelines and Spedficationa for Study Contractors. Yea 

I 
April 1993 ~ a g !  3 of 3 
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R&p&urea: Upper East Mar i  copa ~l oodway2 (UEMF) - ' 

t-- @ 

For each flooding source to be studied by detailed methods, pmvide the following information: 

A. Evaluation of currently available Flood Flow ~nformatian , 

1. If the stream bas not been studied by any local, State, or Federal Agency, 
to  Section C. 

I 2. The etrream was studied in the effective FIS as . 

Approximate study stream (zone A); section c 
0 Detailed dudy stream (stab methocIoiogy and record the 100-yw 

dirbvgea from the dective PIS at appropriate loca t io~  on 
Atbchment El. I 

If yes, attach doatmentation ofresolution of differences with affected agencies and 
select appropriate analyeia I ,  

4. Waa the effective FIS analysis selected? 
O y e s  ONO ONIA I 

3. Hu a flood 5or hqumcp rnalpia been performed by more than one Federal 
(including FEU),  state, or local agency? 

f7 Yen 0 No 

If no flood 50w frequency analyais has been performed, proceed to Section C. If 
-11 OM 5ood flow hqumcp rnalpsia has been performed, proceed to Section AS. 
If more than one flood flow fbquency analysis has been performed. are the 
diachargea ditrerent? 

Yes O N 0  

If yea, proceed to Section AS, unless a statistical analysis was used them proceed to 
Section B2. I 
~f no, or NIA, in selected: 

statktk anal pi^ - Pmceed to w o n  ~2 
Regional -on equationa 
1~aintal~iunoffmodel 
other(epecify)-. 

* - 
5. q t h e  dl;hargea doln the a h  analysis are to be &ed directly in the hydraulic 

analp& without any modirlcatima, record the dlebargea on Ahchmmt E and 
- C 

proceed to Section B2. Ifthe above analysh t to be modired, p r d  to W o n  B. 

April 1993 . , Page 1 d l 4  
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. >..- . *. . , -,x A... .--as.- **." ". . -3. w uu".----r- --- -.. ---- --- - . ," -. HYDROLOGIC ANALYSIS FORM 

B. Preliminary Analysis - A pdidmxy aaalysia ia to be p e r f o r m e d ' t d ~ ~  whether a 
ret~tudy ahould k conducted based on revised diacharge~ .'+.3 ;YZ , . : .~  ' ' 

* - .  . '-. %, * , 3 $ ' 3 ' ~  1 ;- : 'L +' ,. $~k:::b2:& 
1. Detmnhe the r ev id  1Wy& dkhargea for the existing mnditioo* 

5 , 1 ,  at the mme locatioar u above. Project Officer approval ahould g.bbtrfnd to 
u e a b  a new model if the model for the above d y s i a  is not av&ld& aoompuhr 

disk , '.\ . . * ". - 
I .  ,., ,,- ,,.< $5 '-.? ;,. ,.f- + A .  **  -'.m;... .-."c . 

, c  ' : k t ,  + , > ,-- a->*<+Li",t> : 
e 

a 'Ibe revinad 100-year disc barge^ are king dehrmined bp: - :, , + *. " _  " ^.1 

I , '  .*+&&,&,* - .1- . - 
7 . .  q Regional Repemion Eqktiona r 1 m 0 8 1 M &  

o t h a r ~ ~ k  

b. Explain 6 f b ~  4- the .pal* to de-e the reviwd 
-m 

,* 

. c Record the rsvimd 100-year dhdmgeo on Attachment E. -- . ,  

. Evaluation of ~ d v e  ~nfoku~tioi  
, 

- 2. a Ifa atatistical analysis-of gaga ncbrd. w~porformed, the confidence limih 
must be evaluated (compleb Attachment F'). , e 

b. Is the effective 100-year discharge within'the 50% confidence interval of the 
revimd 100-year discharge? 

Yea No 

. .  - 
2) Ifye4 ia there reamnto update 

the hydraulic analydQ Yea No 

Ifyw, the flooding sourcs should be rmtudi . , 
uringrevissd discharga ' ' ' 

* .  & 5 

c ~l effective 100-yeai water=& e1&ioo* ul *vaiLbla, do the  re^ 
100-year flood diechargea caum 'i change in the effective water-& 
elevations d more than 0.5 foot? (Urn ~ t t a h h e n t  El. (Ibvised 100-yew 
water-aulce elenrations for the r o h  di&argea m y  be inbrpolakd 
from the &dvi r tudy  printouts, profilq or amputatioxm). 

. . , .Y-' - <. 'r * 

L- 

.- . - m y &  ' 0 . ~ 0  O N I A  
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1. Is watershed being developed andlor is it 
projected to undergo development? 

2. Are there reservoirs or flood control fmkveo 
in the Watemhed? 

3. Ref!!  to Guidelines and Specificatiom br Study contrlctok for mledjon of 
appropriate hydrologic methoda Indicate method selected. 

Current diachargeu~~ will be used in the hydraulic analpie 
Stat is t id  analysis of gage record8 (me A#achment B) 
Ragianal regressional aquatiom (wet Attachment C) 

Explain the reanom for mlecting the method to determine the diecharpea 
Nn d e t a i  1 ed current d i  scharqes were p v a i  1 able: 

Record the computed discharges at mlected locations on Attachment A. 

Approved by FEMA Region 

Approved by other Federal. State, or 1-1 government agency(ie J ilnq- 
(Please provide evidence of approval.) 

- 
April 1993 Page 3 of 14 

~110Nm)U(JmCOmCZ1EDJNDPP 





Attachment B: Statistical Analysi~ of-Gage Recorde 
4 -, I " I .  . . .  

- *  ; * ' ". 
~ 1 o o d i r ; g ~ o ~  N /A 

Gaging Station Name and 
* 1 .  -8: 

If no, attach i la nation 

2a Syntematicr~~~rd Y m  
F'rom: - To: - 
F'ronx To: - 

b. Are there any historical recoda available? Ye8 No 

If yea, indicate historical period. Yeam 

List the historical even& - cfr - 9- ,- cte - Ye= - cfr - 3'- ,-, cte - ye= 
I computon rem~b &om -matic hitstorica~~y adjuted a h y -  a 

decisions made in selection danalysir must be dmitted 

3. Does record repmemt a mixed population? 0 Ye8 • No 

ysis for each population 
and analpis of combined hquency curvea. 

- Explain why a combination was neceaaary and how 
the combination was made. 

4. Is the data homogeneow? Yes No 

I If no, attach an explanation of how the data was 
analyzed, based upon Bulletin 17B recommendations . 

5. Were there any adjuetmenta made to the data? yes NO I 
If yes, attach an explanation of how the data w a ~  1 .  
adjutad, baaed upon ~ulletin 17B recommendations. 

,., , 1 , - " ,  , 

6. Are there any discharges 

'If yes, doea the analysis incl Yes No , 

If no, attach expl&ation. 

. . 7. Are there any dhharges below the low outlier threshold? Yes No . _ "  - 
If yes, ia the thredold value input &to the model? ~ d .  0 No 

- , *  - 
April 1993 *. Page 5 of 14 
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. " . .- . -- 
-HYDROMX~ICANALYSIS FORM - .  

Atkchment B: Strtistial Andy& of Gage Records (Cont'd) 
L , . I  

Ifyw, ju&ify inputting a low outlier value. . -  . ,  . , > .- . . .  
8. Number of zero evenb . "." 1, . . - I  . ,  2 -  w "  - - *  

I. - 
* " s . -  

Explain how the zero evenb are consided in the analysis : . . 
I , I . >  .I_ I - -  - . i ,  . . ,  . >  - 4  _ " / C I - 1 I  . - -  

. . 
. ^  ' . . , 

9. < Are theenal ~ ~ o n ~ p r o b b i l i ~ ?  OIW~*, 
,- , I - .  No 

[FEMA does not accept expeetd probability adyeen  fos 
the purpose of reflecting flood M infarmation in a F3SJ. ' 

10. Were the results compnred with other anal-? -- - Yttll 
-... 0 No - - 

If yes, indicab which attachmenb am included. 

Attachment C: R e g i d  Regmedm Equation 

I3 Attachment D: RPintarnUn&Modml C *  

AUchnwnt E: Cornpariron ol-tr 

If no, explain why the d b  were not campred. 

. 11. Aovide the following information: 

................................. a. . M e a n  & 
b. Shndard deviation -, .................... 
c ~ e r ~ a k e w  ...................... 
d. Station &ow .......................... 

......................... e. Adopted skew 

12. Results 

10- year diecharb ........................... d' 
60-year diBCharge ........................... cfe 

loo-year discharge .................... : ...... 
& A  

600- year discharge ........................... 

a-, 

a .  

d e  - 

13. Were any other methob wed to detmdne the , , 
2 ' 

diachargea a t  ungaged locations, (a& aa regional 
h u - q  -sa -or awtionr ,  eta). _ ' O Y a .  O N 0  

. .' . 
If yea, @method, equation* ind provide akeLdtchowing the loclti- 

? ,  

~tta'ca analpis including plot of flood hequancy curve. 
. . .  

. . 
0 
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HYDROLOG~C ANALYSIS FORM . . 

H yis, provide the following information, .nd compute weighted dischargw u 
recommended in the publication, where applicable. I 

s " 

" ~tta&&ekt C: Regi&~e'gr'&sih Equation ~ ; ~ a l ~ s i s  
* + 

.I '" 'i h ,  - " - " 2  
-. , a ,  * J<-,+ . .%* . "  .a" - -  

. mwdi;g~~-: . : , A - - r . r  :*, .. -,. . - 

a. Stationn- 
b. Drainage ama at the gaging station: mi? 
c. Location: relative to the limit of study: 

e ?  

3. Ie the watkhed under study within one hydrologic region? yes ONO 

, $  
i * 

-I Ifno, attach an explanation of how the dhbarges are computed. I 

.. - , . , - -  \ . . -  .- ? . ' . * r . 
",."' . , +  , L ( * *  . 1. x-' .  Staite the'*li&tion used: ;a;" .,,% -.' . + * . T \ - A  z *..* 
> .  '.. <,-, ,--v. . . *  -* : ' , - .  
. , , A ,  * ,,,,A~,,.~,,,*.s~-M~.--y" ,*... L " * * , "  4 & " . . ~ * - ~ , - . - " - k - - * , % * + e - x e z - ~ " . - f  . . . , % , , *  * *  - ' *  .-.- . - + i ,.=' - . , , I ' - a n r  .% - -  : ' ... 

5. ,,- 
" ... .., s 

- ,. % . . . ' <  - "  - L* r - *.  . +..-- - - 
,I -, --, 

(Atbch a co& of title page, table of contents, and pertinent'&es including epUBtionr) 
I * . i r r  

- n "  . - 

2 DAB the &earn under study have a gaging & t i o n l  
* 

, - .I yes 0 NO - 
If no, use regional regredon equations directly. 

( 4. State the limitati~l~b of equations I 

I 6. Equation Parameters and Radb (me aepnrah aheet ifn-1 

a Completa for rural conditions flees than 109b urbanized) using the stated 
publication. I 

*Deacribe nferenm point. in Summary of Dischargw Table (Attachment A). 
**!be 600yea.r discharp. &odd be extrapolated h r n  the flow frequency curve. 

I Attach computation* figures, and mapa - 
April 1993 Page 7 of 14 

ctltTmClrnONmlwsm11COmCTP)mm 



-i-i: - ::z,i.;rdl cs?; .... t ~ ~ , > ~ ; , ~ " ~ b ~ . ~ ; ~ ' ; i ~ ~ ~ . ~ ~ . . a ; ; : - " : , . . . - . ~ - . ,  v....-,.::--. .... -s.i.r::T:i:.. .... . . .&- .... ..... -.r ..., ... ; ;!.A ..... .LA,, ....--. -- +....... .-.-.----" .. ..--1 -. ..-..-..-.- .. .-... - --. . . .... ..-,..- ...... . ... .. 

HYDROLOGIC ANALYSIS FORM 
, . 

Attachment C: R e g i d  &pension Equation Apalfia (Cont'd) 
* * .  I * . "  I ' 

b. Completa far urban conditioly (more than 10% urbonrted 
. 1  

' 1 by adjustihg the rural 
..dWmrgei honr $he prihow table if the &tiom h m  USGS Watar Supply 
Pap. 2l07 &tad 1983 Flood Charackistics of Urbm Wabnbcd. in the UniM @ - 
Stater are umd,or obtain parametem .nd dischargm from o w  Ur)un atudim 1 - 

..* , - * _,,, l " . , . - . I  - ---- d ,*.. * 8 - . 

April 1993 

Attach &y mapplementaq olculatione, map, and Q ~ ~ B I .  

.- . - *Describe Feference poinb in Summary of L)ischarga Table (Attachment A) . - 
**Th. 500-year diecharge should be extrapolated from the flow h u e n c y  curve if nee-. 

I 

a 
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HYDROLOGIC ANALYSIS FORM 

.. - 
For each flooding murce. provide S e  following i n f & h  Ifthe renpo- L .nOn b a y  o 
following que&ioas, attach an explanation for each, 

I A. beparation of H ydrology Model and Data aabmithd. 

1.  he following information is submittad. 

a Cg7(1 A disk copy d t h e  ~ n m o f t m o d e ! .  

I b. [a A topographic map with basin boundariea 

r Schematicdiagramofthe hydro1ogicmodeL 

d. Information to apportthen1Won ofparameters 
relating to initial lam and l m m t s a  

et. Information to support the doct ion of parametem 
related to imperviou areadurbanbation. 

L rX1( fntormation to support the selection of. 
panunetem for unit hydrographRinematic wave method. 

g. [XJ( Information to support the selection dpnrameters for 
routing methoda - 

2. Was a U.S. Geological Survey (USGS) 7.5-minute 
quadrangle map used to delineate the basin boundariea? Yea No 

3. Wan the watershed subdivided into subbaains in a h  a 
way that each tributary to the main &ream ia considered 
in the modeling? IxY Yea No I 

4. were channel routing reaches considered between the 
tributaries ofthe main stream, where applicable? IxY Yea No 

6. Wan reservoir routing performed at the locations of 
etructuree where there ia impoundment? Yea No 

6. Are condaht  identification symbols for eubbasinn, nodes, 
reach lengths, etl.  shown on the mchematic diagram, 
waterehed map and the printout? Yea No 

d 
L 

. . -  
a < .  . -.. - -  . a -  

April 1993 
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Attachment D. IlrrinlslYR 
.* * . :,. "c 

- . , I  . . I A '  . . " . + 

un@Model (Cont'd) 

. . ,- 

3 

I 3. Rainfall duratiop 141- Check one box. .. 

Docrethe8ecbdduratianproducemlrlm~~ , 

diechargea? Ye41 0: NO 

If no, please explah I 
4. Computat i~~e ia tuva l ,  At ir 5 minute,. If At L greater than 

0.29 of the malleat lag time d in the watershed model, attach explanation I 
5. Timing of mndmumrai&tU inaement 

(sg.. 3rd hour, 12th hour) 1 2 t h  hour 

6. ~ o & t  r a b U  valiea a a j d  for areal distribution? Yea ' No 

2. Are the Iomrateadebrminedhm hydrograph 
mnatitutiodcrlibmtion mu? Yes No 

- - -. 
3. ~othelorrateavarywith difkent &rm&equencim? Yes * @ No 

* Only one storm 'event used. 
5 

.<,. 

I :  . . .  

, .. I...' 

. . .  :,. , 
. .  ... . . .  ' 

.<. . . . . . 

.- C. Insa Rate Method 

1 The following lorn rah meth& are wed. 

April 1993 
, . 
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HYDROLOGIC ANA~YS~FORM 

I 

3. Ie base flow considered in the modeling? my..  NO ONIA) 

I 4. hi mowmelt d d e r e d  in the modeling? 0 Y- tEk NO 0 NIA 

E. Routing Method I 
The following routing method ia used. 

a ~ ~ g u m - C u n p e  Zfir ~ t p e s  
OMU~OW. ~ p l ~ o d i f i d -  '1 J F . ~  c h a n n e l s  

Att-Kin Oth=Capecify) 

2. Were Parametens K and X in Mukingum method 
obtained fiom calibration rums? Ye8 0 No n N I A  

3. Waa the number ofatepa in the M M e d  Pule channel 
muting method obtained &om calibration nu? Ye8 No NIA 

F. . General Consideration 

1. If the model was calibrated to known flood eventa, is a 
summary of the calibration ptocedurea, calibrated 
parameters, and the re& attached? 

Attachmat B, Statistical Analysis of Gage Records 
Attachment C, Reprim Anal* 
Attachment E, Comparison of ReaJt. 

I I 
April 1993 Page 11 of 14 
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. ,' % li 

Attachment D. Rainf'unaCIModel (Coat'd) . ,.L,.~ q . 9 ,  z ,Fa: ? * . , a ,  , 

... . SEE ' HYDROLOGY R E P O R T  . . . . . . . . .  v .4 ,.. d 
.l.. 

- . * . 1 

t C  

8 L 

7 ; .  + - - $  " h .  , *  . , r s n  *. 
1 . r . A . ' : ,  * , . s _ _ .  

, " ^ "  i'. 
I . I I  - ,,:. 7 e i  r - B % r ~ , f  ' . 

G. - ~ t u t i o n  ol*ii&'foi &eh ;;bb.idh* c*mpbt. tb..fo~~- for6'with m u u  
information and uu it for evaluating the r ~ 1 o n ~ o f m ~  :oaem, lag time. .nh 

a 
IP  &h=O- . ' 

* - ,  .< ,'%. " t <' >* t* , L . 1 .  *a,- * ,  
*.. ,. .- - . - - _ * _  ,,+"' , - " -  . . . . .  

* .* , - . ~-b~Ofs&sn'nnr - > .- 

1oO.Yeat Initial Loss, inch 
1oO.Year Total h a ,  inch 

- 
. - .  

................ 
60-year diechargee (de) ................ 
100-year di*rger (&I ............... 
600-yeu discharger (ct) ............... 

. . 
Nob: Attach additional sheeb ifnemswy. 

- - , . . " 

Attach ~ V r u n d l m o d e l .  ~j&ologic ~ o d e l  schematic, and ruppo- n ~ p .  

April 1993 Page 12 of 14 



Preliminary* 0 Final Diichugea 0 Water-Surface Elevations I 
b- 

. a  5 1 stream:  NO^ ~ p p ~  i cab1 e . , 
Y 

I N o h  *Ody ldydar dimchrga and 'cmwponding wabr-~urfaco el~vstiona ahodd be conaidered for pmliminazy mml fib. 
I I 
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A r L I A U L U U A C r  -I-1 D* L',UKM . . .  . . 
. *  ? 

Attachment F: C ~ r r f i d w  L i d @  Evaluation . , 

I' 9 

I 

i >< v 
$ 8  . . . - A  +. - n r  - n . r n 3 r  " i  

' - 
a ‘~100dhgSource:. N o t A p p l i c a b l e  * % I % 7 

I / ,  

1 : 4 \ 

Gaging Station Name and Numbs t , , i r  s -2  % , .,. - . , -~ \ 
L . . L  , 1 '  

I ' *  .Ti +,a . , iril~"'" 'x .Ira ' 
& .  

'9( 1 ., 7 
E 4 

' :  . i f(,&J&dibCI;a,+ 3 '2, b .* *' ,. 
4 

' 4 <: 
EBlactive , , ,% - %wised j L  I"> P 

T 

1 )  , ; * &  
, . .  + 

dr . - - , .  3 
5 

3. w * .  
cantidma i n d  dtb. nvtd 

90% Confidence I n t e r 4  6% limit cfr 
85% limit Cb 

60% Cantidonce krtervak 26% limit cfb 
75% Mt Cb 

An example of confidence limitr anal* an be found in Appendix 8 dB&% 17B. 

c ' 

- - 

- - .  

; 

. ~. 
A. .. 



Far each flooding i l b ~ t ~ s  delineated aa approximate or ahadlow flooding, this fom b not m~ 
Attach hydrologic and hydraulic cumpufationr d to determine depth of aballow doe* 
approrimata floodplain, indicating data used and ita source. 

For each flooding source studied by d e a d  methods provide the following information: 

Model Used: HEC-2 WSPRO 0 WSP2 0 Other 

L 

Dowmbamlimit River Mile No. 21.213 
.. 

Upstreamlimit River  Mile No. 22.468 

UO( . Studied by apprarimab methods 
D o w - ] i m i t o f d y  . Several mi l e s  downstream of R.M. 21.213 

Upstreamlimitofstudy 1 3/4 mi les  upstream of  R.M. 22.468 O , 

0 Studied by detailed methods 

Upstream limit of study I 
Roodway delineatad - 

Downdreuun limit of floodway 
Upstream limit of floodway 

2 

~ ~ d r a h i c ~ n a f ~ &  

1. . Why is the hydraulic analysin~ different from that used to develop the FIRM? 
(check a11 that apply and explain below). . 

, - 
.... 

NotstudiedipF'iS m 1m&d hydrologic data/analysis 
Improved hydraulic analysis . flood control^ 

_ a 6th- 

I , -, 
2.  or streams d e d  by detailed methods ii &e d~c';cliie • ' - FIS, hae the effective model been &&I? YOSO NO Ell NIA 

I Ifno, hasiRegionalProjst05~er appmd bean obtained? 0 Yea No - 1. April 1993 Pnge 1 of8 
~mNtoarrpmcOMUcm,- 
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RIV&DE HYDRAULIC ANALYSIS FORM 

Modd Parawbra 

2. a, 1ndicab how the darting water muhw devkionr were determined, 

In S l o p h  Critical Depth 
Knom water d c e r l m a o n  (explain) C] Othu(Exp1ain) I 

5 

b. h there a m~ctun lacated immdiahy diomutmam of theb..atmting point in th. 
model? O Y m  a No 

- _ - _'- - _  - - -. - 
- .  

3. r ~ m ' c h n n r l  overbank roughnem coeffisienta (Manning's un") determined by 
field impection? fntl Yes 0 No 

b. If no, explain how coeflticienb we& determin'ed. 

c Give range of Manning's "n" aefticienb used, excluding strwturw t 

d. If chamel hf-Ws "n" d l c i e n t a  are leer thaa 0.026 at l-tt 
~ p l ~ e x p ~  . .  > . 1 * 

Fnr Pavpment  & Sidewalks -N = 0,!015 was used* 

e. Give of contraction and expansion lom ffident. &ong 
wc tud ing the~c i enbat the~chua  (o.l 'Ycontr:~.to 0.3  EX^. 

- - 

"r 
4. hm%a tb. d o n  geometry data were debrmined (e.g., field m y ,  

*pograpbic "P, or 
fJ9m p a a m  atudyjh . vast cross-sections- l g l  l ze  from e topo. mapping 

rox. f i v e  cross-sections f i e l d  surve.yed. 

L . . I . <  * ', . . 
April 1993 ; Pat% 2 of8 
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RIVERINE HYDRAULIC ANALYSIS FORM 

Model ~arametere (~ont'd) . 
(&om &el used to revies 100-year water &ha elevations) 

,, . . - *  " I . . .  - , -  " 

6. Deecribe how the dimendona of hydraulic strudms wem determined: , 

6. &lain how reach lengths for channel and overt; .< .*-- - - * -  - 
Reach'lenaths *re measured from torjo. mappinb w i t h  bank s t a t i ons  
noted on mamina. 

-- 

D O ~  the main &*1 leng&re$i&mt the meindering of the 
streaa and river bends, and the ov~tbank lengths follow 
the pattern ofthe 100-year flood? a y e 6  1 No 

Explain: I 
7. Are there a r m  of ineffective flow dong the studied flooding mum, 

including a t  road crossings? E y e s  0 No 

If yes, explain how the were model& r' In e f f .  areas  b ocked out a t  Roads by ET o r  X3 record option. GR 
c 

t l eva t ions  moditled to remove IneTTectlve ar'eas a t  r e ~ e n m  L a b h  
o r  behind berms where continuous t low not posslDle. 

(from model used to revie4 100-year water nvEaca elevations) 

1. Are watm surface e l e d o n a  h i g h  than end poinb of 
cross d o p l  or have cmm &tion end points been artificially 
raisedtocontainflooding? 0 Yes No 

' . If yes, were cross-sections shortened or raised ,to d u d e  ineffective 
flow areus? . = Y e s  0 No I 
Xfno, the cr-mctioar may n d '  to be widened. 
If they were not widened, pleaae e x p k  

2. Doee the stream e Yes TXP( No 
- ,  

was ~ ~ ~ r s r i t i c a l  flow a&l;sis pedormed? 
" . 0 Yes No 

. . 
Ifyk,  pl- io t .  dt t,krcritical flow id& should 
only be performed for thorn streams that have been channelid 
and designed specifically for supercritical flow. Otherwise, 
critical depth A d d  be used to generate flood profilea 

April 1993 
-.. . 

Page 3 of 8 
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. . . . . . .  w. HYDlUULlC ANALYSIS FORM . ?.' . .\ C I . .  

. . 3 R6sulta ;,; 
(&om model umd 6 rev& 1 0 0 . y ~ ~  water mrhe ele ont'd) 

4 .  
i \ 

I 
4. Wan a divided flow anal* performed at  8 d s r  of 

consecutive crom-mctio~ becatma h-frictiah I - 
slop of each divided flow path cannot be consided the 
uune? - Ye8 rn No 0 N/A 

. . . .  
i 

& D o e a t h e w n v e y a n ~ 6 E h . n p a ~ a p ~ a t a o s r  
d a n r  other than at mhchm locatioru where the 
diffbrence in velocity head between aosr #ctiom ismore 

.than 0.6 foot? Yea No" 

L . . . . . . .  . . . . . . . . . . . . .  . . :* . . . . I * .  .s . - . .  , . - .  . . .'.. r. .-7.f:r.;y y .tii;. . :. . ...d.?+x.i.--..r :.:,-.: ,. ::..-: -.?a.:,.~f$ :,T :!:d.y;>::;$: - ; :, ,- ::;.,.: , .,: ., ~ v i 
, -  . , . ............................... 

, : ,.. 3 . : . . .  D O  *,., <. ..- .: ..... -. ... - .. . . . .  , : .......... . .  . . ! . - . , ,  . .; . 
. . . .  ................... .......... .:.... . . . . . . . . . . . . . .  . . . .  , , ,  , , , ,  . . *  - .,.?:..:b...+. .-... & - . -  '..-..is... ,- . r . . 

I , i , . .  ,;.,* ,,* ,*%*A .. ,, , ..r.,"< . i,. i .. .;-;r,,,i*..{.:i!,., .?:..>I. - , : . i  ,..G :,.: s-::.<. .. +:.,'. .,?:.:ti. . .  . . . .  , . ,.  . 
. . 

. .  ............. ................ . / . I , _  , . .  . .*plitflom? ..,.... .. - . '  *O y, No 
. -. , , .> , ,. 

i t . .  
_ , ..... ..... . . . .  . . , ,i -; *% *:,. -:., -., ,:? ;.,: : -", 

,> ,  . Log& ~ p i ~ - ~ t ; l ; d ~ ~ ~ - ' i  .. 
" ,! . , , . . . ,. 

b. . , 08 :m NO" . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . , . . . . .  , - .. , ; . . : it::' : ,  . . . . . . . - * . .  . . . .  . _i_ . . . . . . . . . . . .  , . , , . . , , . , , . - . . ,  
, . .  . . . . . , . , . . , " . : s .  . . . . . . . . . . . . . .  - . . " , .  

, .  : . . + \  . 

Ifyea to any ofthe above, attach a W c  : , ' ... 
d h a a m  the rituation how it bpmmnbd on tho +. . . . . 

profi;l=v -p8, md bblea, Rekeace thi8 fann, prp, :- . , 

, . . m d ~ a n h u m b & .  ' . - I ,  . i .  - .... , . 

Ifcrm 8ection0 am not added, explain why: 
The KRATIO messaae does appear a t  several cross-sect ions. * 
0.5 ft. 

b. Do &e n u  10, SO-, loo-, and 600-year w a t e r - d c e  
elevatioar tie-in to the unreviaed 10, 60, loo-, and 
600-year w a t e r - d c e  elevations, if available, at both 
upstream and downtstreamreviaed atudylimita? Yea No NIA 

If no, provide explanation (attach additional ah-b 
and nferenm form, page, knd section number.) 

See A-N West Specia l  Problems Report No. 1 FCD No. 94-26, Datec 
/22/95, which exp la ins  descrepency 1 n utlVlr sr;uuy resu I t s  ar 

end where compared t o  upstream .end o t  o r i g i n a l  t r i p  

des i gd: 

April 1993 
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HYDRAULIC ANALYSIS FORM 

4. Floodway determination 

a. What 1. tadmaxim- -h&ge allowed by state law? - foot 

b. What 1. the maximum surcharge for the modeled - 

conditions? - foot 
C 

The surcharge at all cross-sections must not be 
greater than the maximum surcharge allowed - 
by State Law. 

c Are there any negative surcharge values at any 
cros~aectiona? Yes 0 No 

If yea, the floodway width may need to be 
. widened. If it is not widened, please 

explain and indicate the maximum negative 
surcharge. 

. , 

d. If results indicate ipercritical flow, was the 
floodway baaed on the rim in energy grade line? Yes No 

e. Is the floodway at confluences computed indepen- 
dently from backwater from the receiving stream? Yes No 

f. Has the backwater elevation been shown on the 
profile and in the Regulatory column of the 
Floodway Data Table? Yes U N o  

Z j  

g. Is the discharge v a l u e - d  to determine the flodway 
the eame everywhere as that wed to determine the 
natural 100-year flood elevations? 

. 
. . Yes NO 

h. Ie the floodway topwidth less than or equal to the 
natural 100-year topwidth a t  all cross sections? Yes- O N o  

. . . -. 
i. Are encroachment statiohs outkde or equal to the - 

channel stations at all cross sections? Yes No 

I J 
. "  * .  

April 1993 A Page 5 of 8 
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Bridge% Culverts, and Minor Structaarea 

- - -  . 

, ,RIVERINE HYDRAULIC A~ALYSIS FORM 

- Floodway (Cont'd) 

1. Are there any structures crossing the stream that am not . 
modeled? 0 Yes No 

. - 
. :, - . --, ,, J 1 ,< , > . ;, r w 9 ;  , .: ; h-:- * . . ? -  w .  2 ,- .* . * . 1 "  

* .. j. noeta the floodway d e c t * e h  rdobthu&d flo*th - i - : -2- ; 
" (i.e;, B&di-orri la;ip(; h&& ' - " . - . . ' L  ,- % 

excluded from the floodway?) , _ 
I . >  2 ~ " .  v. 3 . : - "  - . 

.n Yes fl No 
* - *  

, - 7 ,  >."%.T4 . . . .r . .. ,, . >. - .  . 
If no u -- to aay of the above, pleaee +lab ' a ' +  a' 

' 

< t - . , -  -. . , . 

. .I 

If yes, explaia: 

a' 

2. complete ~t&chmenta A and B as appropriates 
for each 8tructuro modeled. Complete " 

. . If the type of flow at  etructurea modeled was determined 
by the energy gradient elevation, does the upstream 
water-surface elevation at  each structure correemnd i - 
with the type offlow? Yes No 

4. For HEC-2 models indicating low flow conditions, am the 
topwidthe a t  the upstream and downstream ao&eectione 
of the structure the eame as the width between 
abutments? , .  Yes t] No NIA 

6. For weir flow is the weir length about the same as the 
upstream tapwidth? Yes No NIA I 
If no, explain: 

" * 

6.   or we& flow conditions, are the downstream, road 
profile, and upstream floodway widths the same? 0 Yes t] No NIA 

, . 
* .  

Ifno, explain: . . 

. . . 
7. . For HEC-2 modela, have etructures beem encroached 

using the HEC-2 bridge encroachment option where 
weir flow is exhibited? - . 
* - 8  

- , +  
Yes NO NIA 

I I - 
~pkll993 , . ' Page 6 of 8 
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Attachment A: Bridge Information 

Coaimunity Name: 

Location (in t;erms of stream distance or cross-eection identifier). 

. - 
April 1993 
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Community Nam .p: '." ' 3  .> 

Urdk up$r Eas t  Maricopa Floodway (UEMF) , , ,._ . ? -." 

* .  , # 0 ;ir7 L. *A:, , 
. . 5, , . "  . . 

Roadway/RailroadNune: Brown Road - .  , .. . , ,,.-:1 ,&a -. %,, .  i ..~f;~:;;+,~1: : *i 171 

.,- \ . I I  " I .  . 
, * a .  * -. I I .  I .  , . ,  

a' 
. ,* 

HydraulicModdUoed: HEC-1, Spec ia l  B r i dge  Rout ine  
4 .  

* , r e \  -,-* : - $,,; . . - , ' , *<: . 

L o ~ a t i o n ( i n ~ o b o t r m ~ o r ~ ~ i d ~ t i f i ~ ~  .- . RM 21.389&- 21.415 

l o b  Culvert Sheet 1 . .. 

April 1993 Page 8 of 8 
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L 

, -! 

f . .  
Community Name: 

Flooding So- 

Mapping Rquhmemtr 

1. An original mylar topographic work map d 8uitabb d o ,  contour interval, and planimetric 
' d&tionmuatbe arbmittad showing: 

I INCLUDED? 
a 100-year floodplain boundary mono A) ymqm NM I 
b. 100- and 600-year floodplain boundaries (Detailed) * m y -  UNO 
* 100 Year Floodplain only. 
c 100.year floodway boundary Y- Ed NO ONIA 

. L € J c a t i o n a a d ~ t o f ~ & a r u ~ i a t h e  
hydraulic model with hydraulic base line indiEetd if 
d i f f i m n t f r o m t b e ~ ~ t e r l i n e  El Y- NO q NIA 

Stream alignmento, road and dam -ts DI YU q NO 0 NIA I 
Current community boundaries ~ Y U   NO NIA 

Effective 100- and 500-year tloodplain a& 100-year 
floodway boundaries &om the FIRM/EBF"M reduced or 
enlarged to the acale d t h e  topographic work map Yes 0 No 0 NIA 

Tie-ins between the eftsctive and revised 100. and - 
~ ~ ~ - y e a r t ~ o o d p ~ a i n s  and l ~ y e a r  n ~ o a m ~ b o ~ d a r i w  yes q NO 0 N/A 

Location and elevation of 88 
deacrr'bed in the GQS for study contractora Yes No NIA 

k. Baas Flood Elevations plotted kom the profiles. ~ . .  Yes No NlA 

1. Vertiddatum a N G V D ~ ~ Z ~ *  NAVD 1988 Othv 

an., IfNAVD88 has not beem used, has authorization ' d v m  by the Project OfEicer? 
* Conversion Factor to NAVD88 Provided. 

- ONO ONIA 
n. Levma ifpremnt. (inelude LevdFIoodwnll S+m 

mpslb F O ~ ) .  . .. . OY-  NO ONIA - 
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~ r t r  channel noadmy wid- ~ n d  I- nood 
* elevation in agreement amoG the p d e ,  

work map, and floodway data table? yes No. 
C ' 

5 

6. List dl contiguous communities affected by the flooding sources studied. 

CmtQwu Communitykrionnstioa (An  con^ communities a f f '  by 
the floodiag mwcm &died must be lirted Attach additional page ifneasmy.) 

~ o m ~ l e t e  At&chment B: Contiguous Study Check for each *hared fl- .nuo. or 
contiquow atudy. 

< 

7. Manual or digital map oubmidon: 

Describe Electronic Media Submitted: 
. I .  . 

, '  . * ;. 
. , Digital m a p ' s u b ~ o n a  must be coordinated with FEhfA ~ud&&ra u 6 in 

: adveca of &mission u possiile. 
- ,  - 

. 1. 

~ p d i s s 3 '  . 
- .:..- ~ a g e ~ b i ~  - . I  ., ~ f ~ ) ~ r ~ l w s ~ ~ ~ ~ c r r ~ & ~ s  
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Attachment B: Contiguous Study Check 

c;& . c Meja Mar/c OPL A2. 
Communitp Name Corn@ Stab 

FOT -3r h r s d  a o o d i n l ~  a t a ~ n t i g ~ ~ ~  .tutiy m ~ t e  thc r01lo- eompui.orr 
- -- - 

A 

Contiguou Study Name 
S h v d d ~ l m ~ i n r s o -  

Contiguour StUdyN8m.: 

shrxedpadinlsourek 
I 

ITEMS TO BE CHECKED 

kPzm 
2 l O o . & m Y t . r F b o d p ~  

Bouodui- 
L 

3. FbodrryWidthr& . 

4. ~ ~ t e M p 1 . i n  
Baun&brriar 

-& 6O&Y.uRood PnaiiIsr 

2 C h l  Invert 

lTEMS TO BE CHECKED 

4%%. 
2 100.&#KFY~rnooaptin 

3. Piwdw8yWidOo& 

r 

4. Appmxb8teFkadpl8ia 
Rm.ulrri.r 

~ L # ) o - Y . u - - m  

2 ~ 1 x a v a r t  

T k -  

M.wI 

M8WI 

hf8teh 

M.tch 

k0.6fi 

brat& 

, W ~ ~ T ~ L - B ? ,  
Yes I No 

I 

I 

I 

t- 

f i t &  

Match 

la.M 

Ma* 

L o . 5 k  

Match 

4?5kE%a- 

COIadmTs 
...Id----, 
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I I I ZONE AE B a n  flood ttrurllonr drtcrmtetd. I 

D E F 
#A E3 C I 

b LEGEND 
SPECIAL FI.001~ H A Z A R D  AREAS INUNDATED 
8 Y  100-YEAR FLOOG 

i ZONE A No b a r  flood rlwmthmr dttrrmined. 
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MARlCDFA COUNTY 
CE8SURE W O R L  

S O U L L V A R D  

CITY OF MESA 

TOWN OF GILGERT 

TOWN OF G!LBERT 

NOTE: MAP AREA SHOWN ON THIS PANEL IS LOCATED WITr:,N TOWNSHIP 1 NORTH, f l A N G E  6 EAST AND TOIPINSillP 1 SOUTH, UANCE 6 E A T  

SPECtAt  FLOOD H A Z A R D  AREAS I N U N D A T E D  
B Y  100-YEAR FLOOD 
ZONE A Nc h a u  n o d  r l r v t t l on~  dtttrmlncd. I 
ZONE A H  Flood drplh, of 1 te I rrrt  (uualty atear of 

p o d l n ~ ) ;  base flood nIrvatlon~ drtrtmlned. I 
ZONE A0 flood depths e l  t to 3 feel (uurl ly chcct 

n o r  on Joplnl tsnsln); svnr#r d?plh, 
d~terrnhed. I rr  array of 1Iluvlri fan flood- 
Inr, *rlacf~ler also drtrrmlned. I 

ZONE ~ 9 9  To b. ~ ~ o l r c t r d  from 100-yew naod by 
Ftderal *nod pot f f l lon qstrm under 
condrudkn: no bau rlr*stisnr drtsrmlnsd. 

ZONE V Co"t.i bed ww)th *riocky hrr lrd 
actton): no hau flood rlevrllnnr 
mkrcd. 

ZONE VE Cnanal flood vlrh *rlsrlty hrrrrd 
acllon): bsw flood rlrvation~ deter 

OTHER FLOOO AREAS 

ZONE X Arras o f  5f)O.ycat l lood; arc i t  o f  
100-vear f lood wi th average depths 
o l  fcr$ th rn 1 foot or ~ t t h  drainage 
artas Icls than 1 wuare. tnrlc; and 
r f t a $  protecfcd by lcvecr from 100. 
y c r r  f lood. 

ZONE X Arear determined to be outside 500- 
yrac clood p la~n .  

ZONE D Areas i n  which f lood hazatds are 
undetcrrnined. 

F lood  Boundary 

---- Floodway Boundary 

- -  Zone 0 Boundark I 
Beundary Dividing Special f l ood  
Hazard Zones, and Boundary 
O i d d i n ~  Arras of Di f fer tor  
C o a ~ a l  Xare Flood Eievations 
Within Spccir l  Flood Hazard 
Zones. 

Rare Flood Elcva*ion Cine; Ele- -513 - vr ,urt i n  Feet* I 
IEL 9871 

Bale Flood Elevation In Feet 
Where Uni form Wbthin Zone' I 

RM7X Elevstlon Reference M a r t  

'Refrrenccd i o  the National Geodetic Vertical Oarurn o f  1919 

NOTES 
T h ~ r  n a g  IS for use tn adrn~nlsfer~-i( the National FIoorf Ittsctranc~ P*npram, 
I( 4-1s not nrces%*r+ly ~dentr iy all areas s t ~ h l t c I  lo llood" x p*rlC~la. 'y 
trcm tocaidratnage sources d small stze. or ail ~ lanlmet t ic  f e a l ~ ~ e ~ w f s t d e  
Soec,al F lood  Hazard Areas 

Areas of soecral lid harard ( 1  00 year linod) tnclude Zoorr A. A1.30 AE, 
AH. AO. A99. V. V l  30 AN0 VE 

Certa,n areas not i n  S w t a l  rlbCKf Hazard Areas may be urotected by flood 
con(ro1 structures 

Rourdarres of the floodways were c o m w l r d  a! cro$% sec tms and rnterpo 
iated between cross Ject~ons. The I'uudcayr were bated ~n hydraulrc. 
consdrrst~ons wtth regard l o  r&~rrernents ot \he federal Emergency 
Management Agtncy 

Floodway widths ,n some areas may be too narrow l o  zhaw l o  scale. 
Ftoodway urdtttr are prwrded rn the F l o o d  knxurance Study Repar( 

Cws!al base IM elevations a&y only fandwarf of the ~hweftm?. 

Corowa!e l tm~ts  s h o w  are current ar d tbe dat? gf l h t ~  mev. The user 
should ccntbc! agproprtate conrnuntty of l tc~als le detcrminc I! cofwrate 
l~mrt% haw changed substquenI to thr  tswance cf the ma0 

For rommunity map r e ~ t s m  history mior to cnunFywide msDpiR, w e  
Section 6 0 o( the F b o d  Insurance Study R t ~ a r t  I 
For adptnrng map panels see separatary prrnted Map lodex 

MAP REPOSITORY 
Refet  to Repository Lirtin~ on Index M r p  

EFFECTIVE DATE OF 
COUNTYWIOE FCOOS INSURANCE RATE MAP 

APRIL 15, 1988 

EFFECTIVE DATE (S) OF REVISION (S) TO THIS PANEL: 
Map r e v l s d  September 4. 1991 to u&alt c o r ~ o r r t e  I~mrtl,  to c h h ~ ~  
bass ttMWI eIovali6ns. t o  ad4 base llood elevStwn& to arkl $mitt *bod 
harard areas, to change p a n a i  flwd hazard arras. 10 chaw+ Mns 
cies~gnstrong. toupdate ma0 format. tobddroMIs and road names rndro  
~ncapor@te pr#twoosty. rssued letter d mrv f f f l l tOo 

Maprev tsed  aECEMeER 3,1993 to change  base flood etevatcons, 
t o  add  base f l o o d  e l e v a t m s ,  to a d d  spectat f l d  hazard  areas, 
t o  c h a n g e  ~ p e c l a l  f l o o d  h a z a r d  a r e a t ,  to c h r n p e  z o n e  
dertgnattons. to u p d a t e  m a p  f o r m a t ,  to a d d  r o a d s  a n d  r o a d  
narnrr, t o  r e f l e c t  u p d a t e d  l o p o g r a p h ~ c  ~ n f o t r n a t ~ o n ,  a n d  to 
tncorporate prcvrously issued loners  o f  n a p  revtr ion. 

I agent or call the Nat loni r  ?food Insurance Program at  ( 8 0 0 )  
63d-6620. 

APPROXIMATE SCALC IN FEET 

1000 
C---r - -, 

3 t b a ,  
t I 


