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Executive Summary 
This report presents the results of the data collection phase of the Carefree Drainage Master 
Plan, prepared for the Flood Control District of Maricopa County. This phase includes data 
collection, existing conditions analysis, and preparation of hydrologic models for both 
existing and future conditions. 

Information was gathered from existing drainage studies and reports for the study area, 
existing and proposed improvement plans, existing topographic mapping and aerial 
photography, field surveys, historical flooding documentation, stream gauging, and 
interviews with residents, Town personnel, and regulatory personnel. Information on 
problematic drainage areas within the Town was additionally compiled during this phase of 
the project. 

Hydrology models were created for the 10-year and 100-year frequencies for the 6- and 24- 
hour duration for both the existing and future condition land usages within the project 
watershed. The watershed includes a large area previously modeled as part of the 
Floodplain Delineation Study ofAndora Hills and Gallozuay Washes (FCD 99-14). This study 
contains two models, one for Andora Hills Wash and one for Galloway Wash. These 
previously developed models were updated as part of this study to include additional 
frequencies and durations, future conditions, and subbasins refinement. The hydrology 
modeling addibonally provides an estimation of peak discharges at road crossing locations 
within the Town. 
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Project Description 
The Carefree Drainage Master Plan (DMP) project was initiated to identify drainage 
problems and develop cost-effective solutions for a storm water collection and disposal 
system. The project encompasses the entire Carefree Town h i t s ,  covering approximately 
20 square miles in area. A location map is included as Figure 1. 

The purpose of the Carefree DMP is to: 

Identify and quantify the extent of existing and future potential flooding problems 
within the Town of Carefree and develop alternative solutions to reduce flooding and 
provide emergency access to residents. 
Conduct a Public Involvement Program with the intention of gathering and 
disseminating pertinent information regarding flooding, sedimentation and vehicle 
access, and to keep the citizens of Carefree informed on the progress of the study while 
obtaining acceptance of the study and its findings and recommendations. 
Perform a qualitative evaluation of the erosion and sedimentation patterns and 
characteristics within the Town of Carefree and upstream contributing areas, where 
deemed appropriate, to provide a tool for estimating the long-term benefits or effects of 
proposed improvements. 
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Data Collection Results 
CH2M HILL has collected and reviewed data pertinent to the scope of the project and 
project area. The categories of data sought include: Existing drainage studies and reports 
for the study area, existing and proposed improvement plans, existing topographic 
mapping and aerial photography, field surveys, historical flooding documentation, stream 
gauging, and interviews with residents, Town personnel, and regulatory personnel. Table 1 
in Appendix A contains a summary of the information gathered during the data collection 
phase of the project. 

Research was performed at the Town of Carefree, City of Scottsdale, Flood Control District 
of Maricopa County, Maricopa County Department of Transportation, United States 
Geological Survey, Soil Conservation Service, and other public and private enterprises with 
information on the project area. 

Existing and Proposed Improvement Plans 
Improvement Plans were obtained from the Town of Carefree. During the research phase of 
the project, it was determined that the Town is the only entity that currently maintains any 
improvement plans for the project area, even if the improvements were developed under 
another jurisdiction and later annexed into the Town. At the time of annexation, all records 
for the developments were reportedly turned over to the town, and no longer exist at the 
original governing agency. The exception to this is utility plans and flood control structure 
plans, which may be found at the utility companies and Flood Control District, respectively. 

The locations of many of the drainage related structures that exist within the Town were 
obtained from the gathered improvement plans. Information taken from the plans included 
structure type, size, invert elevations, overtopping elevations, and design flows. Plans were 
not available for many of the improvements within the Town. In areas not covered by 
improvement plans, a field survey was performed to acquire the necessary information. 
Reference the Field Survey section, below, for further information. 

Improvements are proposed in limited areas, due to the largely developed nature of the 
Town. Proposed improvement plans were obtained for Canyon Crossings, Ironwood 
Estates, Carefree Villages, and the Town Center Drainage Improvements (currently under 
construction). Additional proposed improvements include a shopping center, church, office 
parks, and a Senior Care facility, although plans were not available for these developments. 
The locations of these developments are shown on the Existing Facilities Map, Figure 2 in 
Appendix 6. 

Existing and Proposed Drainage Studies and Reports 
Research was performed at the Town of Carefree, City of Scottsdale, Flood Control District 
of Maricopa County, Maricopa County Department of Transportation, United States 
Geological Survey, Soil Conservation Service, and other public and private enterprises with 
information on the project area. Drainage studies and reports completed in conjunction 
with land developments were found covering a limited portion of the project area. The 
Floodplain Dellneation Study of Andora H11ls and Galloway Washes (FCD 99-14) contains existing 
hydrologic analyses for the northern half of the Town and offsite drainage basins, and 
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detailed floodplain delineation for the Galloway Wash through the Town. These existing 
analyses were updated as part of this study, as described below in the Hydrologic 
Methodology section. Table 1 in Appendix A contains a summary of the existing studies 
and reports obtained during the data collection phase of the project. 

Due to the largely developed nature of the Town, few future improvements are proposed at 
this time. Drainage reports were obtained for the proposed Canyon Crossings, Carefree 
Villages, and Ironwood Estates. It should be noted that the development at Carefree 
Villages, as it is currently proposed, was denied by Town Council, and therefore will not be 
developed at this time. 

Field Surveys 
A field survey was performed within the Town limits. The survey consisted of obtaining or 
verifying the locations of all drainage-related structures, including culverts, bridges, 
channels, and dip sections. Additiondlly, areas of excessive erosion and sedimentation, 
evidence of flooding events, and structural damage were noted. Table 10 in Appendix A 
contains a drainage structure summary and Appendix G contains a photo log from the field 
surveys. 

Existing Mapping and Aerial Photography 
Detailed topographic mapping is not available for a majority of the land withn the Town 
boundaries. Areas of detailed topographic mapping within the Town limits is limited to the 
area covered by previous floodplain studies, or areas planned for floodplain mapping as a 
future phase of this project. However, the entire Town and offsite drainage areas are 
covered by USGS topographic mapping, with a contour interval of 20 feet. The offsite 
drainage areas within the limits of the City of Scottsdale are covered by topographic 
mapping with a contour interval of 2 feet. 

Aerial photography coverage, taken in January of 2000, exists for the entire drainage area. 
The City of Scottsdale has additional coverage for the offsite areas within the City 
boundaries. Additionally, historic aerial photography coverage of the Town exlsts for 1999, 
1994,1990, and 1963. The historical photography exists in hard copy format, and is on file at 
the Town. 

GIs data for the project area was supplied digitally by the FCDMC. This data includes soils 
data, land use data, existing hydrologic delineations, and existing section lines for the 
project area. An existing parcel location map and zoning map in electronic format were 
obtained from the Town. 

Historical Flooding Documentation 
Newspaper articles and photographs were previously examined at the Cave Creek Museum 
by JE Fuller and Associates during the Floodplain Dellneation Study of Andora Hills and 
Galloway Washes (FCD 99-14). Copies of these articles and photographs were obtained. 
However, during the time of the preparation of this report, the Cave Creek Museum was 
closed for remodeling, and therefore no further research at the Museum was performed. 
Flood photos were additionally provtded by private citizens, and are included in the Photo 
Log for the project, attached as Appendix G. 
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Stream Gauging 
According to the Data Collection Summary prepared by JE Fuller Hydrology and 
Geomorphology Inc. ("JE Fuller") for the Floodplain Delineation Study of Andora Hills and 
Galloway Washes, no stream gauging records were identified for the project area. Two 
precipitation gauges are known to exist in Galloway Wash basin, and monthly precipitation 
statistics were gathered for these two gauges during the Andora Hills and Galloway Washes 
study. 

Interviews 
Interviews were performed with Town personnel, regulatory personnel, residents, and 
others knowledgeable about the project area. Table 2 in Appendix A, contains a summary 
of the information gathered during the interview process. 

Environmental Surveys and Cultural Resources Assessment 
The State of Arizona Game and Fish Department and the U.S. Fish and Wildlife Service 
were contacted for listings of potentially occurring threatened and endangered species 
within the project area. The response received from the State of Arizona indicates that the 
project does not occur in the vicinity of any proposed or designated Critical Habitats. 
Appendix E contains copies of the request and response letters. 

A cultural resources assessment, an environmental regulatory records review, and 
additional ecological assessments will be performed during the Alternative Analysis phase 
of the project on approved alternative locations. 

Multi-Use Opportunities 
The natural washes that exist in the Town provide opportunities for trails, and other multi- 
use opportunities such as recreation areas and open space. Interviews were performed with 
representatives from the Town of Carefree, Town of Cave Creek, City of Scottsdale, and 
Sonoran Foothills Land Trust. Summaries of these interviews are found in Table 2 in 
Appendix A. Additionally, a Trails Component Report was produced for the project, and is 
included in Appendix I. 

In general, the Town of Carefree prefers to see informal trail alignments. The residents of 
Carefree have historically allowed access to the trails and washes, but most land owners are 
not amenable to granting easements and right-of-ways. The Town of Cave Creek and the 
City of Scottsdale have identified important connectivity points between the jurisdictions, 
which occur at the washes. All jurisdictions indicate that providing horse and trail access to 
the washes is important in conjunction with any flood control structures or easements. 
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Existing Conditions 
The Carefree area is developed with exclusive residential subdivisions, golf courses, an 
airport, and neighborhood commercial facilities. Development in the area tends to preserve 
the natural topography, which is generally undulating with numerous washes and ridges. 
The naturally occurring sediments tend to be highly mobile, and are composed of silts, 
sands and small gravel. 

Drainage crossings of roadways typically occur at grade (i.e., flows are perpetuated over the 
pavement section). These at-grade crossings can prevent access to residents during storm 
events, prolubit emergency access, and pose a hazard to the public. 

Development has occurred immediately adjacent to drainage pathways. Several residences 
and commercial developments have suffered erosion damage, flooding, and sediment 
deposition. Large amounts of sediment are often deposited upstream of roadway crossings, 
with erosion located immediately downstream This deposition of sediments, or 
aggradation, is evident throughout the Town. A more detailed report for this sedimentation 
problem is currently being prepared, and will be submitted separately from this Data 
Collection Report. 

Existing Drainage Facilities 
Drainage facilities that exist within the town consist of numerous culverts, overland wash 
crossings, ditches, and bridges An Existing Facilities map is attached as Figure 2 in 
Appendix B. This exhibit contains a graphical representation of the drainage improvements 
that exist in the Town. Additionally, Tables 10 and 11 in Append~x A summarizes the key 
physical properties of these drainage improvements. 

Identified Existing Problem Areas 
Numerous areas were discovered within the Town that are associated with drainage 
problems, whether associated with identified flooding problems, sedimentation, or 
perceived as a potential future threat by the general public. Table 12 in Appendix A 
contains a summary of these areas. Information on these areas was obtained from Town 
personnel, the Cave Creek/CarefreP ADMS Scope letter by Coe and Van Loo L.L.C., existing 
reports, interviews with Town residents, comments obtained at the public meeting held on 
November 13,2001, and field surveys. 
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Hydrologic Methodology 
Hydrologic analyses were performed for the 10-year and 100-year frequencies for the 6-hour 
and 24-hour duration for both the existing and future,land use conditions. For modeling 
purposes, the watershed that encompasses the Town boundaries was subdivided into four 
models. The first two models were previously created as part of the Floodplain Dellneation 
Study of Andora Hills and Galloway Washes (FCD 99-14), and are referred to as Andora Hills 
Wash and Galloway Wash. The third model was created as part of the North Scottsdale 
Floodplain Delineation Study, a project currently being performed for the Flood Control 
District of Maricopa County (Contract No. FCD 2001C009) by DEI Professional Services, 
LLC, on an unnamed wash. For the purposes of this study, this wash is referred to as the 
North Scottsdale wash. The remaining model was also created on an unnamed wash, 
located to the south and east of the Andora Hills and Galloway Washes. For the purposes of 
the hydrology model, this wash was given the naming convention of Unnamed Central 
Wash. 

The Andora Hills and Galloway Washes existing models were updated for this study by JE 
Fuller, the preparer of the aforementioned floodplain delineation study on the washes. The 
procedures, methodology, and results for these models are contamed in Appendix C. 

The Unnamed Central Wash was modeled in a complimentary manner to the JE Fuller 
models in order to provide a comprehensive modeling scheme for the Town. The 6-hour 
duration models were developed for existing and future land uses with the 6-hour storm 
patterns contained in the Drainage Design Manual for Mar~copa County, Ar~zona (Drainage 
Design Manual). The 24hour duration models were created using the Soil Conservation 
Service (SCS) Type I1 distribution. Rainfall losses were estimated using the Green and Ampt 
method, and hydrograph generation was by the Clark unit hydrograph method. Routing of 
hydrographs through the models was accomplished by normal depth storage routing. 

A summary of the North Scottsdale Floodplain Delineation Study methodology is not 
included in this report, as the study is on-going and had not been fmalized by the date that 
this report was published. However, the flow summary found in Appendix F does contain 
a summary of the 10-year and 100-year 6-hour future events, and a copy of the schematic 
showing locations of each identifier. Please note that the flow rates as documented in 
~ ~ ~ e n d i x  F from the North Scottsdale project are preliminary, and should be considered 
approximate. Final flow rates will be published by the Flood Control District once the study 
is completed 

HEC-1 Input Parameters 
Peak discharge values were determined using the US Army Corps of Engineers (USACE) 
HEC-1 computer program, version 4.1, dated June of 1998, m accordance with the 
methodology set forth in the Drainage Design Manual. Figure 6 in Appendix B contains a 
schematic representation of the models for the Unnamed Central and Eastern Washes. 
Appendix F contains HEC-1 output files and a disk of the input files. 

Basin Boundaries 
Basin delineations for the Unnamed Central Wash are shown graphically on Figure 5 in 
Appendix B. The basin boundaries from JE Fuller's Andora Hills and Galloway Washes and 
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the North Scottsdale Delineation Study are additionally shown for reference purposes. 
Basin delineations for the unnamed washes were determined from topographic mapping. 
As explained above in the Data Collection Results section, the detail of the mapping varied 
from 20-foot contour intervals to 2-foot intervals for the watershed. 

Soils 
Digital format soil information for the project area was supplied by the Flood Control 
District, as derived from SCS and the U.S. Forest Service (USFS). The soil map unit data are 
based on Soil Survey ofAguila-Carefree, Parts ofMaricopa and Pinal Counties, Arizona and on 
USF, Tonto National Forest, General Ecosystem Survey. The basin boundaries were overlad on 
the soil information in CAD to determine areas of each soil type contained withii a basin, as 
shown on Figure 3 in Appendix B. 

Rainfall Losses 
Rainfall loss parameters were estimated using the Green and Ampt method. Table 4 in 
Appendix A contains a summary of the specific loss parameters for each basin. 

Land Usages 
The unnamed washes generally flow through residential developments, roads, and 
undeveloped lands. Digital format existing land use information for the watershed was 
supplied by the Flood Control District. Land use was determined by overlaying the basin 
boundaries on the existlng land uses. 

Unit Hydrographs 
The MCUHPl program was used to compute Tc and R values for all of models and flow 
conditions. A summary of these values is contained in Table 8 of Appendix A. 

Flow Splits and Diversions 
The Unnamed Central Wash contains four identified flow splits. These occur at the 
southernmost porhon of the basin, near Carefree Highway. In three out of the four flow 
splits (HEC-1 identifiers D5859, D87, and D84), the flows remain within the watershed, with 
portions of the flow transferred to different subbasins. In the remaining flow split at D64, a 
portion of the flow is transferred offsite to the south, out of the studied watershed. 

Flow splits were determined by the hydraulic properties of the channels immediately 
downstream of the split. A rating curve was developed for each flow split. The division of 
flow at D84, whch occurs at Terravita Way immediately south of Carefree Highway 
(outside the Town limits), occurs at a culvert system with an overland flow component. 
Appendix D contains the computations associated with the rating curve developments. 

Future Conditions 
Future conditions hydrologic models were created for the unnamed washes for the 10-year 
and 100-year frequencies for the 6- and 24-hour durations. Rainfall parameters, soil 
parameters, and drainage basin boundaries remained unchanged from the existing 
conditions models. 
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Future conditions land usages were determined from the master plans and future 
developments within the watershed. In some cases within the Town boundaries, the future 
master plan zoning is less dense than the existing developments. In these cases, the more 
dense, existing usages were used in the future conditions models as a conservative estimate. 
Vacant areas were assigned the appropriate future land use in accordance with the master 
plans. Table 7 in Appendix A contains the Kb resistance coefficient values for the future 
conditions, and Table 3 in Appendix A contains future impervious percentages and urban 
land usages. 

Roadway Crossings and Culverts 
Peak flow estimations were made for each of the identified culverts and roadway crossings 
within the watershed. Flow estimahons were made by determining the drainage area 
contributing to the culvert or crossing, and compared to the total area of the respective 
subbasin or subbasins contributing to the nearest downstream concentration point. The 
ratio of the area to total area at the downstream concentration point was determined, and 
the flow to the culvert reduced by that ratio. Table 11 in Appendix A contains a summary of 
the calculations and peak flow estimations for the culverts within the watershed. 
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Hydrology Results 
Appendix F contains a summary table and copies of the hydrology models for the Unnamed 
Central Wash for the 10-year and 100-year frequencies for the 6- and 24hour durations. 

Roadway Crossings and Culverts 
Figure 2 in Appendix B shows the locations of the culverts and road crossings within the 
entire town, including the road crossings in the Andora Hills and Galloway Washes 
watershed. Peak discharges for each flow event are sununarized in Table 11 in Appendix A. 

Comparison of Existing and Future Condition Peak Discharges 
Table 11 in Appendix A shows the existing and future peak discharges at the crossings for 
the four flow events. In general, most of the flows at these locations are similar or slightly 
greater than the existing condition. 

Comparison of Results with Regional Regression Equations 
The hydrology results were compared with two regional regression equations. These 
equations were developed as a means to estimate the flood magnitudes on ungauged 
streams, and use the variables of drainage area, mean basin elevation, and mean annual 
precipitation. The two methods are the "USGS Method", as found in the Arizona 
Department of Transportation Highway Drainage Design Manual Hydrology, dated March of 
1993, and the "ADWR Method", found in the Arizona Department of Water Resources "A 
Study to Evaluate Existing Methods for Determining Peak Discharges for Ungauged 
Watersheds in Arizona - Phase I1 and I11 Report", dated 1995. Table 13 in Appendix A 
contains a summary of the equations and results. 
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08/1 
TAB Data Collect Summary.xls Checked: 

612002 9:11 AM 

Name of Reference 

Floodplain Delineation Study of 
Andora Hills and Galloway 
Washes 

Flood Insurance Study, 
Unincorporated Areas of 
Maricopa County, AZ 

Final Hydrologic and Hydraulic 
Report for Cave 
CreeMCarefree Flood 
Delineation Study 
Cave Creek Above Carefree 
Highway Floodplain Delineation 
Study 
Flood Insurance Study, 
Maricopa County, Arizona and 
Unincorporated Areas, Vol. 1-8 

Final Drainage Report for 
Crossings at Carefree IV 

Letter from Erich Korsten on 
The Summit at Carefree 

Final Drainage Report for 
Ridgeview Estates 

Preliminary Drainage Report for 
Ridgeview Estates 

Lost Acres Estates Preliminary 
Hydrology Report, Preliminary 
Plat Submission 

Description 

Floodplain delineation of 
washes, offsite hydrology. 
hydraulics, soil mapping 

Floodplain delineation of Cave 
Creek Wash, Andora Hills 
Wash, Galloway Wash, 
Grapevine Wash 

Floodplain delineation 

Floodplain delineation 

FEMA FIS 

development drainage report 

lener - No drainage report 
exists 

development drainage report 

development drainage report 

development drainage report 

Date 
Prepared 

June, 2001 

January, 1979 

March, 1990 

July, 1997 

December 23, 
1997 

March 19, 1998 

October 24, 
1997 

September 29, 
1994 

October 20, 
1993 

June, 1993 

Version 

Draft Final 

Final 

Final 

Draft 

Final 

- 

Final 

Preliminary 

Preliminary 

Prepared By 

JE Fulled 
Hydrology and 
Geomorphology, 
Inc. 
Harris-Toups 
Associates 

CH2M HILL 

George V. Sabol 
Consulting 
Engineers, Inc. 
FEMA 

NeiVMcGill 
Consultants, Inc. 

Erich Korsten 

NeilIMcGill 
Consultants, Inc. 

Norman 
Engineering Group, 
Inc. 

Louis C. Warner 
and Company's 
Surveyors, Inc. 

Prepared 
For 

FCDMC 

U.S. Dept. Of 
Housing and 
Urban 
Development, 
FIS 
FCDMC 

FCDMC 

FEMA 

developer 

Town of 
Carefree 

developer 

developer 

developer 

Area Covered 

Galloway Wash, 
Andora Hills Wash 
(northern portion of 
Town of Carefree) 
Andora Hills Wash, 
Galloway Wash, 
Grapevine Wash 

Grapevine Wash, 
Row Wash, Galloway 
Wash 

Cave Creek above 
Carefree Hwy 

All 

24.9 acres, imm. 
South of Grapevine 
Wash, SW 114 of NW 
114 Sect. 26, T6N, 
R4E, North of 
Stevens Road 
The Summit at 
Carefree 

NE 114 of NE 114 Sect 
34, South of Cave 
Creek Road, West of 
Tom Darlington 

NE 114 of NE 114 Sect 
34. South of Cave 
Creek Road, West of 
Tom Darlington 

SW 114 Sect. 4, 
southwest corner of 
town, east of Cave 
Creek Road. North of 
Carefree Highway 

Scale Obtained 
From 

JE Fuller on 
7/9/01 

JE Fuller on 
7/9/01 

JE Fuller on 
7/9/01 

JE Fuller on 
7/9/01 

JE Fuller on 

Reference 
Number 

FCD 99-14 

80.1-00-8- 
01/79 

FCD 86-53, 
PHXR4.222.50 

FCD 95-28 

11302..021 

Notes 

Vol. I and II 

Only partial copy obtained, may need 
more info, has elevation EM info, JE 
Fuller has raw HEC-2 output on file 
at their office 

Entire Report and Draft Report 
obtained, Appendix A obtained, 
model info not copied can get from 
FCD if needed. 
Very partial copy, may need more 
info 

Text and profiles (not maps) 
71910 1 I 

Carefree, 7/6/01 

Carefree. 7/6/01 

Carefree, 7/6/01 

I 
I 

Carefree, 7/6/01 

Carefree, 7/6/01 

development is Crossings at 
Carefree IV (sometimes called Cow 
Track) 

Letter requesting drainage report, 
development is the Summit at 
Carefree 
development is Ridgeview Estates, 
revision to below report 

development is Ridgeview Estates 

development is Lost Acres Estates 



FCDMC Table 1 162944.DP.03 
Carefree DMP Data Collection Summary By  LAJ 

0811 
Data Collect Summary.xls Checked: TAB 

6/2002 9:11 AM 

Name of Reference 

Final Drainage Report for 
Canyon Creek Estates 
Subdivision 

Final Drainage Report for The 
Crossings at Carefree II 

Final Drainage Report for 
Ocotillo Ridge Estates, Unit 1 

Carefree Zoning Map 

Carefree Land Use Plan 

Cave Creewarefree ADMS 
Scope 
Proposal for a CIP in the Town 
of Carefree 
Digital Aerial Photography 

Aerial Photography 

Aerial Photography 

Aerial Photography 

Final Drainage Report for the 
Crossings at Carefree Ill 

Drainage Report for Los 
Gemelos Subdivision (Note: 
now called Los Reales) 

Description 

development drainage report 

development drainage report 

development drainage report 

Zoning Map 

Land Use Plan 

data collection and scope letter 
report 
improvement proposal for 
downtown 
aerial photography 

aerial photography 

aerial photography 

aertal photography 

Drainage Report 

Drainage Report 

Date 
Prepared 

June 22, 1998 

April 18, 1995 

March 17,1998 

January 18, 
2000 

January 5,1996 

June 19, 2000 

September 24, 
1998 
September 30. 
1999 

January 14, 
1999 

November 6, 
1994 

June 1,1990 

November 19, 
1996 

June 1996 

Version 

Final 

Final 

Final 

F~nal 

Ftnal 

Final 

?, has redlines 
from Ertch 
Korsten dated 
911 7/99 

Prepared By 

Paulsell 
Engineering 

NeiVMcGill 
Consultants. Inc. 

NeiVMcGiII 
Consultants, Inc. 

Carefree 

Carefree (HNTB) 

Coe and Van Loo 
LLC 
Carefree (Jonathan 
Pearson) 
MRB Aerial 
Mapping LLC 

Rupp Aertal 
Photography 

Rupp Aerial 
Photography 

Rupp Aertal 
Photography 

Neil/McGill 
Consultants, Inc 

D.N.A. Inc. 

Prepared 
For 

developer 

Crossings II, 
94 LP 
developer 
developer 

Carefree 

Carefree 

FCDMC 

FCDMC 

FCDMC, JE 
Fuller 

Carefree 

Carefree 

Carefree 

developer 

Ch~no North 
LLC 
(developer) 

Area Covered 

SW 114 Sect. 4, 
southwest comer of 
town, east of Cave 
Creek Road, North of 
Carefree Highway, 
right above Lost 
Acres 
SE 1/4 of NW 114 
Sect 26, imm. north 
Stevens Drive 
NE 114 of Sect 26, 
ad]. to the Crossings 
at Carefree I1 
All of Town 

All of Town 

regtonal 

downtown area 

Andora Hills and 
Gallowahy Wash 
areas 
All of Town 

All of Town 

All of Town 

SW 114 of the NW 114 
Sect. 26, N of 
Stevens Road 
Sect. 4, T5N, R4E, 
Carefree Hwy and 
60th St. 

Scale 

Is=700' (Have 
Electronic Copy 
also) 
1 "=2000' 

Electronic Copy 

1 "=200' 

1 "=200' 

1 "=200' 

Obtained 
From 

Carefree, 7/6/01 

Carefree. 7/6/01 

Carefree, 7/6/01 

Carefree, 7/3/01 

Carefree, 7/3/01 

FCDMC, 4/01 

JE Fuller, 4/01 

ON FILE AT 

Reference 
Number 

Notes 

development is Canyon Creek 
Estates 

development is the Crossings at 
Carefree II (sometimes called Cow 
Track) 
development is Ocotillo Ridge 
Estates 

Have .dxf format copy w/o text 

Hard copy only 

City of Phoentx, Carefree, and Cave 
Creek sections of report not useful 

Not in our possesion, on file at town, 
copies may be obtained for a fee 
from Rupp 
Not in our possesion, on file at town. 
copies may be obtained for a fee 
from Rupp 
Copies of Mylars made, Copies may 
be obtained for a fee from Rupp 

Development is Crossings at 
Carefree Ill 

Development is called Los Reales, 
Includes coptes of Entrada Final 
Hydrologic and Hydraulrc Study 
(Carefree Mountain Estates Unit 
One) 10/5/92, Hydrology and 
Hydraulrc Report of Carefree 
Footh~lls 8/82, Terravrta Master 

TOWN 1 
I 

ON FILE AT 1 
TOWN 

Carefree, 
711 3/01 

Carefree, 
711 3/01 

Carefree, 
711 3/01 

1 
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Name of Reference 

Final Drainage Report for 
Tranquil Place 

Tranquil Place Preliminary Plat 
Narrative 
Addendum to Final Hydrology 
Study for Wachs Desert 
Condos 

Final Hydrology Study for 
Wachs Desert Condos 

Carefree Mountain Estates 
Preliminary Plat Narrative 
(devel. Now called Entrada) 
Entire drainage folder for 
Carefree Mountain Estates 

Carefree Sentinel Rock Estates 
Improvement Plans 

Cave Creek Wash South Study 

Carefree Foothills Sewer Plan 

Carefree Improvement District 

Crossings at Carefree IV 

Ocotillo Ridge Estates 

Final Hydrologic and Hydraulic 
Study Parcel J South at the 
Boulders Community 

Description 

Drainage Report 

Plat Narrative 

hydrology study 

hydrology study 

Plat Narrative 

Final Drainage Report included 

Improvement Plans - 

Plans 

Improvement Plans 

Improvement Plans 

Improvement Plans 

Improvement Plans 

Drainage Report 

Date 
Prepared 

October 1995 

April 1995 

April 1998 

March 1998 

May 1992, 
Revised June 
1992 
October 1992, 
Revised 
November 27, 
1992 
August 6,1985 

August 1996 

February 17, 
1983 

July, 1963 

June 25,1997 

May 27, 1992 

Version 

Final 

? 

Addendum to 
Final 

Final 

Preliminary 

Final 

As-Built 

As-Built 

Appear to be As- 
Builts 

Final 

Prepared By 

Pinnacle 
Engineering, Inc. 

Pinnace 
Engineering, Inc. 
D.N.A. Inc. 

D.N.A. Inc. 

Gilbertson Assoc. 
Inc. 

Gilbertson Assoc. 
Inc. 

Engineering and 
Surveying of 
Arizona, Inc. 
Willdan Associates 

Gilbertson Assoc. 
Inc. 

Prepared 
For 

developer 

Carefree 
Buena LLC 
Wachs Desert 
Condos 
(developer) 

Wachs Desert 
Condos 
(developer) 

RJL 
Properties, 
Inc. 
RJL 
Properties, 
Inc. 

Flood Control 
District Report 

developer 

developer 

developer 

Area Covered 

SW 114 Sect. 26, 
Tranquil Place 

SW 114 Sect. 26, 
Tranquil Place 
Between Sundance 
Trail and Hum Road, 
NW 114 Sect 35 

Between Sundance 
Trail and Hum Road, 
NW 114 Sect 35 

SW 114 Sect 4, 
Entrada 

SW 114 Sect. 4, 
Entrada 

North 112 Sect. 4 

Offsite areas for this 
report cover offsite 
and southem 
drainage in our area 
Carefree Foothills 
development, SE 114 
Sect. 4 
Original Carefree 

NW 114 Sect 26. 
Crossings at Carefree 
IV development 

NE 114 Sect 26, 
Ocotillo Ridge Estates 
development 
near Scottsdale Road 
and Westland Drive, 
Parcel J 

Scale 

1 "=I 00' 

1"=2000' 

Obtained 
From 

Carefree, 
711 3/01 

Carefree, 
711 3/01 
Carefree, 
711 3101 

Carefree, 
711 3/01 

Carefree. 
711 3101 

Carefree, 
711 3/01 

Reviewed at 
Carefree, 
711 9/01 
FCD. 7/10/01 

Reviewed at 
Carefree, 
711 9101 
Reviewed at 
Carefree, 

Reference 
 umber 

,4267.014.001 
through 005 

Boxes 34 and 

137 

Kept on top of 
]filing cabinet at 

Notes 

Development is Tranquil Place, text 
is missing, only maps and 
appendicies, see Plat Narrative for 
text (below) 
Development is Tranquil Place 

Development is Wachs Desert 
Condos 

Development is Wachs Desert 
Condos 

Development now called Entrada, 
only three pages copied 

Development now called Entrada, 
copied entire folder 

Includes grading and drainage 

Obtained copies of land use map. 
basins boundary map, soils map, 
flow path lengths, routing lengths, 
and culverts map 
Culvert Information obtained 

Old original mylars for town, culvert 
information obtained 

Culvert Information and design flow 
information obtained 

Culvert Information and design flow 
information obtained 

711 8/01 /Town 
Reviewed at iMarked Box 
Carefree, 
711 8/01 

Reviewed at 
Carefree, 
711 8/01 

Marked Box 

Scottsdale, 158-45 
7/23/01 
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Name of Reference 

Final Hydrologic and Hydraulic 
Study Parcel L The Boulders 
Community 
Dramage Report for Frfth Green 
at the Boulders 

Prellmlnary Hydrologic and 
Hydraulic Study, Parcel Q, Unit 
1 The Boulders 
Preliminary Hydrologic and 
Hydraulic Study, Parcel M, The 
Boulders 
Dramage Study, The Boulders, 
Sectlons 2, 11, 3, and 10, T5N, 
R4E, Maricopa County, AZ 

The Boulders Hydrologic Report 
Resort Area 

Master Dramage Plan for 
Desert Ranch 

Dramage Study for Desert 
Ranch 

- 
Prellmlnary Dramage Report for 
Parcel GM Desert Ranch 
Development 
Prellmlnary Dramage Report for 
Parcel IN Desert Ranch 
Development 
Preliminary Dramage Report for 
Parcel B/C Desert Ranch 
Development 
Improvement Plans for the 
Cross~ngs at Carefree II 

Description 

Drainage Report 

Dra~nage Report 

Drainage Report 

Drainage Report 

Master Dra~nage Report 

Dramage Report 

Dramage Report 

Dra~nage Report 

Drainage Report 

Dramage Report 

Dramage Report 

Improvement Plans 

Date 
Prepared 

January 23, 
1991 

Apr~l, 1987 

August 13, 1991 

June 11,1992 

December 1984 

November, 
1982 

November 16. 
1987 

December 1983 

October 19. 
1993 

January 14, 
1994 

October 21, 
1993 

April 1995 

Version 

Final 

unk. 

Preliminary 

Preliminary 

unk. 

unk. 

unk. 

unk. 

Prel~minary 

Prellmlnary 

Prellmlnary 

unk. 

Prepared By 

Gilbertson Assoc. 
Inc. 

Collar, W~ll~arns and 
Whlte Engineering 

Gilbertson Assoc. , 
Inc. 

G~lberkon Assoc.. 
Inc. 

Bookman- 
Edmonston 
Eng~neer~ng, Inc. 

Brooks, Hersey and 
Assoc~ates, Inc. 

Collar, W~ll~ams and 
Wh~te Engineering 

Bookman- 
Edmonston 
Eng~neenng, lnc. 

Coe and Van Loo 
Consultants, Inc. 

Coe and Van Loo 
Consultants, Inc. 

Coe and Van Loo 
Consultants, Inc. 

NelVMcG~ll 
Consultants, Inc. 

Prepared 
For 

developer 

Malouf 
Brothers 
Development 
developer 

developer 

The Boulders 
Jo~nt Venture 
and Brooks, 
Hersey and 
Associates, 
Inc. 
BouldersICare 
free Partners 

Blue Road 
Properties 

Desert Ranch 
Propert~es, 
Inc. and 
Brooks, 
Hersey and 
Associates, 
Inc. 
Desert Ranch 
Estates 
Partnersh~p 
Desert Ranch 
Estates 
Partnership 
Desert Ranch 
Estates 
Partnersh~p 
developer 

Area Covered 

near Scottsdale Road 
and Westland Drive, 
Parcel L 
near Scottsdale Road 
and Westland Dr~ve 

The Boulders, just 
south of Town limlts 

near Scottsdale Road 
and Westland Drive 

All of the Boulders 
development, 
Sect~ons 2, 11, 3, and 
10. T5N. R4E 

25 Acres on western 
edge of Boulders in 
SW 114 of Section 2 
and NW 114 of 
Section 11 
NE of Stagecoach 
Road and Plma Road, 
Scottsdale 
NE of Stagecoach 
Road and Pima Road, 
Scottsdale 

NE of Stagecoach 
Road and P~ma Road, 
Scottsdale 
NE of Stagecoach 
Road and P~ma Road, 
Scottsdale 
NE of Stagecoach 
Road and P~ma Road, 
Scottsdale 
Stevens Road at 
R~s~ng Sun. SW 114 of 
NW 411 Sect. 26, 
T6N, R4E 

Scale 

1 "=20' 

Obtained 
From 

Scottsdale, 
7/23/01 

Scottsdale. 
7/23/01 

Scottsdale, 
7/23/01 

Scottsdale, 
7/23/01 

Scottsdale. 
7/23/01 

Scottsdale, 
7/23/01 

Scottsdale. 
7/24/01 

Scottsdale, 
7/24/01 

Scottsdale. 
7/24/01 

Scottsdale, 
7/24/01 

Scottsdale, 
7/24/01 

Carefree, 
7/24/01 

Reference 
Number 

58-45 

58-45 

58-45 

58-45 

58-45 

Notes 

Some of the 11x17 figures got 
copies at 8.5~11 -may need to get 
those correctly 

58-45 
I 

58-50 

58-50 

58-50 
- 

58-50 

56-50 
- 

jnot in box) 
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I Name of Reference ( Description Date I Verslon ( Prepared By I Prepared I Area Covered I Scale 1 Obtained 1 Reference I Notes 

Improvement Plans for the 
Crossings at Carefree Ill 

Improvement Plans for Lost 
Acres Estates 

Sky Ranch Phase II Street 
Survey 

Improvement Plans 

Improvement Plans 

Gilbertson 
Associates, Inc. 

As-Built Survey 

.. 

Prepared 
April 1996 

October 1993 

February 1987 developer 

Tranquil Place Improvement 
Plans 

Paving Plans for Cave Creek 
Road from Pima Road to 
Desert Mountain Parkway 

Plans for the Construction of 
Stagecoach Pass - Mule Train 
to 314 mile east of Pima Road 

The Crossings at Carefree 

Improvement Plans for 
Ridgeview Estates 

Improvement Plans for 
Carefree Villiage 

Orthophotography for Portions 
of Maricopa County 

Final Drainage Report for 
Terravita, Parcel J and V 

General Drainage Plan for 
North Scottsdale, Arizona 

As-Built 

unk. 

T5N, R4E 
Sky Ranch next to 
Airport, north of Cave 

Improvement Plans 

Paving Plans 

Improvement Plans 

Improvement Plans 

Improvement Plans 

Improvement Plans 

aerial photography 

Drainage Report 

Drainage Report 

NeiVMcGill 
Consultants, lnc. 

Louis C. Warner 
and Compan)/s 
Surveyors, Inc. 

1"=20' 

January 1996 

March 1986 

1985 

May 1988 

November 1997 

January 1987 

December 2000 

March 8, 1996 

April 14, 1988 
June 7,1989 
(revised) 

For 
developer 

developer 

Carefree, 
7/24/01 

(not in box) 

City Revisions 

Submittal for 
Approval 

Preliminary 

un k. 

As Built 

Preliminary 

final 

appears final 

Stevens Road at 
Rising Sun, SW 114 of 
NW 411 Sect. 26, 
T6N. R4E 
Perdio Drive at Cave 
Creek Road, NW 114 
of SW 114 Sect 4, 

Pinnacle 
Engineering, Inc. 

Collar. Williams and 
White Engineering 

Maricopa County 
Highway 
Department 

Stanleyhlettee- 
McGill-Murphy, Inc. 

NeiVMcGill 
Consultants, Inc. 

Lyon Engineering 
Inc. 

FCDMC 

JMl and 
Associates, Inc. 

Water Resources 
Associates, Inc. 

1 '=20' 

1'=20' 

developer 

Desert 
Mountain 
developer 

Maricopa 
County 

Custom 
Quality 
Comminities 
Inc. 
K.W. Group I. 
L.L.C. 

Carefree 
Villiage 
Development 
Corp. 
FCDMC 

Del Webb 
Corporation 

City of 
Scottsdale 

From 
Carefree, 
7/24/01 

Carefree, 
7/24/01 

Number 
(not in box) 

(not in box) 

creek Road, Sect. 36 

Tranquil Place off of 
Tranquil TraiVRising 
Sun Road 
Cave Creek Road 
between Pima Road 
and Desert Mtn Pkwy 

Stagecoach Pass 
between Mule Train 
Road and Pima Road 

Rising Sun Road, The 
Crossings, SW 114 
Sect. 26 

Ridgeview. SE 114 
Sect. 27 and NE 114 
Sect. 34, T6N, R4E 
Tranquil Trail, Cave 
Creek Road, Happy 
Hollow, NE 114 Sect. 
35 
All 

Scottsdale Road 
south of Carefree 
Highway, Terravita 
All of North Scottsdale 

1'=201 

1 "=40' 

1'=40' 

1 "=40' 

1 "=20' 

1"=20' 

pixels for 5 
scale and20 
scale 

Carefree, 
7/24/01 

Carefree, 
7/24/01 

Carefree, 
7/24/01 

Carefree, 
7/24/01 

(not in box) 

Box 51 

Box 152 

Box 58 

Appears that this subdivision was 
never built. Information on Culverts 
not entered. 

Obtained during proposal phase 

I 

I 
Carefree, ~ B O X  141.3 
7/24/01 i 

Carefree, 
7/24/01 

Box 45 

! 

FCDMC, 
711612001 1 
Scottsdale, 
7/27/01 

unk. 

58-44 
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Name of Reference 

Terravita Way at Carefree 
Highway 

City of Scottsdale Grading Plan 
of Pacel Q and R Terravita 

USGS 7.5 Minute Series 
Topographic Maps 

Soil Survey of Aguila-Carefree 
Area, Parts of Maricopa and 
Pinal Counties, Arizona 
Town of Carefree Subdivision 
Ordinance 

Town of Carefree Zoning 
Ordinance 

Computer Aided Drafting and 
Design (C.A.D.D.) Data 
Delivery Specifications: Rev. 
1 .o 
Preliminary Drainage Study, 
Town Center, Town of Carefree 

Notes 

Only have one sheet on Terravita 
Way (doesn? cover Carefree 
Highway). has flow estimates for split 
that occurs south of Carefree 
Highway 

- 

- 

- 

- 

Version 

unk. 

unk. 

photorevised 

amended 
through 1999 

- 

amended 
through 1996 

Rev. 1.0 

Preliminary 

Study is on-going 

Description 

Improvement Plans 

Grading Plans 

topographic maps 

soil survey 

development regulations 

development regulations 

report data delivery 
specifications 

Drainage Report 

Master Drainage Study for the 
Tranquil Trail Subdivision and 
Villages at Carefree 
North Scottsdale Floodplain 
Delineation Study 

Final Drainage Report Carefree 
Ironwood Estates 

Date 
Prepared 

November 1995 

May 30,1995 

Photorevised 
1981 

April 1986 

Adopted 
4/29/85, 
amended 1987 
through 1999 
Ninth 
Publication, 
February 6. 
1996 
January 2000 

September 26, 
2000 

unk. 

Preliminary 

appears final 

Prepared By 

Kirkham Michael 
and Associates 

JMl and 
Associates, Inc. 

USGS 

USDA, Soil 
Conservation 
Service 
Town of Carefree 

- 

Town of Carefree 

FCDMC 

Erich E. Korsten 

Drainage Report 

Preliminary Drainage Report 

Drainage Report 

Prepared 
For 

Terravita 

Terravita, City 
of Scottsdale 

public 

public 

public 

public 

public 

Town of 
Carefree 

Obtained 
From 

Scottsdale, 
8/7/01 

- 
Scottsdale, 
817/01 

USGS 

SCS 

Town of 
Carefree 

~- 

Town of 
Carefree 

FCDMC 

Town of 
Carefree, i 

Area Covered 

Terravita Way at 
Carefree Highway 

Terravita Way at 
Carefree Highway 

entire project area 

entire project area 

entire Town limits 

entire Town limits 

downtown area 

January 3,1997 

On-going 

March 13, 2001 

Scale 

1 "=2000', 20' 
contour interval 

-- 

Brooks, Hersey and 
Associates, Inc. 

DEI Professional 
Services. LLC 

United Engineering 
Group 

NE 114 Sect 35, north 
of Cave Creek Rd., 
adj. Downtown 
North Scottsdale and 
southeast portion of 
Carefree 
SW 114 Sect 4, NE 
corner Carefree 
Highwy and Cave 

developer, 
White Hawke 
LLC 
FCDMC 

developer, 
Monterey 
Homes 

10/2312001 , 
Town of 
Carefree, 
10/2312001 
FCDMC, DEI 

Town of 
Carefree, 
10/2312001 
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Name of 
Interviewee 
Rob Kuhfuss 

Rich Omdoff 

Fernando Espinoza 

Paula Pruett 

Jan Misseri 

Erich Korsten 

Affiliation 

Maricopa County 
Planning Department 

Maricopa County 
Department of 
Transportation 

Town of Carefree 
Maintenance 
Supervisor 

Resident on Galloway 
Wash at 37200 N. 
Pima Road 

Resident 

Town Engineer. Town 
of Carefree 

Date of 
Interview 

7/30/01 

8/7/2001 

711 112001 

unk. 

Unk. (email 
dated 

December 20, 
2001) 

9/5/2001 

Interview Notes 

Call was placed looking for As-Built Plans. According to Mr. Kuhfuss, all records are 
destroyed after godays. Additionally, upon incorporation by the Town, all records are given 
to the Town. He suggested that we check with MCDOT to see if they have any records. 
Planning Department has no as-built plans. 
Call was placed to MCDOT concerning As-Built plans for Carefree Highway between Cave 
Creek Road and Tom Darlington, or any other as-built plans they might have for the area. 
Rich indicated that they have nothing on file for this portion of the roadway, which falls within 
Carefree and Scottsdale limits. He indicated that even if this roadway was constructed under 
MCDOT, the plans would have been turned over to the Town upon incorporation. 

Sediment removal is necessary after rainfall events in some locations around town. Mr. 
Espinoza identified Short Putt at Pima and Cow Track at Paint Pony as the main sedirnent- 
generating locations in the town. He does not recall ever having to unplug a culvert in the 
town. No underground storm drain systems are reported to exist beyond the numerous 
culverts. 

Provided some photos of floods, discussed erosion of right bank, deposition on Pima Road. 

Jan sent a list of sites with problems: 80th Street at Rising Sun has a gabion wall to stop 
slope failure, corner of Bloody Basin and Nonchalant is missing a scour pad at the driveway 
and debris in the wash, Lazy Lane is missing a relocated wash, concerns with the Downtown 
Center design and construction, flooding at Bloody Basin and Nonchalant, sediment problems 
at Cave Creek Road between Tom Darlington and Scopa Road, protect channel bypassed by 
flow at Cave Creek Road, CMP at Elbow Bend has an invert lower than existing wash bed, 
and lack of slope stabilization and restoration of disturbed areas. 
An all weather access has been created with the construction of the Dream Street Bridge. A 
new all-weather access should be constructed at Tranquil Trail. A sediment problem exists at 
Cow Track and Paint Pony. This area also has water over the roadway during storm events, 
but is still passable. The wash throught the airport causes flooding. The retention basins at 
the airport are being reshaped, and we should look at the Carefree Village report for the HEC- 
1 modeling of these basins. The plan for Carefree Village was denied by Town Council. The 
majority of the problems on the south-eastern end of Town are due to sedimentation and 
erosion. The downtown area was previously studied by Erich. ERich would like a typical 
design for a dip crossing including toe down and riprap design as a function of the unit 
discharge andlor velocity. Flooding problems on the very southwestern portion of the Town 
may be caused by Cave Creek development in the floodplain. The Boulders 

BylOf 

L. JohnsonICH2M HILL 

L. Johnson/CH2M HILL 

L. JohnsonICH2M HILL 

J. FullerIJE Fuller 
Hydrology and 
Geomorphology 

Doug WilliamsFCDMC 

L. JohnsonlCH2M HILL 



Carefree DMP 
Interview summaryxls 
01/1 712002 255 PM 

Table 2 
interview Summary 

162944.DP.02 
B y  W 

Checked: TAB 

Name of 
interviewee 

Erich Korsten, cont 

Nancy Zeno 

Scott Hamilton 

Vern Willardt, Ian 
Cordwell, Brian Miller, 

Wayne Anderson 

Nancy Zeno, Carolyn 
Bohannan, Dennis 
Zwaggerman, Erich 

Korsten 

Sonoran Foothills 
Land Trust 

Affiliation 

Town Engineer, Town 
of Carefree 

Town Clerk, Town of 
Carefree 

City of Scottsdale 

Town of Cave Creek 

Town of Carefree 

Sonoran Foothills 
Land Trust 

Date of 
interview 

9/5/2001 

various dates 

9/25/2001 

10/3/2001 

10/3/2001 

10/3/2001 

Interview Notes 

can be excluded from our study. Private developments do not need to be included in our 
study, unless there is a major problem. Sediment excavation occurred in the vicinity of the 
Dream Street Bridge. Erich believes the sediment problem will be better now that the bridge 
has been built. An improvement crossing at Father Kino would be beneficial, but does not 
provide access to many lots. Scopa Road does have some periods of impassible flow during 
storm events. No major problems have occurred on Cave Creek Road, although Erich 
indicated that it was not designed for the 100-year event. No good base topographic mapping 
exists for the town. 
Nancy supplied numerous existing reports and improvement plans for the Town. She also 
indicated that only a few development items are currently being planned in the Town, 
including two office parks, a church, a shopping center, and two residential subdivisions. The 
development of Carefree Village was denied by Town Council. She supplied the master plan 
for the town. 
Projects immediately to the east of Carefree are Carefree Ranch Homesteads and Scottsdale 
Road at Carefree H~ghway. The Carefree Ranch Homesteads are platted in the County, with 
very rugged terrain and no dedications for trails in either wash, Residents don't want trails 
and washes and don't need anything from the City, so it is unlikely that those types of facilities 
will be provided. One wash has a lot of petroglyphs. Desert Hills probably won't plat north of 
Carefree north boundary Rockway Hills. Desert Foothills trail starts at gatehouse near Joy 
Ranch Road. At Scottsdale Road and Carefree Highway, trail easements exist on the south 
side of the highway west to 58th Street. Good connection on anything that intersects with the 
highway north of 58th Street. Planned grade separated crossing at Pima and Stagecoach. 
This will accomodate horses, etc. when Pima is rebuilt. 

Cave Creek requires 15-foot easements, with design standards for subdivisions includes trails 
standards. Galloway Wash is an important connectivity point to Cave Creek. Grapevine 
Wash from Gateway park to Rowe Wash is a major comdor into Carefree. 

-- 
Rowe Wash dead ends at slot canyon, destination to China Wall. Provide access to many 
horse properties. There are trails in Ocotillo Ridge development. South of Cave Creek Road 
at Andora Wash there is a good trail opportunity directly into Carefree. This goes to Mule 
Train. Keep trails informal, people are okay with access, but probably won't want to give right- 
of-way for trails. Planned park at south side of Cave Creek Road across from airport. Access 
only by on-street bike trail. The old Ft. McDowell stone mountain historic trail crosses the 
park site. It used to go to Cave Creek through the McDowell Mountain Park to Verde River. 
No was connections in Carefree. 
Part of Galloway Wash at Tranquil Trail and Sundance is part of trust. People use the historic 
trail next to Ocotillo Ridge. Extension to Ocotillo Ridge is dedicated, there is no direct access 
to Grapevine. Father Kino provides access. Check with land trust about parking here. Horse 
properties adjacent to washes make their own entrances. Any flood control structures or 
ROW need to permit horse and trail access. 

ByIOf . 
L. JohnsonJCH2M HlLL 

L. Johnson/CH2M HlLL 

L DornfeldIDFD 

L. DornfeldfDFD 

L. DomfeldlDFD 

L. DornfeldIDFD 
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Table 2 
Interview Summary 

162944.DP.02 
By: LAJ 

Checked: TAB 

Name of 
lnterviewee 
Public Meeting 

Comments 

Marin Holmes 

Affiliation 

General Public 

Resident in Velvet 
Studios 

Date of 
Interview 
11/13/2001 

8/16/2001 

Interview Notes 

Public Meeting held on November 13,2001. Public comments indude a sediment problem at 
the Mule Train crossing of Galloway Wash, erosion at Romping Road at Wildflower, sediment 
problem at Nevermind Trail, Carefree Highway at Whileaway wash crossing, a drainage 
feature constructed outside the Town's right-of-way at Nonchalant and Elbow Bend, wash 
cutoff with improvements at Lazy Lane and Sidewinder, flooding at the airport, and erosion 
and debris at Carefree Highway near the Albertson's store. 
Water overflow from Desert Mountain reported. Runs for days every few months. No 
regularity to flows. Starts running down Northview Lane over into Scottsdale 

B y/Of 

Various members of 
project team 

T. BokicNCH2M HILL 
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Table 3 
Green and Ampt 
Soil Parameters 

162944.DP.02 
By: MM 

Checked: W, TB 

Table Taken from Maricopa County DDMS Manual (Table 4.2) Carefree values 

Dry = Nonirrigated lands, such as deselt rangeland 
Normal= Irrigated lawn, turf, and permanent pasture 
Saturated = irrigated agricultrual land 
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Urban Basins 
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Table 4 
Existing Soil Percentages 

162944.DP.02 
By: MM 

Checked: W, TB 





Channel Routing Lengths 
Carefree DMP 
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Table 5 
Channel Lengths and Slopes 

162944.DP.02 
By: AN. MM 

Checked: U, TB 
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TABLE 6 
Existing Land Use 

Kb Values 

162944.DP.02 
By: RH 

Checked: W 
. - - - - . - - - 

1 Resistance Coefficients (&) of assorted subbasins for Carefree, AZ I P.O. BOX 28440 Tempe, A2 

I CHZMHILL 8 5 2 W  480-966-8188 

I I 
Equation for Est~mating Kb: Kb=m log A+b Where: A is drainage area in acres and m and bare Equation parameters dependent upon the landuse type. Type A (minimal roughness) m=-0.00625 and b = 0.04. Type B (moderately 
low roughness) rn = -0.01375 and b = 0.08. Type C (moderately high roughness) m = -0.025 and b = 0.15. Type D (maximum roughness) m = -0.030 and b = 0.20 Values taken from Maicopa County Drainage Design Manual (Table 



Carefree DMP 
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TABLE 6 
Existing Land Use 

162944.DP.02 
By: RH 

Checked: W 

Total 
Percent 

Weighted 
Average 
for "m" 

Weighted 
Average 
for "B" 

Total Weighted 
K, for each 
subbasin 
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Future Land Use.xls 

TABLE 7 

08/16/2002 924 AM 
Future Land Use 

Kb Values 

I Resistance Coefficients (K,) of assorted subbasins for Carefree, AZ I P.O. Box 28440 Tempe, A 

CHZMHILL 8528.5-8440 480-966-81 88 
I I 

Equation for Estimating Kb: Kb=m log A*b Where: A IS drainage area in acres and m and bare Equation parameters dependent upon the landuse type. Type A (minimal roughness) m=-0.00625 and b = 0.04. Type B (moderatel! 
low roughness) m = -0.01 375 and b = 

162944.DP.02 
By: RH 

Checked: W 
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Future Land Use.xls 
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-- 

Future Land Use 
Kb Values 

162944.DP.02 
By: RH 

Checked: LJ 
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Table 8 
Tc and R Values 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 8 
Tc and R Values 

Future Conditions 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 



Carefree DMP 
Reach Lengths.xls 
0111 612002 1 1 :58 AM 

Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 

Routing 
Reach 

R2223 

Description 

CP2223 to CP2930 
through 29 

A-aec~ woralnares 
Elevation 
Upstream 

fft) 

251 1 

X 

88 
95 

Y 

106 
104 

Elevation 
Downstream 

(ft) 

2482 

Reach 
Length 

Iff) 

1862 

Slope 
(ft/ft) 

0.0156 

Tc 
Slope 
Adi.? 

No 

Overbank 
"nu value 

0.045 

Channel 
"nu value 

0.03 

Average 
Bottom 

Width fft) 

12 

Average 
Velocity 

lftls) 

6.3 

NSTPS 
( ( W M I N )  

2 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 

Average 
Velocity 

Iftfs) 

6.4 

4 

NSTPS 
((UV)/NMIN) 

1 

Slope 
(fw) 

0.0185 

Elevation 
Upstream 

Ift) 

2048 

Routing 
Reach 

R77 

Tc 
Slope 
Adi.? 

No 

Description 

cpn to ~ ~ 8 9  
through 89 

X-Sect. Coordinates - 
Elevation 

Downstream 
Ift) 

2037 

X 

60 

Reach 
Length 

Ift) 

593 

Overbank 
"nu value 

0.045 

Y 

106 

Channel 
"n" value 

0.03 

Average 
Bottom 

Width (it) 

15 
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Table 9 
Routing Parameters 

162944.DP.02 
By: LAJ 

Checked: TAB 









FCDMC 
Carefree Drainage Master Plan 
Road Crossings and Culvert mto2 XIS 

Table 10 
Existing Drainage Improvements 

1629a4.DP.02 
w w  

Checked: TAB 



FCDMC 
Carefree 
Road Cr< 

Drainage 
wings a! 

Master Plan 
id Culvert info2.xk 

Table 10 
Existing Drainage Improvements 

1 M944.DP.02 
By: W 

Checked: TAB 
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Table 1 4  
Culvert and Road Crossing R o w  

Existing Conditions 

162944 DP U2 
Byw 

ChgLed TAB 
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Road crosrmgs and w e n  "60 * 
OBi16RmZ 8 Y A M  

Table 11 
Culvert and Road Crossing Flows 

Existing Conditions 



c&~e  DMP Table 1 I 1629UDPce 
~mdCmrahpssM%#Modr Culvert and Road hossing Flows B Y W  
W l ~ B V A M  TAB 

Existing Cond~tiono 



Mnr, DMP 
WCm6unOS and cvlvsn mto-dr 
W-Xm 10nm 

Table 11 
Culvetl and Rosd Crossing flows 

Fuhlm Condilions 



Carelme DMP 
Rmd C ~ B S ~ ~  and CWen d m ( *  

1023PM 

Table 1 l 
CuIveti and Road Crossing Flows 

Future Conditions 

162944 DP UZ 
BY 

cMc*aa TAB 

229 SKYRANCH 5101079 0182975 0.381 18.61% d G W I J  914 837 1497 156 2791 261 
2% 
231 
2 9  
233 
234 
235 
235 
237 
238 

SKYRANCH 
RICGEWAY ATELSENDERO (PRIVATE) 
RICGEWAY MUVE(PlUVATE1 
66TH PLACE (PRIVATE) 
EL SENDER0 (PRIVATE) 
ROMPING AT WILDFLOWER 
CAREFREE HIGHWAY 
CAREFREE HIGHWAY 

1694157 
546000 
338877 
884830 
494558 
509721 
-99 
163912 
36316 

0.06077 
0.019585 
0.012156 
00317a9 

0.01774 
0018284 
0032265 
o m  

OW13M 

0.981 618% 
0.1171 16.74% 
0.3611 3 . m  
0.3611 8FAbd 
0.3611 4.91% 
0.2351 7.78% 
01W1 2987%a 
om41  2 4 . m  
0.0381 34% 

d 
d 
d 

d 
d 

a 
d 

GW1-5 
UCS3 
U W  
UCB2 
UCK 
UE2 
UCB8 
w 5  
WB3 

914 
130 
405 
403 
405 
99 
n 
48 
32 

837 
158 
4e4 
UU _ 4e4 
27I 
38 
48 
42 

1497 
262 
819 
819 
819 
245 

69 
a9 
19 

1 a. 
240 
755 
7U 
753 
271 
66 
56 
70 

.- 
OVERTOPPING 
_ 1WOJ% 

d 
04 

153 
D84SANDDB7S 214 718 1133 

1 

1965 

I 

57 
22 

- I+ 
35 
20 
99 

225 
12 

1 1 2 

52 
26 

- 16 
43 
24 

277 
729 
12 

931 87 
441 40 
281 25 
72; 58 
401 37 

2451 2TT 
11541 2035 

MI 14 

- 

.- 





Carefree db, 
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Tau~e Ir 

Identified Problem Areas 
l~,a44.u?.02 

By. LAJ 
Checked: TAB 

Source 
Field visits, residents 

Field visits, residents 

Field visit, resident 

Field visit 

Field visit 

Hydraulic Analysis 

Field visit. JE Fuller report 

Field visit, hydraulic 
analysis 
Field visit, JE Fuller report 

Field visit, JE Fuller report 

Field visit 

Field visit 

Field visit 

Description 
Wash flows over road three times, impassable during 100-year event 

Flooding, and extensive damage of roadway section and adjacent properly. Wash 
downstream has erosion of banks. Sediment deposition on road, impassable during 100-year 
event 

Pruett Residence - potential reflective scour on left bank, home in former avulsive channel 
path, flow Split around home (but outside the 100-year floodplain per most recent FIS) 

Lefl Bank - gunite bank protection undercuning and flanking 

Other residence on right bank, home above cut bank, no setback or erosion protection 

Impassable during 100-yr. Event 

Unprotected earthen berm blocks former active braid, large headcut and active bank erosion. 
vertical cut banks, homes located in former avulsive channel path and former active channel 
braid, houses encroach into natural floodplain 

Impassable during 100-yr. Event, scour from overtopping and flanking 

Homes built within SS 5-96 Level 1 setback near cutbanks, homes built in former avulsion 
area, near aggrading reach 

Many homes within SS 5-96 Level 1 setback (33 - 59 ft.), subject to erosion. Lateral bank 
erosion anticipated during large floods. 

Severe damage to concrete erosion control on downstream side. In danger of failure. 

Ditch forced to other side of street 

Appears to have potential for flooding, debris in ditch, apartment complex built adjacent ditch . . . .  . . . ,  

Location 
Carefree Highway, in 
three locations 

Pima Road south of 
Short Pun 

Pima Road south of 
short pun 

Pima Road south of 
Short Pun 

Pirna Road south of 
short Pun 

Carefree Mountain 
Drive 
Gaiioway Wash 
between Tranquil 
Trail and Scopa Road 

Lazy Burro Road 

Residences along 
Galloway Wash on 
Rocking Chair Road 
Galloway Wash 
between Pima Road 
and Scopa Trail 
(entire wash reach in 
Carefree) 
Wildflower norlh of 
Quail 
Wildflower near 
Romping 
Cave Creek Road 
between Bloody 
Basin and Tom 
Dariington 

Item 
Dip Crossings (3) 

Dip Crossing 

Bank Protection 

Bank Protection 

Bank Protection 

Culvert 

Bank Protection 

culvert 

Bank Protection 

Bank Protection 

Dip Crossing 

Ditch 

Ditch 
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Tame >L 

Identified Problem Areas 
1 b,--r4.u?.02 

By: W 
Checked: TAB 
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Table i d  

Identified Problem Areas 
16~~44.vP.02 

By: LAJ 
Checked: TAB 

Location 
Father Kino Trail at 
Grapevine Wash 
Rising Sun Road 

CAREFREE DRIVE 

Tranquil Trail at Cave 
Creek Road 
Galloway Wash 
between Pima Road 
and Carefree Drive 

Cave Creek Rd, near 
Twilight Trail south of 
Venus View 

Quail at Romping 

Double Eagle west of 
Pima 

80th Street, Rising 
Sun, Cow Track, 
Paint Pony 
Unnamed, far 
northern part of town 
Carefree west of Dog 
Leg 

Twilight south of 
Stardust 
Wildflower at 
driveways 
Airport runways 

Driveway at 8131 
Lutheran Church at 

Los Reales Way 

3 Of 4 

Item 
Dip Crossing 

Dip Crossing and 
Culvert 

Culvert 

Culvert 

Stream Bank 

Culvert 

Dip Crossing 

Dip Crossing 

Dip Crossing 

Stream Bank 

Dip Crossing 

Dip Crossing 

Dip Crossing 

Triple CMP culverts 

Ditch 

Driveway Culvert 
Driveway Culvert 

Culvert 

Description 
Impassable during 100-yr. Event 

Impassable during 100-year event, eareme grade differential between upsteam and 
downstream. Road acts as dam. Nuisance flow culverts exist, with sedimentation 
compromising culvert capacity. Downstream protected with concrete, retaining walls, and 
rocks. 

Impassable during 100-yr. Event 

Impassable during 100-yr. Event 

Golf Course has slumping failure of grass lined bank, flanking and scour of timber pole bank 
protection, lateral bank erosion at tennis club outside of bend with cutbanks, earthen berm at 
well site constructed of loose sand and is vulnerable to erosion 
Impassable during 100-yr. Event 
Impassable during 100-yr. Event 

Deposition upstream, erosion downstream. Erosion has been stabilized with riprap and 
concrete. 

Impassable during 100-year event. Sediment deposition on upstream, erosion at downsteam. 
Protected with concrete and riprap, damage to concrete. Grade differential is approximately 8 
feet. 

Gabions protect a house on a small ridge overlooking wash. Unstable, unvegetated slope 
above gabion bank protection. flanking of downstream end of gabion baskets. 

Impassable during 100-y. Event 

Impassable during 100-year event, extreme grade differential between upstream and 
downstream. Downstream protected by riprap, minor damage 

Sediment deposition 

Sedimentation has caused approximately 90% blockage of culverts across driveways 

Wash through the airport causes flooding and erosion. Retention basins are being cleaned 
out, although they only retain a small portion of runoff due to development over natural state. 

localized erosion 

Erosion undermining unprotected cuivert end 

impassable during 100-year event 

Source 
Hydraulic Analysis 

Hydraulic Analysis, field 
visit 

Hydraulic Analysis 

Hydraulic Analysis 

Field visit, JE Fuller report 

Hydraulic Analysis 
Hydraulic Analysis 

Field visit 

Hydraulic Analysis, field 
visit 

Field visit, residents, Town 
personnel 

Hydraulic Analysis 

Hydraulic analysis, field 
visit 

Field visit, residents 

Hydraulic Analysis 

Residents. Airport 
personnel 

Field visit 

Field visit 

Hydraulic Analysis 
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Table -I 
Identified Problem Areas 

1 b~e44.,9.02 
By: LAJ 

Checked: TAB 

Mule Train near Undersized, Impassable d 
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Table 13 
Regression Equations 

162944.DP.02 
By: PW 

Checked: TB 

UC Basins 
USGS Method 

1.W 0.971 QIO = 74.7~~.~~~(E/1000)-  p 
A = 3.65 Area (miz1 
E= 2375 Elevation (ft) 
P = 10 Mean Annual Precipitation (in) 

Qio = 672 Peak Flow (ofs) 
Comparison to HEC-1 Model: 

Q  = 1706 Peak Flow (cfs) 
HEC-1 model, existing, 24-hr. 

a,, = ~ ~ ~ A ~ . ' ~ ~ ( E / ~ o o o ) " . ~ ~ ~ ~ ~ ~ ~ ~  
A = 3.65 Area (mi" 
E = 2375 Elevation (ft) 
P = 10 Mean Annual Precipitation (in) 

QIM = 3254 Peak Flow (cfs) 
Comparison to HEC-1 Model: 

Q rw = 3132 Peak Flow (cfs) 
HEC-1 model, existing, 24-hr. 

ADWR Method 

Qlo = 479~~~'"(E/1000)~~~* 
A = 3.65 Area (miz' 
E = 2375 Elevation (ft) 

QIO = 799 Peak Flow (cfs) 

0 1 0  = 1706 Peak Flow (cfs) 
HEGl model, existing, 24-hr. 

%I0 = 0(6.55 - 3.17AA0.11) (WI 

A = 3.65 Area (mi2' 
E = 2375 Elevation (ft) 

Qlm = 4268 Peak Flow (cfs) 

Q  lw = 3132 Peak Flow (cfs) 
HEC-1 model, existrng, 24-hr. 

-1.00 0.971 QIO = 74.7~~.~~~(E/1000)  p 
A = 20.98 Area (miz' A = 20.98 Area (mi2' 
E 2375 Elevation (ft) E = 2375 Elevation (ft) 

10 Mean Annual Precipitation (in) 

1.30 0.915 Qlw = 553~~"~~(E/1000)-  p 
A = 20.98 Area (mi2' A = 20.98 Area (mi" 
E = 2375 Elevation (ft) E = 2375 Elevation (ft) 

10 Mean Annual Precipitation (in) 



Carefree DMP Table 13 
Regression Equations By: PW 

Checked: TB 

Andora Hills Wash Basins 
USGS Method 

l.W 0.971 
Q10 = 7 4 . 7 ~ ~ . ~ ~ ( 0 1 0 0 0 ~  p 

A  = 2.77 Area (mi2) 
E= 2820 Elevation (ft) 
P = 10 Mean Annual Precipitation (in) 

Qio = 475 Peak Flow (cfs) 

Comparison to HEC-1 Model: 
Q = 1870 Peak Flow (cfs) 

HEC-1 model, ax/sting, 24-hr. 

1.30 0.915 Qloo = 5 5 3 ~ ~ " ~ ~ ( 0 1 0 0 0 ) -  p 
A  = 2.77 Area (mia 
E = 2820 Elevation (ft) 
P = 10 Mean Annual Precipitation (in) 

Qlw = 2199 Peak Flow (ds) 

Comparison to HEC-1 Model: 
Q ,M = 3635 Peak Flow (cfs) 

HEC-1 model, existing, 24-hr. 

ADWR Method 

Qlo = 4 7 9 ~ ~ ' ~ ' ( ~ l l 0 0 0 ) ~ ' ~ ~ ~  
A =  2.77 Area (mi2) 
E = 2820 Elevation (ft) 

Qio = 622 Peak Mow (cfs) 

Q T O  1870 Peak Flow (cfs) 
HEC-1 model, existing, 24-hr. 

Qloo = 10 (8.55 - S.17AA9.11) (01 O O O ) ~ . ~  

A =  2.77 Area (mi" 
E = 2620 Elevation (ft) 

Qlw = 3248 Peak Flow (cfs) 

Q 7w = 3635 Peak Flow (cfs) 
HEGl model, existing, 24-hr. 





LEGEND 

STUDY AREA AND TOWN BOUNDARIES 

NOTES 
I 

BASE MAP TAKEN FROM USQS 7.6-MINUTE QUADRANGLE 
MAPS (WILDCAT HILL., C A M  CREEK, HUMBOLDT MM.,  
AND NEW RlMR BAStN QUADRANGLE MAPS). 

FLOOD CONTROL DISTRICT 1 1  
OF MARICOPA COUNTY 

FIGURE 1 - LOCATION MAP 

CAREFREE DRAINAGE MASTER PLAN 

F.C.D. CONTRACT NO. 2000C037 



(48\ PAVED DIP CROSSING 

41 ARCH PIPE STORM DRAIN SYSTEM 8 4 - 38" RCP CULVERTS 

@ DRNEWAY CULVERT 

DRIVEWAY CULVERT 

DRIVEWAY CULVERT 

NOT T O  SCALE F.C.D. CONTRACT NO. 2000C037 





LEGEND 

I EXISTING LAND USAGES (RLAac) I I 
u STUDY AREA AN) TOWN BOUNDARIES 

RURAL (1 DWaL lK l  OR LESI 

URGE LOT RESIDENTIAL 

MEDIUM DENSITY RESIDENTIAL 

SMALL LOT RESIDENTIAL 

RECREATIONAL OF€N SPACE 

-*,-*) EDUCATIONAL ..#.,,.) 

VACANT ~*RITIRE LAND USE SHOW 

AIRPORT 

...&. HOTEL, MOTEL *NO RESORT 
. .- 

.I-: 
DEDICATED OR NON-DEVELOPABLE OPEN SPACE 

$% NEIQHBORnOOD RETAIL CENTER 

FUTURE LAND USAGES (RED) 

7 

FUTURE R R A L  (1 DWaLlNQ OR LESSI 

FUTURE LARGE LOT RESIDENTIAL 

FUTURE MEDIUM DwSlTY RESIDENTIAL 

FUTURE RECREATIONAL OPEN SPACE 

SPECIAL PLANNING 

NOTES 
EXISTINQ LAND USE TAKEN FROM: DIGITAL INFORMATION 
AM AERIAL PHOTOGRAPHS SUPPLIED BY FCDMC. 
DATED 2000 

I FLOOD CONTROL DISTRICT 11 
OF A R I C O A  COUNTY 

FIGURE 4 - EXISTING AND FUTURE 
LAND USE 

CAREFREE DRAINAGE MASTER PLAN 

F.C.D. CONTRACT NO. 2000C037 



SCALE: 1 "= 2000 FEET r JN  
CONTOUR INTERVAL = 20 FEET 

LEGEND 

STUDY AREA AND TOWN BOUNDARIES 

UC21 BASIN NAME 

0 BASIN BOUNDARIES 

? / 
--) R O  PAM. WATERCOURSE. OR ROUTING 

RE A & 

0 /&vmEBv BASIN BOUNDARIES 

I FLOOD CONTROL DISTRICT 11 
OF MARICOPA COUNTY U 

FIGURE 5 - HYDROLOGY BASINS 

I CAREFREE DRAINAGE MASTER PLAN I( 
I F.C.D. CONTRACT NO. 2000C037 



BASIN GWI -2 

. , 
*. 
i LEGEND 

BASIN AHW 3 1 

I L 

0- SUBBASIN 
BASIN AHW 1 

0- ROUliNQ 

/ 0- DFOIEMDN 
/ 

OT 
COMBINE 

0 HEG-1 iDEN'FF#Eft 
Z 

1 
-\ 

\ FLOW PATH (APPROXIMATE) 

NOTES 

BASIN GWI-b 

BASIN AHW 4 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

/ 

'1 C* Rn-9 HILL - 
FIGURE 6 - HECI SCHEMATIC 

CAREFREE D M W G E  MASTER PIAM 

F.C.D. COMTMCT NO. 2000C037 

\I 



LAND USE PLAN 

RURAL R E S I D E N T I A L  - 5 ACRES MIN IMUM 

VERY LOW DENSITY  R E S I D E N T I A L  - 2 ACRES 

LOW DENSITY  R E S I D E N T I A L . -  1 ACRE MIN IMUM 

MODERATE DENSITY R E S I D E N T I A L  - 
6 , 0 0 0  SQ F T / U N I T  MIN IMUM 

TOWN CENTER 

COMMERCIAL 
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Memorandum JE Fuller/ Hydrology & Geomorphology, Inc. 

DATE: 

TO: 

FROM: 

RE: 

December 5,2001, revised October 23,2002 

Linda Johnson, P.E., CH2M Hill 

Ted Lehman, P.E. 

Hydrologic modeling for Carefree DMP for Andora 
Hills and Galloway Washes 

CC: File 

This memorandum is a revision to an original memorandum dated December 5,2001. The 
revisions are based on comments received &om FEMA during review of the Floodplain 
Delineation Study for Andora Hills and Galloway Washes. The revisions requested by FEMA 
involved further subdivision of original subbasin G W W l  into three new subbasins (GWW131, 
GWW132, and GWW133) to provide greater resolution of discharges on Galloway Wash. The 
tables, text, and figures of the original memorandum have been modified to include and reflect 
these revisions. 

1. Introduction 

This memorandum describes the procedures and results of hydrologic analyses for Andora Hills 
and Galloway Washes performed by JE Fuller / Hydrology & Geomorpbology, Inc. for the 
Carefree Area Drainage Master Plan. The analyses include 10-year and 100-year frequencies for 
the 6- and 24-hour duration for both the existing condition and future condition land uses in the 
subject watersheds. 

The primary purpose of this modeling is to compute peak discharges at road crossing locations in 
the two watersheds within the Town of Carefree. 

2. Description of Hydrologic Methods 

2.1 Existing Conditions 

2.1.1 Andora Iiills Wash 
The hydrologic modeling for the current study is based on modeling originally produced by 
George V. Sabol Consulting Engineers (GVSCE) for the Cave Creek Above Carefree Hzghway 
Floodplazn Delrneatlon Study, FCD 95-28. The GVSCE model was used to generate 100-year 
peak discharge values for Andora Hills Wash. The HEC-1 modeling performed by GVSCE to 
obtain these earlier results was done using the methodology set forth in the Draznage Deszgn 
Manual for Marzcopa County, Volume I,  Hydrology 

The 100-year 6-hour duration HEC-I model was developed for Andora Hills Wash for existing 
conditions land uses with the 6-hour storm patterns published in the Drainage Design Manual. 
Additionally, a 24-hour model was constructed using the SCS Type I1 distribution HEC-1 
rainfall losses for the Andora Hills Wash watershed were estimated using the Green and Ampt 
method. The Clark unit hydrograph was used to generate hydrographs in the small, urban 
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subbasins of the Andora Hills Wash watershed. Normal depth storage routing was used for the 
channel routings to route hydrographs through the watershed. 

The GVSCE model was revised to include a minor shift in subbasin boundaries between AHWl 
and AHW3. Also, an additional combination block was added to separate hydrographs at one 
location. The 100-year 24-hour and 100-year 6-hour peak discharges were determined using the 
revised model. Additional models were created to determine 10-year 24-hour and 10-year 6- 
hour peak discharges. 

2.1.2 Galloway Wash 
The hydrologic modeling for Galloway Wash was based on the previous modeling done in for 
the Floodplain Delineation Study ofAndora Hills and Galloway Wmhes (FCD 99-14) (JEF, 
2001). In that study, 100-year 6-hour and 100-year 24-hour peak discharge values were 
determined using the US Army Corps of Engineers (COE) HEC-1 Computer Program, version 
4.0.1E, dated May, 1991, in accordance with the methodology set forth in the FCDMC Drainage 
Design Manual, Vol. I. 

The Galloway Wash HEC-l model was developed for existing conditions using the 100-year 24- 
hour rainfall depth and the SCS Type I1 distribution. Additionally, a 6-hour HEC-1 model was 
developed using the 6-hour storm patterns in the Drainage Design Manual. HEC-1 rainfall 
losses for the Galloway Wash watershed were estimated using the Green and Arnpt method. The 
Phoenix Mountain and DeserVRangeland S-graphs were used to generate unit hydrographs. The 
normal depth storage routing routine was used for all channel reaches. Representative 8-point 
cross sections were obtained from previous FIS study model results and 2 foot contour interval 
topographic mapping. 

For the current study, additional models for the Galloway Wash watershed were created to for 
the 10-year 24-hour and 10-year 6-hour peak discharges. The 10-year models were based on the 
100-year models. Only the rainfall depth was modified kom the 100-year models. 

2.2 Physical Parameters 

2.2.1 Drainage Area Boundaries 
Map 1 shows t ie  drainage boundaries used in the HEC-1 modeling of Andora Hills and 
Galloway Washes for the current study. The Andora Hills watershed is approximately 2.8 square 
miles. The elevation of the watershed at the confluence with Cave Creek approximately 2000 
feet. The elevation of the highest point in the watershed is 3398 feet at Black Mountain located 
in the southern part of the watershed. 

Subbasin boundaries used in the Andora Hills Wash models were originally established by 
GVSCE for the Cave Creek Above Carefree Highway Floodplain Delineation Study (FCD 95- 
28), with the exception of the shared boundary between subbasins AHWl (S320) and AHW3 
(S340L). The boundary between subbasins AHWl and AHW3 was moved based on 
examination of the 2001 orthophotos provided by the Flood Control District of Maricopa County 
(FCDMC). The shift in boundary was made to incorporate drainage that flowed into AHW3 
rather than AHWl. The boundary shift involved an area of 24.2 acres (Map 2). 
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The Galloway Wash watershed, ~ncluding the Grapevine ,Wash tributary, is approximately 17.4 
square miles. Galloway Wash is also referred to as "Rowler Wash" in a street map published by 
the Town of Carekee. The elevation of the watershed outlet at the Cave Creek confluence is 
approximately 2025 feet, and the elevation of the highest point in the watershed is approximately 
4890 feet at Butte Peak located in the northeast part of the watershed. 

Subbasin boundaries (Map 1) in the Galloway Wash model remained the same as the HEC-1 
model established by JE Fuller Hydrology & Geomorphology, Inc. (JEF), in the Floodplain 
Delineation Study ofAndora Hills and Galloway Washes (FCD 99-14). 

2.2.2 Rainfall 
Rainfall data for the 100-year 6-hour and 100-year 24-hour storms were taken directly kom the 
previous GVSCE (1997) and JEF (2001) models. The 10-year point rainfall statistics were 
derived using 4 input PREFRE analyses. The PREFRE output are provided in Appendix A. 

Areal reduction of point rainfall for the JD records in the 10-year HEC-1 models were computed 
using the same reduction factors as for the 100-year analyses in GVSCE (1997) for Andora Hills 
Wash and JEF (2001) for Galloway Wash. 

The SCS Type I1 temporal distribution was used for the 24-hour models for both washes. The 
necessary FCDMC 6-hour patterns for the modeled index storms were used in the 6-how 
models. 

2.2.3 Rainfall Losses 
Parameters for rainfall losses, including those parameters related to soils and land use 
classifications, were generated in prior studies. Rainfall loss parameters in the Galloway Wash 
watershed were determined by JEF (2001) and reported in Ffoodplain Delineation Study of 
Andora Hills and Galloway Washes (FCD 99-14). Rainfall loss parameters in the Andora Hills 
Wash watershed were determined by GVSCE (1997) and reported in Cave Creek Above 
Carefre Highway Floodplain Delineation Study (FCD 95-28). Rainfall losses for both studies 
were estimated using the Green and Ampt method in HEC-I. 

Revisions to the subbasin boundaries in the Andora Hills Wash watershed required the 
recalculation of rainfall loss parameters for two subbasins (AHWI and AHW3). The original 
methods outlined by GVSCE in the Cave Creek Above Carefree Highway Floodplain 
Del~neation Study (FCD 95-28) were used to determine the new rainfall loss parameters for these 
two subbasins. 

2.2.3.1 Soils 
The revised Andora Hills Wash watershed subbasin boundaries were overlaid on a digital soils 
map in ArcView. The digital soils map was derived from the Soil Conservation Service (SCS) 
(Camp, 1986) and the US Forest Service (USFS) and was provided by the FCDMC as ArcView 
shapefiles for the project area. The digital soil map unit data are based on Soil Survey ofAguila- 
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Carefree, Parts ofMaricopa and Pinal Counties, Arizona (Camp, 1986) and on USFS, Tonto 
National Forest, General Ecosystem Survey, 1989. 

The boundary change between subbasins AHWl and AHW3 resulted in 24.2 acres of Gran- 
Wickenburg soil (Soil type 63) shifting to AHW3 from AHW1. Determining the soil-related 
rainfall loss parameters for the subbasins was accomplished by following the procedures outlined 
by GVSCE in the Cave Creek Above Carefee Highway Floodplain Delineation Study (FCD 95- 
28), Technical Data Notebook Book 2 of 2. The resulting soil distributions and rainfall loss 
parameters in the affected subbasins are shown in Table B.l in Appendix B. 

2.2.3.2 Land Use 
Both study watersheds are covered by the Upper Sonoran plant community and span across 
multiple jurisdictions, including Maricopa County, the City of Scottsdale, and the Towns of Cave 
creek and Carefree. Most of the ~ a l l o i a ~  Wash watershed falls under the vacant land, rural and 
large-lot-residential land use categories. Most of the Andora Hills Wash watershed is split 
between natural and large-lot-residential land use categories, with small areas of commercial and 
high-density residential land uses. 

The "existing conditions" land use for the Galloway Wash watershed is based on September 
1999 aerial photographs as described in the Floodplain Delineation Study of Andora Hills and 
Galloway Washes (FCD 99-14) (JEF, 2001). For Andora Hills Wash, the existing land use 
conditions represent conditions as of 1995 as described in the Cave Creek Above Carefree 
Highway Floodplain Delineation Study (FCD 95-28) (GVSCE, 1997). 

The revised Andora Hills Wash watershed subbasin boundaries were overlaid on the digital 
orthophotos provided by FCDMC. The photos demonstrated that only natural areas were 
affected by the boundary change, resulting in 24.2 acres of natural land use shifting to AHW3 
from AHW1. The land use-related rainfall loss parameters for these subbasins were determined 
following the procedures outlined by GVSCE in the Cave Creek Above Careee  Highway 
Floodplain Delineation Shtdy (FCD 95-28). The resulting land use distributions and rainfall 
loss p&ameters in the affected subbasins are shown in Table B.2 in Appendix B. 

The final rainfall loss parameters for all subbasins for the existing condition, including the 
revised subbasins AHWl and AHW3, are presented in Table 1. 
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2.2.4 Unit Hydrographs 

2.2.4.1 Andora Hills Wash 
The MCUHPl program was used to compute new Tc and R values and develop HEC-1 KK 
blocks for subbasins AHWl and AHW3 for the 100-year models. Maximum and minimum 
basin elevations and concentration path lengths did not change from the original GVSCE model 
(Table 2). Input for the rainfall loss parameters was modified from the original values to reflect 
the change in subbasin boundaries. 
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The MCUHPI program was also used to compute Tc and R values and develop HEC-1 KK 
blocks for all Andora Hills Wash subbasins for the two 10-year models. Input for the rainfall 
loss parameters were identical to the values used for the 100-year models, including the revised 
subbasins. Table 3 summarizes the Clark method time of concentration results for all subbasins 
for Andora Hills Wash. 

2.2.4.2 Galloway Wash 
The unit hydrograph parametem (Table 4) in the Galloway Wash model were not altered from 
their original form as established by JEF in FIoodplain Delineat~on Study of Andora Hills and 
Galloway Washes (FCD 99-14). It was assumed that Kn values for the 100-year and 10-year 
storms were similar. The computation interval also remained the same. Therefore, the lag time 
estimates and unit hydrographs did not require modification. Table 4 summarizes the lag time 
and S-graph parameters for Galloway Wash for all four models. 
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2.2.5 Hydrograph Combinations 
The combination of hydrographs in the Andora Hills Wash model was altered to incorporate an 
additional concentration point to further divide the combination of subbasins AHWl, AHW2, 
AHW3, and AHW4. In the original model the discharges from the four subbasins were 
combined at a single concentration point. The revised model combines AHWl, AHW2, and 
AHW 3 prior to combining with the discharge from AHW4. 

G W 2  
G W 3  1 
G W 3  2 
G W 3  3 

The combination of hydrographs in the Galloway Wash model was also altered to provide for 
additional concentration points at the confluence of North Galloway Wash and Galloway Wash. 
These new combination points were CP286L (Galloway Wash just upstream of the North 
Galloway Wash confluence) and CP286R (North Galloway Wash just upstream of the Galloway 
Wash confluence). An additional concentration point, CP295A, was also added to provide peak 
discharges for Grapevine Wash at its confluence with Galloway Wash. 

2.3 Existing Condition Peak Discharges a t  Road Crossings 

Mountain 
DeserVRangeland 
DeserURangeland 
DeserVRangeland 

Map 3 shows the location of road crossings within the Andora Hills and Galloway Wash 
watersheds. Peak discharges at each of these road crossings were determined in the following 
manner. The drainage area contributing to the road crossing was determined and compared to 
the total area of the subbasin or subbasins contributingto the nearest downstream concentration 
point. The ratio of the area at the road crossing to the area at the downstream concentration point 
was applied to the peak discharge at the downstream concentration point in the HEC-1 model to 
calculate the peak discharge at the road crossing. 

In one instance, peak discharge was determined by using the nearest upstream concentration 
point. In this cases the peak discharge at the road crossing was greater than 100 percent of the 
upstream concentration point, due to the drainage area contributing to the road crossing being 
larger than the modeled subbasin. This technique was used when the downstream concentration 

0.043 
0.043 
0.043 
0.040 

5.51 
3.31 
2.42 
1.88 

2.77 
1.51 
1.26 
0.95 

371 . I  
184.3 
144.6 
135.6 

56.7 
42.3 
36.8 
28.2 
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point included discharge from subbasins that did not affect the discharge at the road crossing. 
Specifically this situation occurred in the Galloway Wash.mode1 for estimation of the discharge 
at N. Tranquil Trail. 

The results of these calculations for each crossing are presented in Table 5. 

2.4 Problems encountered 

The original subbasin delineations for the Andora Hills watershed from GVSCE were made 
available by the FCDMC in digital format. However, the subbasin boundaries do not match 
exactly the digital base maps (USGS digital quarter quads and 2001 digital orthophotos) 
provided by the FCDMC. JEF adjusted the basin boundaries to match the base data in the 
Floodplain Delineation Study of Andora Hills and Galloway Washes (FCD 99-14). The 
subsequent divisions of the Andora Hills subbasins for the calculation of road crossing 
discharges were based on the USGS digital quarter quads and 2001 orthophotographs provided 
by the FCDMC. The subbasin boundary offsets are approximately 70 feet to the east and 100 
feet to the south. This offset potentially results in slight emors in the peak discharges at road 
crossings internal to the Andora Hills Wash subbasins. The errors are considered negligible for 
planning purposes. 

2.5 Future Conditions 

Future conditions hydrologic models were created for Andora Hills and Galloway Washes for 
the 100-year 6-hour, 100-year 24-hour, 10-year 6-hour, and 10-year 24-hour storms. Rainfall 
parameters for all future conditions models remained the same as in the existing condition 
models. Similarly, the drainage basin boundaries and soil parameters remained the same. 

Future land use conditions for the Andora Hills and Galloway Washes subbasins were derived 
from examination of data provided in the Upper Cave creek-ga ache Wash WCMP (TetraTech, 
2001). 

Future land use for the Andora Hills Wash subbasins, with comparison to the existing land use, is 
presented in Table C.l in Appendix C. Hydrologic parameters for each land use category in 
Andora Hills Wash were taken from the Cave Creek Above Carefee Highway Floodplain 
Delineation Study (FCD 95-28). 

For Galloway Wash, existing vacant land use areas shown in the digital land use maps developed 
for the Floodplain Delineation Study ofAndora Hills and Galloway Washes (JEF 2001) were 
compared to the built-out land use map shown in the Upper Cave Creek-Apache Wash WCMP 
(TetraTech, 2001). Vacant areas were assigned the appropriate future land use to based on 
comparison with Exhibit B from the TetraTech (2001) report. Future land use for the subbasins 
in the Galloway Wash watersheds, with comparison to the existing land use, is presented in 
Table C.2 in Appendix C. Hydrologic parameters for each land use category in Galloway Wash 
were taken from the Floodplain Delineation Study of Andora Hills and Galloway Washes (JEF 
2001). A High Density Residential (HDR) land use category was added for Galloway Wash for 
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the future condition. The hydrologic parameters for the HDR category were taken from the Cave 
Creek Above Carefree Hzghway Floodplain Delineation Study (GVSCE, 1997). 

Hydrologic parameters for the Green & Ampt method were recomputed for each subbasin using 
the same methods as in the original studies. Table 6 summarizes the future conditions LG record 
parameters for Andora Hills and Galloway Washes. 

Since the Clark unit hydrograph method was used in the original Andora Hills Wash modeling, 
Tc and R were recomputed with MCUHPI using the future conditions LG parameters. Table 7 
shows the future condition Kh values. The future condition Tc and R values for the four storms 
for Andora Hills Wash are summarized in Table 8. 
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For Galloway Wash, lag time calculations were recomputed based on changes to basin average 
Kn (basin roughness) resulting from the change to future conditions land use. The future 
conditions Kn and lag times for Galloway Wash are summarized in Table 9. 
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No retention was considered for modeline of the future conditions due to the nature of 

G W 2  
GWV3 1 
GWV3 2 
GWV3 3 

" 
development, undulating topography, and a desire to make conservative hydrologic assumptions 
about the future condition in the area. This assumption is considered appropriate to a planning 
level study. 

2.6 Future Condition Peak Discharges at Road Crossings 

Mountain 
DeseNRangeland 
DeseNRangeland 
DeseNRangeland 

The results of the future condition calculations for peak discharge at road crossings in the area 
are presented in Table 10. Again, the locations of each crossing are shown on Map 3. 

3. Comparison of Existing and Future Condition Peak Discharges 

0.037 
0 040 
0.041 
0.039 

Table 11 shows a comparison of the existing and future condition peak discharges at the road 
crossing locations for the four modeled storms. In general, at most of the road crossings in the 
Town of Carefree the peak discharges for the future condition are similar to or slightly greater 
than the existing condition. Differences are greater for the 10-year events as compared to the 
100-year events. The larges differences are in subbasin AHW3 at N. Never Trail (ID# 14), 
crossings within GWW1-5 (ID'S 21-31), along Galloway Wash between CP284 and CP286L 
(ID'S 32-34, and CP280 (ID 68). Effective impervious area (RTIMP) increases in AHW3 from 
14 to 20 percent in the future condition. In GWW1-5, RTIMP increases from 24 to 33 as the 
result of built-out conditions. 

For crossings in one basin (AHW4, ID'S 15-20), future discharges for the 100-year 6-hour show 
a slight decrease. Examination of the Tc and R values show that the original GVSCE (1997) 
model had slightly smaller Tc and R values than those computed with MCUHP1 for the future 
condition. A separate MCUHPl analysis was run using the original parameters as reported in the 
HEC-1 model for AHW4 for the GVSCE existing condition and the current study's future 
condition. The result was identical Tc and R values for each condition. The only differences in 
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parameters between the conditions is DTHETA = 0.16 vs. 0.15 and RTIMP = 36 vs. 39. The 
reason for the different Tc and R results in the GVSCE model is therefore not clear. Perhaps the 
precision of data input to MCUHPl in the original study is the cause (e.g. Kb = 0.0355 vs. 0.04). 
Regardless the absolute differences are very small (1-2 %). 

Table 12 shows a comparison of existing and future peak discharges at the outlets of Andora 
Hills and Galloway Washes at Cave Creek. The percent difference for the entire watersheds are 
greater for the 10-year storms than the 100-year events. Also, as compared to the results at the 
road crossings the cumulative differences are generally larger than in individual subbasins. That 
is, small differences throughout the watersheds lead to larger differences at their outlets. Table 
12 also shows that the effects of full build out are greater in Andora Hills Wash than Galloway 
Wash. This is due in part to the total portion of the watersheds that will ultimately be developed 
as well as the nature of the development (i.e. density). 

Table 12. 
Existing vs. Future Condition Peak Discharge at Confluence with Cave Creek 

KK Wash 10-yr 6-hr 10-yr 24hr 100-yr 6-hr 100-yr 24-hr 
ID Name Condition (cfs) (cfs) (cf s) (cf s) 

C390L 

CP310 

4. References 

Andora Hills Existing 1779 1870 3485 3635 
Future 2165 2388 3848 4175 

Galloway Existing 5698 7906 11341 13541 
Future 6496 891 5 12296 14895 

C390L 
CP310 

Camp, P.D., 1986, Soil Survey of Aguila-Carefee Area, Parts of Maricopa and P~nal Counties. 
Arizona: U.S. Soil Conservation Service Report, 306 p., 53 maps, scale 1:24,000. 

Andora Hills % diff 21.7% 27.7% 10.4% 14.9% 
Galloway % diff 14.0% 12.8% 8.4% 10.0% 

George V. Sabol Consulting Engineers (GVSCE). 1997. Cave Creek Above Carefree Highway 
Floodplain Delineation Study, Technical Data Notebook, Existing Conditions. Prepared 
for Flood Control District of Maricopa County, contract FCD 95-28. 2 volumes. 

JE Fuller1 Hydrology & Geomorphology, Inc. (JEF). 2001. Floodplain Delineation Study of 
Andora Hills and Galloway Washes. Technical Data Notebook. Prepared for Flood 
Control District of Maricopa County, contract FCD 99-14. 2 volumes, as revised based on 
FEMA comments April 2002. 

Tetra Tech, Inc. 2001. Upper Cave CreeWApache Wash Watercourse Master Plan, Attachment 
3: Hydrology Report. Prepared for Flood Control District of Maricopa County. 
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* * * O U T P U T  D A T A * * *  
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES 

PRECIPITATION FREQUENCY VALUES FOR Andora Hills Wash, 
PRIMARY ZONE NUMBER= 7 
SHORT-DURATION ZONE NUMBER= 8 

POINT VALUES 

RETURN PERIOD 
DURATION L - YR 5 -YR 10-YR 25-YR 50-YR 100-YK 500-YR 

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE 
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES: 
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES 
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40 
ZEHR AND MYERS 
AUGUST 1984 

INPUT DATA 

PROJECT NAME=Andora Hills Wash, 
ZONE= 7 SHORT-DURATION ZONE= 8 
LATITUDE= .OO LONGITUDE= 100.00 ELEVATION= 
2-YR, 6-HR PCPN= 1.50 100-YR, 6-HR PCPN= 3.40 
2-YR, 24-HR PCPN= 1.90 100-YR, 24-HR PCPN= 4.60 

* * * *  E N D  OF R U N  * * * *  



* * * O U T P U T  D A T A * * *  
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES 

PRECIPITATION FREQUENCY VALUES FOR Galloway Wash, 
PRIMARY ZONE NUMBER= 7 
SHORT-DURATION ZONE NUMBER- 8 

POINT VALUES 

RETURN PERIOD 
DURATION 2 -YR 5-YR IO-YR 25-YR 50-YR 100-YR 

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE 
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES: 
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES 
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40 
ZEHR AND MYERS 
AUGUST 1984 

INPUT DATA 

PROJECT NAME= , 
ZONE= 7 SHORT-DURATION ZONE= 8 
LATITUDE= .OO LONGITUDE= 100.00 ELEVATION= 
2-YR, 6-HR PCPN- 1.60 100-YR, 6-HR PCPN= 3.50 
2-YR, 24-HR PCPN= 2.20 100-YR, 24-HR PCPN= 4.80 

* * * *  E N D  OF R U N  * * * *  
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Table B.l 
Soils, Vegetation Cover, and RTlMP for rainfall losses by Green 8 Ampt method for revised subbasins 5320 (AHWI) and S340L (AHW3) 

AHWl (5320) Soil Map Unit No. 12 61 63 72 93 
Sub-Area (acres) 3.8 171.6 33.3 19.5 38.4 

XKSAT (bare ground) 0.01 0.15 0.14 0.09 0.33 
RTIMP (rock) 0% 0% 10% 15% 0% 

XKSAT log avg (bare ground) 0.15 
PSlF 6.00 * 

DTHETA (dry) 0.40 * 
DTHETA (normal) 0.25 ' 

RTlMP avg 2.35% 
Total Subbasin Area in sq. miles = 0.42 

AHW3 (S340L) Soil Map Unit No. 33 61 63 
Sub-Area (acres) 6.9 47.8 108.2 

XKSAT (bare ground) 0.23 0.15 0.14 
RTIMP (rock) 0% 0 YO 10% 

XKSAT log avg (bare ground) 0.14 
PSlF 6.20 ' 

DTHETA (dry) 0.39 ' 
DTHETA (normal) 0.23 ' 

RTlMP avg 7.35% 
Total Subbasin Area in sq. miles = 0.28 

referenced from Table A-I incave Creek Above Carefree Highway Floodplain Dehneation Study FCD 95-28(GVSCE, 1997) 

JE Fuller1 Hydrology and Geomorphology, Inc. 
Carefree DMP 

Soils Veg Cover & RTlMP 
1012312002 



Table 8.2 
Existing conditions land use characteristics for rainfall losses for revised subbasins S320 (AHWI) and S340L (AHW3) 

AHWl (S320) Land Use ID GC LDR-25 MDR 
Natural or Developed D D D 

Sub-Area (acres) 17.1 229.4 10.0 
RTlMP (Developed) 10% 25% 30% 

Veg Cover (Developed) 81 % 30% 28% 
IA (developed) 0.1 9 0.16 0.16 

Natural Area 3.8% 
Developed Area 96.2% 

RTlMP (Dev.) avg. 24.19% 
Veg Cover (Dev.) avg. 33.32% 

IA (Dev.) avg. 0.16 

Total Subbasin Area in sq. miles = 0.42 

AHW3 (S340L) Land Use ID LDR-25 N 
Natural or Developed D N 

Sub-Area (acres) 70.3 107.5 
RTlMP (Developed) 25% --- 

Veg Cover (Developed) 30% --- 
IA (developed) 0.1 6 --- 
Natural Area 60.5% 

Developed Area 39.5% 

RTlMP (Dev.) avg. 25.00% 
Veg Cover (Dev.) avg. 30.00% 

IA (Dev.) avg. 0.16 

Total Subbasin Area in sq. miles = 0.28 

JE Fuller1 Hydrology and Geomorphology, Inc. 
Carefree DMP 

Land Use 
1012312002 



Table 8.3 
Existing conditions ralnfall loss parameters for Green B Ampt method for revised subbasins S320 (AHW1) and S340L (AHW3) 

XKSAT XKSAT 
Sub- Area IA, in inches RTIMP, in % Veg. Cover, in % Bare DTHETA Corrected 
bas~n HEC-1 Total Nat. Dev. Nat. Dev. Wghtd Nat. Dev. Wghtd Nat. Dev. Wghtd. Ground PSlF Nat. Dev. Wghtd. forVeg. 

ID ID sa. mi. % % inthr inches drv normal {nlhr 

JE Fuller1 Hydrology and Geomorphology, Inc 
Carefree DMP 

Rainfall Loss Parameters 
10/23/2002 
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Table C.1 
Cmparkon o l a k t i n g  and futun land urr sharasterlrWss fbrAndon HIIIs Wash subbslns 

ErlStlng CondiUonr (bared on GWCE 1997) 
AHW1 (5320)' 

M u n  Conditrw,~ ( lnwrnntd tmm Tefm Tech, 2007) 
LandUseID GC LDR.25 MDR N AHW1 (5320) 

D D 
Land USsID GC LDR-25 MDR 

Nmursl or Developed D N N NmursI M Developed D D D N 
Sub-Arsa(ants) 171 2294 100 100 - Sub-AIBa(acras) 171 2363 100 3 1 

RTIMP (Developed) 10% 25% 30% RTlMP(Deve lo~)  10% 25% 30% - 
Veg Cwer(Develaped1 81% 30% 28% - Veo Cover (Developed) 81% 30% 28% - 

IA(devel0ped) 0 19 0 16 0 16 - IA(devd0pe.d) 0 19 0 16 0 16 - 
Nttuml Area 3.8% 

Developed Area 05.2% 
N t t ~ m I A m  13% 

Developed Area 98.8% 

RnMP (Dev.) avg. 24.18~. 
Veg Cover (Dev.) arg, 33.327. VOg RTIMP Cover (Dnr.) (Dev.1 avg. nvg. 2422% 3k?4% 

IA (Dev.) avg. 0.i5 IA (Dev.) avg. are 
Total Subbastn Araa m sq males = 0 42 TOW Subbasln Araa In sq mlles = 042 

AHW4 ($330) LandUsdID C LDR-25 N 
Natural or Developed C 

AHW4 (S330) 
D D 

Land Use ID c LDR-2s N 
Natural or Developed D D 

SubArea (ecres) 220 790 3 7  
D 

- SubAraa(m~s)  257 790 
RTlMP (Developed) 80% 25% 

0 0  

- RTlMP (Devel-d) 80% 25% 
- 

Veg Cover (Developed) 10% 30% 
- Veg Cwer (Devdoped) 10% 30% - 

IA(deua1oped) 007 0 16 IA (developed) 0 07 0 18 - 
Natunl A n t  3.5% 

Developed A n *  90.5% 
NatunlAna 0.0% 

Dsvaloped A n r  100.0% 

RTIMP (Dav.) avo. 36.Sa% 
Vrg  Covn (Dev.) avg. 25.64% 

RTIMP (DW.1 aV9. 38.50% 
Veg Cover I h . )  rvs. 25.0W. 

IA (Dev.) avg. 0.$4 LA (Dm.) avg. 0.1.1 
TOtal Subbssdn Area in sq m~ler = 0 16 Tota Subbasln Area m sq rnller = 0 16 

AHW3 (SUOL)' Land Use ID LDR-25 N AHW5 (5340L) 
Natural or Developed D N Land UsslD LDR.25 N Natural or Developed D 

SubAraa (mras) 70 3 107 5 
N 

RTlMP (Developed) 25% - Sub-Area (acres) 127 3 50 5 

- RTIMP (Developed) 25% - 
Veg Cover (Developed) 30% 

- Veg Cover (Developed) 30% - 
IA (dewloped) 0 16 IA (developd) 0 16 - 
Natural A n a  80.5% 

Dwcloped A n 8  39,YY 
Natural A n i  281% 

DeveIopCd Arm 71.8% 

RTIMP (Dev.) NO. 25.00% 
Veg Cover l h . 1  awn. '30lOY. 

JE Fuller1 Hydrology nd Geomomnolcgy. lnc 
Camfree DMP Exist~ng vs Future 

1012312002 



Tabla C.1 
Cornprrlson of exlstlng and future land use charastr is t lu  for Andom Hlllr Wash rubbaslnr 

ExlrUng Condltlonr (baredon GYSCE 7997) F u m  CMdmonr (lnterpretedhom Tetn TDcn, 2W1J 
AHWZ (SNOR) Land Ume1D C L D M S  AHW2 (S340R) Land Use ID C LDR-25 

NatYml or Developed D D NaNral or Developed D D 
SubArea(acres) 139 276 Sub-- laces) 139 276 

RTIMP (Developed) 80% 25% RTlMP (Developed) 80% 25% 
Veg Cover (Developed) 10% 30% Veg Cover (Developed) 10% 30% 

IA (developed) 0 07 16% IA(deveI0ped) 007 16% 

Natural Area 0.0% Nmnl Ama O.OY. 
Dcrclopad Area 100.0% Developed Area 100.0% 

RNMP (Ddv.) avg. 43.U% RTIMP (Dcv.) avg. 43.42% 
Veg Cover (Dew.) avg. 23.30% Vea Cover lDev.) avg. 23.30% 

IA (Dav.) avg. 0.13 !A (Dtv.) avg. 0.13 
TOM Subbasinha in sq. miles = 0.06 Total Subbarin Ama in rq. miles = 0.06 

AHW5 (S350) Land Use ID C HDR LDR.25 N AHW5 (S350) Land Use ID C HDR LDR-25 MDR N 
Natural or Developed D D D N Naural or Developed D 0 D D N 

SubArea (acres) 3 1  5.5 71.3 22.9 SubArea (acres) 3.1 5.5 80.4 13.8 0.0 
RTIMP (Developed) 80% 45% 25% - RTiMP (Develaped) 80% 45% 25% 30% - 

Veg Cover (Developed) 10% 22% 30% - Veg Cover (Developed) 10% 22% 30% 28% - 
IA(deve1oped) 0.07 0.13 0.16 - iA(deve1oped) 0.07 0.13 0.16 0.18 - 

Natunl Area 22.3% Astun1 Amr 0.0% 
Developed Area 77.7% Developed AMP 88.8% 

RNMP (Dev.) avg. 2k5iY. RTIMP (Dcv.) avg. Z8.15Y. 
Veg Cover (Dev.) avg. 28.67% Veg Cover (D.v.) avg. 28.81% 

la (Dev.) avg. 0.15 IA (Dev.) avg. 0.16 
Teal Subbaslo Area in rq. miles = 016 Total Subbarin Ama In sq, m i l s  = 0.16 

AHW8 (S36O) Land Use ID C HDR LDR-25 N AHWs (S38o) land UrsID C HDR LDR-25 LDR.15 N 
Natural n h e l o p e d  D D D N Nahlral or Developed D D D D N 

SubAma ( a m )  11.4 0.6 115.8 242.2 Sub-Aea (aces) 11.4 0.6 255.9 28.1 74.0 
RTlMP (Developed) 80% 45% 25% - RTlMP(Deve1oped) 80% 45% 25% 15% -. 

Veg Cover (Developed) 10% 22% 30% - Vea Cover (Devdoped) 10% 22% 30% 34% - 
IA(deve1oped) 0.07 0.13 0.16 - IA(deve1oped) 0.07 0.13 0.16 0.18 - 

N m l  Area 85.5% NatunlAmr 9.5% 
Devel~pad Area 34.5% Devalopod Area W.5Y. 

RNMP (Dav.) avp. UI.M)% RTIMP [Deu.) avg. 27.39% 
Vep Cover (Dw.) avg. 28.18% Vsg Cwer (Dev.) avg. 29.13% 

IA (Dcv.) avg. 0.15 IA (Dav.) avg. 0.18 
Tofal Subbasin Area in rq. miles = 0 , s  Teal Subbasin Area in sq. miier = 0.56 

JE Fuller1 Hydmlogy nd Gacrmrphology. Inc 
Carefree DMP 



Table C.1 
Comprri.ion of cdsllng m d  M u m  land ure charaslelirtlcr for Andon Hills Wash rubbarim 

Exlrtlng COndltlon~ fbssed on GVSCE 1997) FUNR Condltlons ffntsrpremd rmm Tern T s h .  2WI) 

A H W  (5370) Land Use10 C HDR LOR-15 N 
Nmral or Developed D D D N 

Sub-ha (acres) 1235 125 18.2 842 
RTlMP(DWd0ped) 80% 45% 15% - 

Veg Cover (De~opsd)  10% 22% 34% - 
IA (devdopd) 0 07 0 13 0 18 - 

AHW (S37O) LandUra ID C HDR LOR-15 N 
Naluml or Developed D D D N 

SubJvsa (acres) 148 0 12 5 57 9 0 0  
RTlMP(Developed) 80% 45% 15% - 

Veg Cover (Developed) 10% 22% 34% - 
IA(devebpsd) 0 07 0 13 0 18 - 

Natunl Area 29.4% Natunl Am. 0.0% 
hvelopad Am. 70.6% Deve1op.d An. 100.0% 

RTIMP (Dev.) avo. 69.49% RTIMP (DIv.) avo, 60.78Y. 
Vsg Cover (Dev.) am. 13.SlY. Vrp Cover (Oev.) avo. 37.05% 

IA (h.) avg. 0.09 m (Dev.) avg. 0.10 
T o W S u b b h  Amainq. milep= 0.34 Totd Subbasin Area in sq, miier = 034 

AHW8 (S360) Land UteID C LDR-16 N A W S  C38O) Land UseID C LDR.15 N 
Natural or Developed D D D Natural or Developed D D D 

Sub-Area (acrss) 4.7 175.0 86.1 Sub-ha (acrss) 4.7 241.2 t9.0 
RTIMP (Developed) 80% 15% - RTlMP (Dsdoped) 80% 15% - 

Veg Cover (Devslvd) 10% 34% - Veg Cover (Devslopd) 10% 34% - 
IA(devel0ped) 0.07 0.18 - IA (developed) 0.07 0.18 - 

NatunlAna 32.4% NahlrsI Area 73% 
Developed Area 87.6% Dev.loped Ana 92.5% 

RTIMP (Dev.) avo. 16.70% RTIMP (Dev.) avg. 1611% 
Veo Cover (Dev.) rvg. 33.37% Veo Covar (DM.) avg. 33.54% 

IA (0.v.) ws. 0.11 IA (Dsv.) avo, 0.11 
Total Subbasin Area In rq. miles = 0.42 ToW Subbasin Area in sq. mil* = 0.42 

AHW9 ( S W )  Land UscID C GC HDR LOR-15 RSRT N AHW9 (S390) Land Use ID C GC HDR LOR-15 RSRT N 
Natural or Developed D D D D D N Nahrral or Deve ivd  D D D D D N 

SubArsa(acres) 11.4 23.5 15.4 47.2 8 115.8 Sub-Area (acres) 11.4 23.5 30.1 137.2 20.00 0 0  
RTlMP(Dweloped) 80% 10% 45% 15% 60% - RTlMP(Deve1opd) 80% 10% 45% 15% a% -. 

veg cover(~evebped) 10% 81% 22% 34% 32% - VegCover(Dsveloped) 10% 81% 22% 34% 32% - 
IA(ded0psd) 0.07 0.19 0.13 0.18 0.11 - IA(devdtloped) 0.07 0.19 0.13 0.18 0.11 - 
NalwnlAre. 52.1% NatunlAnr 0.0% 

Dweloped Am. 47.9% Devrloped An. 100.0% 

RTIMP (Dsv.) rvg. 26.97% RTIMP (Ow.) a".. 25.92% 
V.p Cover (Dev.) avp. 38.91% Veg Cover (Ow.) avp. 95.93% 

m (OW.) am. 0.46 m (o.".) am. 0.46 
Total Subbasin A w  in rq. miles = 0.35 Total Subbssln Ares In rq. miles = 0.35 

JE Fulled Hydmlwy nd Geomorphoiogy, Inc 
Carefree DMP 

Otlstlng vs Future 
1012312002 
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1012312002 
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Table C.3 
Future conditions rainfall loss parameters for Green & Ampt method for Andora Hills Wash 

XKSAT XKSAT 
Sub  Area IA, in inches RTIMP, in % Veg. Cover, in % Bare DTHETA Corrected 
basin HEC-1 Total Nat. Dev Nat. Dev. Wahtd. Nat Dev. Wahtd. Nat. Dev. Wohtd. Ground PSlF Nat Dev. Wahtd forVeo. - - - . 

ID ID sq. ml. % OIo lnlhr ~nches dry normal mlh; 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 

AHWl S320 0.417 1.2 98 8 0.15 0.16 0.16 2 24 24 30 33 33 0.15 6.00 0.40 0.25 0.25 0.19 
AHW4 5330 0.184 0.0 100.0 0.15 0.14 0.14 3 39 39 30 25 25 0.07 8.00 0.30 0.15 0.15 008 

JE Fuller1 Hydrology and Geomorphology. Inc 
Carefree DMP 

Ratnfall Loss Parameters 
10/23/2002 





LOSS PARAMETERS FOR SUBBASIN: GWW1-2 
----------------- ----------------- 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles outcrop 
.................................................... 

A-6 0.060 5.8 0.62 0 
A-3 3 0.781 74.9 0.23 0 
A-3 4 0.014 1.3 0.23 0 
A-4 0 0.011 1.1 0.17 0 
A-6 3 0.076 7.3 0.14 2 5 
A-93 0.007 0.7 0.33 0 
A-9 6 0.092 8.8 0.07 0 
T-301 0.002 0.2 0.40 0 
.................................................... 
TOTAL = 1.043 Sq.Miles XKSAT = 0.31 %Rock = 2 

PSIF = 5.20 

LAND USE 
- - - - - - - - - - - - - - - - 
RREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn Kb 
Sq.Miles Type condition cover in. Type 
..................................................................... 

Airport NORMAL 8 85 0.07 0.02 Mln 
0.007 DedOpSpc 0.7 NORMAL 3 5 0 0.20 0.05 Hi 
0.007 LgLotRes 0.7 NORMAL 3 5 15 0.18 0.04 Low 

MedDRes NORMAL 25 30 0.15 0.03 Low 
0.088 NRC 8.5 NORMAL 10 80 0.07 0.02 Mln 
0.246 RecOpSc 23 -6 NORMAL 7 5 0 0.20 0.03 Low 

Resort NORMAL 3 2 60 0.11 0.03 Low 
0.638 Rural 61.3 NORMAL 3 0 0 0.20 0.04 Low 
0.055 SmLotRes 5.3 NORMAL 3 0 25 0.15 0.04 Low 
0.000 Vacant 0.0 NORMAL 3 0 0 0.20 0.05 H1 

Water NORMAL 0 10 0.00 0.00 Mln 
.................................................................... 
1.041 = Total Area A v g .  = 41 8% 0.190 

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100. % 
WET = 0.0 % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.25 

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.28 

IMPERVIOUS AREA: URBAN @ 100 % effective = 8 
ROCK OUTCROP @ 50 % effective = 2 

........................ 
% EFFECTIVE IMP. = 9 

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 
SUBBLSIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. f t / m i  in. adj. % min. 
............................................................................. 
GWW1-2 1.043 3.88 1.87 0.04 164.9 0.19 0.25 5.20 0.28 9 42 
............................................................................. 

JE Fuller 1 Hydrology & Geomorphology, mc 
Carefree DMP 
10/2312002 

Galloway Wash 
Future Condlttons DDMS. FEMA Revlslans 

Subbastn Prep Reports 



LOSS PARAJ4ETERS FOR SUBBASIN: GWW131 
----------------- ----------------- 

Soil Survey Used Maricopa 

XKSAT 

Map Unit AREA 
Sq.Miles 

.................... 
A-6 0.074 
A-24 0 .015 
A-34 0 .028 
A-4 0 0 .180 
A-4 1 0.337 
A-72 0 .019 
A-93 0 .086 
A-96 0 .035 

% Area XKSAT % Rock 
outcrop 

TOTAL = 0.774 Sq.Miles XKSAT = 0.19 %Rock = 1 

DTHETA 
- -- - - - - - - - - - - - - - 
Dry = 0.38 PSIF = 5 .4n  
Normal = 0.25 
Wet = 0.00 

LAND USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn Kb Kb 
Sq.Miles Type condition cover in. Type 
........................................................................... 

Airport NORMAL 8 8 5  0.07 0 .02  Mln 
DedOpSpc NORMAL 35 0 0 .20  0 0 5  Hi 

0 . I 2 8  LyLotRes 1 6 . 5  NORMAL 35 1 5  0.18 0 .04  Low 0.05 
MedDRe s NORMAL 2 5 30 0 .15  0 . 0 3  Low 
NRC NORMAL 1 0  80 0 .07  0.02 Min 

0 . 0 0 1  RecOpSc 0 . 1  NORMAL 75 0 0 .20  0.03 Low 0 .08  
Resort NORMAL 3 2 6 0  0 . 1 1  0 .03  LOW 

0.637 Rural 82.3 NORMAL 3 0 0 0.20 0 .04  Low 0.04 
SmLotRes NORMAL 30 25  0 .15  0 .04  LOW 

0.008 Vacant 1 . 0  NORMAL 3 0 0 0 .20  0 .05  Hi 0.13 
Water NORMAL 0 1 0  0 .00  0 .00  Min 

........................................................................... 
0.774 = Total Area Avg. = 3 1  2% 0 .200 

PERCENT OF SUBBASIN DRY = 0 .0  % 
NORMAL = 1 0 0 .  % 
WET = 0 . 0  % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0 .25  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.23 

IMPERVIOUS AREA: URBAN B 100 % effective = 2 
ROCK OUTCROP B 100  % effective = 1 

% EFFECTIVE IMP. = 3 

INPUT VALUES FOR MCUHPZ PROGRAM 
............................................................................. 
SUBBASIN Area Length LCa Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. ft/mi ln. adj. % min. 
............................................................................. 
GWW131 0.774 2.58 1 . 2 8  0 . 0 4 1 5 8 . 9  0.20 0 .25  5.40 0.23 3 35 
............................................................................. 

JE fuller I Hydtolagy & Geomotphalagy, hc 
Carefree DMP 
1012312002 

Gallaway Wash 
Future Condttlons DDMS, FEMA Rev~stons 

Subbasln Prep Rcpwts 



LOSS PARAMETERS FOR SUBBASIN: GWW132 
================= 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 
.................................................... 

A-6 0.008 2.3 0.62 0 
A-3 3 0.085 24.5 0.23 0 
A-34 0.031 8.9 0.23 0 
A-4 0 0.110 31.7 0.17 0 
A-93 0.075 21.6 0.33 0 
A-96 0.038 10.9 0.07 0 
.................................................... 
TOTAL = 0.347 Sq.Miles XKSAT = 0.20 %Rock = 0 

DTHETA 
======== 
Dry = 0.37 
Normal = 0.25 
Wet = 0.00 

PSIF = 

LAND USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE % Area DTHETA %Vey. RTIMP% IA K n K b K b  
Sq.Miles Type condition cover in. Type 

Airport 
DedOpSpc 

0.034 LgLotRes 
MedDRes 
NRC 

0.032 RecOpSc 
Resort 

0.280 Rural 
SmLotRes 

0.001 Vacant 
Water 

NORMAL 
NORMRL 

9.8 NORMAL 
NORMAL 
NORMAL 

9.2 NORMAL 
NORMAL 

80.7 NORMAL 
NORMAL 

0 3 NORMAL 
NORMAL 

....... 

0.07 0.02 Min 
0.20 0.05 Hi 
0.18 0.04 Low 0.L- 
0.15 0.03 Low 
0.07 0.02 Min 
0.20 0.03 Low 0.06 
0.11 0.03 Low 
0.20 0.04 Low 0.05 
0.15 0.04 Low 
0.20 0.05 Hi 0.15 
0.00 0.00 Min 

0.347 = Total Area 

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100. % 
WET = 0.0 % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.25 

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.26 

IMPERVIOUS AREA: URBAN B 100 % effective = 1 
ROCK OUTCROP B 100 % effective = 0 

........................ 
% EFFECTIVE IMP. = 1 

INPUT VALUES FOR MCUHP2 PROORAM 
............................................................................. 
SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. ml. ft/mi in. adj. % min. 
............................................................................. 
GWW132 0.347 1.56 0.70 0.04 141.0 0.20 0.25 5.30 0.26 1 23 
................................................................ ......... 

JE Fuller I Hydrology & Geomorphology, hc 
Carefree DMP 
1012312002 

Galloway Wash 
Future Cond~tlons DDMS, FEMA Revls~ans 

Subbasln Prep Rep@ 



LOSS PARAMETERS FOR SUBBASIN: GWW133 
================= 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA 

Sq.Miles 
.................... 
A-6 0 . 0 5 1  
A-3 4 0 . 0 5 6  
A-4 0 0 .168  
A-93 0 . 0 0 1  
A-96 0 .121  

% Area XKSAT % Rock 
Outcrop 

................................ 
1 2 . 9  0 .62  0  
1 4 . 1  0 .23  0  
4 2 . 3  0 .17  0 

0 . 3  0 .33  0  
3 0 . 5  0 .07  0  

TOTAL = 0.397 Sq.Miles XKSAT = 0 .16  %Rock = 0 

DTHETA 
- -- - - - - - - - - - - - - - 
Dry = 
Normal = 
Wet = 

LANE USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE 
Sq.Miles Type 
................. 

Airport 
Dedopspc 

0.290 LgLotRes 
0.002 MedDRes 

NRC 
0.094 RecOpSc 
0 .009  Resort 
0.002 Rural 

SmLotRes 
Vacant 
water 

PSIF = 5.80 

% Area DTHETA 
condltlon 

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

NORMAL 
NORMAL 

7 3 . 1  NORMAL 
0 .5  NORMAL 

NORMAL 
2 3 . 7  NORMAL 

2 . 3  NORMAL 
0 . 5  NORMAL 

NORMAL 
NORMAL 
NORMAL 

%Veg. RTIMP% IA Kn Kb Kb 
cover in. Type 
...................................... 

a 85 0.07 0 .02  Min 
35 0  0 .20  0 . 0 5  H1 
3 5 1 5  0.18 0 . 0 4  Low 0 . 0 5  
25 30 0 .15  0 .03  Low 0.08 
10 80 0 . 0 7  0 .02  Mln 
75 0  0 . 2 0  0 .03  Low 0 . 0 6  
3  2 60 0 . 1 1  0.03 Low 0 .07  
3 0 0  0 .20  0.04 Low 0 . 0 8  
3  0  25 0 . 1 5  0.04 Low 
3 0  0  0 .20  0 . 0 5  Hi 

0 1 0  0 .00  0.00 Mln 

0.397 = Total Area Avg. = 46 12% 0.180 

PERCENT OF SUBBASIN DRY = 0 . 0  % 
NORMAL = 100 .  % 
WET = 0 . 0  % 

SWBASIN DTHETA WEIGHTED BY LAND USE = 0 . 2 5  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 

IMPERVIOUS AREA: URBAN @ 100 % effective = 12  
ROCK OUTCROP @ 100 % effective = 0 

........................ 
% EFFECTIVE IMP. = 12  

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 
SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. ft/ml in. adj. % min. 
............................................................................. 
GWW133 0.397 1 . 5 9  0 .90  0 .04  157 .2  0 . 1 8  0 .25  5 .80  0.22 12  23 
............................................................................. 

JE Fuller I  Hydrology & Geomorphalogy, in' 
Carefree DMP 
1012312002 

Gallaway Wash 
Future Cond~tianr DDMS, FEMA Revtslans 

Subbds~n Pnp Reports 



LOSS PARAMETERS FOR SUBBASIN: GW1-4 
================= 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 

A-6 
A-3 3 
A-4 0 
A-4 1 
A-72 
A-93 
A-96 
A-121 
. - - - - - - 
TOTAL = 

0 .039 3.9 0.62 
0.034 3.4 0.23 
0.084 8.4 0.17 
0.579 57.7 0.17 
0.001 0.1 0.09 
0.084 8.4 0.33 
0.181 18.0 0.07 
0.002 0.2 0.12 

1.004 Sq.Miles XKSAT = 0.16 

DTHETA 
- - - - - - - - - - - - - - - - 
Dry = 0.39 
Normal = 0.25 
wet = 0.00 

PSIF = 5.80 

LAND USE 
======== 

AREA LANE USE % Area DTHETA %Veg. RTIMP% IA Kn Kh rn 
Sq.Miles Type condition cover ln. Type 

Airport 
DedOpSpc 

0.070 LgLotReS 7.0 
0.011 MedDRes 1.1 
0.002 NRC 0.2 

Recopsc 
Resort 

0.916 Rural 91.2 
SmLotReS 

0.005 Vacant 0.5 
Water 

. 7 - - - - - - - - - . . . . - - - - - - - - -  

1.004 = Total Area 

NORMAL 8 
NORMAL 3 5 
NORMAL 35 
NORMAL 2 5 
NORMAL 10 
NORhULL 75 
NORMAL 32 
NORMAL 3 0 
NORMAL 3 0 
NORMAL 3 0 
N O W  0 

Avq.= 30 

PFRCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100. % 
WET = 0.0 % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.25 

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.20 

IMPERVIOUS AREA: URBAN O 100 % effective = 2 
ROCK OUTCROP @ 50 % effective = 0 

. . . . . . . . . . . . . . . . . . . . . . . .  
% EFFECTIVE IMP. = 2 

INPUT VALUES FOR MCUHP2 PROGRAM 

0.02 Min 
0.05 Hi 
0.04 Low 0.06 
0.03 Low 0.07 
0.02 Min 0.04 
0.03 Low 
0.03 LOW 
0.04 Low 0.04 
0.04 Low 
0.05 Hi 0.14 
0.00 Min 

SWBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 
sq. mi. mi. ft/mi in. adj. % min. 

~~-----~~--~~..~~-~~----~.~...---~~~--.--~--------~----~~-~-----~~---. . .~-~-- 

GWl-4 1.004 3.64 2.11 0.04 274.7 0.20 0.25 5.80 0.20 2 43 

JE Fuller / Hydrology & Geomorphology, hc. 
Carefree DMP 
10/23/2002 

Galloway Wash 
Future Condlhms DDMS, FEMA Rewstons 

Subbasin Prep Reports 



LOSS PARAMETERS FOR SUBBRSIN: GWW1-5 
----------------- ----------------- 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Mlles Outcrop 
.................................................... 

A-6 0.014 1 . 4  0 .62  0  
A-2 8  0 .010 1 . 0  0.02 0  
A-3 3  0 .187  1 9 . 0  0 .23  0  
A-3 4  0.063 6.4 0 .23  0  
A-4 0 0 .044  4 .5  0 .17  0  
A-72 0 . 0 0 5  0 .5  0.09 3  0  
A-93 0.192 1 9 . 5  0 .33  0  
A-96 0 .468  4 7 . 6  0 .07  0  
-----------------.....----------.-....---------.-.-- 

TOTAL = 0.983 Sq.Miles XKSAT = 0.14 %Rock = 0 

DTHETA 
======== 
Dry = 0 .39  PSIF = 6.20 
N o m l =  0 . 2 3  
wet = 0.00 

LAND USE 
- - - - - - - - - - - - - - - - 

AREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn Kb Kb 
Sq.Miles Type condition cover in. Type 
........................................................................... 

0.080 Airport 8 . 1  NORMAL 8 85 0 .07  0.02 Min 0.03 
DedOpSpc NORMAL 3 5 0  0 .20  0 . 0 5  Hi 

0.192 LgLotRes 1 9 . 5  NORMAL 3 5  1 5  0 . 1 8  0.04 Low 0 . 0 5  
0.176 MedDRes 17 .9  NORMAL 25 30 0.15 0.03 Low 0.05 
0.164 NRC 1 6 . 7  NORMAL 10 80 0 .07  0 .02  Min 0 .03  
0.204 RecOpSc 20.8  N O W  75 0  0.20 0 .03  Low 0 . 0 5  
0.026 Resort 2 . 6  NORMAL 32 60 0 .11  0 .03  Low 0 . 0 6  
0.064 Rural 6 .5  N O W  3 0  0  0 .20  0 .04  Low 0.06 
0.018 SmLotRes 1 . 8  NORMAL 3 0 25 0 . 1 5  0.04 Low 0 .07  

Vacant NORMAL 3 0  0  0 .20  0 .05  HI 
Water NORMAL 0 10 0 . 0 0  0 .00  Mln 

0.059 HDR 6 .0  NORMAL 22 45 0 . 1 3  0.03 Min 0 .03  
........................................................................... 

0 . 9 8 3  = Total Area Avg. = 43 33% 0 .150  

PERCENT OF SUBBASIN DRY = 0 . 0  % 

NORMAL = 100 .  % 
WET = 0.0  % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0 .23  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 

IMPERVIOUS AREA: URBAN B 100 % effective = 33  
ROCK OUTCROP @ 50 % effective = 0 

------------------..-.-. 

% EFFECTIVE IMP. = 3 3  

INPUT VALUES FOR MCUHP2 PROGWLM 

SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 
sq. mi. mi. ft/mi in. adj. % min. 

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

GWW1-5 0.983 3 . 5 7  1 . 8 9  0 .03  112.6  0.15 0 .23  6 .20  0 .19  33  36 
............................................................................. 

JE Fuller I Hydrology & Oeomorphology, Inc 
Cartfrce DMP 
10/23/2002 

Galloway Wash 
Fuhlre Cand~tlons DDMS, FEMA Revlrlons 

Subbas~n Prep Reports 



LOSS PARAMETERS FOR SUBBASIN: GW1-6 
----------.------ ----------------- 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unlt AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 
.................................................... 
A-6 0 . 0 1 9  3.2 0 . 6 2  0 
A-3 3 0 . 0 3 4  5 . 7  0 .23  0 
A-34 0.306 5 1 . 6  0.23 0 
A-4 1 0 . 1 7 5  2 9 . 5  0.17 0 
A-93 0.007 1 . 2  0.33 0 
A-96 0.044 7.4 0.07 0 
A-121 0.008 1 . 3  0.12 0 
.................................................... 
TOTAL = 0.593 Sq.Miles XKSAT = 0.20 %Rock = 0 

DTHETA 
- - - - - - - - - - - - - - - - 
Dry = 
Nonnal = 
Wet = 

LANE USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE 
Sq.Miles Type 

Airport 
DedOpSpc 
LgLotRes 
MedDRes 

0.014 NRC 
RecOpSc 
Resort 

0.556  Rural 
SmLotRes 

0.023 Vacant 
Water 

PSIF = 5.30 

% Area DTHETA 
condition 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

2.4 NORMAL 
NORMAL 
NORMAL 

93.8 NORMAL 
NORMAL 

3 . 9  NORMAL 
NORMAL 

%Veg . 
cover 
...... 

8 
3 5 
3 5 
2 5 
1 0  
75 
3 2  
3 0 
3 0 
3 0 

0 

RTIMP% IA 
in. 

. - - - - - - - - - - - - - - - . 
85 0 . 0 7  

0 0.20 
15  0 . 1 8  
3 0  0.15 
8 0  0.07 

0 0.20 
6 0  0 . 1 1  

0 0 . 2 0  
25 0 .15  

0 0 .20  
1 0  0 .00  

Kn Kb Kb 
Type 

................. 
0 . 0 2  Mln 
0.05  HI 
0.04  LOW 
0.03  Low 
0.02  Min 0 . 0 3  
0.03 Low 
0 . 0 3  LOW 
0 . 0 4  Low 0 . 0 4  
0 . 0 4  Low 
0.05  Hl 0.12  
0.00 Min 

0.593 = Total Area Avg. = 3 0  2 %  0 . 2 0 0  

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100.  % 
WET = 0 . 0  % 

SUBBASIN DTHETA WEIGHTED BY LANC USE = 0 .25  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 

IMPERVIOUS AREA: URBAN 13 1 0 0  % effective = 2 
ROCK OUTCROP I3 5 0  % effective = 0 

........................ 
% EFFECTIVE IMP. = 2 

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 
SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. ft/rni in. adj. % min. 
--~-~~~~~--~~-~~~----------------------------------------------------~-~.~-~- 

GWW1-6 0 .593  2 . 6 1  1 . 3 1  0 . 0 4  1 6 4 . 8  0 . 2 0  0.25 5 . 3 0  0 . 2 4  2 3 5  
............................................................................. 

JE Fuller I Hydrology & Gcomarphalogy, Lnc 
Carefree DMP 
1012312W2 

Galloway Wash 
Future Condlttans DDMS, FEMA Revlstons 

Subbasrn Prep Reports 



LOSS PARAMETERS FOR SUBBASIN: GVW2 
================= 

Soil Survey Used Custom 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrofi 
.................................................... 
A-8 0.217 3.6 0.00 0 
A-2 6 0.000 0.0 0.01 0 
A-3 4 0.016 0.3 0.23 0 
A-4 1 0.738 12.2 0.17 0 
A-61 0.047 0.8 0.15 0 
A-63 2.518 41.8 0.14 25 
A-72 2.050 34.0 0.09 3 0 
A-93 0.153 2.5 0.33 0 
A-104 0.081 1.3 0.14 6 0 
T-301 0.201 3.3 0.40 0 
T-303 0.002 0.0 0.40 15 
.................................................... 
TOTAL = 6.023 Sq.Miles XKSAT = 0.14 %Rock = 21 

DTHETA 
======== 
Dry = 
Normal = 
Wet = 

PSIF = 6.20 

LAND USE 
======== 
AREA LAND USE % Area DTHETA %Veg. RTIMP% IA KIl Kb Kb 
Sq.Miles Type condition cover in. Type 

Airport 
DedOpSpc 

0.056 LgLotRes 
2.141 MedDRes 
0.345 NRC 
0.000 RecOpSc 

Resort 
1.781 Rural 
0.000 SmLotRes 
1.700 Vacant 
0.000 Water 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

0.02 Min 
0.05 Hi 
0.04 Low 0.06 
0.03 Low 0.04 
0.02 Min 0.03 
0.03 Low 
0.03 Low 
0.04 Low 0.04 
0.04 Low 
0.05 H1 0.07 
0.00 Min 

6.023 = Total Area Avg. = 28 15% 0.170 

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100. % 
WET = 0.0 % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.23 

SUBBASIN XKSAT ADJUSTED FOR VEG. = 

IMPERVIOUS AREA: URBAN Q 100 % effective = 15 
ROCK OUTCROP 0 50 % effective = 21 

........................ 
% EFFECTIVE IMP. = 26 

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 
SUBBASIN Area Length LCa Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. ft/mi in. adj. % min. 
............................................................................. 
GVW2 6.023 5.51 2.77 0.04 371.1 0.17 0.23 6.20 0.17 26 49 
............................................................................. 

JE Fuller i Hydrology 8s Oeomorpholagy, Inc 
Care& DMP 
LO/23R002 

Galloway Wash 
Future Condttlons DDMS, FEMA Revtsrons 

Subbas," Prep Repom 



LOSS PARAMETERS FOR SUBBASIN: GW3-1 
----------------- ----------------- 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unlt AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 
-------------------..-.-.---.-........-------..--..- 

A-6 0.113 1 0 . 8  0 .62  0  
A-8 0.054 5 . 2  0 .96  0  
A-2 6  0 .069 6 . 6  0 .01  0  
A-3 3  0 .017 1 . 6  0 . 2 3  0  
A-3 4  0.541 5 1 . 9  0 .23  0  
A-4 1 0.120 1 1 . 5  0.17 0  
A-93 0 .067 6 . 4  0 . 3 3  0  
A-96 0 .045 4 .3  0 .07  0  
A-121 0.017 1 . 6  0 .12  0  

TOTAL = 1 .043  Sq.Miles XKSAT = 0 . 2 1  %Rock = 0  

DTHETA 
- - - - - - - - - - - - - - - - 
Dry = 
Normal = 
Wet = 

LAND USE 
- - - - - - - - - - - - - - - - 

AREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn Kb Kb 
Sq.Miles Type condition cover in. Type 
.......................................................................... 

Airport NORMAL 8 85  0 . 0 7  0 .02  Min 
DedOpSpc NORMAL 3 5  0  0 . 2 0  0 . 0 5  Hl 

0.003LgLotRes 0.3 NORMAL 35 1 5  0 .18  0  04 Low 0 . 0 8  
MedDRe s NORMAL 2 5 30 0 . 1 5  0 .03  Low 

0.002 NRC 0.2  NORMAL 10 80 0 . 0 7  0.02 Min 0.04 
RecOpSc NORMAL 75 0  0 . 2 0  0 .03  Low 
Resort NORMAL 32 60 0 . 1 1  0.03 LOW 

0.984 Rural 94.3  NORMAL 30 0  0.20 0 .04  Low 0.04 
SmLotRes NORMAL 30 25  0 . 1 5  0 .04  LOW 

0.054 Vacant 5 . 2  NORMAL 30 0  0 . 2 0  0 . 0 5  Hi 0 . 1 1  
Water NORMAL 0  1 0  0 . 0 0  0.00 Min 

1.043 = Total Area Avg.= 30 0% 0.200 

PERCENT OF SUBBASIN DRY = 0 . 0  % 
NORMAL = 100.  % 

WET = 0 . 0  % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0 .25  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.26 

IMPERVIOUS AREA: URBAN @ 100 % effective = 0  
ROCK OUTCROP @ 50  % effective = 0  

% EFFECTIVE IMP. = 0  

INPW VALUES FOR MCUHP2 PROGRAM 
-----------.---......---.-.----------------....--...-.----.------------------ 

SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 
sq. mi. mi. ft/mi in. adj. % min. 

JE Fuller / Hydrology & Gemnorphology, Inc 
Carefree DMP 
10/2312002 

Galloway Wash 
Future Condtttons DDMS, FEMA Rewslons 

Subbasln Prep Reports 



LOSS PARAMETERS FOR SUBBASIN: GVWl 
----------------- ----------------- 

Sol1 Survey Used Custom 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 
.................................................... 
A-6 0.064 1.3 0.62 0 
A-8 0.118 2.4 0.96 0 
A-2 6 0.048 1.0 0.01 0 
A-3 3 0.001 0.0 0.23 0 
A-3 4 0.224 4.6 0.23 0 
A-4 1 0.109 2.2 0.17 0 
A-7 2 3.262 66.5 0.09 3 0 
A-9 3 0.009 0.2 0.33 0 
A-104 1.014 20.7 0.14 60 
T-3 0 3 0.055 1.1 0.40 15 
.................................................... 
TOTAL = 4.904 Sq.Miles XKSAT = 0.11 %Rock . 33 
DTHETA 

- - - - - - - - - - - - - - - - 
Dry = 0.36 PSIF = 6.80 
Normal = 0.17 
Wet = 0.00 

L?iND USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn Kh Kh 
Sq.Miles Type condition cover in. TYPE 
......................................................................... 

Airport NORMAL 8 85 0.07 0.02 Min 
0.000 DedOpSpc 0.0 NORMAL 3 5 0 0.20 0.05 Hi 

LgLotRes NORMAL 35 15 0.18 0.04 Low 
MedDRes NORMAL 2 5 30 0.15 0.03 LOW 

0.033 NRC 0.7 NORMAL 10 80 0.07 0.02 Mln 0.03 
RecOpSc NORMAL 75 0 0.20 0.03 Low 
Resort NORMAL 32 60 0.11 0.03 Low 

2.081 Rural 42.4 NORMAL 30 0 0.20 0.04 Low 0.04 
SmLotRes NORMAL 3 0 25 0.15 0.04 Low 

2.790 Vacant 56.9 NORMAL 3 0 0 0,20 0.05 Hi 0.07 
Water NORMAL 0 10 0.00 0.00 Mln 

........................................................................... 
4.904 = Total Area Avg . = 30 1% 0.200 

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100. % 
WET = 0.0 % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0.17 

SUBBASIN XKSAT ADJUSTED FOR VEG. = 0.13 

IMPERVIOUS AREA: URBAN @ 100 % effective = 1 
ROCK OUTCROP @ 50 % effective = 33 

% EFFECTIVE IMP. = 18 

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 
SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 

sq. mi. mi. ft/mi in. adj. % min. 
............................................................................. 
GVWl 4.905 6.19 3.56 0.04 298.9 0.20 0.17 6.80 0.13 18 68 
............................................................................. 

IE Fuller / Hydrology & Geomatphology, Inc 
Carefree DMP 
10/23/2W2 

Galloway Wash 
Future Condlt~ons DDMS, FEMA Revistons 

Subbastn Prep Reports 



LOSS PARAMETERS FOR SUBBASIN: GW3-2 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 

TOTAL = 

DTHETA 
-- - - - - - - - - - - - - - - 
Dry = 
Normal = 
Wet = 

0.044 4 . 5  0 .62  0  
0.216 22.2  0.96 0  
0.165 1 7 . 0  0 . 0 1  0  
0.074 7 .6  0 .23  0  
0 .429  4 4 . 1  0 .23  0  
0.000 0 . 0  0 .17  0  
0 .044  4 . 5  0 .33  0  
.---..-.-.-.-.-.-..-..--..-.--.----------- 

0.972 Sq.Miles XKSAT = 0 .20  %Rock = 0  

PSIF = 5.30 

LAND USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE % Area DTHETA %Veg. RTIMP% IA Kn K b  Kb 
Sq.Mlles Type condition cover ln. Type 
------~-------------------------~--~~~~~-..~.~.~~~...~...~.~.......~~~~.-~~ 

Airport NORMAL 8 85 0 .07  0 .02  M m  
DedOpSpc NORMAL 3  5  0  0 .20  0 . 0 5  Hi 
LgLotRes NORMAL 3  5 1 5  0 . 1 8  0 .04  Low 
MedDRes NORMAL 2  5  30 0 .15  0 .03  Low 
NRC NORMAL 10 80 0 .07  0.02 Mln 
RecOpSc NORMAL 75 0  0.20 0 .03  Low 
Resort NORMAL 32 60 0 . 1 1  0 . 0 3  Low 

0.810 Rural 8 3 . 4  NORMAL 3  0  0  0.20 0 .04  LOW 0.04 
SmLotRes NORMAL 3  0  25 0 .15  0 .04  Low 

0.161 Vacant 1 6 . 6  NORMAL 3  0 0  0 .20  0 . 0 5  Hi 0.10 
Water NORMAL 0 1 0  0 .00  0 .00  Min 

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

0 . 9 7 1  = Total Area Avg. = 30 0% 0.200 

PERCENT OF SUBBASIN DRY = 0.0  % 
NORMAL = 100 .  % 
WET = 0 . 0  % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0 . 2 5  

SUBBASIN XffiAT ADJUSTED FOR VEG. = 0.24 

IMPERVIOUS AREA: URBAN @ 100 % effective = 0 
ROCK OUTCROP B 50 % effective = 0  

. . . . . . . . . . . . . . . . . . . . . . . .  
% EFFECTIVE IMP. = 0  

INPUT VALUES FOR MCUHP2 PROGRAM 

SIJBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 
sq. mi. mi. ft/ml in. adj. % min. 

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

GW3-2 0.972 2 . 4 2  1 . 2 6  0 .04  1 4 4 . 6  0 .20  0 .25  5 .30  0 .24  0  35  
~~~~~~~~~~.~.... . . .~------------~----------------~--------~--------~..~~~-~~~ 

JE Fuller I  Hydrology & Geomorphology, inc 
Careftte DMP 
10123/2002 

Galloway Wash 
Euhlte Condtuons DDMS, FEMA Revlslons 

Subbas~n Prep Repolls 



LOSS PARAMETERS FOR SUBBASIN: GVW3-3 
----------------- ----------------- 

Soil Survey Used Maricopa 

XKSAT 
- - - - - - - - - - - - - - 
Map Unit AREA % Area XKSAT % Rock 

Sq.Miles Outcrop 

DTHETA 
- - - - - - - - - - - - - - - - 
Dry = 
Normal = 
Wet = 

LAND USE 
- - - - - - - - - - - - - - - - 
AREA LAND USE 
Sq.Miles Type 

PSIF = 6.00 

% Area DTHETA 
condition 

%Veg . 
cover 

Airport 
DedOpSpc 
LgLotRes 
MedDRes 
NRC 

0.033 RecOpSc 
Resort 

0.261 Rural 
0.018 SmLotRes 
0.029 Vacant 

Water 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

9.7 NORMAL 
NORMAL 

76.5  NORMAL 
5 .3  NORMAL 
8.5 NORMAL 

NORMAL 

RTIMP% IA 
in. 

----------.----. 
85 0.07 

0 0 .20  
15 0.18 
30  0.15 
80 0.07 

0 0.20 
60  0 . 1 1  

0 0.20 
25 0 .15  

0 0.20 
10 0.00 

K n K b K b  
Type 

---.-----..-...-. 

0 . 0 2  Min 
0 .05  Hi 
0.04 Low 
0.03 Low 
0.02 Min 
0.03 Low 0 .06  
0.03 Low 
0.04 Low 0.05 
0.04 Low 0.07 
0 .05  Hi 0.12 
0 .00  Min 

0 . 3 4 1  = Total Area Avg.= 34 1% 0.200 

PERCENT OF SUBBASIN DRY = 0.0 % 
NORMAL = 100 .  % 
WET = 0 .0  % 

SUBBASIN DTHETA WEIGHTED BY LAND USE = 0 .25  

SUBBASIN XKSAT ADJUSTED FOR VEG. = 

IMPERVIOUS AREA: URBAN @ 100 % effective = 1 
ROCK OUTCROP 8 50 % effective = 1 

. . . . . . . . . . . . . . . . . . . . . . . .  
% EFFECTIVE IMP. = 2 

INPUT VALUES FOR MCUHP2 PROGRAM 
............................................................................. 

SUBBASIN Area Length Lca Kn Slope IA DTHETA PSIF XKSAT RTIMP Lag 
sq. ml. mi. ftfmi in. ad]. % min. 

- - - -~-~- -~~-~~~~~. . - - - - - - - - - - - - - - - - - -~- - - - - - - - - - - - - - - - - - - - - -~- -~~~~~~~.~~~~~.  

GW3-3 0 . 3 4 1  1 .88  0.95 0.04 135.6 0 .20  0.25 6 .00  0.19 2 28  
............................................................................. 

JE Fuller I Hydrology 81 Geomarphalogy, hc 
Carefree DMP 
10123/2002 

Galloway Wash 
Fuhlre Cond~t~ons DDMS, FEMA Revistons 



Appendix D 

Road Crossing Peak Discharge Calculations 

Existing and Future Conditions 

Andora Hills Wash 

And 

Galloway Wash 



Carefree DMP 
JE Fuller1 Hydrology and Geomorphology. Inc. 

appendlx d, existcng, FEMA revtmons.xls 
10/23/2002 



Carefree DMP 
JE Fuller1 Hydrology and Geomorphology. Inc. 

Table D.l 
appendix d, existing. FEMA revisions.xls 

1012312002 



Carefree DMP 
JE Fuller1 Hydrology and Geomorphology. Inc. 

Table D.2 
appendix d, future. FEMA revisions.xls 

10/23/2002 





Appendix E 

CD-ROM with HEC-1 Models 
and 

Shapefiles of Road Crossing Locations and Drainage Basins 



October 23, 2002 

This CD contains HEC-1 files for the Andora Hills and Galloway Wash watersheds. 
These models reflect revisions made in response to FEMA comments on the 
Andora Hills/Galloway Wash FDS. 

The models were constructed for the Carefree DMP by: 

JE Fuller/ Hydrology & Geomorphology, Inc 
6101 S .  Rural Road, Suite 110 
Tempe, AZ 85283 
(480) 752-2124 

under subcontract to CH2M Hill. 

Four models for each watershed are included: 

An example of the file naming convention: 

aw10024e.dat = andora hills wash 100-year 24-hour existing condition 

The existing directory contains the existing conditions input and output files. 
Also in the existing directory are MCWPl input files for Andora Hills Wash. 
These files were used to compute Tc and R for revised basins AHWl and AHW3 for 
the 
100-year models and for all basins for the lo-year models. 

The future directory contains the future condition input and output files. 
It also contains the ddms files modified from FCD 99-14 files for galloway wash 
for the future condition land use. 

Also on this CD are two ArcView shapefiles of the road crossing locations and 
subbasin boundaries to each crossing. 



Appendix D - Flow Split Estimations 



M E M O R A N D U M  CHZMHILL 

Terravita Way Boundary Conditions and Flow Split 
Determination 
M. File 

COPIES: File 

FROM: Tony 60kich 

DATE: April 30,2003 (Revised (3/19/04) 

A hydraulic analysis was performed on Terravita Way to determine the downstream 
boundary condition for the Unnamed Central Tributary to Cave Creek and to determine the 
direction flow would travel. Flow could travel north through 4-1Wx4' RCBC's, or north, 
south or west over Terravita Way. 

The Haestad Culvertblaster program was used to determine the maximum water surface 
elevation at Terravita Way of 2141.45 and used as the boundary condition. This information 
was used to determine the maximum flow through the box culverts and overtopping flows 
at 4 low points along the roadway profile. Culvert and channel analyses generated a flow- 
rating table of box culvert and overtopping flows at four low points on the roadway profile. 
The analysis determined that 1,578 cfs flows through the box culvert while 142 cfs, 562 cfs, 
and 514 cfs will flow to the south, west, and north, respectively, of Terravita Way. 

The total flow used in the analysis is 2349 cfs. This figure omits the small side channel flow 
that enters the north side of the main stream about 70 feet upstream of the culvert. This 
wash OJC84 in the HEC-I output) was combined at this location after the initial flow split of 
2092 to the north and 704 to the south. It increased the north peak to 2116 ds. The difference 
in peak flows between the overtopping analysis and the HEC-RAS flows at Terravita Way is 
a total of 24 cfs or 1.1% of the total flow. 

The results of the flow split analysis produced rating curves that determine the flow split 
quantitatively. These rating curves were incorporated into the HEC-I model. The peak flow 
entering the Unnamed Central Tributary to Cave Creek - North Branch is taken from 
concentration point CP84. The peak flow entering the South Branch is taken from R D W  
and then D84IIN. Refer to the Summary of HEC-RAS Model Flow Changes table in the 
TDN. 

P1(WIERRAVKA WAY RMHSPUTPAW.DM: 



Termvtta Way Flow Splt Estimation 
03/18/2004 
Carefree DMP 
162944.DP.15.03 

A total flow of cls anlves at Terravita Way. The 2649 cfs flow will split at Terravita Way and will go: 
1. Thmugh lhe culvert to the North 
2. Over the Road to the North 
3. Over the Road to the West and 
4. Over the Road and to the Sarth. 

Culvm capacity was analyzed using born Culvert Master and HY-8 and the res& were !dmUcal. A rating curve was devdopsd that takes into amount Uw headwater d e w .  
Rating curves were developed for the total flow, culvert and o v e m  and just for the culvert. The flow spin was further analyzed with the Culvertmaster program at the 
centerline of overtopping (see attached map). This is the line at which overtopping will occur, it is not the centerllne of the roadway. Us!ng the 5 edsting low points on lhe csntsrllne profile, 
the centerline was dhried into indnridual sections to determine the amount of Row that wlli w North, Souih, or West. A rating table was determhed for each section to vie!d total Row . 
for each setbn. 

The resulting Rating Table is as follows: 

WSE Total Row Road Culvert North (Road 8 Culvert) South West 
2134.64 0 0 0 0 0 0 
2135.5 79.7 0 79.7 79.7 0 0 

2136.55 255 0 254 255 0 0 
2137.59 490 0 490 490 0 0 
2138.98 880 0 880 880 0 0 
2140.08 1250 50 1200 1250 0 0 
2140.67 1550 175 1375 1550 0 0 

2141 1684 514 1450 1839 0 125 



Performance Curves Report 
terravita way 

Range Data: 

Mlnimum Maximum i n c k e n t  
Dlsmatge 0.00 B.OM).M) BW.w ds 

HW Elev. 

Tifa: Terravlta Way flaw spln ~nalysia Pmject Enplnwr: ~rnili ~olevskl 
p%..UMlaVma arhnrt (new) ratin0 ourve.cwn C112M HIM CulvertMaster v2.0 12- 
OWWW m41:52 AM 0 Waesllld Methods. I n  37 Bmokside Road Weterbury, CT OBm8 USA +1-2c5.766-1688 Page 1 of 1 



Culvert Analysis Report 
Terravita Way 

pnent:Culvert-I 

Culvert Summary 

Computed Headwater Elevation 2.141.45 f i  Discharge 1.577.80 cfa 
Inlet Control HW Elev 2.141.45 n Tailwater Elevation 2,133.70 n 
Outlet Control HW Elev 2,140.83 fl Control Type Inlet Control 
Headwater DepW Helght 1.70 

Qrades 

Upstream Inverl 2,13464 R Downstream Invert 2,133.70 n 
Length 90.m n Constructed Slope 0 . 0 1 ~ 4 4  f ~ f t  

Hydraulk Profile 

P ~ R I ~  S? Depth, Downstream 279 n 
Slope ~ y p e  *P Normal Depm 2.43 n 
Flow Regime supercritical Critical Depth 3.64 tt 
Velccny Downstream 14 12 Ws Critical Slope 0.003320 Mt 

Section 

Senion Shape Box Mannlngs Coeffkient 0.01 3 
Sectton Material Concrete Span 1000 it 
Section Sue 1Ox4R Rase 4.00 ft 
Number Sections 4 

- 
11 Control Propemes 

Outlet Control HW Elev 2.140.83 n Upstream Velocity Head 
Ke 0.40 Entrance Loss 

Inlet Control Prooerties 

Inlet Control MN Elev 2,141.45 A Flow Control Submerged 
Inlet Type 34" chamfers: 45 " skewed headwall &a Full 1m.O W 
K 0.52200 HDS 5 Chart 11 
M 0.68700 HDS 5 Scale 1 
C 0.04020 Equation Form 2 
Y 0.73WO 

Project We: Terravita Way 4 TenbyFour Cuhrerts Project Engineer: Unda A. Johnson 
p:\I6?.844\culven ratlng c u ~ ~ ~ \ t e n a v i l m  CHZM nut CulvertMaster v1.0 
@l22/04 01:49:05 PM O Haestad Methods, inc 37 BnmksMe Road Waterbury, CT 06708 USA (m3) 755-1660 Page 2 of 3 



Cross Section 
Cross Sectlon for Irregular Channel 

I WAY flOw <FLIT E S T ~ ~ ~ A T ~ O ~  
Project Descr~puon 

Worksheet Overall Roadway Sectlon 
Flow Element Irregular Channel 
~ e m o d  Manning's Fonula 
Solve For Discharge 

Sectlon Data 

Mannlnas Coefficient 0.036 
slope 0.005919 f ~ f t  
Water Surface Elevation 2,141.45 ft 
Elavatlon Range 2.139.80to 2.143.56 
Discharoe 1.271.07 cfs 

v : l o . o L  
H:1 
NTS I 

Project Engineer: Unda Johnson 
p:\lg2844\flawmaaldindas harddfbe\term.fm2 CH2M HILL FbwMasIef W.0 [614b] 

01:53:OS PM 0 Haestad Methods. lnc. 37 Bfooblde Road Waterbury, CT 06708 USA (203) 7561886 P a w l o f 1  



Worksheet 
Worksheet for Irregular Channel 

-- 

Project Description 

Worksheet Overall Roadway Sedon 
Fbw Element Irregular Channel 
Method Manning's Formula 
Solve For Discharge 

Input Data 

Slope 0.005919 Mt 
Water Surface Elevation 2.141.45 R 

Options 

Current Roughness Method Improved Lottes Method 
Open Channel Weighting Method Improved Lotteh Method 
Cbsed Channel Weighting Method Horton's Memod 

Results 

MBnnlngs Coefficlem 
Elevallon Range 
Discharge 
Flow Area 
Wetted Perimeter 
Top Width 
Acblel Depth 
Critical Elevation 
C W I  Slope 
velocny 
Veloclty Head 
Specific Energy 
Fmude Number 
Flow Tvoe 

0.035 
2.139.80to 2.143.56 

1,271.07 cfs 
453.2 fP 

569.83 ft 
569.39 R 

1.65 R 
2.141.15 ft 

0.021377 Wft 
2.80 n/s 
0.12 it 

2.141.57 R 
0.55 

Subcriticai 

Calculation Messages: 
Flow is divided. 

Roughness Segments 

Stalt End Mannhgs 
StaUon Statlon Coefflclenl 

Natural Channel Points 

Station Elevation 
(ft) (ft) 

Pmjea Engineer: Unda Johnson 
p:\lB2944\ROmnasteNIndas\tei harddrtwt\lerra.fm2 CH2M HILL WwMaster v8.0 [614bl 
W 0 4  01:52:22 PM O Haestad Methods, lnc. 37 Brouksii Road Waterbur/, CT 06708 USA (203) 7551666 Page 1 of 2 



Worksheet 
Worksheet for Irregular Channel 

Natural Channel Polnb 

Station Elevatbn 
(R) (R) 

5+sS 2.143.56 

Project Englneer Linda Johnson 
p:\162@44Wowmgaf~aa harddriw\lerra.frn2 CHm nu FlowMasler v8.0 1614bl 
W 2 2 W  01:52:22 PM 4 9  HaestBd Memods. lffi. 37 Bmokside Fload Waterbury, CT m7Ca USA (203) 755-1866 Paw2012 



Performance Curves Report 
terravlta way aorth 1 > 

~erformance' Curves 
--c HW Elev. 

0.0 1000.0 ~ 0 0 . 0  3000.0 4000.0 5000.0 6000;o 

175 0 Discharge 
(CfS) 

TlSw T m v I t a  Way Flow Sph Ars&b Pmjed Engineer: Emlll Kolevski 
pcL.Wvltta culvsrt (new) rating curve.arm CH2MWI CulvertMasterv2.0 [2.Wn 
081M103 09:WOS AM Q Haestad Mathcds, lnc. 37 8moksMe Road WaWury, CT 06708 USA +1-!E3755-1868 P.aelOf1 



Performance Curves Report 
terravlta way <north b 

Range Data: 

Mhlmum Maxlmum Increment 
Discharge 0.00 8,000.00 600.00 ds , 

HW Elev. 

rme: Term& Way Fiow SPIN Analysis Pmject Engheer: Emlli KolevsM 
pA..UeneVma arhrert (new) ratlno anve.cwn CH2M HIII CulvertMastw v2.0 [2.01Eq 
OWM)3 m38:37 AM O Haeatad Methods, lnc. 37 mvok8Ide Road Waterbury, CT W708 USA +1-2~755-1~88 Page 1 of 1 



Performance Curves Report 
terravita way csouth> 

Mlnlmum Maxlmum lnnement 
Discharge 0.00 6.OOO.W 8W.W cfs 

mr~:  ~enavita way  low sdn -MIS prnjeci E~nplneer: mill ~oiavski 
p%.Venaw W e r t  (new) rat(ng cwverrvm C H ~ I  1411 CII~~U.I&BI v2.0 kc051 
OSRW03 09:54:01 AM Q Hsegtad Methods. lnc. 37 Bmohlde Road Waterbuy, CT 08708 USA + I -XX) -7561~  Pclpeloll 



Performance Curves Report 
brravlta way emsb 

( Range Data: 

Mlnlmum Maxlmum lnorement 
Discharge 0.M) 6,OOO.W 800.W ofa 

HW Elev. 

0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0 
2 1 l j O  Discharge 

(CfS) 

nw sermvlta way FIOW spin ~ n a l y s ( s  Proled Engineer. Emlli K o l w  
P%..Uermvma cuhnnt (new) mlhg awe own CH2M HI11 C U l v e ~ e t  v2.0 [2.mq 
O W x m  W M ~  AM o memi ~ethcds. lnc. SI Bmokelde Road Waterbuty. CT 08708 USA +1-2~-765-1868 Page 1 d 1 



CURRENT DATE: 05-13-2002 
cmcRwrr TIME: 12:43:49 

FILE DATE: 05-13-2002 
FILE NAME: TKRREV 

FHWACULVERTANALYSIS 
HY-8, VERSION 6.1 

6] i 
'E' - 

SITE DATA CULVERT.SkIAPE, UATERIAL, INLET 
= n u -  
' L ' INLET 0Wl'L.ET CULVERT ' BARRELS 
' V ' ELEV. ELEV. LKNGl'H ' SHAPE SPAN RISE MANWINO INLET 
'NO.' ( f t )  l f t )  I f t )  'MATERIRL ( f t l  ( f t )  n TYPE 
' 1 '2134.64 2133.70 90.00 4 RCB 10.00 4.00 ,012 CONMJfIONAL' 
' 2 3  

SUMMARY OF COLVERT FLOWS I c f s )  PILE: TERRFY DATE: 05-13-2002 

E W  I f t )  TOTAL 1 2 3 4 5 6 ROADWAY ITR 
2134.64 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 1 
2136.57 325.0 325.0 0.0 0.0 0.0 0.0 0.0 0.00 1 
2137.74 650.0 650.0 0.0 0.0 0.0 0.0 0.0 0.00 1 
2138.76 975.0 975.0 0.0 0.0 0.0 0.0 0.0 0.00 1 
2139.88 1300.0 1297.1 0.0 0.0 0 .0  0.0 0.0 0.26 5 
2140.62 1625.0 1481.8 0.0 0.0 0.0 0.0 0.0 132.87 4 
2140.91 1950.0 1547.3 0 .0  0.0 0.0 0.0 0.0 384.87 4 
2140.95 2000.0 1556.0, 0.0 0.0 0.0 0.0 0.0 429.41 3 
2141.30 2600.0 1622.0 0.0 0.0 0.0 0.0 0.0 971.22 4 
2141.45 2925.0 1620.4 0.0 0.0 0.0 0.0 0.0 1282.37 3 
2141.64 3250.0 1606.4 0.0 0.0 0.0 0.0 0.0 1709.23 12  
2139.80 1275.3 1275.3 0 .0  0.0 0.0 

SUMBARY OP ITERATIVE SOLUPION ERRORS PILE: TERREY DATE: 05-13-2002 

H~RD HEAD ~ A L  PLOW a PLOW 
ELEV I f t )  ERROR I f t )  PLOW I c f s l  ERROR ( c f s )  ERROR 

2134.64 0.000 0.00 0.00 0.00 
2136.57 0.000 325.00 0.00 0.00 
2137.74 0.000 650.00 0.00 0.00 
2138.76 0.000 975.00 0.00 0.00 
2139.88 -0.005 1300.00 2.64 0.20 
2140.62 -0.010 1625.00 10.30 0.63 
2140.91 -0.009 1950.00 17.79 0.91 
2140.95 -0.006 2000.00 14.55 0.73 
2141.30 -0.003 2600.00 6.80 0.26 
2141.45 -0.008 2925.00 22.22 0.76 
2141.64 0.000 3250.00 

< l >  rnL$RANCE l f t )  = 0.010 

. 
CURRENT DATB: 05-13-2002 FILE DATE: 05-13-2002 
CURRENT TIME: 12:43:49 

DIS- WEAD- INLET OUTLET 
CHAUGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OWLET TW 

FLOW ELEV. DEPTH DEPTH TYPE DEPTW DEPTH DEPTH DEFTH VEL. VEL. 

0.00 2134.64 0.00 0.00 0-NF 0.00 0.00 0.00 0.00 0.00 0.00 
325.00 2136.57 1.93 1 .93  1-S2n 0.81 1.27 0.86 1.57 9.42 9.09 
650.00 2137.74 3.10 3 1 0  1-S2n 1.27 2.02 1.42 2.31 11.44 11.27 
975.00 2138.76 4.12 4.125-S2n 1.66 2.65 1.93 2.88 12.64 12.7; 



- - - - -  ~ ~ ~ - -  -~ - ~ - ~  - ~ . ~  
1606.37 2141.61 6.53 6.97 4-FPt 2.33 3.69 4.00 5.35 10.04 17.83 

El. inlet face invert 2134.64 ft El. outlet i m r t  2133.70 ft - - -..- . . - -. . - . - . - -. . . . - . - - . -. -. . - - . - . - -. . 
0.00 ft El. inlet crest 0.00 i; 

***" SITE DATA '.*" RJIfWT *".""'*'".* 
INLET STATION 0.00 ft - - -. - - - 

INLET ELEVATION 
OVnET STATION 

**" CULVERT DATA SUEPULRY 
BARREL SHAPE 
BARREL SPAN 
BARREL RISE 
BARREL MATERIAL 
BARREL MP.NNING'S n 
INLET TYPE 
INLET E m  AND WALL 
INLET DEPRESSION 

*.**. ****...*.."*t*.t..) 

BOX 
10.00 ft 
4.00 ft 

CONCRETE 
0.012 
CONVENTIONAL 
SQUAW3 EDGE (30-75 DEG. PLARE) 
NONE 

CURRENF DATE: 05-13-2002 
CtRRDW TIME: 12:43:49 

PILE DATE: 05-13-2002 
FILE NAME: TBRREV 

'***"* LWIFORM FLOW R A T N  CURVE FOR 

FUHO W.S.E. PROUDB DBPTH VEL. 
(cfs) ittl NOKBPJ( (ft) (f/S) 
0.00 2133.70 0.000 0.00 0.00 

325.00 2135.27 1.277 1.57 9.09 
650.00 2136.01 1.307 2.31 11.27 
975.00 2136.58 1.321 2.88 12.72 

1300.00 2137.05 1.331 3.35 13.82 
1625.00 2137.47 1.338 3.77 14.73 
1950.00 2137.84 1.343 4.14 15.50 
2000.00 2137.89 1.344 4.19 15.61 
2600.00 2138.49 1.351 4.79 16.78 
2925.00 2138.78 1.355 5.08 17.33 
3250.00 2139.05 1.358 5.35 17.83 

CXANNBL 

SHEAR 
iPSf 
0.00 
3.24 
4.76 
5.93 
6.90 
7.75 
8.52 
8.63 
9.86 
10.46 
11.02 

ROADWAY OVERTOPPING DATA 

ROADHAY SWACE PAVED 
EHBAlJKNENT TOP WIDmf 60.00 ft 

"*" USER DEFINED ROADWAY PROFILE 
CROSS-SECTION X Y 
c m m .  NO. ft ft 

1 0.00 2142.30 





Cross Section 
Cross Section for Irregular Channel 

Worksheet Overan Roadway .5 
 low ~ m e m  Irregular Channel 
Memod Manning's Formula 
Solve Fa Channel D e w  

Section Date 

Mannlngs Caemciei 0.035 
Sbpe 0.019000 Wn 
Water Surlaae Elev 2,141.04 f l  
Elevauon Range 39.80 to 2.143.56 
Discharge 900.00 cfs 

Project Engineer: Linda Johnsa, 
e :V Iae~wZtena . fmz  CHSM HILL M a s e r  ~8.0 f6lrlbJ 
OYlS/M WW.37 PM O Haestad Methods, lnc. 37 'IBwkside Road Waterbury, CT 06708 USA (203) 765-1668 Page 1 of 1 



Cross Section 
Cross Section for Irregular Channel 

Projd Descrlptkn 

Worksheet West to Nonh 
Flow Element Irregular Cham 
Method Mannln@s Fon 
W e  For Dbharge 

Sectbn Data 

Manning$ CoelMml 0.035 

*W 0.019000 MI 
Water Surface Elev 2.141.W Il 
Elevatlm Range M.W to 2,143.56 
DLscharge 116.78 d s  

v : 1 0 . 0 ~  
H:l 
NTS 

Project Engineer. Unda Johnson 
c:vlaeea&Jmw\tena.fm2 CHW HILL FlowMaster 6 . 0  p14bI 
05/13/02 02;28.01 PM 0 Mestad Methcds. lnc. 37 BrwkssMe Road Waterbuty. CT W70B USA (203) 755-1688 page 1 of 1 



Cross Section 
Cross Section for Irregular Channel 

( P m ~ ~ r l p t l o n  

Worksheet north 
Flow Element Irregular chant 
Method Manning's Fon 
Solve For D M *  

Sectron Data 

Mannlngs Coeftlcle~ 0.035 

s m  OMOOaO Mt 
Water surface aev  2.141 04 n 
Oevatlon Range (0.38 to 2.143 58 

mcharee 2&352 cf$ 

Pmjecl Engineer: Unda Johnson 
c : v l e e s ~ w \ t e n a h 2  CH2M HILL FlowMaster v8.O 16lW 
W13K12 M:28:28 PM 0 Haestad Methods. lnc. 37 Brookside Road Watemury, CT DGMB USA (203)75&1688 Page t 01 I 



Cross Section 
Cross Section for Irregular Channel 

Project Dascr(ption 

Wowheel We& to SoUm 
FlowE!emenl lnegular cham 
Method Manning's Fon 
Sotve For Discharoe 

SBcllon Data 

Mannlngs ~ o e m d a  0.W5 

slope 0.02WOO Wrt 
Water Surface Elev 2,141.04 R 
Elevation Range $0.35 to 2.142.30 

70.47 cfs 

V : l o . o h  
H:l 
NTS 

Pmjea Engineer: Unda Johnson 
c : ' h a e a t e ~ e r r a f m 2  CHZM HILL FlowMasler '6.0 [el&] 
05/13/02 0228:59 PM QHa~tad  Methods. lnc. JI Broobkh Road Wateibwy. CT 06708 USA (m) 765-1666 Page 1 ot 1 



Cross Sectlon 
Cross Section for Irregular Channel 

Worksheet Overall Roadway 9 
Row Element Irregular Channel 
Memod Mannhg's Formula 
Solve For Channel Depm 

Sectron Data 

Mannlngs Coefflcia 0.035 

slope 0.019000 tvft 
Water Swface Uev 2,140.82 n 
Elevation Range 39.80 to 2.143.58 
Disdrarge 444.00 cfs 

v:1 o . o L  
H:l 
NTS 

Project Engheer: Ulda Johmon 
~:VlaesarNmAtem.tm2 CHZM HILL flowMaster v6.0 [614bl 
W1W G2WM PM @ Haestad Mfziheds, lnc. 37 Brwks[de Road Waterbwy. CT 06708 USA (206) 755-1666 Page I of 1 



Cross Section 
Cross Section for Irregular Channel 

, 
1 Prolect Description 

Worksheet West to south 
Row Elemem Irregular Chanl 
M e W  Manning's Fon 
Sow For Db- 

Sectbn Data 

Menninps Coefficie~ 0.035 

slope 0.020000 wn 
Water SuItace Elev 2,140.82 ft 
%vatton Range (0.35 to 2,142.30 
Dbcharge 25.31 d s  

v:1o.oh 
H:l 
NTS 

Project Enpheer: Unda Johneon 
c:vlaestad\hvNarra.fm2hnwVera,fmZ CH2UmLL RowMaster v6.0 1614 
05/13/(&! M:31:51 PM O HaeStad Methods, lm. 37 'IBrooksMe Road Waterbury. CT 08708 USA (205) 7551666 Pageldl 



cross Section 
Cross Section for Irregular Channel 

1 Pmjecl Descriptron 

Worksheet West to Norfh 
Flow Elemenl Irregular Cham 
Method Manning's Fon 
SohreFw Discharge 

Sectbfi Data 

Mannlngs CoeHIck 0.035 
Slope 0.0190M) ftlR 
Water Surface Elev 2,140.82 ti 
Elevatlci~ Range 80.08 to 2.143.56 

D M -  62.72 cfs 

Proj801 Engheer: Unda Johnson 
c:\haestadvmw\kne.fm2 CHZH H I U  FWaster v8.O 1614b) 
W13WL M:32:17 PM ba Haested Methods. lnc. 37 Brookside Road Waterbury, CT WOE USA (203) 7 5 ~ 1 8 6 6  P a w l o f 1  



Cross Section 
Cross Section for Irregular Channel 

W M e e t  nolm 
Fbw Element lregular Cham 
Method Manning's Fon 
s o h  For Dlseharge 

SBrmon Data 

Mannlngs Coeikie~ 0.035 

s h e  0.~0000 nm 
Water Surface Uev. 2,140.82 fl 
Elevatian Range 10.38 to 2.14366 
Discharge 126.67 cfs 

v:1o.on, 
H:l 
NTS 

Proied Engineer: Linda Johnson 
c : Y l a e ~ t m . l m 2  C m M  HILL FbwMaatervB.0 1614bl 
W13X)2 M:32:53 PM B Hamtad Memds, lnc. 37 8moksMe Road Waterbury, CT Om08 USA (205) 7551666 Page I d I 



I P r W  Description, 
Worksheet Overall Roadway S 
Flow Element Irregular Channel 
Method . ' Mannhp's Formula 
Solve FM Channel Depth 

Cross Section 
Cross Section for Irregular Channel 

Seth Data 

WSE 

Mannlngs Coeffi~e~ 0.035 

Sbpa 0.019000 ivn 
Waler Surface Elev 2,140.51 A 
Elevation Range 39.60 to 2,143.56 
Discharge 100.00 cts 

v : 1 0 . 0 ~  
H:1 
NTS 

Pmiect Engineer. Lhda Johnson 
c:ulaestad\fmw\termfm2 C H M ~  m u  FbwMWer vB.0 [614bl 
05113/02 0205:19 PM 0 HaesIad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (am) 7551666 Page 1 01 1 



Cross Section 
Cross Section for Irregular Channel 

Worksheet nwh 
Flow Element lmgular Cham 
Method NlannYng's Fon 
Solve For Macharge 

Section Data 

Mmhgs  Coefficisl 0 . m  

slope 0.020WO nm 
Water Suiface Elev 2,140.51 n 
flevation Range m.3~ to 2,143.56 

D m e  6.26 25s 

Project Engineer: Linda Johnson 
c:%aestadUmwlt~~~.tm2 CHZM HILL F M a s t e f  vga [Elbbl 
05'13102 M:20:43 PM B Haestad Methods, lnc. 37 Brookside Road Waterburl, CT 06708 USA (203) 755.1666 Page I ol I 



Cross Section 
Cross Section for Irregular Channel 

Proje* D%ncripKnl 

worksheet WealtoSouth 
Flow Element Ifregular Char* 
Method Manhg's Fon 
Solve Mr Mhsrrre 

section Data 

Mannings Cwflicie 0.W 

slope o . m m  ftm 
Water Surface Elev 2.140.51 R 
Elevetim Range 10.35 to 2.142.30 

1.43 & 

v:r o . o b  
H:1 
NTS 

Project Enoheer: Unda 4 0 h m  
c:hestad\fm~enafm2 CH2M HILL FlowMaster vS.0 161 4b] 
06/13/02 02:22:43 PM O Haestad Metho&. lnc. 37 Bmokslde Road Waterbury, CT 06708 USA (203) 756-1668 P a w l  of1 



Cross Section 
Cross Section for Irregular Channel 

p m w  

Worksheet west to ~ o i l h  
Flow Element Irregular MMnl 
Method Manning's Fon 
Solve For Dlsdlaroe 

Section Data 

Marmings Coeifkie~ 0.035 

slope 0.0tgWO Mt 
Water surlace Elev 2.140.51 n 
Elevation Range W.WI to 2,143.53 
Discharae 15.06 cls 

v:10.0C1 
H:l 
NTS 

Pmiect Endnear: Unde Johnson 
cvlaesta@Jmw!t6ffa.tm2 CHaM HILL FlowMastW vB.0 1614bl 
05/13/02 02:22:57 PM Q Haestad Memods. h. 37 8mqkaide Ro:& Waterby. CT 06708 USA (203) 755-1668 Page1 of1 













Cross Section 
Cross Section for Irregular Channel 

Worksheet D5859S 

Flow Element Irregular Cham 

MeUlod Manning's Fon 
Solve For Discharge 

Section Data 

Mannings Coefficiel 0.038 

Slope 0.014800 nm 
Water Surface Eiev 2.206.30 R 
Elevalion Range 14.00 to 2,208.60 
Dlscharae 858.82 cfs 

~:5.0[1, 
H : l  
NTS 

Project Engineer: Unda Johnson 
p:\162944\mapplngbrehee Row splits.frn2 CH2M HILL FlowMaster v6.O 1614bl 
01/02/02 03:5235 PM O Haestad MeIhodri, lnc. 37 BrwksMe Road Waterbury. CT 06708 USA (203) 755-1666 Page 1 of 1 



Cross Section 
Cross Sectlon for Irregular Channel 

Worksheet D565QN 

Flow Element Irregular Cham 
Method Manning's Fon 

Solve For Discharge 

Section Data 

Mannrngs Coefflciel 0 038 

Slope 0.018500 fm 
Water Suiiace Elev 2.206.30 it 

Elevation Range 14.10 to 2.208.20 
Discharoe 868.83 cfs 

~ : 5 . 0 h  
H:l 
NTS 

Project Enginex Lhda Johnson 
p:\i 62944\mapping\carelree Row splib.h2 CH2M HILL FlowMaster vRO [614bl 
Oim2102 03'45:08 PM O Haested Methods. lnc. 37 Brookside Road Walerbury, CT 06708 USA (203) 755-1666 Page 1 of 1 









Cross Section 
Cross Section for Irregular Channel 

Pro]ecf DescripUon 

Worksheet D64N 
Flow Element Irregular Chant 

Method Manning's For! 

Solve For Discharge 

Section Data 

Mannings Coefftaet 0.038 

Slope 0.014800 ftAt 
Water Surface Elev 2,194.23 ft 
Elevation Range 32.90 to 2.194.80 

Discharge 218.38 cfs 

Project Engineer: Unda Johnam 
~:\162944\mapping\care1r~e flow spbts.tm2 CH2M HILL FlowMaster v6.0 j614bl 
011021M 03:W.W PM Q Haestad Melhods. hc. 37 Brmkslde Road Waterbury, CT 06708 USA (203) 755-1686 Page 1 ot 1 



Cross Section 
Cross Section for Irregular Channel 

Projecl Description 

Worksheet D64S 
Flow Element irregular Cham 
Method Mannmg's Fort 

Solve For pscharge 

Seaon Data 

Mannlngs Coeffcla 0.038 
Slope 00148M) fVtt 
Water Surface Elev 2.194.23 n 
Elevamn Range 32.80 to 2,196.00 
Discharge 178.71 ds 

~ : 5 . 0 h  
H:1 
NTS 

Pmjed Engineer Unda Jdmsw, 
p~l62944\mapphg\carelree Row spli.hn2 CHZM HILL FlowMaster v6.0 [614b] 
OllM/02 03:09:48 PM O Haestad Methods. lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 











Cross Section 
Cross Section for Irregular Channel 

Project DescrlpUon 

Worksheet D87N 

Flow Element Irregular Chant 
Method Manning's FMI 
Sobe For Discharoe 

Section Data 

Mannings Coeniciw 0.038 
Slope 0 019600 Wfl 
Water Surface Elev 2,160 80 fl 
Elevat~on Range 59 80 to 2,162.20 
Dlscharse 117.56 cis 

V : S . O ~  
H:l 
NTS 

Pml& Engineer. Unda Johnson 
p:\162944\mapping\carehee flow splits.fm2 CHZM HILL flowMaster W.0 (614bl 
01X)2102 043*12 PM O Haestad M&hods. lnc. 37 Brookskle Rosd Waterbury. CT 06708 USA (203) 755-1666 Page 1 of 1 



Cross Section 
Cross Section for Irregular Channel 

Project Descrlplion 

Worksheet D87S 
Flow Element Irregular Cham 
Method Manning's Fon 
Solve For Dlscharoe 

Sectlon Data 

Manntngs Coelficiel 0.038 
Slope 0021100 Ml 
Water Surface Elev 2.160.80 n 
Elevation Range $0.50 to 2.162 00 
Discharoe 3.12 cfs 

~ : 5 . 0 b  
H:1 
NTS 

Project Engineer: Unda Johnson 
p:\ls2944\mappin@araIree Ww 6plit5.fmZ CH2M HILL flowMasler v6.0 1614b) 
0 1 1 0 V ~  04:35:20 PM O Haastad Methods, inc. 37 Bmokside Road Waterbury. CT 06708 USA (203) 755-1666 Page 1 of 1 





Appendix E - Habitat Letters 



November 16,2001 

Bob Broscheid 
Arizona Department of Game and Fish 
Project Evaluation Program Coordinator 
2221 West Greenway Road 
Phoenix, AZ 85023 

Dear Mr. Broscheid: 

CH2M HLL 
1520 W. Fminhead P W y  

sukr 550 

Tlmpr. AT 
652822821813 

h i iw  admm 

PO. Box28440 
Tamp. AZ 
852858440 

14 em.se4.8laa 
F.r Bm.OP(I.DIM 

Subject: Request for Project Review and List of Potentially Occurring Threatened and 
Endangered Species; Carefree, AZ (Cave Creek U.S.G.S. Quadrangle Map) 

CH2M HILL has contracted with the Flood Control District of Maricopa County to prepare a 
drainage master plan for the Town of Carefree, AZ in Maricopa County, Arizona. As part of the 
project evaluation, I would like to request a project review to address wildlife issues. I also request 
information on the status of any protected species or species of concern occurring or potentially 
occurring within the proposed project area, which is defined by the town limits of the Town of 
Carefree. This information will be used for evaluating potential environmental impacts of our final 
drainage management recommendations. 

A project location map is enclosed for your review. Rank you for your assistance in this matter. 
Please do not hesitate to call me at (480) 966-8188 if you require further information. 

Sincerely, 

CH2M HILL 

Monique Chaisson 
Environmental Scientist 

Enclosure: Project Location Map 

cc: Tony Bokich/CH2M HILL 
Linda Johnson/CH2M HILL 



November 16,2001 

CHZU H U  

1620 W F w  Parkway 

Slit. 550 

TWp.. U 
86282-1W 

k w q  address: 

P.O. b x 2 w  
Temp.. Az 
86ZBHL440 

1.1 6cQ9W.l)llll 

F*lMI9W9(50 

Dave Harlow 
Field Supenisor 
US. Fish and Wildlife Service 
2321 West Royal Palm Road, Suite 103 
Phoenix, AZ 85021 

Dear Mr. Harlow 

Subject: Request for Project Review and List of Potentially Occurring Threatened and 
Endangered Species; Carefree, AZ (Cave Creek U.S.G.S. Quadrangle Map) 

CH2M HILL has contracted with the Flood Control District of Maricopa County to prepare a 
drainage master plan for the Town of Carefree, AZ in Maricopa County, Arizona. A s  part of the 
project evaluation, I would like to request a project review to address wildlife issues. I also request 
information on the status of any protected species or species of concern occurring or potentially 
occurring within the proposed project area, which is defined by the town limits of the Town of 
Carefree. This information wiU be used for evaluating potential environmental impacts of our final 
drainage management recommendations. 

A project location map is enclosed for your review. Thank you for your assistance in this matter. 
Please do not hesitate to call me at (480) 966-8188 if you require further information. 

Sincerely, 

CH2M HILL 

Monique Chaisson 
Environmental Scientist 

Enclosure: Project Location Map 

cc: Tony Bokich/CH2M HILL 
Linda Johnson/CH2M HILL 



December 6,2001 

THE STATE OF ARIZONA 
GAME AND FISH DEPARTMENT 

2221 W E ~ T  GREENWAY ROAD. PHOENIX. AI 850234399 
(602) 942-3000 . www.luGm.cou 

Ms. Monique Chaisson 
CHWM HlLL 
1620 W. Fountainhead Parkway 
Suite 550 
Tempe, AZ 85282-1843 

J"$sULL 
COMMISSIMIERS 

;Ehi;y;g.z$;~E 
~ECIRTER %FORD 
SUM E C H ~ N . A R N ~  

m ~ G ~ ~ P H o M u  
~ R E C ~ O R  
D u ~ E L  SHROUFE 
D ~ D I R E ~ O R  

Re: Special Status Species-Infornabon for Townshrp 6 North, Rwge 4 East, 
Sections 24-26,34-36; Township 5 North, Range 4 East, Sections 2-5; 
Township 6 North, Range 5 East, Sections 31 and 32; Drainage Master Plan 
for the Town of Carefree. 

Dear Ms. Chaisson: 
. . :. 

The Arizona Game and Fish ~ep&&t'(fi$$%&eht) &s reviEygd your request, dated 
November 16, 2001, regkding spt.iih sta&-spk~iei id~im&tiit io~ associated with the 
above-referenced itea. The. ~e~ar&en t ' s  1;eritage ~ a g  Management system 
(HDMS) has been accessed and currint records 'shimthat the ipicid 'stat& species 
listed on the attachmenthave been documented &'occuning in the project area. In 
addition, the project does not occur in the vicinity of any proposed or designated 
Critical Habitats. 

The Department's HDMS data are not intended to include potential distribution of 
special status species. Arizona is large and diverse with plants, animals, and 
environmental conditions that are ever changing. Consequently, many areas may 
contain species that biologists do not know about or species previously noted in a 
particular area may no longer occur there. Not all of Arizona has been surveyed for 
special status species, and surveys that have been conducted have varied greatly in 
scope and intensity. 

Making available this information does not substitute for.the Department's review of 
project proposals, .and shbuld not , decrease . .  'm opporh&ties to review &d evaluate new 
project proposals and site% The Department is.al$ coricemed , .  :;.:,,. ,about other resource 
values, such as other wildtifen : , + ::.. . .. iricludiig'ga& . species , ... ?..;;: imd , ~. wldlife-related ~ recreation. 
The Department would .appre&iiie .&i b p p o M v  '*iovide .& of impac& 

to wildlife or wildlife habitats associated with project activities occurring in the subject 
area, when specific details become available. 



Ms. Monique Chaisson 
December 6,2001 
2 

If you have any questions regarding the attached species list, please contact me at 
(602) 789-361 8. General stahis information and county distribution lists for special . , 

status species are also available on our web site at: 
ht~~/~~~.azpfd.com/fiames/fishwild/hdms site/Home.htm 

Sincerely, 

/A/&- 
Sabra S. Schwartz 
Heritage Data.Management System, Coordinator ~. . .. 

Attachment 

cc: Bob Broscheid, Project Evaluation Program Supervisor 
Russ Haughey, Habitat Program Manager, Region VI 

AGFD #11-29-Ol(02) 



Special Status Species within 3 Miles of T6N,R4E Sec 24-26, 34-36; 
T5N,R4E Sec 2-5; T6N,R5E Sec 31-32 

Arizona Game and Fish Department. Heritage Data Management System 

December 6.2001 

Scientific Name C o r n  Name ESA USFS BLM WSCA NPL 

GOFlfERUS AGASSlZll (SONOW POPULATION) SONORAN DESERT TORTOISE SC WC 

No Critical Habitat in project area. AGFD #I 1-29-01(02), Drainage Master Plan for the Town of Carefree. 



GUIDELINES FORHANDLING SONORAN DESERT TORTOISES 
ENCOUNTERED ON DEVELOPhlENT PROJECTS 

Arizona Game and Fish Department 
Revised January 17,1997 

The Arizona Game and Fish Department (Department) has developed the fouowing guidelines to 
reduce potential impacts to desert tortoises, and to promote the continued existence of tortoises 
throughout the state. These guidelines apply to short-term andlor small-scale projects, depending on 
the number of affected tortoises and spedic type of project. 

Desert tortoises of the Sonoran population are those occuning south and east of the Colorado River. 
Tortoises encountered in the open should be moved out of harm's way to adjacent appropriate habitat 
If an occupied burrow is determined to be in jeopardy of destmction, the tortoise should be relocated 
to the nearest appropriate alternate burrow or other appropriate shelter, as determined by a qualified 
biologist. Tortoises should be moved less than 48 hours in advance of the habitat disturbance so they 
do not return to the area in the interim. Tortoises should be moved quickly, kept in an upright position 
at all times and placed in the shade. Separate disposable gloves should be worn for each tortoise 
handled to avoid potential transfer of disease between tortoises. Tortoises must not be moved if the 
ambient air temperature exceeds 105 degrees fahrenheit unless an alternate burrow is available or the 
tortoise is in imminent danger. 

A tortoise may be moved up to two miles, but no M e r  than necessary kom its original location. Ifa 
release site, or alternate burrow, is unavailable within this distance, and ambient air temperature 
exceeds 105 degrees fahrenheit, the Department should be contacted to place the tortoise into a 
Department-regulated desert tortoise adoption program Tortoises salvaged kom projects which result 
in substantial permanent habitat loss (e.g. housing and highway projects), or those requiring removal 
during long-term (longer than one week) construction projects, will also be placed in desert tortoise 
adoption programs. Mmtagers of projecb like& 10 Hect desert tortoises should obtain a scieniific 
collecting pennit from the Department to facilitate temporary possession of tortoises Likewise, if 
large numbers of tortoises (>5) are expected to be displaced by a project, the project manager should 
'contact the Department for guidance andlor assistance. 

Please keep in mhddth&ollo+g points: 

* These guidelines do not apply to the Mohave population of desert tortoises (north and west of 
the Colorado River). Mohave desert tortoises are specifically protected under the Endangered 
Species Act, as administered by the U.S. Fish and Wildlife hrvice. 

These guidelines are subject to revision at the discretion of the Department. We recommend 
that the Department be contacted during the planning stages of any project that may affect 
desert tortoises. 

Take, possessioq or harassment of wild desert tortoises is prohibaed by state law. Unless 
specifically authorized by the Department, or as noted above, project personnel should avoid 
d i i r b i g  any tortoise. 



Arizona Game and Fish Department 
Habitat Branch - Heritage Data Management System (HDMS) 

External Customer Survey 

The Arizona Game and Fish Department is committed to providing quality products and s e ~ c e s .  The 
Habitat Branch's HDMS and Project Evaluation Program work cooperatively to develop HDMS and 
project evaluation/environmental compliance-related products'that are specific to proposed projects and 
land planning efforts. These products and services may include lists of sensitive species that have been 
documented as occum'ng in proximity to proposed projects, biological abstracts or other general ecological 
and biological information, and environmental compliance-related document review. 

We are asking your assistance in providing feedback on how the HDMS can improve our products and 
services. Please take a few minutes to complete the following survey, and r e t q  it by mail to Phylfis 
McKeska, AGFD-WMHB, 2221 West Greenway Road, Phoenix, 85023 or by fax at (602) 789-3366. 

HDMS senicdproduct provided: 

Please circle the number that best describes the assistance you received from the Habitat Branch. 

1. How would you rate Habitat Branch staff politeness? 

1 2 3 4 5 6 7 8 9 1 0  
Poor Excellent 

2. How would you rate Habitat Branch staff helpfulness? 

1 2 3 4 5 6 7 8 9 1 0  
Poor Excellent 

3. How would you rate timeliness of servicdproduct completion? 

1 2 3 4 5 6 7 8 9 1 0  
Poor Excellent 

4. How would you rate the completeness of the se~ce/product provided? 

1 2 3 4 5 6 7 8 9 1 0  
Poor Excellent 

5. How would you rate your overall satisfaction with this servicdproduct? 

1 2 3 4 5 6 7 8 9 1 0  
Poor Excellent 

How can we improve our service to you? 

Date completed: 

Thank you for taking the time to complete this survey. 



In Reply Refer To: 
AESOlSE 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Arizona Ecological Services Field Office 
2321 West Royal Palm Road, Suite 103 

Phoenix, Arizona 85021-4951 
Telephone: (602) 242-0210 Fax: $02) 242-2513 

December 3 1,2001 

Ms. Monique Chaisson 
Environmental Scientist 
CH2MHill 
1620 West Fountainhead Parkway, Suite 550 
Tempe, Arizona 85282-1843 

RE: Drainage Master Plan for Town of Carefree 

Dear Ms. Chaisson: 

This letter responds to your November 16,2001, request for an inventory of threatened or 
endangered species, or those that are proposed to be listed as such under the Endangered Species 
Act of 1973, as  amended (Act), which may potentially occur in your project area (Maricopa 
County). The enclosed list may include candidate species as well. We hope the enclosed county 
list of species will be helpll. In future communications regarding this project, please refer to 
consultation number 2-21-02-1-056. 

The enclosed list of the endangered, threatened, proposed, and candidate species includes all 
those potentially occurring anywhere in the county, or counties, where your project occurs. 
Please note that your project area may not necessarily include all or any of these species. The 
information provided includes general descriptions, habitat requirements, and other information 
for each species on the list. Also on the enclosed list is the Code of Federal Regulations (CFR) 
citation for each list and is available at most public libraries. This information should assist you 
in determining which species may or may not occur within your project area. Site-specific 
surveys could also be helpful and may be needed to verify the presence or absence of a species or 
its habitat as required for the evaluation of proposed project-related impacts. 

Endangered and threatened species are protected by Federal law and must be considered prior to 
project development. If the action agency determines that listed species or critical habitat may be 
adversely affected by a federally hnded, permitted, or authorized activity, the action agency must 
request formal consultation with the Service. If the action agency determines that the planned 
action may jeopardize a proposed species or destroy or adversely modify proposed critical 
habitat, the action agency must enter into a section 7 conference with the Service. Candidate 
species are those which are being considered for addition to the list of threatened or endangered 
species. Candidate species are those for which thereis sufficient information to support a 



proposal for listing. Although candidate species have no legal protection under the Act, we 
recommend that they be considered in the planning process in the event that they become listed 
or proposed for listing prior to project completion. 

If any proposed action occurs in or near areas with trees and shrubs growing along watercourses, 
known as riparian habitat, the Service recommends the protection of these areas. Riparian areas 
are critical to biological community diversity and provide linear corridors importantto migratory 
species. In addition, if the project will result in the deposition of dredged or fill materials into 
waterways or excavation in waterways, we recommend you contact the Army Corps of Engineers 
which regulates these activities under Section 404 of the Clean Water Act. 

The State of Arizona protects some plant and animal species not protected by Federal law. We 
recommend you contact the Arizona Game and Fish Department and the Arizona Department of 
Agriculture for State-listed or sensitive species in your project area. 

The Service appreciates your efforts to identify and avoid impacts to listed and sensitive species 
in your project area. If we may be of further assistance, please feel free to contact Tom Gatz 
(~240). 

Sincerely, 

David L. Harlow 
Field Supervisor 

Enclosure 

cc: John Kennedy, Habitat Branch, Arizona Game and Fish Department, Phoenix, AZ 



LISTED. PROPOSED. AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY: 

1011112001 

I) LISTED 

NAME: AMZONA AGAVE AGAVE ARIZONICA 

MARICOPA 

STATUS: ENDANGERED CRITICAL NO RECOVERY PLAN: No CFR: 49 FR 21055.05-18-1984 
nFSCRIPTION. HAS AllR4CTIVE ROSElTES OF BRIGHT GREEN LEAVES WlTH DARK 

MAHOGANY MARGINS. FLOWER. BORNE ON SUB-UMBELLATE 
INFLORESCENCES. 

C0UNTlES:GILA. YAVAPAI. MARICOPA 

ELEVATION 
RANGE: 30006000 FT, 

HABITAT: TRANSITION ZONE BETWEEN OAKJUNIPER WOODLAND 8 MOUNTAIN MAHOGANY-OAK SCRUB . 

SCAlTERED CLONES IN NEW RIVER MOUNTAINS AND SIERRA ANCHA. USUALLY FOUND ON STEEP, ROCKY 
SLOPES. POSSIBLY W T A L  MOUNTAINS. SHOULD BE LOOKED FOR WHEREVER M E  RANGES OF Agave 
loumeyana var. bella AND Agave chrystantna OVERLAP. 

NAME: ARIZONA CLIFFROSE 

STATUS. ENDANGERED CRITICAL HAS No RECOVERY PLAN Yes CFR: 49 FR 22326 5-29-84 

DESCRIPTION: EVERGREEN SHRUB OF THE ROSE FAMILY (ROSEACEAE). BARK PALE 
SHREDDY. YOUNG 'IWIGS WlTH DENSE HAIRS LEAVES 1-5 LOBES AND 
EDGES CURL DOWNWARD (REVOLUTE). FLOWERS' 5 WHITE OR YELLOW ELEVATION 
PETALS cO 5 INCH LONG RANGE: 4 W O  FT. 

COUNTIES. GRAHAM YAVAPAI MARICOPA MOHAVE 

HABITAT: CHARACTERISTIC WHITE SOILS OF TERTWlY LIMESTONE LAKEBED DEPOSITS. 

WHITE SOILS OF TERIWRY LIMESTONE LAKEBED DEPOSITS CAN BE SEEN FROM A DISTANCE. 

NAME: ARIZONA HEDGEHOG CACTUS ECHINOCEREUS TRlGLOCHlDlATUS ARlZONlCUS 

STATUS: ENDANGERED CRITICAL HAB No RECOVERY PLAN. No CFR. 44 FR 61556.10-15-1979 

DESCRIPTION: DARK GREEN CYLlNDROlD 2.512 INCHES TALL. 2-10 INCHES IN 
DIAMETER. SINGLE OR IN CLUSTERS. 1-3 GRAY OR PINKISH CENTRAL 
SPINES ~A~RGEST DEFLEXED AND 511 SHORTER RADIAL SPINES. 
FLOWER: BRILLIANT RED. SIDE OF STEM IN APRIL- MAY 

COUNTIES:MARICOPA, GILA, PlNAL 

ELEVATION 
RANGE: 3700-5200 FT. 

HABITAT: ECOTONE BETWEEN INTERIOR CHAPPARAL AND MADREAN EVERGREEN WOODLAND 

OPEN SLOPES, IN NARROW CRACKS BETWEEN BOULDERS. AN0 IN UNDERSTORY OF SHRUBS. THIS VARIER IS 
BELIEVED TO INTERGRADE AT THE EDGES OF ITS DlSTRlBUTlON WlTH VARIETIES MELANCANTHUS AND 
NEOMUOCANUS CAUSING SOME CONFUSION IN IDENTIFICATION. 



LISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY: 

1011 112001 

MARICOPA 

NAME: GILA TOPMINNOW POEClLlOPSlS OCCIDENTALIS OCCIDENTAUS 

STATUS: ENDANGERED CRITICAL HAB No RECOVERY PLAN. Yes CFR: 32 FR 4M)1,03-11-1967 
DESCRIPTION: SMALL (2 INCHES), GUPPY.LIKE. LNE BEARING. LACKS DARK SPOTS ON 

ITS FINS. BREEDING MALES ARE JET BLACK WITH YELLOW FINS. 
ELEVATlON 

RANGE: 4500  FT. 
C0UNTIES:GILA. PINAL, GRAHAM. YAVAPAI, SANTA CRUZ, P I N  MARICOPA, LA PA2 

HABITAT: SMALL STREAMS, SPRINGS, AND CIENEGAS VEGETATED SHALLOWS 

SPECIES HISTORICALLY OCCURRED IN BACKWATERS OF LARGE RIVERS BUT IS CURRENTLY ISOLATED TO SMALL. 
STREAMS AND SPRINGS 

NAME: RAZORBACK SUCKER 

STATUS: ENDANGERED CRITICAL HA6 Yes RECOVERY PLAN Yes CFR. 56 FR 54957 10-23-1991; 
DESCRIPTION. LARGE (UP TO 3 FEET AND UP TO 6 POUNDS) LONG, HIGH SHARP- 59 FR 13374.0521-1994 

EDGED KEEL-LIKE HUMP BEHINDTHE HEAD. HEAD FLATTENED ON TOP. 
OLIVE-BROWN ABOVE TO YELLOWISH BELOW. ELEVATION 

RANGE. c60W FT 

COUNTIES:GREENLEE, MOHAVE. PINAL, YAVAPAI, YUMA. LA PAZ. MARICOPA (REFUGIA), GILA. COCONINO, GRAHAM 

HABITAT: RlVERlNE 8 LACUSTRINE AREAS. GENERALLY NOT IN FAST MOVING WATER AND MAY USE BACKWATERS 

SPECIES IS ALSO FOUND IN HORSESHOE RESERVOIR (MARICOPA COUKMCRITICAL HABITAT INCLUDES THE 100- 
YEAR FLOODPLAIN OF THE RIVER THROUGH GRAND CANYON FROM CONFLUENCE wrrn PARIA RIVER TO HOOVER 
DAM: HOOVER DAM TO DAVIS DAM: PARKER DAM TO IMPERIAL DAM. ALSO Gl lA  RNER FROM AUNM BORDER TO 

.COOLIDGE DAM: AND SALT RNER FROM HWY 60ISR 77 BRIDGE TO R O O S M L T  DAM. VERDE RIVER FROM FS 
BOUNDARY TO HORSESHOE LAKE 

NAME: BALD EAGLE 

STANS: THREATENED 

HALIAEETUS LEUCOCEPHALUS 

CRITICAL HAB No RECOVERY PLAN: Yes CFR: 60 FR 35999.07-12-95 
DESCRIPTION LARGE. ADULTS HAVE WHITE HEAD AND TAIL HEIGHT 28 - 38'; 

WINGSPAN 66.  W. 1-4 YRS DARK WlTH VARYING DEGREES OF 
MOnLED BROWN PLUMAGE. FEET BARE OF FEATHERS. ELEVATION 

RANGE: VARIES FT. 

C0UNTIES:YUMA. LA PAZ. MOHAVE. YAVAPAI, MARICOPA. PINAL. COCONINO, NAVAJO. APACHE. SANTA CRUZ, PIMA. 
GILA. GRAHAM. COCHISE 

HABITAT: LARGE TREES OR CLIFFS NEAR WATER (RESERVOIRS. RIVERS AND STREAMS) WlTH ABUNDANT PREY 

SOME BIRDS ARE NESTING RESIDENTS WHILE A LARGER NUMBER WINTERS ALONG RNERS AND RESERVOIRS. 
AN ESTIMATED 200TO300 BIRDS WINTER INARKONA ONCE ENDANGERED (32 FR 4001.03-11-1967; 43 FR 6233.02- 
14-78) BECAUSE OF REPRODUCTIVE FAILURES FROM PESTICIDE POISONING AND LOSS OF HABITAT. THIS 
SPECIES WAS DOWN LISTED TO THREATENED ON AUGUST 11.1995 ILLEGAL SHOOTING. DISTURBANCE. LOSS OF 
HABITAT CONTINUES TO BE A PROBLEM SPECIES HAS BEEN PROPOSED FOR DELISTING (64 FR 36454) BUT STILL 

~ ---- ~~~ ~ 

RECEIVES FULL PROTECTlON UNDER ESA 



LISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY: 

1011112001 

MARICOPA 

NAME. SOUTHWESTERN WILLOW FLYCATCHER EMPIDONAX TRAlLLll EMlMUS 

STATUS: ENDANGERED CRITICAL HAB No RECOVERY PLAN: NO CFR: 60 FR 10694.02-27-95 

DESCRIPTION; SMALL PASSERINE (ABOUT 67 GRAYISH-GREEN BACK 4ND WINGS. 
WHITISH THROAT. LIGHT OLIVEGRAY BREAST AND PALE YELLOWISH 
BELLY TWO WINGBARS VISIBLE. EYE-RING FAINT OR ABSENT. ELEVATION 

RANGE: <a500 R: 
COUNTIES: YAVAPAI. GILA, MARICOPA, MOHAVE. COCONINO, NAVAJO, APACHE. PINAL, LA PAZ. GREENLEE, GRAHAM, 

YUMA. PIMA. COCHISE. SANTA CRUZ 
HABITAT: COTTONWOOWWlLLOW 8 TAMARISK VEGETATION COMMUNITIES ALONG RIVERS 8 STREAMS 

MIGRATORY RIPARIAN OBLIGATE SPECIES THAT OCCUPIES BREEDING HABITAT FROM LATE APRIL TO 
SEPlEMBER DISTRIBUTION WITHIN ITS RANGE IS RESTRICTED TO RIPARIAN CORRIDORS DIFFICULT TO . 
DISTINGUISH FROM OTHER MEMBERS OF THE EMPIDONAX COMPLEX BY SIGHT ALONE. TRAINING SEMINAR 
REOUIRED FOR THOSE CONDUCTING FLYCATCHER SURVEYS CRITICAL HABITAT WAS SET ASIDE BY THE 10M 

' 

CIRCUIT COURT OF APPEALS (5/17/01) 

NAME: YUMA CLAPPER RAIL RALLUS LONGIROSTRIS YOMANENSIS 

STATUS: ENDANGERED CRwlCAL HAB No RECOVERY PLAN: Yes CFR: 32 FR 4001.02-11-67; 48 

DESCRIPTION WATER BIRD WITH LONG LEGS AND SHORT TAIL LONG SLENDER FR 34182. 07-27-83 
DECURVED BILL MOITLED BROWN ON GRAY ON ITS RUMP. FLANKS 
AND UNDERSIDES ARE DARK GRAY WlTH NARROW VERTICAL STRIPES ELR/ATION 
PRODUCING A BARRING EFFECT RANGE. c4500 F 

COUNTIES.YUMA. LA PAZ, MARICOPA. PINAL. MOHAVE 

HABITAT: FRESH WATER AND BRACKISH MARSHES 
- 
SPECIES IS ASSOCIATED WlTH DENSE EMERGENT RIPARIAN VEGETATION. REQUIRES WET SUBSTRATE 
(MUDFLAT. SANDBAR) WlTH DENSE HERBACEOUS OR WOODY VEGETATION FOR NESTING AND FORAGING. -~ ~ 

C I -~NNEL~~TION ANDMARSH DEVELOPMENT ARE PRIMARY SOURCES OF HABITAT LOSS. 



STATUS DEFINITIONS 
ARIZONA GAME AND FISH DEPARTMENT (AGFD) 
HERITAGE DATA MANAGEMENT SYSTEM (IIDMS) 

FEDERAL US STATUS 

ESA Endangered Species Act (1973 as amended) 
US Department of Interior, Fish and Wildlife Service (http:llarizonaes.fws.gov) 

Listed 
LE Listed Endangered: imminent jeopardy of extinction. 
LT Listed Threatened: imminent jeopardy of becoming Endangered. 
XN Experimental Nonessential population. 

Proposed for Listing 
PE Proposed Endangered 
PT Proposed Threatened. 

Candidate (Notice of Review: 1999) 
C Candidate. Species for which USFWS has sufficient information on biological vulnerability and 

threats to support proposals to list as Endangered or Threatened under ESA. However, 
proposed rules have not yet been issued because such actions are precluded at present by other 
listing activity 

SC Species of Concern. The terms "Species of Concern" or "Species at Risk" should be 
considered as terms-of-art that describe the entire realm of taxa whose conservationstatus may 
be of concern to the US F~sh and Wildlife Service, but neither term has official status 
(currently all former C2 species) 

Critical Habitat (check with state or regional USFWS office for location details) 
Y Yes: Critical Habitat has been designated. 
P Proposed: Critical Habitat has been proposed. 

[ \N No Status. certain populations of this taxon do not have designated status (check with state or 
regional USFWS office for details about which populations have designated status)]. 

USFS US Forest Service (1999 Animals. 1999 Plants: corrected 2000) 
US Department of Agriculture, Forest Service, Region 3 (http:l/www.fs.fed.uslr3/) 

S Sensitive: those taxa occurring on National Forests in Arizona which are considered sensitive 
by the Regional Forester. 

BLM US Bureau of Land Management (2000 Animals, 2000 Plants) 
US Department of Interior, Bureau of Land Management, Arizona State Office 
(http:lIazwww.az.blm.gov) 

S Sensitive: those taxa occurring on BLM Field Office Lands in Arizona which are considered 
sensitive by the Arizona State Office 

P Population: only those populations of Banded Gila monster (Heloderma srispectum cinctum) 
that occur north and west of the Colorado River, are considered sensitive by the Arizona State 
Office. 



Status Definitions AGFD, HDMS + 

STATE STATUS 

NPL Arizona Native Plant Law (1999) 
Arizona Department of Agriculture (http:llagriculture.state.az.us/PSD/nativeplants.htm) 

HS Highly Safeguarded: no collection allowed. 
SR Salvage Restricted: collection only with permit. 
ER Export Restricted: transport out of State prohibited. 
SA Salvage Assessed: permits required to remove live trees. 
FIR Harvest Restricted: permits required to remove plant by-products. 

- WSCA Wildlife of Special Concern in Arizona (1996 in prep) 
Arizona Game and Fish Department (http://www.azgfd.eom) 

Wildlife of Special Concern in Arizona. Species whose occurrence in Arizona is or may be in 
jeopardy, or with known or perceived threats or population declines, as described by the 
Arizona Game and Fish Department's listing of Wildlife of Special Concern in Arizona 
(WSCA, in prep). Species indicated on printouts as WC are currently the same as those in 
Threatened Native Wildlife in Arizona (1988). 

Rrvtsed 1013/01. AGFD HDMS 
I WDMS\WCUMENnNBOOKS\TEMPLATE\EORDEFS\STATDEF 



Appendix F - HEC-1 Files 

(Attached to Back of Binder) 



Carefree DMP 
FLOW SUMMARY -PAW.xls 
03/31/2004 8:22 AM 

Appendix F 
Flow Summary 

162944.DP.02 
By: PAW 

Checked: TB 





Carefree DMP 
FLOW SUMMARY -PAW.xls 
03/31/2004 8:22 AM 

Appendix F 
Flow Summary 

162Q44.DP.W 
By: PAW 

Checknrl TB 



LEGEND - 

SUB-BASIN BOUNDARY 

SUB-BASIN INDENTIFICATION 

ROUTE HYDROGRAPH 

COMBINE HYDROGRAPH 

DIVERTHYDROGRAPH 

STAGECOACH PASS WASH 

UPPER BOULDERS WASH 

FAN 6A SOUTH 

UPPER FAN 5 

1 
NO. I .- 

REVISION I BY / DATE 

I FLOOD CONTROL DISTRICT / 
O F  MARICOPA C O U N T Y  
NORTH SCOTTSDALE FLOODPLAIN 

DELINEATION STUDY 
FCD 2 0 0 1  COO9 WORK ORDER 442 
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C.8,. ............................. . ..,.. . ......... S v  pp DATE 
DESIGNED 
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THIS PRCGRAU REPLACES ALL PREVIWS VERSIONS OF XEC-1 RNOWU AS L S l  (JAN 73). XEClGS, LSlDB, AND RECIKW. 

THE DEFINITIONS OF VARIRBLBS -RTIMP- AND -RTIOR- HAVE C K X W W  FROM THOSE U 5 W  WITH THE 1973-STnE INPUT STRUCTVRg 
THE DEFINITION OF -AIfSI(R- ON RH-CAPIJ WAS CHRNOED WITH REVISIONS DATW 28 SEP 81. 'PHIS IS 'RtB FORTPAW77 VERSION 
NBW OPTIONS. DI\MBRBPIX ODTPLOW SUBlbERGEiCE . SINOLE EV&WP DAWAGE CALCULATI~, DSS.WT(ITE SThCB WnEOUEWCY .................................. -. - 
DSS:RERD TlnE SBRIES AT DESIRED CAUPLATION INTERVAL LOSS BAW:GXEEN AND AWPT INFILTRATION 
K I m T I C  WAVE: NEW FINITE DIFF-E ALGORITHM 

L 
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LINE 

UC MODEL - UNNRMED WASH, CEhPPRAL 
10-YEAR 6-HOUR MODEL FILENAME: UClO6E.DAT 
EXISTING CONDITIONS 
CAREFREE D-INAGE MASTER PLAN 
FCD 2 0 0 0 C 0 3 7  
BY CHZM HILL 

I D  FOR THE FLOOD COWROL DISTRICT OF HARICOPA C W Y  
I D  DECEMfJER 2 0 0 1  ( F i n a l  R e v i s i o n  March 2 0 0 4 )  
Tn '."....".....'....*...,....+.............*........*...,..*..,.... -- 
I D  1 0  YEAR ANALYSIS 6-HOUR STORM 
I D  
I D  GREEN AND AMPT LOSS RATE METHOD, NMIN=2 
I D  CLARX UNIT HYDRCGRAPH, NORMAL DEPTH CHANNEI, ROUTING 
I D  ..................................................................... 
ID DEPTH-AREA REDUCT FACTORS BASED ON TRBLE 2 . 1 a  OF FCDMC MANUAL 
Tn -- 
I D  THE RAINFALL WAS PRODUCED BY DDMSW V 2 . 1  
I D  
I D  
'DIAGRAM 
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UC 8 
SUB-BASIN 8, UNNAMED WASH CENTRAL 

TH@ FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 1.04 Kb= 0.031 S=138.0 
- 0 5 4  ..- 
.30 .36 4.9 .26 36.0 

HEC-1 INPUT 1 
PAGE 2 

LINE ID.. 

UC9 
SUBBASIN 9. UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.91 Kb= 0.031 S=145.0 
.055 
.30 -36 5.0 .23 36.0 
.338 ,540 

0 5 16 30 65 77 84 
100 

CPC89 
CONCENTRATION POINT 89 
COMBINES RUNOFF FROM SUBBASINS UC8 AND rJC9 

RCP89 
ROUTING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN lb 
NORMAL DEPTH clrfumm ROIITING 
ZNDPOINTS WERE EXTENDED 
SLOPE = (2596-2540) 12933 

5 FLOW -1 

..-. 
SUBBASIN 18, UNNAMED WASH CWT8AL, 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.56 Kb= 0.091 S=101.0 

. --. 
SUBBASIN 19, UNNAMED WASH 
THE FOLLOWING PAPiW!ZTERS WERE PROVIDED FOR THIS BASIN 

PAGE 
2 
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PAGE 3 

LINE 

1 
PAGE 4 

LINE 

CP1819 
COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 

3 

R1819 
ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBASIN 23 
ENDPOINTS WERE EXTENDED 
SLOPE = (2540-25111/1790 

2 FLoW -1 
0.045 0.030 0.045 1790 0,0162 

0 92 99 100 112 113 120 
108 104 102 100 100 102 104 

0.25 100 

KK UC22 
KM SUBBASIN 22, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .76 Kb= ,104 S=111.0 
BA ,032 
LG .25 .36 5.00 .23 14.00 
UC ,746 1.527 

KK UC23 
KM SUBBASIN 23, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.125 S=121.0 
BA .013 

KK CP2223 
KM COMBINB ROUTED FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
HC 3 

KK R2223 
KM ROUTING REACH FROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2511-2482111862 
RS 2 FLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 
RX 0 95 99 100 112 113 117 200 
RY 108 104 102 100 100 102 104 108 
RL 0.25 100 
* 

KK UC28 
KM SUBBASIN 28. WASH CENTRAL, COMBINED 24 TWROUGH 28 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .57 Kb= 0.106 S=109.0 
BA ,055 

PAGE 
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PAGE 5 

KK R28 
KM ROUTING REACH FROM CP28 TO CP2930 THROUGH SUBBASIN 30 
KM ENDWINTS WERE EXTENDED 
KM SLOPE = (2502-2482111296 
RS 2 FLOW -1 
RC 0.045 0.035 0.045 1296 0.0154 
RX 0 86 99 100 108  109 122 200 
RY 108  104 102 100 100 102 104 108 
RL 0.15 100 
* 

KK UC29 
KM SUBBASIN 29, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAKETERS WERE PROVIDELI FOR THIS BASIN 
KM L= .47 Kb= 0.116 09.0 
BA .035 
LG .25 .36 5.00 .23 12.00 
UC .617 .792 

KK UC30 
KM SUBBASIN 30, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAKETERS WERE PROVIDED FOR THIS BASIN 
KM L= - 2 8  Kb= 0.126 S=134.0 

KX CP2930 
KM COMBINE SUBBASIN RUNOFF FROM 28, 29, 30 WITH ROUTED FLOWS FROM 

KK R2930 
KM Rout ing  flow from CP2930 t o  CP34 th rough  s u b b a s i n  3 4  
KM SLOPE = 12482-2469j1925 
KM ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 925 0.0141 
RX 0 89 99 100 110 111 122 200 
RY 108  104 102 100 100 1 0 2  104 108  
RL 0.15 100 

HEC-1 INPUT 

KK UC34 
KM SUBBASIN 34. UNNAMED WASH C E N T m ,  COMBINED 33 AND 34 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 3 1  Kb = 0.116 S= 117.0 
BA ,037 
LG .25 .36 4.90 .22 12.00 

KK CP34 
KM COMBINE SUBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS FROM 

PAGE 
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LINE 

KK R3 4 
KM Routing flow from CP34 to CP3537 through subbasln 37 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2469-2318)/6475 
RS 11 PLOW -1 
RC 0.045 0.035 0.045 6475 ,0233 
RX 0 90 99 100 105 106 115 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

KK uc37 
KM SUBBASIN 37, UNNANED WASH CENTRAL, COMBINED 32 ANE 37 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.03 Kb= 0.160 S= 98.0 
BA ,207 

KK UC35 
IM SUBBASIN 35. UNNAMEE WASH CENPRAL - 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.27 Kb= 0.035 S=138.0 
BA -761  

KH COMBINE SUBBASIN RUNOFF FROM 35. 37 WITH ROUTED FLOWS FROM 
KM R34 
HC 3 
* 

HEC-1 INPUT 

KK R3537 
KM Routlng flow from CP3537 to CP3149 through subbasin 49 
KM ENDWLNTS WERE EXTENDED 
KM SLOPE = (2318-2280)/1829 
RS 3 F W  -1 
RC 0.045 0.035 0.045 1829 0.0208 
RX 0 90 99 100 105 106 115 200 

KK UC49 
KM SUBBASIN 49, UNNAMED WASH CENPRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KH L= .47 Kb= 0.032 S=148.0 
BA .048 

KK UC31 
KM SUBBASIN 31, UNNANED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.04 Kb= 0.066 S= 128.0 
BA .405 
LO .25 .38 4.10 .18 20.00 
UC ,846 ,909 

KK CF3149 
KM COMBINE RUNOFF FROM SUBBASINS 31.49 WITH ROUTED FLOWS FROM 

PAGE 
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R3149 
ROUTING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 
ENDPD1NI)S WERE EXTENDED 
SLOPE = (2280-22563/1219 

2 FLnw -1 

----  
SUBBASIN 46, UNNA!tED WASH CENTRAL 
THE FOLLOWING PARAWETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.060 Adj. Slope= 324.0 

1 
PAGE 7 

ID.. 

R46 
ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
ENDPOINTS WERE EXTENDED 
SLOPE = 12346-2315)11783 

3 FLOW -1 

SUBBASIN 45, UNNAMED WASH CEiWRAL 
THE FOLLOWING PARAMETERS MERE PROVIDED FOR THIS BASIN 
L= .48 W= 0.030 S= 135.0 

uc47 
SUBBASIN 47, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .39 Kb= 0.056 Adj. Slope- 324.0 

CP4547 
COMBINE SUBBASIN RUNOFF FROM 45, 47 WITH ROUTED FLOWS FROM 
R4 6 

3 
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LINE 

LINE 

UC106E.OHl 

KM ROWING FLOW PROM CP4547 TO CP4850 THROUGH SUBBASIN 48 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12315-2256112170 
RS 4 FLOh' -1 

. 
HEC-1 INPUT 

KK UC48 
KM SUBBASIN 48, UNNAMED WASH CEWlFAL, COMBINED 48 AND 56 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 I(b= 0.048 S= 117.0 
BA .I97 
LG .25 .39 3.70 -16 30.00 
UC ,438 .349 

KK UC50 
KM SUBBASIN 50, UNNAMED WASH CENmULL, COMBINED 50 AND 98 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .27 Kb= 0.037 S= 93.0 
BA ,019 
LG -25 .38 3.80 .24 24.00 
UC ,221 .230 . 
KK CP4850 
KM COMBINE SWBASIN RUNOFF FROM 48, 50 WITH ROUTED FLOWS FROM 
KM R3149 AND R4547 
HC 4 
* 

KK R4850 
KM Routing flow from CP4850 to CP5157 through subbasin 57 
KM ENDPOINTS WERE EXTENDED 
KM SWPE = (2256-2235)/1509 
RS 2 FLOW -1 

KK uc51 
KM SUBBRSIN 51, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.061 Adj. Slope= 317.0 

KK UC57 
XM SUBBASIN 57, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.061 S= 200.0 
BA ,037 

HEC-1 INPUT 

ID ....... 1 ....... 2.......3.......4.......5.......6.......7.......8.......9...... 10 
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LINE 

KK CP5157 
KM COMBINE RUNOFF FROM SUBBASINS 51.57 WITH ROUTED FLOWS FROM 
KM R4850 
HC 3 

KK R5157 
KM ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 59 
KM ENDPOIKTS WERE EXTENDED 
KM SLOPE = (2235-2208)11796 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1796 0.0150 
RX 0 60 99 100 100 121 160 220 
RY 110 104 102 100 100 102 104 110 
RL 0.35 100 
* 

KK UC58 
KM SUBBASIN 58, UNNAMED WASH CF&TP.AL 
KM THE FOLLOWING PhPAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC59 
KM SUBBASIN 59, UNNAMED WASH c m  
KM THE FOLLOWING P-S WERE PROVIDED FOR THIS BASIN 
KM L= .49 W= 0.105 S= 112.0 

KK CP5859 
KM COmINE RUNOFF FROM SUBBASINS 58,59 WITH ROIJTED FLOWS FROM 
KM R5157 

- 

KM DIVERSION OF FLOWS AT FLOW SPLIT 
M D5859S 
DI 0 50 100 500 10000 
DQ 0 24.9 49.5 248.5 4970 

KK R5859N 
KM ROUTE DIVERTED FLOW FROH CP5859 TO CP63 THROUGH 63 
KM ENDPOrnS WERE FXTENDED 
KM SMPE = (2208-2195)/699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 

KK UC63 
KM SUBBASIN 63, UNNAMED WASH CF&TRAL, COMBINED BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.056 Ad]. Slope= 322.0 
BA ,117 

PAGE 
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KM COMBINE RUNOFF FROM SUBBASIN 6 3  WITH ROUTED FLOWS 
KM FROM RD5859N 

KM ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 6 6  
KM SLOPE = ( 2 1 9 5 - 2 1 7 0 ) / 1 3 9 4  
RS 2 FLOW -1 
RC 0 . 0 9 5  0 . 0 3 0  0 . 0 4 5  1 3 9 4  0 . 0 1 7 9  
RX 6 0  8 0  9 9  1 0 0  1 2 5  1 2 6  1 4 5  1 6 5  

KK UC66 
KM SUBBASIN 6 6 ,  WiWAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 5 4  Kb= 0 . 0 8 1  Ad3. S l o p e -  3 2 4 . 0  
BA . 0 3 7  

KK We62 
KM SUBBASIN 6 2 ,  UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KM COMBINE RUNOFF FROM SUBBASINS 6 2 ,  6 6  W2TH ROUTED FLOWS 
KM FROM R63 
HC 3 
* 

HEC-I INPUT 1 
PAGE 11 

LINE 

KK R6266 
KM ROUTE FLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 8 2  
KM SLOPE = ( 2 1 7 0 - 2 1 5 0 ) / 9 9 0  
R S  2 PLOW -1 

KM RECALL DIVERTED FLOW FROM D5859N 
DR D5859S 

KM ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 6 4  
KM SLOPE = ( 2 2 0 8 - 2 1 9 4 1 1 8 0 3  
RS 1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  8 0 3  0 . 0 1 7 4  

PAGE 
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458 
459 
460 
461 
462 
463 
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LINE 

KK UC64 
KM SUBBASIN 64, UNMLMED WASH CENTRAL 
KM THE FOLLOWING P-S lYERe PROVIDED FOR THIS FJASIN 

KM COMBINE SUBBASIN RUNOFF FROM 64 WITH ROWED FLOWS FROM 
KM DIVERSION RD5859N 
HC 2 1.88 

KK D64N 
KM DIVERSION OF FLOWS AT PLOW SPLIT 
KM SOUTHERN PART OF DrVWSION GOES OFF SITE 
M D64S 
DI 0 50 100 500 10000 
W 0 22.5 45 225 4500 

KK RD64N 
KM ROUTING FLOW FROM D64N TO CP87 THROUGH SUBBASIN 87 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2194-2161)/1721 
RS 2 CTGW -1 
RC 0.045 0.030 0.045 1721 0.0192 

HEC-1 INPUT 

.-. --- 
KM SUBBASIN 87, UWAKED WASH CENTRAL 
KM THE FOLLOWING PAIULMETERS WERE PROVIDED FOR THIS BASIN 

KX CP87 
KM COMBINE SUBBASIN RUNOFF FROM 81 WITH ROUTED FLOWS FROM 
KM DIVERSION RD64N 

erase this 
* KK D87N 
* KM DIVERSION OF FLOWS AT FLOW SPLIT 87 
* M D87S 

KK RD87N 
KM ROUTING FLOW PROM D87N TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = 1~161-~i50)/557 
RS 1 FLDW -1 
RC 0.045 0.030 0.045 557 0.0197 
RX 25 85 99 100 120 121 135 195 

PACE 
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UC82 
SUB-BASIN 82, UNNAMED WASH CENTRAL, COMBINED 81, 82, 83 
THE FOLLOWING PARAHeTERS WERE PROVIDED FOR THIS BASIN 
L= .22 Kb= 0.136 Adj. Slope= 220.0 

CP82 
COMBINE DIVERTED FLOWS FROM D87N. ROUTED FLOWS FROM R6266, 
SUBBASIN 82 

3 2.45 

1 
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LINE ID.. 

R82 
ROUTING FLOW PROM CP82 TO CP84 THROUGH SUBBASIN 84 
SLOPE = (2150-2138)/579 

1 FLOW -1 
0.045 0.030 0.045 579 0.0207 

50 75 99 100 125 126 150 175 
106 104 102 100 100 102 104 106 

0.35 100 

- - 

DIVERSION OF FLOWS AT PLOW SPLIT 84 
D84S 

0 500 1000 1500 ZOO0 3000 
0 0 72 395 782 1633 

UC84 
SUBBASIN 84, -?+NED WASX CEWPPAL, 
THE FOLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.102 Ad3. Slope= 246.0 
,017 
.25 .36 4.50 .35 14.00 
.338 .436 

CP84 
COMBINE SUBBASIN RUNOFF FROM 84 WITH REMAINDER OF DIVERTED FLOWS 
PROM D84N 

2 

R84 
ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBSASIN 79 
ENDPOIWPS WERE EXTENDED 
SLOPE = 12138-2054)/3463 

5 FLOW -1 
0.045 0.030 0.045 3463 0.0243 

0 94 99 100 110 111 116 200 
106 104 102 100 100 102 104 106 

uc79 
SUBBASIN 79, UNNAMED WASH CENTRAL, COMBINED 79 AND 92 
THE FOLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .88 Kb. 0.040 Adj. Slope= 233.0 
.078 
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HEC-1 INPUT 

LINE 

KM S ~ S I N  78. UNNAMBD WASH CENTRAL 
KH THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .86 Kb= 0.036 Adi. Slope= 319.0 

KM COMBllJE SUBBASIN RUNOFF FROM BASINS 78. 79 WITH ROUTED FLOWS 

KK R7879 
KM ROUTING FLOW FROM CP7879 TO CP77 THROUGH SUBBASIN 77 
KM ENDWIWS WERE EXTENDEU 

- - 
KM SUBaASIN 77, m D  WASH CEWTRAL 
KM THE FOLLOWING PAMMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .93 Kb= 0.048 A d i .  Slope= 324.0 

KK CP77 
KM CONBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 
KM FROM R7879 
HC 2 

KK R77 
KM ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 89 
KM ENDPOIWS WERE EXTENLIED 
KM SLOPE = (2048-203711593 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 593 0.0185 
RX 0 80 99 100 115 116 120 200 

1 
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LINE 

UC106E.OHI PAGE 
12 



1 
PAGE 16 

LINE 

KK UC89 
KM SUBBASIN 89. UNNAMED WASH CENTRAL 
KM THE FOLLOWWG PARAMETERS WERE PROVIDED FOR THIS BASIN 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 89 WITH ROOTED FLOWS 
I(M FROM R77 

KM ROUTING FLOW FROM CP89 TO CP90EN THROUGH SUBBASIN 90 
KM C ~ L E N D S W E R E M T E N D E D  
KM SLOPE = 12037-2008)/1912 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1912 0.0152 

KK m74 
KM SUBBASIN 74. DNMAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.13 W= 0.071 A d j .  Slope= 328.0 
BA ,151 

KK UC76 
KM SUBBASIN 76, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 W= 0.053 Adj. Slope= 302.0 
BA .041 
LG .25 .35 6.10 .16 14.00 
UC .292 .408 
+8 

KK CP7476 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 16 
HC 2 
* 

HEC-1 INWT 

KK R7476 
KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN 75 
KM END POINTS WERE EXTENDED 
KM SLOPE = 12031-2017l1524 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 524 0.0267 
RX 0 80 99 100 112 113 132 200 

KK UC75 
KM SUBBASIN 75, UNNAMED WASH CENTRAC 
KM THE FOLLOWING PARA.METERS WERE PROVIDED FOR THIS BASIN 
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660 
661 
662 
663 
664 
665 

1 
PAGE 17 

- 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 75 AND ROUTED FLOWS 
KM FROM R7476 

KU R75 
KM ROUTING FLOW FROM CP75 TO CP90EN THROUGH SUBBASIN 90 
KM END POIWCS WFRE EXTENDED 
KM SLOPE = (2017-200811723 
RS 1 FWW -1 
RC 0.045 0.030 0.045 723 0.0124 
RX 0 80 99 100 115 116 135 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 
* 

XK UC90 
KM SUBBASIN 90. UNNAMED WASH CENTRRL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC91 
KM SUBBASIN 91. UNNAMED WASH CENTRAL. 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .75 0.107 S= 109.0 
BA .073 
LO .25 .31 7.40 .14 14.00 

HEC-1 INPUT 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 90 AND 91 WITH ROUTED FLOWS 
KX FROM R89 AND R75 

.- - - 

KM RETRgVIAL OF DIVERTED FLOW FROM D84S 
DR D84S 

KM ROUTING FLOW FROM CP84 lD84S) TO CP88BND THROUGH SUBBASIN 88 
KM SWPE = (2138-2041)14843 
RS 6 FLOW -1 
RC 0.045 0.030 0.045 4843 0.0200 
RX 0 50 99 100 125 126 175 225 

PAQE 
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LLNE 

. - .... 
KM SOUTHERN PRRT OF TRIPLE DIVERSION AT TERRAVITA WAY 
KM D84S PLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 

KK RD841S 
KM ROUTING FLOWS FROM D8411S TO CP94DS 
KM SLOPE = 12140-2078)/3225 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 3225 0.0192 
RX 0 50 99 100 125 126 175 225 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 
* 
* 

KK UC94 
KM SUBBASIN 94. UNNAMED WASU CENTPAL 
103 THE FOLWWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .53 Kb= 0.119 S= 108.0 
BA ,028 
LG .25 .36 5.00 .23 13.00 
UC .671 1.082 

HEC-1 INPUT 

KM COMBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED PLOW 
KM FROM RD84IS 

KK R94DS 
KM ROUTING FLOW PROM CP94DS TO CP88EN 
KM SLOPE = (2078-20411 11950 
RS 1 PLOW -1 
RC 0.045 0.030 0.045 1950 0.0189 
RX 60 85 99 100 108 109 123 148 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK D84IIN 
KM RECALL DIVERTED FLOW FROM D84II 

KK RD84IN 
KM ROUTING F W W  FROM D84II TO CP88EN 
KM SLOPE = (2140-2041115175 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 5175 0.0191 
RX 60 78 90 100 125 132 135 150 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KX UC88 
KM SUBBASIN 88, VNNAMED W H  CENTRAL, COMBINED SUBBASIN 86, 88, 97 
KM THE FOLWWING PARAMETERS WERE PROVIDER FOR THIS BASIN 
KM L= 1.08 Kb- 0.104 S=111.0 
BA ,108 
LG .25 .33 6.10 .20 14.00 
UC .962 1.337 
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LINE 

KK CP88EN 
KM COMBINE SUBBASIN RUNOPE FROM BASIN 88 WITH ROUTED FLOWS 
KM FROM R94DS AND RDB4IN 
HC 3 
t . 

---- 
KM SUBBASIN 95, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0.22 Kb= 0.120 Adj .Slope= 220 
BA ,024 
LG .25 .39 3.70 .15 5.00 
Oc ,287 .233 . 

HEC-1 INPUT 

KK UC93 
KM SUBBASIN 93, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 Kb= 0.093 S= 135.0 

KK UC96 
KM SUBBASIN 96, m D  WASH CENTRdL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BI\SIN 
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'--- SCHEMATIC DIAGRAM OF STREAM NETWORK 

LINE IVI ROlITING I..-. > I  DIVERSION OR PUMP FLOW 

NO. ( . I CONNECTOR (<---I RETURN OF DIVERTED OR PUMPED FLOW 

47 UC8 
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751 

("*I RUNOFF ALSO COMPUTED AT THIS LOCATION 
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RUNOFF S-Y 
FLOW IN CUBIC FEET PER SECOND 

TINE IN HOURS, AREA IN SQUARE MLES 

OPERATION ETATION 

HYDROGRAPH AT 
UC 8 

HYDROGRAPH AT 
uc9 

2 COMBINED AT 
CPCQ 

ROUTED TO 
RCP89 

HYDROGRAPH AT 
UC18 

HYDROGRAPH AT 
UC19 

3 COMBINED AT 
CP1819 

ROUTED TO 

KYDROGRAPH AT 
UC22 

HYDROGRAPH AT 
UC23 

3 COMBINED AT 
CP2223 

ROUTED TO 

HYDROGRAPH AT 
UC28 

ROUTED TO 
R2 

HYDROGRAPH AT 
UC2Y 

HYDROGRAPH AT 
UC30 

4 COMBINED AT 
CP2930 

ROUTED TO 

HYDROGRAPH AT 
UC34 

2 COMBINED AT 
CP3r 

ROUTED TO 
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PEAK T M  OF A-E B%OW WR WUMm( PERIOD WIN 
OPERD?PION STATION F W W  PmK DRU 

6 - r n  24-HOrm 72-HOOR 

HYDROGRAPH AT 
UC37 101.  4.60 30. 8. 3 .  .21 

HYDROGRAPH AT 
uc: 

3 COMBINED AT 
CP3537 453. 4.47 

ROUTED TO 
R3537 450. 4.57 

HYDROGRAPH AT 
UC31 215. 4.63 

3 COMBINED AT 
CP3149 

ROUTED TO 
R3149 622. 4.57 

HYDROGRAPH AT 
UC46 63. 4.07 

ROUTED TO 
R4 6 62. 4.10 

HYDROGRAPH AT 
UC45 157.  4.07 

3 COMBINED AT 
CP4547 

ROUTED TO 
R4547 259. 4.13 

HYDROGRAPH AT 
UC48 226. 4 .23 

4 COMBINED AT 
CP4850 821. 4.40 207. 

ROUTED TO 
R4850 

HYDROGRAPH AT 
UC51 95 .  4.10 

HYDROGRAPH AT 
UC57 36.  4 .20  

3 COMBINED AT 
CP5157 865. 4.40 

ROUTED TO 
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WLlC TTIlL OF A-E FLOW FOR- PERIOD WIIO 
OPgFaTIOM sTATIOP1 rum P M K  aPxA 

6-IIOUR 24-HOVR 72-WLJR 

- 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDRDORAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

R O m D  TO 

HYDROORAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 
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ROUTED TO 

DIVERSION TO 
D84S 93. 4.37 

HYDROGRAPH AT 
D84N 938. 4.r 

HYDROGRAPH AT 
UC84 14. 4.20 

2 COMBINED AT 
CP84 945. 4.40 227. 

ROUTED TO 
R84 941. 4.50 227. 

HYDROGRAPH AT 
UC77 109. 4.13 

2 COMBINED AT 
CP77 1068. 4.43 

RODTED TO 

HYDROGRAPH AT 
UC89 54. 4.20 

2 COMBINED AT 
CP89 1097. 4.43 

ROUTED TO 
R89 1094. 4.50 

HYDROGRAPH AT 
UC74 67. 4.77 

2 COMBINED AT 
CP7476 81. 4.63 

HYDROGRAPH AT 
K75 180. 4.17 

2 COMBINED AT 
CP75 246. 4.20 

ROUTED TO 
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HYDRWRAPH AT 
UC91 39. 4 . 5 3  

4 COMBINED AT 
CP90EN 1 2 6 3 .  4 . 1  

HYDRWRAPH AT 
D 8 4 S  9 3 .  4 . 3 7  

ROUTED TO 
RD84S 

DIVERSION TO 
DOQIIN 

HYDROGRAPH AT 
D 8 4 1 I S  

ROUTED TO 
RD841S  

HYDROGRAPH AT 
UC94 1 2 .  4 . 5 0  

ROUTED TO 

HYDROGRAPH AT 
0 8 4 I I N  8 0 .  4.: 

ROUTED TO 
RD84IN 53. 4 . 8 7  

HYDROGRAPH AT 
UC88 

3 COMBINED AT 
CP88EN 

HYDROGRAPH AT 
UC95 

HYDROGRAPH AT 
UC93 

* * *  NORMAL END OF HEC-1 *** 
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THIS P R O C W  REPLACES ALL PREVIOUS VERSIONS OF W - 1  I(NOWN AS HK1 (JAM 7 3 ) .  HBClGS. HBClDB, ?AD W1191. 

THE DEFINITIONS OF VaRIABLBS -RTINP- AND -RTIOR- HAVE CHANGED PEOU THOSE USED WITH TRB 1913-STYLg INPUT STRUCTURE 
TBE DBPIIiITION OP -AMSKK- ON M-CARD WAS CMNGBD WITH REVISIONS DATED 28 SEP 81. THIS IS THB FORTRAN77 VERSION 
NBW OPTIONS: DAXBREAK O U T M  SUBHBROQJCE , SINGLE EVENT DAMAGE CIU1IWTIW. DSS:WRITE STACE PR69UENCI. 
DSS RBAD TIME SERIES AT DESIRED CALCULATION INTWVAL LOSS PATE:GRBEN AND AMFT INFILTImTIW 
KINEMATIC WAVE NEW FINITE DIFFBRENCE UORITHH 

1 
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HEC-1 INPUT 

LINE 

UC MODEL - UNNAMED WASH, CENTRAL 
10-YEAR 24-HOUR MODEL FILENAXE: UClO24E.DAT 
EXISTING CONDITIONS 

ID CAREFREE DRAINAGE MASTER PLAN 
ID FCD 2000C037 
ID BY CH2M HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOFA COUNTY 
ID DECENIBER 2001 (Final Rwislon ADrll 2004) 
ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ID 10 YEAR ANALYSIS 24-HOUR STORM 
ID - 
ID GREEN AND AMFT LOSS RATE METHOD, WIN=2 
ID CLARK UNIT HYDROGRAPH, N O W  DEPTH CHANNEL ROUTING 
ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ID DEFTH-AREA REDUCT FACTORS BASED ON TABLE 2.la OF FCDMC MANUAL 
ID 
ID TKE IEINFIILL WAS PRODUCED BY DDMSW v 2.1 
ID -- 

ID 
'DIAGRAM 
IT 2 
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UC8 
SUB-BASIN 8, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 1.04 Kb= 0.031 5-138.0 
.054 
.30 .36 4.9 .26 36.0 
,608 1.159 

0 5 16 3 0 65 77 84 

1 
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HEC-1 INPUT 

LINE ID.. 

uc9 
SUBBASIN 9, UNNAMED WASH CEWRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.91 Kb= 0.031 S=145.0 
,054 
.30 .36 5.0 .23 36.0 
.525 .882 

0 5 16 30 65 77 84 
100 

CPC89 
CONCEWWATION POINT 09 
COMBINES RUNOFF FROM SUBBASINS UC8 AND UC9 

2 

RCP89 
ROUTING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN 18 
N O W  DEPTH CHAmEL ROUTING 
ENDPOINTS WERE EXTENDED - 

SLOPE = (2596-2540)12933 
5 FLOW -1 

0.045 0.035 0.045 2933 0.0191 
0 90 99 100 108 109 120 

108 104 102 100 100 102 104 

UC18 
SUBBASIN 18, UNNAMED WASH ChlTRAt 
THE FOLLOWING PAWlMETERS WERE PROVIDED FOR THIS BASIN 

---- 
SUBBASIN 19, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
~ 0 . 5 2  W=O.O69 5.135.0 
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LINE 

KK CP1819 
KM COMBINES RUNOFF FROM SOBBASINS UC18, UC19 AND RCP89 
HC 3 

KK R1819 
KM ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBASIN 23 
KM ENDPOINTS WERE ErnENDED 
KM SLOPE = (2540-2511)/1790 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1790 0.0162 
RX 0 92 99 100 112 113 120 200 
RY 108 104 102 100 100 102 104 108 

.--- 
KM SUBBASIN 22. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC23 
KM SUBBASIN 23, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.125 S=121.0 
BA .013 

KK CP2223 
KM COMBINE ROUTED FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
HC 3 
* 

KK R2223 
KM ROUTING REACH FROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12511-2482)/1862 
RS 2 FLOW -1 

0.25 100 

HEC-1 INPUT 1 
PAGE 4 

LINE 

KK UC28 
KM SUBBASIN 28, UNNAMED WASH CENTRAL, COMBINED 24 THROUGH 28 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .57 Kb= 0.106 S=109.0 
BA ,055 
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ROUTING REACH FROM CP1028 TO CP2930 THROUGH SUBBASIN 30 
ENDPOINTS WERE EXTENDED - - 

SLOPE = (2502-2482)/1296 
2 FLOW -1 

0.045 0.035 0.045 1296 0.0154 
0 86 99 100 108 109 122 

108 104 102 100 1 M  102 104 

UC29 
SUBBASIN 29, UNNAMED WASH CENTRAL 
THE FOLLGWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

UC3 0 
SUBBASIN 30, UNNAMED WASH CENTPAL 
THE FOLLOWTNG PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .28 Kb= 0.126 S=134.0 

KK CP2930 
KM COMBINE SUBBASIN RUNOFF FROM 28, 29, 30 WITH ROUTED FLOWS FROM 
KM CP2223 

KK R2930 
KM Routing flow from CP2930 to CP34 through subbasin 34 
KM SLOPE = (2482-2469)/925 
KN ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 925 0.0141 
RX 0 89 99 100 110 111 122 200 
RY 108 104 102 100 100 102 104 108 

0.15 100 

HEC-1 INPUT 1 
PAGE 5 

LINE 

KK UC34 
KM SUBBASIN 34, UNNAMED WASH CENTRRL, COMBINED 33 AND 34 
KM THE FOLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .31 K b  = 0.116 S= 117.0 
BA .031 
LG .25 .36 4.90 .22 12.00 
UC .333 .277 

KK CP34 
KM CONBINE SUBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS FROM 

KK R34 
KM Routing flow from CP34 to CP3537 through subbasln 37 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12469-2318)/6475 
RS 11 FLOW -1 
RC 0.045 0.035 0.045 6475 .0233 
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LINE 

KK uc37 
KM SUBEASIN 37, UNNAMED WASH CEiWRAL. COMBINED 32 AND 37 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.03 Kb= 0.160 S= 98.0 
BA ,203 

KK uc35 
KM SUBBASIN 35, UNNAMED WASH CENTRRL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.27 Kb= 0.035 S=138.0 
BA .261 
LG .25 .38 3.90 .20 24.00 
UC .304 ,256 

KM COMBINE SUBBASIN RUNOFF FROM 35, 37 WITH ROUTED FLOWS FROM 
KM R34 
HC 3 

HEC-1 INPUT 

KK R3537 
KM Routing flow from CP3537 to CP3149 through subbasln 49 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2318-2280)/1829 
RS 3 FLOW -1 
RC 0.045 0.035 0.045 1829 0.0208 
RX 0 90 99 100 105 106 115 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

KK uc49 
KM SUBBASIN 49, UNNAMeD WASH CEiWRAL 
KM THE FOLLOWING PARQETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.032 S=l48.0 
BA ,048 

KK UC31 
KM SWBASIN 31, UNNAMED WASH CENTRAL 
KM THE FOLLOWING P M T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= 2.04 Kb= 0.066 S= 128.0 
RA do5 

KK CP3149 
KM COMBINE RUNOFF FROM SUBBASINS 31.49 WITH ROUTED FLOWS FROM 
KM R3537 
HC 3 
+ 

KK R3149 
KM ROWPING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 

PAGE 
5 



KM ENDPOIWS WERE EXTENDED 
KM SLOPE = (2280-2256)11219 
9 s  7 F T I I W  -1 

KK UC46 
W SUBBASIN 46, UNNAMED WASH CENTIW. 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .30 K& 0.060 Adi. Slope= 324.0 

1 
PAGE 7 

LINE 

253 

KK R46 
KM ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2346-2315)11783 
PS 7 FTOW -1 

.-- -- -- 
KM SUBBASIN 45, UNNM4ED WASH CENTRAL 
KM THE FOLLOWING PAPAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0.030 S= 135.0 

KK UC47 
KM SUBBASIN 47, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PAPAMETERS WERE PROVIDED FOR THIS BASIN 
W L= .39 Kb= 0.056 Ad,. Slope= 324.0 
BA .031 
LG .25 .39 3.60 .15 24.00 
UC .I67 ,171 
UA 0 5 16 30 65 77 84 
UA 100 " 

KK CP4547 
KM COMBINE SUBBASIN RUNOFF PROM 45, 47 WITH ROUTED FLOWS FROM 
KM R46 
HC 3 , 

KK R4547 
KM ROUTING FLOW FROM CP4547 TO CP4850 THROUGH SUBBASIN 48 
KM ENDPOIWS WERE EXTENDED 
W SLOPE = 12315-2256) 12170 
RS 4 FLOW -1 
RC 0.045 0.035 0.045 2170 ,0272 
RX 0 90 99 100 105 106 115 200 



PAGE 8 

LINE 

RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

HEC-1 INPUT 

1 
PAGE 9 

LINE 

KM SUBBASIN 48, UNNAMED WASH CEWIVAL, COMBINED 48 AND 56 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0.048 k 117.0 
BA ,197 

KK UC50 
KM SUBBASIN 50, UNNAMED WASH CENTRAL, COMBINED 50 AND 98 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .27 Kb= 0.037 S= 93.0 

KK CP4850 
KM COMBINE SUBBASIN RUNOFF FROM 48. 50 WIW ROUTED FLQWS FROM 
KM R3149 AND R4547 
qc 4 

KK R4850 
KM Routing flow from CP4850 to CP5157 through subbasln 57 
KM ENDPOImS WERE EXTENDED 
KM SLOPE = (2256-2235111509 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1509 0.0139 
RX 0 95 99 100 115 116 120 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 
* 

KK UC51 
KM SUBBASIN 51, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PAPAMETWS WERE PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.061 Adj. Slope= 317.0 
BA .060 
LG .25 .36 5.00 .21 26.00 
UC ,175 .I33 

KK UC57 
KM SUBBASIN 57, UNNAMED WASH CEWTRAL 
KM THE FOLWWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.061 S= 200.0 
BA .037 

* 
HEC-1 INPUT 

KM COM5INE RUNOFF FROM SUBBASINS 51.57 WITH ROUTED FLOWS FROM 
KM R4850 
HC 3 

PAGE 
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371 
372 
373 
374 
375 
376 

1 
PAGE 10 

LINE 

KK R5157 
KM ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 59 
KM EMlPOIKPS WERE EXTENDED 

KX UC58 
KM SUBBASIN 58, WAMF.D WASH CENTRAL. 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .69 Kb= 0.055 Adi. Slope= 317.0 

KK UC59 
KM SUBBASIN 59, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .49 Kb= 0.105 s= 112.0 
RA .014 

KM COMBINE RUNOFF FROM SIBBASINS 58.59 WITH ROUTED FLOWS FROM 
KM R5157 
HC 3 
* 

KK D5859N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
iX D5859S 
DI 0 50 100 500 10000 
W 0 24.9 49.5 248.5 4970 
* 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM BNDPOIKPS WERE EXTENDED 
IM SLOPE m (1208-2195)1699 
RS 1 FLOW -I 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 

KK UC63 
KM SUBBASIN 63, UNNAMED WASH CENTRAL, COMBINED BASINS 63, 65 
I(M THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.056 Adj. Slope= 322.0 
RA -117 

KK CP63 
KM COMBINE RUNOFF FROM SUBBASIN 63 WITH ROUTED FLOWS 
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KM FROM m5859N 
HC 2 
* 

KX R63 
KM ROWE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
KM SLOPE = L2195-21701/1394 
RS 2 FLOW -1 

KK UC66 
KM SUBBASIN 66. UNNAMED WASH CF24TRRL 
KM W E  FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .54 Kb= 0.081 A d j .  Slope= 324.0 
Ba ,037 
LG .25 .36 5.00 .25 14.00 
UC .242 .305 
* 

KK UC62 
KM SVB~ASIN 62. ~ ~ A M E D  wasn CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.33 K& 0.057 AdJ. Slope= 321.0 
BA .361 

KK CP6266 
KM COMBINE RUNOFF FROM SUBBASINS 62, 66 WITH ROUTED FLQWS 
KM FROM R63 

J. 

PAGE 13 

TINE 

.- .- . 
I(M ROUTE FLOWS FRCW CP6266 TO CP82 THROUGH SUBBASIN 82 
IQl SLOPE = (2170-2150)/990 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 990 0.0202 

KK D5859S 
KM RECALL DIVERTED FLOW FROM D5859N 
DR D5859S 
* 

KK R5859S 
Dl ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
KM SLOPE = (2208-21941/803 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 803 0.0174 
RX 0 50 99 100 125 126 175 225 
RY 104 103 102 100 100 102 103 104 
RL 0.15 100 

KK UC64 
KM SUBBASIN 64, W A K E D  WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
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.- 
COMBINE SUBBASIN RUNOFF FROM 64 WITH ROUTED FLOWS FROM 
DIVERSION IUl5859N 

D64N 
DIVERSION OF FLOWS AT FLOW SPLIT 
SOUTHERN PART OF DIVERSION W E S  OFF SITE 

... 
ROUTING FLOW FROM D64N TO CP87 THROUGH SUBBASIN 87 
ENDWINTS WWE EXTENDED 
SLOPE = (2194-2161)11721 

HEC-1 INPUT I 

PAGE 12 

LINE ID.. 

UC87 
SUBBASIN 87, WAKED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .33 i(b= 0.118 S= 101.0 
.024 

CP87 
COMBINE SOBBASIN RUNOFF FROM 87 WITH ROUTED FLOWS FROM 
DIVERSION RD64N 

2 

RD87N 
ROUTING PLOW FROM D87N TO CF82 THROUGH SUBBASIN 82 
SLOPE = 12161-21501 1557 

1 FLOW -1 
0.045 0.030 0.045 557 0.0197 

25 85 99 100 120 121 135 195 
106 104 102 100 100 102 104 106 

UC82 
SUB-BASIN 82, UNNAMED WASH CGNTRAL, CMWINED 81, 82, 83 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .22 Kb= 0.136 Adj. Slope= 220.0 
.022 
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COMBINE DIVERTED FLOWS FROM DB7N. ROUTED FLOWS PROM R6266. 
SUBBASIN 82 

ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
SLOPE = (2150-2138)/579 

1 FLOW -1 
0.045 0.030 0.045 579 0.0207 

1 
PAGE 13 

LINE ID.. 

D84N 
DIVERSION OF FLOWS AT PLOW SPLIT 84 
PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
D84S 

0 500 1275 1550 1964 2475 3223 4000 
0 0 0 79.7 255 490 888 1250 

UC84 
SUBBASIN 84, UNNAMED WASH CENTW, 
THE FOLLOWING PA!J.AMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.102 Adj. Slope= 246.0 
.013 

CP84 
COMBINE SUBBASIN RUNOFF FROM 84 WITH REMAINDER OF DIVERTED PLOWS 
PROM D84N 

R84 
ROUTING FFLMN PROM CP84 TO CP7879 THROUGH SUBBASIN 79 
ENDPOIhPPS WERE EXTENDED 
SLOPE = (2138-20541/3463 

5 FLOW -1 
0.045 0.030 0.045 3463 0.0243 

0 94 99 100 110 111 116 200 
106 104 102 100 100 102 104 106 

UC79 
SUBBASIN 79, UNNANED WASH CENTRAL. COMBINED 79 AND 92 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .88 Kb= 0.040 Adj. Slope= 233.0 
.078 

UC78 
SUBBASIN 78, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .86 Kb= 0.036 Ad). Slope= 319.0 
,177 
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LINE 

1 
PAGE 15 

LINE 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 78, 79 WITH ROUTED FLOWS 

KK R7879 
KM ROUTING FLOW FROM CP7879 TO CP77 THROUGH SUBBASIN 7-7 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2054-2048)/256 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 256 .0234 
RX 0 90 99 100 120 121 130 200 
RY 106 104 102 100 100 102 104 106 
RL 0.35 100 

KK UC77 
KM SUBBASIN 77, UXWAMED WASH CKNTXAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
W L= .93 Kb= 0.048 Adj. Slope= 324.0 
BA .096 
LG .25 .34 6.70 .13 16.00 
UC .233 ,263 
UA 0 5 16 3 0 65 77 84 
UA 100 

KK CP77 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 
KM FROM R7879 
HC 2 

KK R77 
KM ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 89 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12048-2037)1593 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 593 0.0185 
RX 0 8D 99 100 115 116 120 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK UC89 
KM SUBBASIN 89, UNNAMED WASH CENmULL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .77 Kb= 0.057 S= 126.0 
BA .073 
LG .25 .33 6.40 .20 17.00 
UC .342 .405 
UA 0 5 16 30 65 77 84 
UA 100 

HEC-1 INPUT 

. d . . . . .  5.. 
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KK CP89 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 8 9  WITH ROUTED FLOWS 
KM FROMR77 
HC 2 

KK R89  
KM ROUTING FLOW FROM CP89 TO CP90EN THROUGH SUBBASIN 9 0  - 

KM CHANNEL ENDS WERE EXTENDED 
KM SLOPE = ( 2 0 3 7 - 2 0 0 8 1 / 1 9 1 2  
RS 2 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  1 9 1 2  0 . 0 1 5 2  
RX 0 8 0  9 9  1 0 0  115 1 1 6  1 3 5  
RY 1 0 6  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  
RL 0 . 2 5  1 0 0  
* 

KK UC74 
KM SUBBASIN 7 4 ,  UNNAMED WASH CENTRRL, 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
m L = 1 . 1 3  X b = 0 . 0 7 1  A d j . S l o p e = 3 2 6 . 0  
BA . I S 1  
LG . 2 5  . 3 4  6 . 6 0  .13 1 4 . 0 0  
UC , 3 4 2  . 3 6 4  . 
KK UC76 
KM SOBBASIN 7 6 ,  U N N ~  wasn C ~ R A L  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR T H I S  BASIN 
KM L= . 6 4  Kb= 0 . 0 5 3  A d j .  Slope- 3 0 2 . 0  
BA . 0 4 1  

KK CP7476 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 74  AND 76 
HC 2 

KK R7476  
KM ROUTING FLOW FROM CP7476 TO CP75  THROUGH SWBASIN 7 5  
KM END POINTS WERE EXTENDED 
KM SLOPE = ( 2 0 3 1 - 2 0 1 7 1 1 5 2 4  
RS 1 FLOW -1 

0 . 2 5  1 0 0  

HEC-1 INPUT 1 
PAGE 1 6  

LINE 

KK UC75 
I(M SOBBASIN 7 5 ,  UNN~MED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L - 1 . 3 8  X b = O . 0 6 8  A d j . s l o p e = 3 2 2 . 0  
BA . I 9 2  
LG . 2 5  . 3 4  6 . 5 0  . 1 5  1 4 . 0 0  
UC . I 5 0  -149 
UA 0 5 1 6  3 0  6 5  7 7  8 4  
UA 1 0 0  

KK CP75 
COMBINE SUBBASIN RUNOFF FROM BASIN 7 5  AND ROUTED FLOWS 

KM FROMR7476 
HC 2 
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KK R75 
KM ROUTING FLOW FROM CP75 TO CP90EN THROUGH SUBBASIN 9 0  
KM END POINTS WERE EXTENDED 
KM S W P E  = 1 2 0 1 7 - 2 0 0 8 ) / 7 2 3  
RS 1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  7 2 3  0 . 0 1 2 4  
RX 0 8 0  9 9  1 0 0  1 1 5  1 1 6  1 3 5  2 0 0  
RY 1 0 6  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 6  

KK UC90 
KM SUBBASIN 9 0 ,  UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 4 8  Kb= 0 . 1 0 3  S= 1 5 1 . 0  
BA , 0 3 8  

KK UC91 
Ihl SUBBASIN 9 1 ,  UNNAMED WASH C r n R A L  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 9 0  AND 9 1  WITH ROUTED FLOWS 
KM FROM R89 AND R75 
HC 4 
* 

HEC-1 INPUT 1 
PAGE 1 7  

KK D84S 
KM RETREIVAL OF DIVERTED FLOW ERON DE4S 
DR 0 8 4 5  
* 

KK RD84S 
KM ROUTING FLOW FROM CP84 (D84S) TO D 8 P i z  
KM SLOPE = ( 2 1 4 4 - 2 1 4 0 ) / 3 0 3  
RS 6 FLOW -1 
RC 0 . 0 4 5  0 .030  0 . 0 4 5  3 0 3  0 . 0 1 3 2  
RX 0 5 0  9 9  1 0 0  1 2 5  1 2 6  1 7 5  
RY 1 0 6  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  
RL 0 . 3 5  1 0 0  
* 

KK D 8 4 I I S  
KM SOUTHERN PART OF TRIPLE DIVERSION AT TERRAVITA WAY 

0 8 4 5  FLOWS THROUGH D I P  CROSSING AT TERRAVITA WAY 
DT D 8 4 I I N  
D I  0 7 9 . 7  2 5 5  4 9 0  8 8 0  1 2 5 0  
W 0 7 8  3 2 2 9  4 1 9  7 3 2  1 0 0 0  " 

KK RD841S 
KM ROUTING FLOWS FROM D 8 4 I I S  TO CP94DS 
KM SLOPE = (2140-2078113225  
R S  1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  3 2 2 5  0 . 0 1 9 2  
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LINE 

KK u c 9 4  
KM SUBBASIN 94, UNNAMED WASH CENTRAL ' 
KM TKE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 5 3  Kb= 0 . 1 1 9  S= 1 0 8 . 0  
BA . 0 2 8  

Kl4 CODlBINe SUBBASIN RUNOFF FROM UC94 WITH ROUTED FtOW 
KM PRON RD84IS  
HC 2 
* 

KK R94DS 
KM ROUTING FLOW FROM CP94DS TO CP88iQi 
KM SLOPE = 1 2 0 7 8 - 2 0 4 1 1 / 1 9 5 0  
RS 1 FLOW -1 
RC 0 . 0 4 5  0 .030  0 . 0 4 5  1 9 5 0  0 . 0 1 8 9  
RX 6 0  8 5  9 9  1 0 0  1 0 8  1 0 9  1 2 3  1 4 8  

HEC-1 INPUT 

KK D 8 4 I I N  
KM FS3CALL DIVERTED FLOW FROM DBllII  
DR D8411N 
* 

KK RD841N 
XM RWTING FLOW FROM D 8 4 I I  TO CP88EN 
KM SLOPE = ( 2 1 4 0 - 2 0 4 1 ) 1 5 1 7 5  
RS 1 FLOW -1 

KK UCBB 
KM SUBBASIN 8 8 ,  UNNAMED WASH CENTRAL, COMBINED SUBBASIN 8 6 ,  8 8 ,  9 7  
KM THE FOLLOWING PARAMeTERS WERE PROVIDW FOR T H I S  BASIN 
I(M L3 1 . 0 8  Kb= 0 .104  S = 1 1 1 . 0  
BA , 1 0 8  
LO . 2 5  . 3 3  6 . 1 0  . 2 0  1 4 . 0 0  
UC , 9 6 2  1 . 3 3 7  
t 

KK CP88EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 8 8  WITH ROUTD FLOWS 
KM FROM R94DS AND RD841N 

KK UC95 
KW SUBBASIN 9 5 .  UNNAMED WASH CENTRAL 
KM THE FOLLOWING FRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0 . 2 2  i(b= 0 . 1 2 0  A d j . S l o p e =  2 2 0  
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LINE 

KK UC93 
KM SUBBASIN 93, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 Kb= 0.093 S= 135.0 

HEC-1 INPUT 

KK UC96 
KM SUBBASIN 96, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM ~ = . 7 3  Kb=O.110 S=113.0 
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m 
LINE 

NO. 

42 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (-.. >) DIVERSION OR PUMP FLOW 

I. 1 CONNECTOR - RETURN OF DIVERTED OR PUMPED FLOW 

UCB 

UCZ 9 

UC30 

............... 
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( '**) RUNOFF ALSO COMPUTED AT THIS LOCATION 
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RUNOFF SUMMARY 
FLOW IN CUBLC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

OPERATION 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROCRAPH AT 

HYDRCGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

STATION 
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
FLOW PEAK AREA 

6-HOUR . 24-HOUR 72-HOUR 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
uc37 

HYDROGRAPH AT 
UC35 291. 12.13 

3 COMBIWD AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED n, 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGPAFH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

UC59 18. 12.30 3. 1. 0. .03 

3 COMBINED AT 
CP5859 1130. 12.20 

DIVERSION TO 
058595 562. 12.20 

HYDROGRAPH AT 
D5859N 569. 12.20 

ROUTED TO 
R5859N 562. 12.27 

HYDROGRAPH AT 
UC63 

2 COMBINED AT 
CP63 663. 12.23 

HYDROGRAPH AT 
UC66 36. 12.13 

HYDROGRAPH AT 
UC62 423. 12.13 

ROUTED TO 
R6266 1060. 12.20 

ROUTED TO 

2 COMBINED AT 
CP64 564. 12.23 

DIVERSION TO 
0640 

HYDROGRAPH AT 
D64N 310. 12.23 

ROUTED TO 
RD64N 307. 12.30 

HYDROGRAPH AT 
UC87 12. 12.27 

2 COMBINED AT 
CP87 317. 12.27 

ROUTED TO 
RD87L' 

HYDROGRAPH AT 
UC82 25. 12.07 

3 COMBINED AT 
CP82 1382. 12.23 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MRXIMVM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 

4 COMBTNED AT 

HMIRWWAPH AT 

ROrnED TO 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 
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PAGE 1 

X X x x x x x x x X X Y 1 ( X  X 
X  X X  X X XX 
X X X  X X  
XKXXXXX XXXX X xxxa x 
X X X  X X  
X  X X  X  X X  
X  X x x x x x x x x X x x x  1(U( 

THIS PRCGW REPMffi ALL PRJWIOUS VERSIONS OF HEC-1 KNOW AS HESl (JAN 731, HECIGS, FlEClDB, AND HBCIKW. 

THE DGFINITIONS OP VARIABLES -RTIWP- AND -RTIOR- HAW CHANOED FROB TEOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DBINITIW OF -AILS%- ON M-CARD WAS W E D  WITH REVISIONS DATED 28 SEP 81. THIS IS THB FORTRAW7 VERSION 
NEW OPTIONS DEMBREAK WTFLOW SIBNERGENCE . SINGLE EVElUT DAMAGE CALWIATION, DSS:WRITE STAG% PREQUBNCY, 
DSS.RE&C TIME SERIES AT DESIRPD CALCQLILTIW INTERVAL LOSS R&TE.GREEN AND AMFT INFILTRATION 
KINEMATIC WAVE. NEW FINITE DIFFEBENCE ALOORITHll 

LINE 

ID UC MODEL - UNNAMED WASH, CENPRAL 
ID 100-YEAR 6-HOUR MODEL FILENAME: UC1006E.DAT 
ID EXISTING CONDITIONS 
ID CAREFREE DRAINAGE MASTER PLAN 
ID FCD 2000C037 
ID BY CH2M HILL 
ID FOR THE FLWD CONTROL DISTRICT OF MARICOPA COUNTY 
ID DECEMBER 2001 (Final Revision March 2004) 
ID * * - r r * r * * r * * r r * * * + r * ~ * + * ~ * * e ~ ~ ~ ~ ~ * ~ ~ * * * * * + * * ~ * * * ~ + + * ~ * * * ~ ~ ~ * ~ + ~ ~ , ,  

ID 100 YEAR ANALYSIS 6-HOUR STORM 
ID 
ID GREEN AND AMPT LOSS RATE METHOD, NMIN=2 
ID CLARK UNIT HYDROORAPH, WRMRL DEPTH CHANNEL RODTING 
ID * * * * r * * + * * r t r r r r * * + ~ * * * * * ~ ~ ~ * ~ * ~ * * * ~ ~ * ~ . ~ * * ~ * + ~ * * ~ * + * * * ~ * * ~ ~ * * * ~ - ~ ~  

ID DEPTH-AREA REDUCT FACTORS BASED ON TABLE 2.la OF FCDMC MANUAL 
ID 
ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 

'DIAGRAM 
IT 2 
I0 5 
IN 15 



ucs 
SUB-BASIN 8, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 1.04 Kb= 0.031 S=138.0 
.054 
.30 .36 4.9 .26 36.0 

HEC-1 INPUT 1 
PAGE 2 

LINE ID.. 

uc9 
SUBBASIN 9, WAMED WASH CENTRAL 
THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.91 Kb= 0.031 S=145.0 
.047 
.30 .36 5.0 .23 36.0 
,267 ,416 

0 5 16 30 65 77 iid 

"---- 
CONCENTRATION POINT 89 
COMBINES RUNOFF FROM SUBBASINS UC8 AND UC9 

. -- - -  
ROWING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN 18 
NORMAL DEPTH CHANNEL ROUTING 
ENDPOINTS WERE EXTENDED 
SLOPE = (2596-2540)/2933 

5 FLOW -1 
0.045 0.035 0.045 2933 0.0191 

0 90 99 100 108 109 120 
108 104 102 100 100 102 104 

0.15 100 

UClS 
SUBBASIN 18, UNNAMED WASH CENTRAL 
THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.56 K b =  0.091 S=101.0 
.040 
.25 .36 5.0 .23 24.00 
,425 .557 

0 5 16 30 65 77 84 
100 

UC19 
SUBBASIN 19, UNNAMED WASH CElJTRAL 
THE FOLLOWING PAPAMETERS WERE PROVIDED FOR THIS BASIN 

PAGE 
2 



1 
PAGE 3 

1 
PAGE 4 

LINE 

LINE 

KK CP1819 
KM COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 
HC 3 

KK R1819 
KM ROUTING REACH PROM CP1819 TO CP2223 TWROUGR SUBBASIN 23 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12540-2511)/1790 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1790 0,0162 
RX 0 92 99 100 112 113 120 200 
RY 108 104 102 100 100 102 104 108 
RL 0.25 100 
* 

KK UC22 
KM SUBBASIN 22, UNNAMED WASH CENTRAL 
KM THE FOLLOWING P M T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= .76 Kb= .I04 S=111.0 
BA .032 

KK UC23 
KM SUBBASIN 23, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PkilAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.125 S=121.0 
BA .013 
LG .25 .36 5.00 .23 18.00 
UC .412 ,209 

KK CP2223 
KM COMBINE ROUTED FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
HC 3 

KK R2223 
KM ROUTING REACH FROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12511-2482)11862 
RS 2 PLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 

HEC-1 INPUT 

KX UC28 
KM SUBBASIN 28, UNNAMED WASH CENTRAL, COMBINED 24 THROUGH 28 
KM THE FOLLOWING PARAlG2TERS W E  PROVIDED FOR THIS BASIN 
KM L= .57 Kb= 0.106 S=109.0 
BA ,055 

PAGE 
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R28 
ROUTING REACH FROM CP1028 TO CP2930 THROUGH SUBBASIN 5U 

ENDPOINTS WERE EXTENDED 
SLOPE = 12502-2482)/1296 

2 PLOW -1 
0.045 0.035 0.045 1296 0.0154 

0 86 99 100 108 109 122 200 
108 104 102 100 100 102 104 108 

0.15 100 

"--- 
SUBBASIN 29, DNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

UC30 
SUBBASIN 30. UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .28 Kb= 0.126 S=134.0 
01 7 

CP2930 
COMBINE SUBBASIN RUNOFF FROM 28, 29, 30 WITH ROUTED FLOWS FROM 
CP2223 

R2930 
Routing flow from Cp2930 to CP34 through subbasin 34 
SLOPE = (2482-2469)/925 
ENDPOINTS WERE EXTENDED 

1 FLOW -1 
0.045 0.030 0.045 925 0.0141 

0 89 99 100 110 111 122 200 
108 104 102 100 100 102 104 108 

0.15 100 

1 
PAGE 5 

LINE ID. 

---. 
SUBBASIN 34, UNNAMED WASH CENTRAL, COMBINK, 33 AND 34 
THE FOLLOWING PARAMETERS UERE PROVIDED FOR THIS BASIN 

COMBINE SUBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS FROM 
R2930 

2 

PAGE 
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KM Routing flow from CP34 to CP3537 through subbasln 37 
KM ENDPOINTS WERE EXTEt4DED 
KM SLOPE = (2469-2318)/6475 
RS 11 FLOW -1  

KK UC37 
KM SUBEASIN 37, UNNAMED WASH CENTRAL, COMBINED 32 AND 37 
KM THE FOLLOWINQ PAMMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.03 Kb= 0.160 S= 98.0 

KK UC35 
KM SUBEASIN 35, UNNAMED WASH CEWRAL 
KM THE FOLLOWING PAWMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.27 Kb= 0.035 S=138.0 
BA .261 
LG .25 .38 3.90 .20 24.00 
UC ,325 ,226 

KK CP3537 
KM COMBINE SUBBASIN RUNOFF FROM 35, 37 WITH ROUTED FLOWS FROM 
F34 R34 
HC 3 
* 

1 
PAGE 6 

HEC-1 INPUT 

LINE 

KK R3537 
KM Routing flow from CP3537 to CP3149 through subbasln 4s 

ENDPOIXTS WERE EXTENDED 
KM SLOPE = (2318-2280) 11829 
RS 3 FLOW -1 
RC 0045 0.035 0.045 1829 0.0208 

UC49 
SUBBASIN 49. UNNAMED WASH CENTRAL 
THE MLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .47 Kb= 0.032 S=148.0 

uc3 1 
SUBBASIN 31, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.04 Kb= D.066 S- 128.0 
,406 

CP3149 
COMBINE RUNOPF PROM SUBBASINS 31.49 WITH ROUTED FLOWS FROM 
R3537 

PAGE 
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. .- . 
ROUTING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 
ENDPOINTS WERE EXTENDED 
SLOPE = (2280-2256)/1219 

2 FLOW -1 
0.045 0.030 0.045 1219 0.0197 

0 95 99 100 110 111 118 200 
110 104 102 100 100 10' 104 110 

0.15 100 

UC4 6 
SUBBASIN 46, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.060 Ad]. Slope= 324.0 

1 
PAGE 7 

ID.. LINE 

. . 
ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
ENDPOINTS WERE EXTENDED 
SLOPE = (2346-2315)11783 

3 FLOW -1 
0,045 0.035 0.045 1783 0.0174 

0 92 99 100 105 106 113 200 
108 104 102 100 100 102 104 108 

0.15 100 

UC45 
SUBBASIN 45, UMUAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .48 Kb= 0.030 S= 135.0 
,086 
.25 .39 3.60 .15 24.00 
.192 ,134 

0 5 16 30 65 77 84 
100 

UC117 
SUBBASIN 47, UNNAMED WASH CEWTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

CP4547 
COMBINE SUBBASIN RUNOFF FROM 45, 47 WITH ROUTED FLOWS FROM 
R46 

3 

R4547 
ROliTING FLOW FROM CP4547 TO CP4850 THROUGH SUBBASIN 48 

PAGE 
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LINE 

1 
PAGE 9 

LINE 

HEC-1 INPUT 

....... ID. ...... 1 2.......3.......4.......5.......6.......7.......8.......9...... 10 

KK UC48 
KM SUBBASIN 48, UNNAMED WASH CENTRAL, COMBINED 48 AND 56 
KM THE FOLLOWINO PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0.048 S= 117.0 
BA .I97 
LG .25 .39 3.70 .16 30.00 
UC ,354 ,276 " 

KK UC50 
SUBBASIN 50, UNNAMED WASH CENTRAL, COMBINED 50 AND 98 

KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=.27 KbO.037 S=93.0 
BA .019 

KK CP4850 
KM COMBINE SUBBASIN RUNOFF FROM 48, 50 WITH ROUTED FLOWS FROM 
Ihl R3149 AND R4547 
HC 4 
+ 

KK R4850 
KM Routrng flow from CP4850 to CP5157 through subbasln 57 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2256-2235)/1509 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1509 0.0139 
RX 0 95 99 100 115 116 120 200 
RY 106 104 102 100 100 102 104 106 

KK uc51 
KM SUBBASIN 51, UNNAMED WASH CiWPAL 
M THE FOLLOWING PARAMETERS WE= PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.061 Adj. Slopex 317.0 
BA -060 

KK uc57 
KM SUBBRSIN 57, UNNAKED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
Ihl L= .47 Kb=0.061 k200.0 
BA ,037 
LG .25 .37 4.20 .28 20.00 
UC .258 ,297 
* 

HEC-1 INPUT 

PAGE 
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CP5157 
COMBINE RUNOFF FROM SUBBASINS 51,57 WITH ROUTED FLOWS FROM 
R4850 
3 

R5157 
ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 59 
ENDPOIMS WERE EXTENDED 
SLOPE = (2235-2208)/1796 

2 FLOW -1 
0.045 0.030 0.045 1796 0.0150 

0 60 99 100 100 121 160 220 
110 104 102 100 100 102 104 110 

0.35 100 

KK UC58 
KM SUBBASIN 58, UNNAMED WASH CEWPAL 
KM THE FOLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .69 Kb= 0.055 Ad,. Slope= 317.0 
BA ,110 
LG .25 .37 4.80 .13 20.00 
UC ,237 .I96 

m UC59 
KM SUBBASIN 59, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58.59 WITH ROUTED FLOWS FROM 
KM R5157 
HC 3 

KK D5859N 
KM DIWRSION OF FLOWS AT FLOW SPLIT 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM ENDPOINTS WWE EXTENDED 
RM SLOPE = (2208-2195)1699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 1 
PAGE 10 

ID.. . LINE 

UC63 
SUBBASIN 63, WAMED WASH CEWl'RAL, COMBINED BASINS 63, 65 
THE FOLLOWING PARaMETERS WERE PROVIDED FOR THIS BASIN 
L= .81 Kb= 0.056 A d j .  Slope= 322.0 
.I17 
.25 .36 5.00 .19 19.00 

PAGE 
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LINE 

KK CP63 
KM COMBINE RUNOFF FROM SUBBASIN 63 WITH ROUTED FLWUS 
KM FROM RD5859N 
HC 2 
w 

KK R63 
KM ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
KM SLOPE = (2195-21701/1394 
RS 2 FLOW -1 

KM SUBBASIN 66, VNNAMeD WASH CEWlWL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .54 Kb= 0.081 Ad3. Slope= 324.0 
BA .037 

KK UC62 
KM SUBBASIN 62, l3ZVAMED WASH CEWRAL 
KM TKE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.33 Kb= 0.057 Ad). Slope= 321.0 
BR .361 

KK CF6266 
KM COMBINE RUNOFF FROM SUBBASINS 62, 66 WITH ROUTED FLOWS 
KM FROM R63 
'iC 3 

HEC-1 INPUT 

KK R6266 
KM ROUTE FLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2170-2150)1990 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 990 0.0202 

KM RECALL DIVERTED FLOW FROM D5859N 
DR D5859S 

i(M ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
KM SLOPE = (2208-2194)/803 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 803 0.0174 

PAGE 
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KK UC64 
KM SUBBASIN 64, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK CP64 
XM COMBINE SUBBASIN RUNOFF FROM 64 WITH ROUTED FLOWS FROM 
KM DIVERSION RD5859N 
HC 2 1.88 
* 

KK D64N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
KM SOUTHERN PART OF DIVERSION GOES OFP SITE 
wr nfids 

458 
459 
460 
461 
462 
463 

1 
PAGE 12 

KK RD64N 
KM ROUTING FLOW PROM D64N TO CP87 THROUGH SUBBASIN 87 - 

KM ENDPOSNTS WERE EXTENDED 
KM SLOPE = (2194-21%11/1721 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1721 0.0192 

HEC-1 INPUT 

LINE 

--- 
KM SUBBASIN 87, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

CP87 
COMBINE SUBBASIN RUNOFF FROM 87 WITH ROUTED FLOWS FROM 
DIVERSION RD64N 

2 

RD87N 
ROUTING FLOW FROM D87N TO CP82 THROUGH SUBBASIN 82 
SLOPE = (2161-2150)/557 

1 FLOW 1 

UC82 
SUB-BASIN 82, UNNAMED WASH CENTRAL, COMBINED 81, 81, 83 
THE FOLLOWING PARANETERS WERE PROVIDED FOR THIS BASIN 
L= .22 Kb= 0.136 Adj. slopes 220.0 
.022 

PAGE 
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KM COMBINE DIVERTED FLOWS FROM D87N. ROUTED FLOWS FROM R6266, 
KM SUBBASIN82 
HC 3 2.45 

KM ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
KM SLOPE = (2150-2138)/579 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 579 0.0207 

1 
PAGE 13 

HEC-1 INPUT 

LINE 

- - 
KM DIVERSION OF FLOWS AT FLOW SPLIT 84 
KM PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
DT DS4S 
DI 0 500 1275 1550 1964 2475 3223 4000 

UC84 
SUBBASIN 84, UNNAMED WASH CENTRAL. 
THE FOLLOWING PARAMBTERS WERE PROVIDED FOR THIS BASIN 
LC .30 ~ b =  0.102 Ad). Slope= 246.0 
.013 

CP84 
COMBINE SUBHASIN RUNOFF FROM 84 WITH FSWJNDER OF DIVERTED FLOWS 
FROM D84N 

2 

R84 
ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
ENDPOINTS WERE EXTENDED 
SLOPE = 12138-2054) /3Q63 

5 FLOW -1 
0.045 0.030 0.045 3463 0.0243 

0 94 99 100 110 111 116 200 
106 104 102 100 100 102 104 106 

0.15 100 

KK uc79 
KM SUBBASIN 79, UNNAMED WASH CENTRAL, COMBINED 79 AND 92 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
I(M L= .88 Kb= 0.040 Adj. Slope= 233.0 
BA .078 

PAGE 
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KM SUBBASIN 7 8 .  U N N W D  WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR T H I S  BASIN 
KM L= . 8 6  Kb= 0 . 0 3 6  A d j .  Slope= 3 1 9 . 0  
BA , 1 7 7  
LG . 2 5  . 3 5  6 . 0 0  . 1 7  1 7 . 0 0  
UC 1 . 5 0 0  1 . 3 7 7  
UA 0 5 1 6  3 0  6 5  7 7  8 4  9 0  
UA 1 0 0  

HEC-1 INPUT 1 
PAGE 1 4  

LINE 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 7 8 ,  7 9  WITH ROUTED FLOWS 
KM FROM R84 

KK R7879  
KM ROUTING FLOW FROM CP7879  TO CP77  THROUGH SUBBASIN 7 7  
KM ENDPOINTS WERE EXTEMlED 
KM SLOPE = 1 2 0 5 4 - 2 0 4 8 ) / 2 5 6  
RS 1 FLOW -1 

UC77 
SUBBASIN 7 7 ,  UNNAMED WASH CENTRAL 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR T H I S  BASIN 
L= . 9 3  Kb= 0 . 0 4 8  Ad,. S l o p =  3 2 4 . 0  
. 0 9 6  

.25 . 3 4  6 . 7 0  . 1 3  1 6 . 0 0  
, 2 5 4  . 2 8 9  

0 5 1 6  3 0  6 5  7 7  8 4  
1 0 0  

CP77 
COMBINE SUBBASIN RUNOFF FROM BASIN 7 7  WITH ROUTW FLOWS 
FROM R 7 8 7 9  

2 

KK R77 
KM ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 8 9  
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = ( 2 0 4 8 - 2 0 3 7 ) / 5 9 3  
RS 1 PT.OW -1 

KK UC89 
KM SUBBASIN 8 9 ,  UNDlEMlED WASH CENTRRL 
KM THE FOLLOWING PARAMETERS WWE PROVIDW FOR T H I S  BASIN 

PAGE 
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LINE 

1 
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LINE 

KK CP89 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 89 WITH ROWED FLOWS 

FROM R77 
HC 2 
* 

W( R8 9 
KM ROUTING FLOW FROM CP89 TO CP90EN THROUGH SUBBASIN 90 
KM CHRNNEL ENDS WERE EXTENDED 
KM SLOPE = (2037-2008)/1912 
RS 2 FLOW -1 

Ihl SUBBASIN 74, UNNAMED WASH C W R A L  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.13 Kb= 0.071 Adj. Slope= 328.0 

KK UC76 
KM SIBBASIN 76, UNNaMED WASH CENTRRL 
KM THE FOLLOWING PRRRNETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 Kb= 0.053 Ad,. Slope= 302.0 
BA ,041 

KM COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 76 
HC 2 
* 

KK R7476 
KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN 75 
KM END POINTS WERE EXTENDED 
KM SLOPE = (2031-20171/524 
RS 1 FLOW -1 

HEC-1 INPUT 

KM SUBBASIN 75, UNNAMED WASH CEWmW 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.38 Kb= 0.068 A d j .  Slope= 322.0 
BA .I92 

PAGE 
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LINE 

KK CP75 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 75 AND ROUTED FLOWS 
KM FROM R7476 
HC 2 
* 

KK R75 
KM ROUTING FLOW PROM CP75 TO CP90EN THRWGH SUBBASIN 90 
KM END POINTS WERE EXTENDED 
KM SLOPE = 12017-200811723 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 723 0.0124 
RX 0 80 99 100 115 116 135 
RY 106 104 102 100 100 102 104 
RL 0.25 100 
* 

KK UC90 
KM SOBBASIN 90, UNNAMED WASH CWRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0,103 S= 151.0 

KK CP90EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 90 AND 91 WITH ROUTED FLOWS 
KM FROM R89 AND R75 

HEC-1 INPUT 

KK D84S 
KM RETREVIAL OF DIVERTED FLOW FROM D84S 
DR 0845 

KK RD84S 
KM ROUTING FLOW FROM CP84 (D84S) TO D84ii 
KM SLOPE = 12144-214011303 
RS 6 FLOW -1 
RC 0.045 0.030 0.045 303 0.0132 

0 50 99 100 125 126 175 225 z 106 104 102 100 100 102 104 106 
RL 0.35 100 

KK D84IIS 
KM SOUTHERN PART OF TRIPLE DIVERSION AT -VITA WAY 
KM D84S FLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 

PAGE 
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KK W841S 
KM ROUTING FLOWS FROM D84IIS TO CP94DS 
KM SLOPE = (2140-2078)13225 
RS 1 FT.OW -1 

RK UC94 
KM SUBBASIN 94, UNNAMED WASH CENTRAL 
KM THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= .53 Kb= 0.119 S= 108 .O 

KK CP94DS 
KM COMBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED FWW 
KM FROMRD841S 
HC 2 

KK R94DS 
KM ROUTING FLOW FROM CP94DS TO CP88EN 
I(M SLOPE = (2078-2041)/1950 

711 
712 
713 

1 
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RC 0.045 0.030 0.045 1950 0.0189 
RX 60 85 99 100 108 109 123 148 

HEC-1 INPUT 

LINE 

KK D84IIN 
KM RECALL DIVERTED FMW FROM D84II 
DR D84IIN 

KK RD84IN 
KM ROUTING FLOW FROM D84II TO CP88EN 
I(M SWPE = (2140-2041)/5175 
RS 1 now -1 

KM SUBBASIN 88, UNN-D WASH CEPSPRAL. COMBINED SUBBASIN 86, 88, 97 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.08 Kb= 0.104 Sslll.0 

KK CP88EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 88 WITH ROUTED FLOWS 
KM FROM R94DS AND RD84IN 
HC 3 
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LINE I D .  

SUBBASIN 95, WAMED WASH C m R A L  
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0 . 2 2  Kb= 0 . 1 2 0  A d j . S l o p e =  2 2 0  

UC93 
SUBBASIN 9 3 ,  WAMED WASH CENTRAL 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

UC96 
SUBBASIN 9 6 .  UNNAMED WASH CENTRAL 

THE FOLLOWING PARAMETERS WPRe PROVIDED FOR THIS BASIN 
L= . 7 3  Kb= 0 . 1 1 0  S= 1 1 3 . 0  
n61 

PAGE 
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SCHEMATIC DIAGRAM OF STREAM NETWOW 
PUT 

LINE (Vl ROUTING (--. >I DIVERSION OR PUMP FLOW 

NO. I .  I CONNECTOR (<---I RETURN OF DIVERTED OR PUMPED FLOW 

47 UC8 
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752 

(*") RUNOFF ALSO COMPUTED AT THIS LOCATION 
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OPERATION 

HYDROGRAPH AT 

HYDROGPAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

RODTED TO 

HYDROGRAPH AT 

HYDROORAPH AT 

4 COMBINED AT 

ROUTED TO 

HMROGRRPH AT 

2 COMBINED AT 

ROUTED TO 

STATION 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS. AREA IN SQUARE MILES 

PFdK TIME OF AVERaGE FLOW FOR MAXIMUM PERIOD BASIN 
FWW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

PAGE 
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PEAX TIME OF AVERAOE FLOW FOR MAXIMUM PERIOD BASIN 
UPERRTION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR  HOUR 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDRDGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

KYDRffiRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

9 

22. 

8. 2. 

38. 10. 

38. LO. 

51. 13. 

4 .  1. 

365. 

365. 

14. 

8. 

384. 

384. 

27. 
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PEAK TIME OF A-GE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
UC59 39. 4.30 7. 2. 1. .03 

3 COMBINED AT 
CP5859 1881. 4.37 

DIVERSION TO 
D5859S 935. 4.3. 

HYDROGRAPH AT 
D5859N 946. 4.37 208. 

HYDROGRAPH AT 
UC63 259. 4.13 

2 COMBINED AT 
CP63 1064. 4.33 231. 

ROUTED TO 
R63 1063. 4.37 

HYDROGRAPH AT 
UC66 6 4.1 

WDROGRAPH AT 
UC62 791. 4.17 

ROUTED TO 

ROUTED TO 
~5859s ~h 2 4.40 

HYDROGRAPH AT 
UC64 

DIVERSION TO 

ROUTED TO 
XD64N 512. 4.43 

HYDROORAPH AT 
UC8 I 24. 4.3" 

2 COMBINED AT 
CP87 527. 4.43 

HYDROGRAPH AT 
UC82 50. 4.10 

3 COMBINED AT 
CP82 2017. 4.33 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

&HOUR 24-HOUR 72-HOUR 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYLSROGRAPH AT 

2 COMBINED AT 

ROOTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BRSIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 7 2 . ~ 0 ~ ~  

HYDROGRAPH AT 
UC91 86. 4.37 16. 4. 1. 

4 COMBINED AT 
CP9DEN 2383. 4.43 

HYDROGRAPH AT 
D84S 279. 4.33 

ROWED TO 
RD84S 279. 4.37 

HYDROGRAPH AT 
D841IS 31. 4.33 

ROUTED TO 
RD84IS 21. 4.53 

HYDROGRAPH AT 
UC94 22. 4.50 

2 COMBINED AT 
CP94DS 37. 4.53 

ROUTED TO 
R94DS 

HYDROGRAPH AT 
D84IIN 249. 4.37 

3 COMBINED AT 
CP88F.N 280. 4.57 

HYOROGRAPH AT 
UC95 63. 4.10 

HYDROGRAPH AT 
UCS., 

'*' NORMAL EM) OF HEC-1 "" 

PAGE 
26 





1 
PAGE 1 

....................................... 
U.6. W CORPS Or WOIXBmS . 

* RmRDLOOlC rnIrnEFZ,,o C m B R  . 
GO9 SBCOm S m m  

DAVIS. ULGIWUIA 95616 
19161 756-1104 

THIS P R O O W  REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNW AS KECl IJ1W 731. HEClGS, HEClDB. AM) HEClKW. 

THE DBPINITIW OF VRRIrnLES -RTIXF- AND -RTIOR- HAVE CHDNOED FROM THOSE USED WITH TILE 1973-STYLE ISPUT STPDCTVRE, 
THE DEPINITION OF -AMSKK- ON PX-CARD WAS CEIANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS. DIUWK3.K OUTFLOW SUEUmGWE , S m L O  rn DAmGE CALCD~TION, DSS.WRITE STAGE FREQUENCY, 
D S S : W  TINE SWIES AT DESIRBD CALCWUITION INTERVAL LOSS RATB:GREWAM) iVlPT INFILTRATION 
KINFSATIC W E .  NEW FINITE DIFFERDTCE ALGORITlm 

LINE 

HEC-1 INPUT 

ID UC MODEL - UNNAMED WASH. FFNTQAT.  - . .  .- ... - 
ID 100-YEAR 24-HOUR MODEL FILENAME: UC10024E.DAT 
ID EXISTING CONDITIONS 
ID CAREFREE DRAINAGE MASTER PLAN 
ID FCC 2000C037 
ID BY CH2M HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
ID DECEMBER 2001 (Final Revlslon March 2004) 
ID * * * * * * ' * * * ' . ' * * r * * * * * * * * * * * * . . * * * * ~ * * * * * * * . * * * * - * * * * ~ ~ ~ ~ ~ * * * . * ~ ~ ~ *  

ID 100 YEAR ANALYSIS 24-HOUR STORM 
Tn -- 
ID GREEN AND AMFl' LOSS RATE METHOD, NMIN=2 
ID CLARK UNIT HYDROGIULPH, N O m L  DEPTH CHANNEL ROUTING 
ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ID DEPTH-AREA REDUCT FACTORS BASED ON TABLE 2.la OF FCDMC MANUAL 
ID 
ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 
ID 
'DIAGRAM 
IT 2 2000 
I0 5 
IN 15 
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KK UC8 
KM SUB-BASIN 8, UNNAMEE WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.04 Kb=O.031 5-138.0 
BA ,054 
LG .30 .36 4.9 .26 36.0 
UC .229 .392 
UA 0 5 16 30 65 77 84 
UA 100 

1 
PAGE 2 

.-. - -- 
KM SUBBASIN 9, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=O.91 Kb=0.031 S=145.0 

KK CPC89 
KM CONCENTRATION POIWP 89 
KM CWWINES RUNOFF FROM SUBBASINS UC8 AND UC9 
HC 2 

KK RCP89 
KM ROUTING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN 18 
KM N o m  DSFTH CHANxm ROUTING 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2596-2540)12933 
RS 5 FLOW -1 
RC 0.045 0.035 0.045 2933 0.0191 
RX 0 90 99 100 108 109 120 200 
RY 108 104 102 100 100 10- 104 108 
RL 0.15 100 
* 

KK UC18 
KM SUBBASIN 18, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC19 
KM SUBBASIN 19, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

PAGE 
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PAGE 4 

LINE 

LINE 

KK CP1819 
KM COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 

- -. 
KM ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBASIN 23 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2540-2511)/1790 

KK UC22 
KM SUBBASIN 22, UNNAMED WASH CENTPAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .76 Kb= .lo4 S=lll.O 
Ra - 0 3 7  

KK UC23 
KM SWBASIN 23, UNNAMED WASH CEKPRRL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.125 S=121.0 
BA .013 
LG .25 .36 5.00 .23 18.00 
UC .321 .I58 

KK CP2223 
KM COMBINE ROUTU, FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 

KM ROUTING REACH FROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOIWS WERE EXTENDED 
KM SLOPE = (2511-2482)/1862 
RS 2 FLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 

HEC-1 INPUT 

KK UC28 
KM SUBBASIN 28. UNNAMED WASH CENTRAL, COMBIN~D 24 THROUGH as 
X M  THE FOLLOWING PAWLMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .57 Kb= 0.106 S=109.0 
BA .055 
LG .25 .36 4.90 .25 14.00 
UC ,396 .333 



1 
PAGE 5 

LINE 

.- - 

KM ROUTING REACH FROM CP1028 TO CP2930 THROUGH SUBBASIN 30 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2502-2482)11296 
RS 2 FLOW -1 
RC 0.045 0.035 0.045 1296 0.015P 
RX 0 86 99 100 108 109 122 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 
* 

KK UC29 
KM SUBBASIN 29. UNNAMED WASH CENTRAL - 

KM THE FOLLOWING PARRMFPERS RBRE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.116 B=109.0 
BA .035 
LG .25 .36 5.00 .23 12.00 

KK UC30 
KM SUBBASIN 30, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMBTERS WERE PRWIDW FOR THIS BASIN 
KM L= .28 W= 0.126 5-134.0 
BA .012 
LG .25 .36 5.00 .23 12.00 
UC .250 -357 

KK CP2930 
KM COMBfNE SUBBASIN RUNOFF FROM 28, 29, 30 WITH ROUTED FLOWS FROM 
KM CP2223 
HC 4 

KK R2930 
KM Routing flow from CP2930 to CP34 through subbasin 34 
KM SLOPE = (2482-2469)/925 
KM ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 
RC 0.045 0,030 0.045 925 0.0141 
RX 0 89 99 100 110 111 122 200 
RY 108 104 102 100 100 10- 104 108 
RL 0.15 100 
* 

HEC-1 INPUT 

KK UC34 
KN SUBBASIN 34, UNNAMED WASH CENTRAL, COMBINED 33 AND 34 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .31 Kb = 0.116 S= 117.0 
BA .037 
LG -25 .36 4.90 .22 12.00 
UC .262 .212 . 
KK CP34 
KM COMBINE SUBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS FROM 
KM R2930 

KK R34 
KM Routlng Elow from CP34 to CP3537 through subbasln 37 
KM ENDPOINTS WERE EXTENDED 
KN SLOPE = (2469-2318)16475 

PAGE 
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LINE 

RS 11 FLOW -1 
RC 0.045 0.035 0.045 6475 .0233 

KK UC37 
KM SUBBASIN 37, UNNAMED WASH CENTRAL, COMBINED 32 AND 37 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.03 Kb= 0.160 S= 98.0 
aa .207 
LG .25 .39 3.70 .16 24.00 
UC .504 ,747 
* 

KK UC35 
KM SUBBASIN 35, UNNAMED WASH CENTRAL 
XM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.27 Kb=0.435 S=138.0 
BA -261 
LO .25 .38 3.90 .20 24.00 
UC ,246 .202 
* 

KK CP3537 
KM COMBINE SWBASIN RUNOFF FROM 35, 37 WITH ROUTED FLOWS €RON 

HEC-1 INPUT 

KM Routing flow from CP3537 to CP3149 through subbasin 49 
KM ENDPOIWS WERE EXTENDED 
KM SLOPE = (2318-2280)/1829 
RS 3 FLOW -1 
RC 0.045 0.035 0.045 1829 0.0208 

KX uc49 
KM SUBBASIN 49. UNNAMED WASH CWRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.032 S=148.0 
BA ,048 
LG .25 .39 3.60 .15 30.00 
UC .146 .I35 

uc3 1 
SUBBASIN 31, WAKED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.04 Kb= 0.066 S= 128.0 
,405 

CP3149 
COMBINE RUNOFF FROM SUBBASINS 31.49 WITH ROUTED FMWS FROM 
R3537 
3 

PAGE 
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ROUTING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 
ENDPOINTS WERE EXTENDED 
SLOPE = (2280-2256111219 

2 FLOW -1 
0.045 0.030 0.045 1219 0.0197 

0 95 99 100 110 111 118 200 

UC46 
SUBBASIN 46, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb- 0.060 Adj. Slope= 324.0 

074 

251 
252 

1 
PAGE 7 

HEC-1 INPUT 

LINE ID.. 

ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
ENDPOINTS WERE EXTENDED 
SLOPE = (2346-2315111783 

RS 3 FLOW -1 
RC 0.045 0.035 0.045 1783 0.0174 
RX 0 92 99 100 105 106 113 200 

KK UC45 
KM SWBASIN 45, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK uc47 
KM SWBASIN 47, UNNAMED WASH CENTRAlr 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .39 K b =  0.056 Adj. Slope= 324.0 

.. 
KM COMBINE SUBBASIN RUNOFF FROM 45, 47 WITH ROUTED FLOWS FROM 
KM R46 

.- 
KM ROUTING FLOW FROM CP4547 TO CPP850 THROUGH SUBBASIN 48 
KM ENDPOIEJTS WERE EXTENDED 
i(M SLOPE = (2315-2256)/2170 
RS 4 FLOW -1 

PAGE 
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HEC-1 INPUT 

LINE 

KK UC48 
KM SUBBASIN 4 8 ,  UNNAMED WASH CENTRAL, COMBINED 4 8  AND 5 6  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92  Kb= 0 . 0 4 8  S= 1 1 7 . 0  
BA . I 9 7  

KK u c 5 0  
KM SUBBASIN 5 0 ,  UNNAMED WASH CENTRAL. COMBINED 5 0  AND 9 8  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .27  ft& 0.037  S =  9 3 . 0  
BA .019  

KM COMBINE SUBBASIN RUNOFF FROM 4 8 ,  5 0  WITH ROUTED FLOWS FROM 
KM R3149 AND R4547 
HC 4 

R4850 
R o u t i n g  f l o w  f r o m  CP4850 t o  CP5157 t h r o u g h  subbasln 5 7  

ENDPOIhPPS WERE EXTENDED 
SLOPE = ( 2 2 5 6 - 2 2 3 5 ) / 1 5 0 9  

2 FLOW -1 
0 . 0 4 5  0 .030  0 . 0 4 5  1 5 0 9  0 , 0 1 3 9  

0 9 5  99 1 0 0  1 1 5  1 1 6  1 2 0  
1 1 0  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  

0 . 2 5  1 0 0  

KK UC51 
KM SUBBASIN 51, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= - 4 2  Kb= 0 . 0 6 1  Ad]. S l o p e =  317 .0  
BA . 0 6 0  

KK UC57 
KM SUBBASIN 5 7 ,  UNNAMED WASH CENTFLU 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47  Kb- 0 . 0 6 1  S= 2 0 0 . 0  
BA , 0 3 7  
LG . 2 5  . 3 7  4 . 2 0  . 2 8  20 .00  
UC , 1 9 6  , 2 1 9  

HEC-1 INPIPP 1 
PAGE 9 

LINE 

KK CP5157 
KM COMBINE RUNOFF FROM SUBBASINS 5 1 , 5 7  WITH ROUTED FLOWS FROM 

PAGE 
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R5157 
ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 59 
ENDPOINTS WERE EXTENDED 
SLOPE = (2235-2208)11796 

2 FLOW -1 

UC58 
SUBBASIN 58. UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .69 Kh= 0.055 ~dj. Slope= 317.0 

.-. ---- 
XM SUBBASIN 59, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

XK CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58.59 WITH ROWED FLOWS FROM 
KM R5157 
HC 3 
* 

XK D5859N 
KN DIVERSION OF FLOWS AT FLOW SPLIT 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM ENDPGIMTS WERE EXTENDED 
KM SLOPE = 12208-219511699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 
PAGE 10 

LINE 

.- .... 
KM SUBBASIN 63, UNNAMED WASH CENTRAL, COMBINED BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

PAGE 
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CP63 
COMBINB RUNOFF FROM SUBBASIN 63 WITH ROUTED FLOWS 
FROM RR5859N 

2 

R63 
ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
SLOPE = (2195-2170)/1394 

2 FLOW -1 
0.045 0.030 0.045 1394 0.0179 

60 80 99 100 125 126 145 165 
108 104 102 100 LOO 102 104 108 

0.35 100 

KM SUBBASIN 66. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .54 Kb= 0.081 Ad]. Slope= 324.0 
BA .037 

KK UC62 
KM SUBBASIN 62, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.33 Kb= 0.057 Adj. Slope= 321.0 
BA .361 

KK CP6266 
COMBINE RUNDFF FROM SUBBASINS 62. 66 WITH ROUTED FLOWS 

KM FROM R63 
HC 3 

HEC-1 INPUT 1 
PAGE 11 

LINE 

KK R6266 
KM ROUTE FLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = 12170-2150)/990 
RS 2 FLOW -1 

KM RECALL DIVERTED FLOW FROM D5859N 
DR D5859S 

ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
SLOPE = (2208-2194) /a03 

1 wr.nw -1 

PAGE 
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KM SUBBASIN 64, -ED WASH CWRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .15 Kb= 0.078 S= 166.0 
BA .002 
LG .25 .31 6.90 .20 14.00 
UC -129 ,180 

458 
1 
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LINE 

- 
XM COMBINE SUBBASIN RUNOFF FROM 64 WITH ROUTED FJiOWS FROM 
KM DIVERSION RD5859N 

KK D64N 
KM DIVERSION OF PLOWS AT FLOW SPLIT 
KM SOUTHERN PART OF DIVERSION GOES OFF SITE 
DT D64S 
DI 0 50 100 500 10000 
Dp 0 22.5 45 225 4500 . 
-. 

lQ4 ROUTING FLOW FROM D64N TO CP87 THROUGH SUBBASIN 87 
IM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2194-2161)/1721 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1721 0.0192 

-"" 
KM SUBBASIN 87, UAllWMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK CP87 
XM COMBINE SUBBASIN RUNOFF FROM 87 WITH RODTED FLOWS FROM 
KM DIVERSION RD64N 
HC 2 

KK RD87N 
KM ROUTING FLOW FROM D87N TO CP82 THXOUGH SUBBASIN 82 
KM SLOPE = 12161-215Oll557 

KK UC82 
KM SUB-BASIN 82, UNNAMED WASH CEhPPRAL, COMBINED 81, 82, 83 
XM THE FOLLOWING PARRNETERS WERE PROVIDED FOR THIS BASIN 
KM L= .22 Kb= 0.136 Adj. Slope= 220.0 
RA n22 

PAGE 
10 



CP82 
COMBINE DIVERTED FLOWS FROM D87N. ROUTED FLOWS FROM R6266, 
SUBBASIN 82 

3 2.45 

ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
SLOPE = (2150-2138) 1579 

1 wr.nw -1 

HEC-1 INPUT 

LINE ID.. 

D84N 
DIVERSION OF FLOWS AT FLOW SPLIT 84 
PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
0845 

0 500 1275 1550 1964 2475 3223 4000 
0 0 0 79.7 255 490 888 1250 

SUBBASIN 84, UNNAMED WASB CENT-, 
THE FOLLOWING PRqAMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.102 Ad,. Slope= 246.0 
,013 

CP84 
COMBINE SUBBASIN RUWOFF FROM 84 WITH REMAINDER OF DIVERTED FLOWS 
FROM D84N 

a 

R84 
ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
ENDPOINTS WERE EXTENDED 
SLOPE = (2138-2054)/3463 

5 FLOW -1 

SUBBASIN 79, UNNAMED WASH CENTRAL, COMBINED 79 AND 92 
THE FOLLOWING PARAMETERS YYERE PROVIDED FOR THIS BASIN 
L= .88 Kbr 0.040 Ad,. Slope- 233.0 
,078 

SUBBASIN 78, UNNAMED WASH CEhPPRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .86 Kb= 0.036 A d j .  Slope= 319.0 

PAGE 
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LINE 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 78, 79 WITH ROUTED FLOWS 
KM FROM R84 
HC 3 
* 

KR R7879 
IiM ROUTING FLOW FROM CP7879 M CP77 THROUGH SUBBASIN 77 
I(M ENDPOINTS WERE EXTENDED 
KM SWPE = (2054-2048)1256 
RS 1 PWW -1 
RC 0.045 0.030 0.045 256 -0234 
RX 0 90 99 100 120 121 130 200 
RY 108 104 102 100 100 107 104 108 
RL 0.35 100 

.- . - 
KM SUBBASIN 77, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
m L= .93 Kb= 0.048 Adj . Slope= 324.0 

KK CP77 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 

R77 
ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 89 
ENDPOImS WERE EXTENDED 
SLOPE = (2048-203711593 

1 FLOW -1 
0.045 0.030 0.045 593 0.0185 

0 80 99 100 115 116 120 
110 104 102 100 100 102 104 

KK UC89 
KM SUBBASIN 89, UNNAMED WASH CF2WF.AL 
KM THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 

UA 100 
* 

HEC-1 INPUT 1 
PAGE 15 

LINE 
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KM COMBINE SUBBASIN RUNOFF FROM BRSIN 89 WlTH ROUTED FLOWS 
KM FROM R77 

I(M ROUTING FLOW FROM CP89 TO CP9OEN THROUGH SUBBASIN 90 
KM CHANNEL ENDS WERE EXTENDED 
KM SLOPE = 12037-2008)/1912 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1912 0.0152 
RX 0 80 99 100 115 116 135 200 
RY 110 104 102 100 100 102 104 110 
RL 0.25 100 
* 

KK UC74 
KM SUBBASIN 74, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PRRANETERS WERE PROVIDED FOR THIS BASIN 
KM LF 1.13 Kb= 0.071 Ad]. Slope= 328.0 
BA .151 
LG .25 .34 6.60 .13 14.00 
UC .271 .281 

KK UC76 
KM SUBBASIN 76, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 Kb= 0.053 A d j .  Slope= 302.0 
BA ,041 
LG .25 .35 6.10 .16 14.00 

KK CP7476 
KN COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND / b  

KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN ( 3  

KM END POINTS WERE EXTENDED 
KM SLOPE = (2031-2017)1524 
RS 1 FLOW -1 
RC 0.045 0.030 0.065 524 0.0267 

1 
PAGE 16 

LINE 

HEC-1 INPUT 

XK UC75 
KM SUBBASIN 75, UNNAMED WASH CENTRAL 
KM THE FOLLOWINC PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.38 Kb= 0.068 A d l .  Slope= 322.0 
BA .I92 
LG .25 .34 6.50 .15 14.00 
UC .237 ,249 
UA 0 5 16 30 65 77 84 
UR 100 

KK CP75 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 75 AND ROUTED FLOWS 

PAGE 
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LINE 

KM FROM R7476 
HC 2 * 

KK R75 
KM ROUTING FLOW FROM CP75 TO CP90EN THROUGH SUBBASIN 90 
KM END POINTS WERE EXTENDED - 

KM SWPE = (2017-2008)1723 
L?< 1 F.T.OW -1 

KK UC90 
KM SUBBASIN 90, UNNAMED WASH CENTRAL 
KM THE FOLLOWING FARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0.103 S= 151.0 

KK UC91 
KM SUBBASIN 91, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARPXETERS WERE PROVIDED FOR THIS BASIN 

- 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 90 AND 91 WITH ROUTED FLOWS 
KM FROM R89 AND R75 

KK D84S 
KM RETREVIAL OF DIVERTED PLOW FROM D84S 

RD84S 
ROUTING FLOW FROM CF84 (D84S) TO D841~ 
SLOPE = (2144-2140)/303 

6 FLOW -1 
0.045 0.030 0.045 303 0.0132 

- 
SOUTHERN PART OF TRIPLE DIVIiRSION AT TERRAVITA WAY 
D84S FLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 

W. RD84IS 
KM ROUTING FLOWS FROM D84IIS TO CP94DS 
KM SLOPE = (2140-2078)/3225 
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RS 1 FLOW -1 
RC 0.045 0.030 0.045 3225 0.0192 

KK UC94 
KM SUBBASIN 94. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .53 Kb= 0.119 S= 108.0 
BA .028 
LG .25 .36 5.00 .23 13.00 
UC -671 1.082 
* 

KK CP94DS 
KN COMBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED FLOW 
KM FROM RD84IS 
HC 2 
* 

KM ROUTING FLOW FROM CP94DS TO CP88EN 
KM SLOPE = (2078-2041111950 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 1950 0.0189 
RX 60 85 99 100 108 109 123 148 

HEC-1 INPUT 1 
PAGE 18 

LINE 

KK D84IIN 
KM RECALL DIVERTED FLOW FROM 08411 
DR D84IIN 

KM ROUTING FLOW FROM D84II TO CP88EN 
KM SLOPE = (2140-2041)/5175 
R <  1 P1.0W -1 

KK UC88 
KM SUBBASIN 88. UNNAMED WASH CENTRAL, COMBINED SUBBASIN 86, 88 ,  97 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.08 Kb= 0.104 S=111.0 
BA .lo8 

KM COMBINE SOBBASIN RUNOFF FROM BASIN 88 WITH ROUTED FLOWS 
KM FROM R94DS AND RD841N 

YX uc95 
KM SUBBASIN 95, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

L= 0.22 Kb= 0.120 Ad3 .Slope= 220 
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LINE 

Fx uc93 
KM SUBBASIN 93, UNNAMED WASH CENTRAL ' 
KM THE FOLLOWINC P-ERS WERE PROVIDED FOR THIS BRSIN 

HEC-1 INPUT 

Fx UC96 
KM SUBBASIN 96. UNNAMED WASH CENTRAL 
I(M THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

PAGE 
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'PDT 
LINE 

NO. 

42 

SCHEMATIC DIAORAM OF STREAM NETWORK 

(V) ROWING 

( - )  CONNECTOR 

UC8 

( - - -  > I  DIVERSION OR PUMP FLOW 

I < - - - )  RETURN OF DIVERTED OR PUMpD FWlW 

UCZ 2 
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747 

(**') RUNOFF ALSO COMPUTED AT THIS LOCATION 
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OPERATION 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROORAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

STATION 

UC8 

U( 

CPC8 

RCP89 

UC18 

E l 9  

CP1819 

R1819 

UC22 

UC23 

CP2223 

R2223 

UC28 

Rkd 

UC29 

UC30 

CP2930 

R2930 

UC? 

CP34 

R34 

PEAK 
FLOW 

RUNOFF SUMNARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

TIME OF AVERAGE PLOW FOR MAXIMUM PERIOD 
PEAK 

6-HOUR ' 24-HOUR 72-HOUR 

BASIN 
AREA 

PAGE 
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PEAK TIME OF AVEPAGE PLOW FOR HAXIMOM PERIOD BASIN 
OPERATION STATION PLOW P E M  AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 C W I N E D  AT 

ROUTED TO 

HWROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 C-INED AT 

RODTED TO 

HYDROGRAPH AT 
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PEAX TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6 -HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
UC59 41. 12.20 6. 2. 1. .03 

3 COMBINED AT 
CP5859 2622. 12.20 385. 110. 40. 1.88 

DIVERSION TO 
~5859s 1303. 12.2n 191. 5 20. 1.88 

HYDROGRAPH AT 
D5859N 1319. 12.20 193. 5 .  20. 1.8~ 

ROUTED TO 
R5859N 1311. 12.20 193. 55. 20. 1.88 

HYDROGRAPH AT 
UC63 248. 12.07 24. 7. 2. . I  

2 COMBINED AT 
CP63 1489. 12.20 216. 62. 22. 2.00 

ROUTED TO 
R63 1480. 12.20 216. 2. 22. 2.00 

HYDRCGRAPH AT 
UC66 79. 12.07 7. nd 

HYDROGRAPH AT 
UC62 762. 12.10 73. 

3 COMBINED AT 
CP6266 2173. 12.17 293. 

ROUTED TO 
R6266 2164. 12.17 293. 

HYDROORAPH AT 
D5859S 1303. 12.20 191. 

ROUTED TO 
R5859S 1288. 12.27 191. 

HYDROGRAPH AT 
UC64 5. 12.03 0. 

2 COMBINED AT 
CP64 1290. 12.23 191. 

DIVERSION TO 
D64S 580. 12.23 86. 

HYDRDGRAPH AT 
D64N 709. 12.23 105. 

ROUTED TO 
RD64N 697. 12.27 105. 

HYDROGRAPH AT 
UC87 30. 12.1 4. 

2 CONBINED AT 
CP87 723. 12.27 108. 

ROUTED TO 
RD87N 721. 12.30 108. 

HYDROGRAPH AT 
UC82 48. 12.07 4. 1. 

3 COMBINED 4T 
CP82 2849. 12.20 404. 114. 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72 -HOUR 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROORAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION SCATION PLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

UC90 50. 12.17 6. 2. 1. .04 

HYDROGRAPH AT 
UC91 84. 12.27 15. 4. 1. .07 

4 COMBINED AT 
CP9OEN 3132. 12.20 535. ' 151. 

HYDROGRAPH AT 
D84S 686. 12.20 

ROUTED TO 

DIVERSION TO 
D84IIN 576. 12.23 

HYDROGRAPH AT 
D841IS 110. 12.23 

HYDROGRAPH AT 
D84IIN 576. 12.23 

3 COMBINED AT 
CP88EN 566. 12.37 

HYDROGRAPH AT 
UCgE 58. 12.0 

HYDROGRAPH AT 
UC93 53. 12.20 
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PAGE 1 

THIS PRffim REPLACES ALL PREVIOUS VERSIONS OF HE-1 KNOWN AS HEC1 [JAN 73). HEClGS, IIBClDB. ?.ND REClKW 

THZ DBFINITIONS OF VSiIRBLES -RTII(P- IWD -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLB INPUT 5TRUCmP.E 
THB DEFINITION OF AMS'd- ON P.t-CARD WAS CHANGED WITH REVISIONS DATW 28 SEP 81. TEIS IS TNB FORTRAN77 VERSION 
NEW OPfIONS: DWBReAR OUTPMXl SUWFiRCSNCE , SING&% EVENT IiirMLCE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:RBPID TIWE SBRIES AT DESIRED CPLCULATION INTERVAL LOSS PATE.GREW ?.ND NET INFILTPATION 
KINKMATIC WAVE: NEW PINITE DIFFEREKE ALGORITHM 

LINE 

HEC-1 INPUT 

ID UC MODEL - UNNAMED WASH, CENTRAL 
ID 10-YEAR 6-HOUR MODEL FILENAME: UC106F.DAT 
ID FUTURE CONDITIONS 
ID CAREFREE DPAINAGE MASTER PLAN 
ID FCD 2000C037 
ID BY CH2M HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
ID DECEMBER 2001 (Final Revision March 20041 
ID .............................................................. 

ID 10 YEAR ANALYSIS 6-HOUR STORM 
ID 
ID GREEN AND AMPT LOSS RATE METHOD, NMIN=2 
ID CLARK UNIT HYDROGRAPH, NORMAL DEPTH CHANNEL ROUTING 
ID ........................................................... 
ID OEPTH-AREA REDUCT FACTORS BASED ON TABLE 2.la OF FCDMC MANUAL 
ID 
ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 
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LINE 

KK UC19 
KM SUBBASIN 19, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0.52 Kb= 0.069 S=135.0 
BA .027 
LG .25 .36 5.00 -23 18.00 
UC ,271 ,400 

KK CP1819 
KM COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 
HC 3 

. - . .- . . - 
KM ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBRSIN 23 
KM ENDPOIWTS WERE EXTE!NDED 
KM SLOPE = (2540-2511111790 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1790 0.0162 

KK UC22 
XM SUBBASIN 22, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .76 Kb= ,104 S=111.0 

- 

KM SUBBASIN 23, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.125 S=121.0 

KK CP2223 
KM COMBINE ROUTED FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
KC 3 
e 

KK R2223 
KM ROUTING REACH FROM CP2223 TO CFZ930 THROUGH SUBBASIN 29 
KM ENDPOIhTS WERE EXTENDED 
KM SLOPE = (2511-2482111862 
RS 2 FLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 

HEC-1 INPUT 

KK UC28 
KM SUBBASIN 28, W A M E D  WASH CENTRAL, COMBINED 24 THROUGH 28 
KM THE FOLLOWING PAFJNETERS WERE PROVIDED FOR THIS BASIN 
KM L= .57 Kb- 0.106 S=109.0 
BA .055 

PAGE 
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LINE 

KK R28 
KM ROUTING WCH FROM C~lo28 TO C~2930 THROUGH SUBBASIN 20 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2502-2482)/1296 
RS 2 FLOW -1 
RC 0.045 0.035 0.045 1296 0.0154 
RX 0 86 99 100 108 109 122 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 . 

---- 
KM SUBBASIN 29, UNNAMED WASH CENTEAL 
KM THZ FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC30 
KM SUBBASIN 30, UNNAMED WASH CENTRAL 
KM THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 

KK CP2930 
KM COMBINE SUBBASIN RUNOFF FROM 28. 29, 30 WITH ROUTED FLOWS FROM 

KK R2930 
KM Routing flow from CP2930 to CP34 through subbasin 34 
XM SLOPE = (2482-2469)1925 - 

KM WPOIWPS WERE EXTWED 
RS 1 PLOW -1 
RC 0.045 0.030 0.045 925 0.0141 

HEC-1 INPUT 

KK UC34 
KM SUBBASIN 34, UNNAMED WASH CENTRAL, COMBINED 33 AND 34 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .31 K b  = 0.116 S= 117.0 
BA .037 
LG .25 .36 4.90 .22 12.00 
UC ,213 ,168 

KK CP34 
KM COMBINE SUBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS PROM 
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KM Routing flow from CP34 to CP3537 through subbasln 37 
KM ENDPOIWS WERE EXTENDED - 

KM SLOPE = (2469-23181/6475 
RS 11 FLOW -1 
RC 0.045 0.035 0.05 6475 ,0233 

uc37 
SUBBASIN 37, UNNAMED WASH CENTRAL, COMBINED 32 AND 37 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.03 Kb= 0.160 S= 98.0 
,207 

uc3 5 
S(IBBAS1N 35, UNNAMED WASH CEWiTAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 1.27 Kb= 0.035 S=138.0 
,261 
.25 .38 3.90 .20 24.00 
,408 .355 

CP3537 
COMBINE SUBBASIN RUNOFF FROM 35, 37 WITH RDUTED FLOWS FROM 
R34 

3 

1 
PAGE 6 

HEC-1 INPUT 

LINE 

KK R3537 
KM Routing flow from CP3537 to CP3149 through subbas~n 49 
1W ENDPOINTS WERE EXTENDED 
KM SLOPE = (2318-2280)/1829 
RS 3 FLOW -1 
RC 0.045 0.035 0.045 1829 0.0208 
RX 0 90 99 100 105 106 115 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

uc49 
SUBBASIN 49, UNNAWD WASH CEiWRAI 
THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 
L= .47 Kb= 0.032 5.148.0 
,048 

UC31 
SUBBASIN 31, UNNAMED WASH CENT% 
THE FOLUWLNG PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.04 Kb= 0.066 S= 128.0 
,405 
.25 .38 4.10 .18 20.00 
,475 .479 

CP3149 
COMBINE RUNOFF FROM SUBBASINS 31.49 WITH ROUTED FLOWS FROM 
R3537 
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5 



~- ~ - - - -  
KM ROUTING REACH FROM CP3149 TO CP4850 THROUGH SUBBASLN 50 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2280-2256)11219 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1219 0.0197 
RX 0 95 99 100 110 111 118 200 
RY 110 104 102 100 100 102 104 110 
RL 0.15 100 
t 

KK UC46 
KM SUBBASIN 46. UNNAMED WASH CF.NTRaL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THlS BASIN 
KM L= .30 Kb= 0.060 Add. Slope= 324.0 
BA ,034 
LO .25 .39 3.60 .15 24.00 
UC .200 .I62 
UA 0 5 16 30 65 77 84 90 94 97 

1 
PAGE 7 

LINE 

.- . . 
KM ROUTING FLDW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
KM ENDPOINTS WERE EXTENDED 
XM SWPE = (2346-2315)/1783 
RS 3 FLOW -1 
RC 0.045 0.035 0.045 1783 0.0174 
RX 0 92 99 100 105 106 113 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

KK UC45 
KM SUEBASIN 45. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0.030 S= 135.0 
BA ,086 
IG .25 .39 3.60 .15 24.00 
UC .233 .I67 
UA 0 5 16 30 65 7 1  I l A  

UA 100 
* 

KK UC47 
KM SUBBASIN 47, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .39 Kbz0.056 Adj. Slope=324.0 
Ra .n31 

KK CP4547 
KM COMBINE SUBBASIN RUNOFF FROM 45, 47 WITH ROUTED FLOWS FROM 

KK R4547 
KM ROUTING FLOW FROM CP4547 TO CP4850 THROUGH SUBBASIN 48 
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KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2315-2256)/2170 
RS 4 FLOW -1 
RC 0.045 0.035 0.045 2170 -0272 
RX 0 90 99 100 105 106 115 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 
* 

1 
PAGE 8 

HEC-1 INPUT 

LINE 

KK UC48 
KM SUBBASIN 48, UNNAMED WASH CENTRAL, COMBINED 48 AND 56 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0.0(18 S= 117.0 
BA ,197 
LG .25 .39 3.70 .16 30.00 
UC .438 .349 
* 

Kx UC50 
KM SUBBASTN 50. UNNAMED WASH CENTRAL, COMBINED 50 AND 98 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
Kt4 L= .27 Kb= 0.037 S= 93.0 
BA .019 
ffi .25 .38 3.80 .26 24.00 
UC .221 .230 

KM COMBINE SUBBASIN RUNOFF FROM 48, 50 WITH ROUTED FLOWS FROh 
KM R3149 AND R4547 
HC 4 
* 

KK R4850 
KM Routing flow from CP4850 to CP5157 through subbasln 57 
KM ENDPOINTS WERE EXTENDED - -- 

SLOPE = (2256-22351/1509 
2 FLOW -1 

0.045 0.030 0.045 1509 0.0139 
0 95 99 100 115 

KK UC51 
KM SUBBASIN 51, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.061 Ad]. Slope= 317.0 
BA .060 

KK uc57 
KM SUBBASIN 57, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.061 S= 200.0 
BA .037 
Lo .25 .37 4.20 .28 20.00 
UC ,333 .395 
* 

HEC-1 INPUT 1 
PAGE 9 

LINE 

UC106F.OHl PAGE 
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LINE 

KK CP5157 
KM COMBINE RUNOFF FROM SUBBASINS 51.57 WITH ROUTED FLOWS FROM 
KM R4850 
HC 3 

- .- 
KM ROUTING REACH FROM CP5157 TO CP5859 THROUGH 8UBBASIN 59 
KM ENDWIWPS WERE EXTENDED 
Ihl SLOPE = (2235-2208)11796 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1796 0.0150 
RX 0 60 99 100 100 121 160 

KK UC58 
KM SUBBASIN 58. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .69 Kb= 0.055 A d j .  Slops= 317.0 
BA .I10 
LG .25 -37 4.80 .13 20.00 
UC ,292 .246 

KK uc59 
KM SUBBASIN 59, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .49 Kb= 0.105 S= 112.0 
BA .034 
LG .25 .32 5.80 .33 14.00 
UC ,308 .389 
* 

KK CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58,59 WITH ROUTED FLOWS FROM 

KK D5859N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
DT D5859S 

10000 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM ENDPOINTS WERE EXTENDED 
Ihl SLOPE = (2208-21951/699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 

KK UC63 
KM SUBBASIN 63, UNNAMED WASH CENTRAL, COMBINEC BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.056 Ad,.  Slope= 322.0 
BA .I17 
LG .25 .36 5.00 .L9 19.00 
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LINE 

KK CP63 
KM COMBINE RUNOFF FROM SUBBASIN 63 WITH ROUTED FLOWS 

KK R63 
i(M ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
KM SLOPE = (2195-21701/1394 
RS 2 FLOW -1 

KK UC66 
KM SUBBASIN 66, UNNAMED WASH CENTRAL 
KM THE FOLLOWDIG PARAMEWS WERE PROVIDED FOR THIS BASIN 
m L= .54 ~ b =  0.081 Adj. Slope= 324.0 
BA .037 
LG .25 .36 5.00 .25 14.00 
UC ,283 .364 

.-.- 
KM SUBBASIN 62, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVTDED FOR THIS BASIN 

KK CP6266 
KM COMBINE RUNOFF FROM SUBBASINS 62, 66 WITH ROUTED FLOWS 
KM FROM R63 
HC 3 
* 

HEC-1 INPUT 

. -. . . - - . . 
KM ROUTE FLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2170-215011990 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 990 0.0202 

KM RECALL DIVERTED FLOW FROM D5859N 
DR D5859S 

KM ROUTING DIVERTED PLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
KM SLOPE = (2208-2194)/803 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 803 0.0174 
RX 0 50 99 100 125 126 175 225 
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LINE 

KK UC64 
KM SUBBASIN 64, UNNAMED WASH CENTRAL 
KM THE FOLWWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .15 Kb= 0.078 S= 166.0 

KK CP64 
KM COMBINE SOBBASIN RUNOFF FROM 64 WITH ROUTED FLOWS FROM 
KM DIVERSION RD5859N 
HC 2 1.68 

KK D64N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
KM SOUTHERN PART OF DIVERSION GDES OFF SITE 

KK RD64N 
KM ROUTING FLOW FROM D64N TO CP87 THROUGH SUBBASIN 87 
KM ENDPOINTS WERE EXTENDED .- - 

KM SLOPE = (2194-2161)/1721 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1721 0.0192 

HEC-1 INPUT 

KK UC87 
KM SUBBASIN 87, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .33 Kb= 0.118 S= 101.0 

KK CP87 
KM COMBINE SUBBASIN RUNOFF FROM 87 WITH ROUTED FLOWS FROM 
KM DIVERSION RD64N 

KK RD87N 
KM ROUTING FLOW FROM D87N M CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2161-2150)/557 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 557 0.0197 
RX 25 85 99 100 120 121 135 195 
RY 106 104 102 100 100 102 104 106 
RL 0.35 100 
* 

KK UC82 
KM SUB-BASIN 82, UNNAKED WASH CEFFmW, COMBINED 81, 82, 83 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .22 Kb= 0.136 Adj. Slope= 220.0 
BA .022 

PAGE 
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COMBINE DIVERTED FLOWS FROM D87N. ROUTED FLOWS PROn R6266, 
SUBBASIN 82 

ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
SLOPE = (2150-21381/579 

1 FLOW -1 
0.045 0.030 0.045 579 0.0207 

1 
PAGE 13 

HEC-1 INPUT 

LINE ID.. 

- 
DIVERSION OF FLOWS AT FLOW SPLIT 84 
PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 

UC84 
SUBBASIN 84, UNNAMJS WASH CENlXAL, 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .30 Kb= 0.102 Ad,. Slope= 246.0 
.013 

CP84 
COMBINE SUBBASIN RUNOFF FROM 84 WITH REMAINDER OF DIVERTED FLOwa 
FROM D84N 

2 

R84 
ROWING PLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
ENDPOINTS WERE EXTENDED 
SLOPE = (2138-2054)/3463 

5 FLOW -1 
0.045 0.030 0.045 3463 0.0243 

0 94 99 100 110 111 116 200 
106 104 102 100 100 102 104 106 

uc79 
SUBBASIN 79, UNNAMED WASH CENTRAL, COMBINED 79 AND 92 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .88 Kb= 0.040 Ad]. Slope= 233.0 
-078 

PAGE 
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LINE 

KM SUBBASIN 78, WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .86 Kb= 0.036 Adj. Slope= 319.0 
BA .I77 

UA 100 . 
HEC-1 INPUT 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 78, 79 WITH ROUTED FLOWS 
KM FROM R84 
HC 3 

KK R7879 
KM ROVl'ING FLOW FROM CP7879 TO CP77 THROUGH SUBBASIN 77 
IiM ENDPOINTS WERE EXTENDED - 

IiM SLOPE = (2054-2048)/256 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 256 .0234 
RX 0 90 99 100 120 121 130 200 
RY 106 104 102 100 100 102 104 106 

KK UC77 
KM SUBBASIN 77, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .93 Kb= 0.048 Adj. Slope= 324.0 

KM COMBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 
KM FROM R7879 
HC 2 

KK R7 7 
KM ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBEASIN 89 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2048-2037)/593 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 593 0.0185 
RX 0 80 99 100 115 116 120 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK VC89 
KM SUBBASIN 89, UNNAbC3D WASH CEWlXAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .77 Kb= 0.057 S= 126.0 
BA .073 
LG .25 .33 6.40 .20 17.00 
UC .329 .388 
UA 0 5 16 30 65 77 84 90 
UA 100 
* 



HEC-1 INPUT 

LINE 

KK CP89 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 89 WITH ROUTED FLOWS 
KM FROM R77 

KK R89 
KM ROUTING FLOW FROM CP89 TO CP90EN THROUGH SUBBASIN 90 
KM CHANNEL ENDS WERE EXTENDED 
KM SLOPE = (2037-2008) 11912 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1912 0.0152 
RX 0 80 99 100 115 116 135 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

- 

KM SOBBASIN 74, UNNAMETI WASH CENTRAL 
KM THE FOLLOWING P-TERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.13 Kb= 0.071 Ad3. Slope= 328.0 
BA .I51 

KK UC76 
KM SUBBASIN 76, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARABETERS WERE PROVIDED FOR THIS BASIN 

KK CP7476 
W COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 76 
HC 2 
* 

KK R7476 
KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN 75 
KM END POINTS WERE EXTENDED 
KM SLOPE = (2031-2017)/524 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 524 0.0267 
RX 0 80 99 100 112 113 132 200 
HY 106 104 102 100 100 102 104 106 
RL 0.25 100 
t 

HEC-1 INPUT 1 
PAGE 16 

LINE 

KK UC75 
KM SUBBASIN 75. UNUMED WASH CEWFRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

L= 1.38 Kb= 0.068 Adj. Slope= 322.0 
BA .I92 

PAGE 
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CP75 
COXBINE SUBBASIN RUNOFF FROM BASIN 75 AND ROUTED FLOWS 
FROM R7476 

2 

R7 5 
ROUTING FLOW FROM CP75 TO CP9OEN THROUGH SUBBASIN 90 
END POINTS WERE EXTENDED 
SMPE = 12017-2008)/723 

1 FLOW -1 

. . 
SUBBASIN 90, UNNAMED WASH CENTRAL 
THE FOLLOWIN3 PARAMETERS WERE PROVIDW FOR THIS BASIN 
L= .48 Kb= 0.103 S= 151.0 

UC91 
SUBBASIN 91, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK CP90EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 90 AND 91 WITH ROUTED FLOWS 
Kt4 FROM R89 AND R75 
HC 4 

HEC-1 INPUT 1 
PAGE 17 

LINE 

KK D84S 
KM RETKEVIAL OF DIVERTED FLOW FROM D84S 

KK RD84S 
Kn ROUTING FLOW FROM CP84 (D84Sl TO D84ii 
KM SLOPE = (2144-2140)/303 
RS 6 FLOW -1 
RC 0.045 0.030 0.045 303 0.0132 

KK D84IIS 
KN SOUTHERN PART OF TRIPLE DIVERSION AT TERRAVITA WAY 
KN D84S FLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 

D84IIN 
DI 0 79.7 255 490 880 1250 
DQ 0 78.3 229 419 732 1000 

PAGE 
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KK RD84IS 
KM ROUTING FLGWS FRDM 08411s TO CP94DS 
KM SLOPE = 12140-2078)13225 

KK m94 
WI SUBBASIN 94, UNNAMED WASH CENTRAL 
Kt4 THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .53 Kb= 0.119 S= 108.0 

KX CP94DS 
KM COFZBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED FLOW 
KM FROM RD84IS 
HC 2 
* 

708 
709 
710 
711 
712 
713 

1 
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KK R94DS 
KM ROUTING FLOW FROM CP94DS TO CP88EN 
KM SLOPE = (2078-2041111950 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 1950 0.0189 
RX 65 85 99 100 108 109 123 148 

HEC-1 INPUT 

LINE 

KK D84IIN 
KM RECALL DIVERTED FLOW FROM D841I 
DR D841IN 
* 

KK RD84IN 
KM ROUTING FLOW FRDM D84II TO CP88EN 
KM SLOPE = (2140-2041)/5175 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 5175 0.0191 
RX 60 78 90 100 125 132 135 150 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK UC88 
KM SUBBASIN 88, UNNAMED WASR CENTRAL, COMBINED SUBBASIN 86, 88, 97 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
XM L= 1.08 Kb= 0.104 S=111.O 

KK CP88EN 
WI COMBINE SUBBASIN RUNOFF FROM BASIN 88 WITH ROUTED FLOWS 
KM FROM R94DS AND RD841N 
HC 3 
* 
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15 



1 
PAGE 19 

LINE 

SUBBASIN 95, UNNAMH] WASH CEKTPAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.22 Kb= 0.120 Adj.Slope= 220 
024 

UC93 
SUBBASIN 93, UNNAMED WASH CEWrmAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .64 Kb= 0.093 S= 135.0 

HEC-1 INPUT 

KK UC96 
KM SUBBASIN 96, -D WASH CESFRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
m L= .73 Kb= 0.110 S= 113.0 
BA .061 
LG .25 .32 7.00 .12 13.00 
UC ,317 '92 
* 
* 
ZZ 
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PUT 
LINE 

NO. 

47 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (-.. >) DIVERSION OR LW4P FLOW 

( . ) CONNECTOR I<---) RETURN OF DIVERTED OR PUMPED FLOW 

UC8 

CPC 8 ......... 
v 
v 

RCP89 
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CP88 EN........................ 

uc95 

752 

(**') RUNOFF ALSO COMPUTED AT THIS LOCATION 
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RUNOFF SUMNARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

OPERATION 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HWROGRAFH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED M 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUP 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK aREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRBPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDRMjRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION PLOW PEAK AREA 

6 -HOUR 24-HOUR 72-HOUR 

3 COMBINED AT 
CP5859 1190. 4.40 

DIVERSION TO 
D5859S 591. 4.40 

HYDRDGRAPH AT 
D5859N 599. 4.40 

ROUTED TO 
R5859N 597. 4.43 

ROUTED TO 
R63 660. 4.43 

HYDROGRAPH AT 
UC66 37. 4.17 

HYDROGRAPH AT 
UC62 417. 4.23 

3 COMBINED AT 
CP6266 

ROUTED TO 
R6266 Jb. 4.31 

HYDROGRAPH AT 
058595 591. 4.40 

2 COMBINED AT 
CP64 593. 4.43 

DIVERSION TO 
D64r 

HYDROGRAPH AT 
D64N 326. 4.43 

ROUTED TO 

2 COMBINED AT 
CP87 331. 4.47 

3 COMBINED AT 
CP82 1216. 4.40 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

ROUTED TO 
R82 1216. 4.40 237. 60. 22. 2.45 

DIVERSION TO 
D84S 9. 4.33 

HYDROGRAPH AT 
UC84 20. 4.03 

2 COMBINED AT 
CP84 1210. 4.40 238. 60. 2 2 .  2.46 

ROUTED TO 

HYDRCX3RAPH AT 
UC: , -66. . t . u r  

3 COMBINED AT 
CP7879 1265. 4.50 

ROUTED TO 
R7879 1265. 4.50 

2 COMBINED AT 
CP77 1304. 4.50 

RODTED TO 
R77 1304. 4.50 

HYDROGRAPH AT 

2 COHBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

RODTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDRCKWAPH AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPEWLTION STATION FLOW PEAK AREA 

6 -HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
UC91 

4 COMBINED AT 
CP90EN 

ROUTED TO 
RD84S 

DIVERSION TO 
D8411N 

HYDROGRAPH AT 
08411s 

ROUTED TO 
RD84IS 

2 COMBINED AT 
CP94DS 

ROUTED TO 

HYDROGRAPH AT 
084IIN 

ROUTED TO 
RD84IN 

HYDROGRAPH AT 
UC88 

3 COMBINED AT 
CP88EN 

HYDROGRAPH AT 
uc93 

HYDROGRAPH AT 
UC9< 

* *+  NORMAL END OF HEC-1 ***  
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U.S U X Y  CORPS OF BSlWBRS ' . ltMR0mzc mmmRrN0 CBNTWI - 
609 SKCOM] STI\BBT 

DWIS. C%LISORNUI 91616 
19161 756-1104 

THE DBRINITIONS OF VRRImLES -RTIMP- AND -RTIOR- HAVE CHAN6ED FROH THOSE USED WITH THE 1973-STYLE INPUT S T R U C m  
THE DEFINITION OF -AMSXK- ON RM-CARD WAS CHANCEL! WITH REVISIONS DATED 28 SEP 81 THIS IS T X E  FORTRAN77 YgRSION 
NEW OPl'IONS: DRMBREAK OUTFLOW SUBMERGENCE . SINGLE EVEllT DAW*CE CALCULATION, DSS.WRITE STAGE PRBQUENCY, 
DSS'REBD TIEE SWIES AT DESIRED C&LCULATICN INTERVAL LOSS RI\TE:GRBECI AND M P T  IWPILTWTICN 
KINEWLTIC WAVE. NEW FINITE DIFFERENCE W O R I T H H  

LINE 

HEC-1 INPUT 

UC MODEL - UNNAMED WASH, CENTRAL 
10-YEAR 24-HOUR MODEL FILENAME: UC1024F.DAT 
EXISTING CONDITIONS 

ID CAREFREE DRAINAGE MASTER PLAN 
ID FCD 2000C037 
ID BY CH2M HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
ID DECEMBER 2001 (Final Revisron March 2004) 
ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ID 10 YEAR ANALYSIS 24-HOUR STORM 
ID 
ID GREEN AND AMPT LOSS RATE METHOD, NMIN=2 
ID CLARK UNIT HYDRClGRRPH, NORMAL DEPTH CHANNEL ROUTING 
T,, * * l * * * t * . * * * * * * * * * * t * * + * * * * * * * t t * * t * t * * t t ~ ~ ~ * ' * * ~ * " . * ~ * * * * * * , * ~ * ~ ~ * ~  -- 
ID DEETH-AREA REDUCT FACTORS BASED ON TAELE 2.la OF FCDMC ISNUAL -- 
LO 
ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 
ID 
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KK W 8  
KM SUB-BASIN 8. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
ICM L= 1.04 Kb= 0.031 S=138.0 
BA .054 
LG .30 -36 4.9 .26 36.0 
UC .271 ,472 
UA 0 5 16 3 0 65 77 84 
UA 100 
* 

KK UC9 
KM SUBBRSIN 9, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
XM L= 0.91 Kb= 0.031 S=145.0 

KK CPC89 
KM CONCENTRRTION POINT 89 
KM COMBINES RUNOFF FROM SUBBASINS UC8 AND UC9 
HC 2 , 

KK RCP89 
KM ROUTING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN 18 
KM NORMAL DEPTH CHANNEL ROUTING 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12596-2540112933 
RS 5 FLOW -1 
RC 0.045 0.035 0.045 2933 0.0191 
RX 0 90 99 100 108 109 120 200 
RY 108 104 102 100 100 102 104 108 
RL 0.15 100 

KK UCl8 
KM SUBBASIN 18, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

"--. 
KM SUEBASIN 19, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 

PAGE 
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LINE 

1 
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KK CP1819 
KM COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 
HC 3 

KM ROUTING REACH FROM ~ ~ 1 8 1 9  TO ~ ~ 2 2 2 3  THROUGH  BASIN 23 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2540-2511l11190 
RS 2 FLOW -1 

uc22 
SUBBASIN 22, UNNAMeD WASH CENPRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .76 Kb= .I04 9=111.0 
0'32 

UC23 
SUBBASIN 23, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .40 Kb= 0.125 S=121.1) 
,013 
.25 .36 5.00 .23 18.00 
.I83 ,085 

KK CP2223 
KM COMBINE ROUTED FLOW FROK CP1819 WITH RUNOFF FROM SUBBASSNS 22 AND 23 
HC 3 

KM ROUTING REACH FROM CP2223 TO CP2930 THROUOH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12511-24821/1862 
RS 2 FLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 

KK UU8 
KM SUBBASIN 28.  UNNAMED WASH CENTRAL, COMBINED 24 THROUGH 28 
KM THE FOLMWUINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
KN L= . 5 7  Kb= 0.106 S=109.0 
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LINE 

KM ROUTIN0 REACH FROM CP1028 TO CP2930 THROUGH SUBBASIN 3 0  
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = ( 2 5 0 2 - 2 4 8 2 3 / 1 2 9 6  
R S  2 FLOW -1 
RC 0 , 0 4 5  0 . 0 3 5  0 . 0 4 5  1 2 9 6  0 . 0 1 5 4  
RX 0 8 6  9 9  1 0 0  108 1 0 9  1 2 2  200  
RY 1 0 8  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 8  
RL 0 . 1 5  1 0 0  

UC29 
SUBBASIN 2 9 ,  UNNAMED WASH CENTRAL 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 4 7  Kb= 0 . 1 1 6  S=109 .0  
. 0 3 5  

. 2 5  . 3 6  5 . 0 0  . 2 3  1 2 . 0 0  
.ZOO . 2 2 7  

UC30 
SUBBASIN 3 0 ,  UNNRMw, WASH CENTRAL 

THE FOLLOWIN0 PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= . 2 8  Kb= 0 . 1 2 6  S = 1 3 4 . 0  
. 0 1 2  

.25 .36 5.00 . 2 3  12.00 
. I 5 0  . 2 0 2  

KK CP2930 
KM COMBINE SUBBASIN RUNOFF FROM 28,  2 9 ,  3 0  WITH ROUTED FLOWS FROM 

KK R2930 
KM R o u t l n g  f l o w  f r o m  Cp2930 to CP34 through subbasln 3 4  
XM SLOPE = 1 2 4 8 2 - 2 4 6 9 ) / 9 2 5  
KM ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 
RC 0 0 4 5  0 . 0 3 0  0 . 0 4 5  9 2 5  0 . 0 1 4 1  
RX 0 6 9  9 9  1 0 0  1 1 0  111 1 2 2  
RY 1 0 8  1 0 4  102 1 0 0  1 0 0  1 0 2  1 0 4  
RL 0 . 1 5  1 0 0  

HEC-1 INPUT 

KK UC34 
KM SUBBASIN 3 4 ,  U N N M D  WASH CENTRAL, COMBINED 3 3  AM) 3 4  
Kt4 THE FOLLOWING P W E R S  WERE PROVIDED FOR THIS BASIN 
KM L= . 3 1  Kb = 0 . 1 1 6  S= 1 1 7 . 0  

KM COMBINE SUBBASIN RUNOFF PROM 3 4  WITH ROUTED FLOWS FROM 
KM R2930 

Kkl Routing f l o w  f r o m  CP34 to CP3537 through subbasltl J, 
KM ENDPOIWS WERE EXTENDED 
KM SLOPE 3 ( 2 4 6 9 - 2 3 1 8 )  1 6 4 7 5  
RS I1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 5  0 . 0 4 5  6 4 7 5  .OX33 
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LINE 

KK UC37 
XM SUBBASIN 37, UNNAMED WASH CENTRAL, 'COMBINED 32 AND 37 
KM THE FOLLOWING PAKAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.03 Kb= 0.160 S= 98.0 
BA ,207 
LG .25 .39 3.70 .16 24.00 
UC ,429 ,624 

KK uc35 
KM SUBBASIN 35, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR TRIS BASIN 
KM L= 1.27 Kb= 0.035 Sz138.0 
BA 261 

KK CP3537 
KM COMBINE SUBBASIN RUNOFF FROM 35, 37 WITH ROUTED FLOWS FROM 
IcM R34 
HC 3 

HEC-1 INPUT 

KK R3537 
KM Routlng flow frwn CP3537 to CP3149 through subbasln 49 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2318-22801/1829 
RS 3 FLOW -1 

- 

KM SUBBASIN 49, UNWAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Wr- 0.032 S=148.O 

XX UC31 
KM SUBBASIN 31, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2.04 Kb= 0.066 S= 128.0 
BA ,405 
LG .25 .38 4.10 .18 20.00 
UC .371 .364 

KK CP3149 
KM COMBINE RUNOFF FROM SUBBASINS 31,49 WITH ROUTED FLOWS FROM 
KM R3537 

KX R3149 
KM ROUTING REACH PROM CF3149 TO CP4850 THROUGH SUBBASIN 50 

PAGE 
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KM ENDPOIWS WERE EXTENDED 
KM SLOPE = ( 2 2 8 0 - 2 2 5 6 ) / 1 2 1 9  
RS 2 BLOW -1 
RC 0 . 0 4 5  0.030 0 . 0 4 5  1 2 1 9  0 . 0 1 9 7  
RX 0 9 5  99 1 0 0  1 1 0  111 1 1 8  2 0 0  
RY 1 1 0  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  I 1 0  
RL 0 . 1 5  1 0 0  

KM ENDPOIWS WERE EXTENDED 
KM SLOPE = ( 2 2 8 0 - 2 2 5 6 ) / 1 2 1 9  
RS 2 BLOW -1 
RC 0 . 0 4 5  0.030 0 . 0 4 5  1 2 1 9  0 . 0 1 9 7  

1 0 0  1 1 0  111 1 1 8  2 0 0  
0 1 0 2  1 0 4  I 1 0  

RL 0 . 1 5  1 0 0  

KK UC46 
KM SUBBASIN 4 6 ,  UNhlRMED WASH CEESPRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

1 
PAGE 7 

LINE 

KK R4 6 
KM ROUTING FLOW FROM SUBBASIN 4 6  TO CP4547 THROUOH SUBBASIN 4 5  
KM ENDPOIi?F?S WERE EXTENDED 
KM SLOPE = ( 2 3 4 6 - 2 3 1 5 ) / 1 1 8 3  
RS 3 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 5  0 . 0 4 5  1 7 8 3  0 . 0 1 7 4  
RX 0 92  9 9  1 0 0  1 0 5  1 0 6  1 1 3  2 0 0  
RY 1 0 8  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 8  
RL 0 . 1 5  1 0 0  
* 

- - A -  

KM SUBBASIN 4 5 ,  UNNAMED WASH CENT% 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIk 

KK w e 4 7  
KM SUBBAS14 4 7 ,  DNNREED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
m L= . 3 9  Kb= 0 . 0 5 6  Ad,. Slope. 3 2 4 . 0  

KK CP4547 
KM COMBINE SUBBASIN RUNOFF FROM 4 5 .  4 7  WITH ROUTED FLOWS FROM 
IW R46 
RC 3 

KK R 4 5 4 7  
KM ROUTING FLOW FROM CP4547 TO CP4850 THROUGH SUBBABIN 4 8  
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = ( 2 3 1 5 - 2 2 5 6 1 1 2 1 7 0  
RS 4 n o w  -1 
RC 0 . 0 4 5  0 . 0 3 5  0 . 0 4 5  2 1 7 0  ,0272 
RX b 9 0  9 9  1 0 0  1 0 5  1 0 6  1 1 5  2 0 0  
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LINE 

LINE 

HEC-1 INPUT 

KK UC48 
KM SUBBASIN 48, UNNAMED WASH CENTRAL, COMBINED 48 AND 56 
KM THE FOLLOWING PRRRMETERS PJERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0 . 0 4 8  S= 117.0 
BA 197 

KK DC50 
KM SUBBASIN 50, iJNNZW3D WASH CENTRAL. COMBINED 50 AND 98 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .27 Kh= 0.037 S= 93.0 
BA ,019 
LC .25 .38 3.80 .24 24.00 
UC .I67 .I69 
* 

KK CP4850 
KM COMBINE SUBBASIN RUNOFF FROM 48, 50 WITH ROUTED FLOWS FROM 
KM R3149 AND R4547 

KK R4850 
KM Rout~ng flow f r o m  €Pa850 to CP5157 through suhbasln 57 
IW ENDPOINTS WERE EXTENDED 
KM SLOPE = (2256-2235)/1509 
RS 2 FLOW -1 

KK UC51 
KM SUBBRSIN 51, UNNRMED WASH CEWTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.061 A d j .  Slope= 317.0 
BA ,060 
LG .25 .36 5.00 .21 26.00 
UC 146 .I09 
* 

KK UC57 
KM SUBBASIN 57, LRWAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS EASILY 
KM L= . 4 7  Kb= 0.061 S= 200.0 
BA ,037 

HEC-1 INPUT 

KK CP5157 
KM COMBINE RUNOFF FROM SUBBASINS 51,57 WITH ROUTED FLOWS FROM 
KM R4850 
HC 3 



1 
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LINE 

KK R5157 
KM ROUTING REACH FROM CP5157 TO CP5859 THROUGH SDBBASIN 59 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2235-2208)/1796 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1796 0.0150 
RX 0 60 99 100 100 121 160 220 
RY 110 104 ioa 100 100 102 104 110 
RL 0.35 100 

KK UC58 
KM SUBBASZN 58, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PWETERS WERE PROVIDED FOR THIS BASIN 
KM L= .69 Kb= 0.055 Ad,. Slope= 317.0 
BA .I10 
LG .25 .37 4.80 .13 20.00 
VC ,211 ,177 

KK uc59 
KM SUBBASIN 59. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PMAWETERS WERE PROVIDED FOR THIS W I N  

L= .49 I(b= 0.105 S= 112.0 

KK CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58.59 WITH ROUTED FLOWS FROM 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM ENDPOIWFS WERE EXTENDED 
KM SLOPE = 12208-2195)1699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 

KK UC63 
KM SUBBASIN 63, UNNAMED WASH CENTRAL, COMBINED BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.056 Ad). Slope= 322.0 
BA .I17 
LG .25 .36 5.00 .19 19.00 
UC .242 .219 

KK CP63 
KM COMBINE RUNOFF FROM SUBBASIN 63 WITH ROUTED FLOWS 

PAGE 
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ROUTE FLOWS FROM CP63  TO CP6266 THROUGH SDEBASIN 66 
SLOPE = (2195-2170)/1394 

2 FLOW -1 
0.045 0.030 0.045 1394 0.0179 

60 80 99 100 125 126 145 
106 104 102 100 100 102 104 

0.35 100 

KK UC66 
KM SVBBASIN 66, UNNAMED WASH CENTRAL 
KM THE FOLLOWIKG PARAMETERS WERE PROVIDED FOR T H I S  BASIN 
IW L= .54 Kb= 0.081 Ad?. Slope= 324.0 
BA .037 

KK UC62 
KM SDEBASIN 62, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARANETERS WERE PRDVIDED FOR T H I S  BASIN 
KM L= 1.33 Kb= 0.057 Ad]. Slope= 321 0 
BA ,361 
LG .25 .35 6.10 .13 14.00 
UC .300 .219 

KM COMBINE RUNOFF FROM SVBBASINS 62, 66 WITH ROUTED FLOWS 
KM FROM R63 
-*c 3 

L 

PAGE I 
HEC-1 INPUT 

R 6 2 6 6  
ROUTE FLOWS FROM CP6266 TO CP82 THROUGH ~ J B ~ A S I N  82 

SLOPE = (2170-215013990 
2 FLOW -1 

0.045 0.030 0.045 990 0.0202 
25 85 99 100 100 121 135 195 
106 104 102 100 100 102 104 106 

0.35 100 

D 5 8 5 9 S  
RECALL DIVERTED FLOW FROM D5859N 

05859s 

KM ROUTING DSVWTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
I(M SLOPE = (2208-219411803 
RS 1 PLOW -1 
RC 0.085 0.030 0.045 803 0.0174 

KK UC64 
KM SUBBASIN 64, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR T H I S  BASIN 
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LINE 

. 
COMBINE SUBBASIN RUNOFF FROM 54 WITH ROUTED FLOWS FROM 
DIVERSION RD5859N 

D64N 
DIVERSION OF mows AT FLOW SPLIT 
SOUTHERN PART OF DIVERSION GOES OFF SITE 

RS 2 FLOW -1 
RC 0.085 0.030 0.045 1721 0.0192 

HEC-1 INPUT 

KK UC87 
KM SUBBASIN 87, UNNAMED WASH CENTRAL 
KM THE FOLLOWlNG PARAMETERS WERE PROVIDED FOR THIS BASIW 
KM L= .33 Kb= 0.118 S= 101.0 
BA -029 

KK CP87 
KM COMBINE SUBBASIN RDNOFF FROM 87 WITH ROUTED FLOWS FROM 
KW DIVERSIDN RD64N 
HC 2 

KK RD87N 
KM ROUTING FLOW FROM D87N TO CFB2 THROUGH SUBBASIN 82 
KM SLOPE = (2161-2150)/557 
~q I FLOW -I 

KK UC82 
SUB-BASIN 82, UNNAMED WASH CENTRAL, COMBINED 81, 82, 83 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .22 Kb= 0.136 Adj. Slope= 220.0 
RA -022 

PAGE 
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KN COMBINE DIVERTED FLOWS FROM D87N. ROUTD PLOWS FROM R6266, 
KM SUBBASIN 82 
HC 3 a.45 

ROUTING FLOW FROM CP82 TO CP84 THRQUGH SUBBASIN 84 
SLOPE = (2150-2138)/579 

1 P I O W  -1 

1 
PAGE 13 

LINE 

HEC-1 INPUT 

KM DIVERSION OF FLOWS AT PLOW SPLIT 84 
KM PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
IYP nR69 

KK UC84 
KM SUBBASIN 84, UNXAMED WASH CENTRAL, 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .30 Kb= 0.102 Ad). Slope= 246.0 
BA .013 

KE CP8P 
KM COMBINE SUBBASIN RUNOFF FROM 84 WITH REMAINDZX OF DIVERTED FLWUS 
KM FROM D84N 

RK R8h 
KM ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
KM ENDWLNTS WERE EXTENDED 
KM SLOPE = (2138-2054113463 
RS 5 FLOW -1 

KK UC79 
KM SUBBA6IN 7 9 ,  UNNAMED WASH CENTRAL, COMBINED 79 AND 92 
IEM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .88 Kb= 0.040 Ad,. Slope= 233.0 
BA .a78 

KM SUBBASIN 78, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .86 Kb= 0.036 Adj. Slope= 319.0 
BA ,171 
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LINE 

1 
PAGE 15 

' INE 

UC .I96 .I44 
UA 0 5 16 30 65 77 84 
UA 100 
* 

HEC-1 INPUT 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 78, 79 WITH ROUTED FLOWS 
KM FROM R84 
HC 3 

KK R7879 
KM ROUTING FLOW FRoM CP7879 TO CP?7 THROUGH SUBBASIN 77 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2054-2048)/256 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 256 .0234 
RX 0 90 99 100 120 121 130 200 
RY 106 104 102 100 100 102 104 106 
RL 0.35 100 

KK UC77 
KM SUBBASIN 77, UNNAMED WASH CENTRRL 
KM THE FOLLOWING PARAMETERS W&RE PROVIDED FOR THIS BASIN 
m L= .93 Rb= 0.048 Adj. Slope= 324.0 
BA .096 
LG -25 .34 6.70 .13 16.00 
UC 221 .247 
UA 0 5 16 30 65 77 84 
UA 100 

KK CP77 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 
KM FROM R7879 

KK R77 
KM ROWING FLOW FROM CP77 TO CPB9 THROUGH SUBBASIN 89 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12048-2037)/593 
RS 1 PLOW -1 
RC 0.045 0.030 0.045 593 0.0185 
RX 0 80 99 100 115 116 120 
RY 106 104 102 100 100 102 104 
RL 0.25 100 

XX UC89 
KM SUBBASIN 89, UNNAMEE WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .77 Kb= 0.057 S= 126.0 
BA .073 
LG .25 .33 6.40 .20 17.00 

HEC-1 INPUT 

PAGE 
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KK CPS9 
KM COMBINE SUBEASIN RUNOFF FROM BASIN 89 WITH ROUTED FLOWS 
KM FROM R 7 7  

KK R89 
IW ROUTING FLOW FROM CP89 TO CPYOEN THROUGH SUBBASIN 9 0  
KM CHANNEL ENDS WERE EXTENDED 
KM SLOPE = 1 2 0 3 7 - 2 0 0 8 ) / 1 9 1 2  
RS 2 FLOW -1 
RC 0 . 0 4 5  0 .030  0 . 0 4 5  1 9 1 2  0 .0152  
RX 0 8 0  9 9  1 0 0  115 1 1 6  1 3 5  2 0 0  
RY 1 0 6  1 0 4  1 0 2  1 0 0  1 0 0  102 1 0 4  1 0 6  
RL 0 . 2 5  1 0 0  

KM SUBBASIN 7 4 ,  UNNAMED WASH CENTRAL 
KM THE FOLLOWIN(: PARAMETERS WERE PROVIDED FOR THIS BASIN 
i(M L= 1.13 Kb= 0 . 0 7 1  Ad>.  S l o p e =  328.0 
BA ,151 

KK UC76 
XM SUBBASIN 7 6 ,  UNNAbSD WASH CF.NTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS W I N  
KM L= . 6 4  Kb= 0 . 0 5 3  A d j .  Slope= 3 0 2 . 0  
BA , 0 4 1  

KK C P 7 4 7 6  
COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 7 6  

HC 2 
* 

KR R 7 4 7 6  
KM ROUTING FLOW FROM CP7476  TO C P 7 5  THROUGH SUBBASIN 7 5  
KM END POINTS WERE EXTENDED 
KM SLOPE = ( 2 0 3 1 - 2 0 1 7 ) / 5 2 4  
RS 1 FLOW -1 

1 
PAGE 16 

KM SUBBASIN 75, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIPED FOR THIS BASIN 
KM L= 1 . 3 8  ~ b *  0 . 0 6 8  A d l .  slope= 322.0 
BA . I 9 2  

KK CP75 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 7 5  AND ROUTED FLOWS 
KM FROMR7476 
HC 2 

PAGE 
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KK R7 5 
KM ROUTING FLOW FROM CP75 TO CP9OEN THROUGH SUBBASIN 90 
KM END W I W S  WERE EXTENDED 
KM SLOPE = 12017-2008)/723 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 723 0.0124 
RX 0 80 99 100 115 116 135 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK UC90 
KN. SUBBASIN 90, UNNAMED WASIE W R A L  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0.103 S= 151.0 
BA .038 
LG .25 .35 3.70 .55 14.00 
UC .I92 ,210 

KK UC91 
KM SUBBASIN 91, UNNRMED WASH CENTRAL 
KM THE FOLLOWING PARBMETERS WERE PROVIDED FOR THIS BASIN 
KM Ls .75 Xb= 0.107 S= 109.0 

KK CP9OEN 
KM CONBINE SUBBASIN RUNOFF FUOM BASIN 90 AND 91 WITH ROUTED FLOWS 
KM FROM Re9 RM) R75 
HC 4 

HEC-1 INPUT 

LINE 

RD84S 
ROUTING FLOW FROM CP84 (D84S) TO 08411 
SLOPE = 12144-2140) 1303 

6 FLOW 1 
0 045 0.030 0.045 303 0.0132 

0 50 99 100 125 

KK D841IS 
KM SOUTHERN PART OF TRIPLE DIVERSION AT TERRAVITA WAY 
KM D84S FL6WS THROUGH DIP CROSSING AT TERRAVITA WAY 
DT D8411N 
DI 0 79.7 255 490 880 1250 
DQ 0 78.3 229 419 732 1000 
* 

IUC RD84IS 
KM ROUTING FLOWS FROM DB4IIS TO CP94DS 
KM SLOPE = (2140-20781/3225 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 3225 0.0192 
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LINE 

KK UC94 
KM SUBBASIN 94, UNNAMED WASH CENTRAL , 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASJN 
KM L= .53 Kb= 0.119 S= 108.0 
~ e i  n 7 ~  

- 

KM COMBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED FLOW 
KM FROM RD84IS 

KM ROUTING FLOW FROM CP94DS TO CP88EN 
KM SLOPE = 12078-2041)11950 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 1950 0.0189 
RX 60 85 99 100 108 lul A&. 

HEC-1 INPUT 

KK D841IN 
KM RECALL DIVERTED F M W  FROM D841I 
DR D84IIN 

KK RD841N 
KM ROUTING FLOW FROM D84II TO CP88EN 
KM SLOPE = (2140-20411/5175 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 5175 0.0191 
RX 60 78 90 100 125 132 135 150 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 
* 

KK UC88 
KM SUBBASIN 88, UNNAMED WASH CENTRAL, COMBINED SUBBASIN 86, as, 97 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.08 Kb= 0.104 S=111.0 
BA .lo8 

KM COMBINE SUBBASIN RZTNOFE FROM BASIN 88 WITH ROUTED FLOWS 
KM FROM R94DS AND RD84IN 
HC 3 

KK UC95 
KM SUBBASIN 95, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0.22 Kb= 0 .I20 Ad, .Slope= 220 
BA .024 
LO .25 .39 3.70 .I5 5.00 
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740 KK UC93 
741 KM SUBBASIN 93, UNNAMED WASH CENTRAL 
742 KM THE FOLLOWING PARAMFTERS WBRE PROVIDED FOR THIS BASIN 
743 KM L= .64 itb= 0.093 SE 135.0 
744 BA ,038 
745 LG .25 .30 8.00 .57 13.00 
746 UC 1.000 1.677 

LINE 

KK UC96 
KM SUBBASIN 96, UNNRMU) WASH CENTRAL 
KN THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
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PUT 
LINE 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

IV) ROUTING I-.. > I  DIVERSION OR PUMP FLOW 

( . ) CONNECTOR I<---) RETURN OF DIVERTED OR PUMPED FLOW 

UC8 

NO. 

42 
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(*** I  RUNOFF ALSO COMPUTED AT THIS LOCATION 
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RUNOFF SUNMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

OPERATION STATION 
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
FLOW PEAK AREA 

6-HOUR , 24-HOUR 72-HOUR 

HYDROGRAPH AT 
uc9 

ROUTED TO 
RCP89 

HYDROGRAPH AT 
UC18 

3 COMBINED AT 
CF1819 

ROUTED TO 

HYDROGRAPH AT 
0,222 

3 COMBINED AT 
CP2223 

ROUTED TO 
R2223 

HYDROGRAPH AT 
UC28 

ROUTED TO 

HYDROGRAPH AT 
UC2O 

HYDROGRAPH AT 
UC30 

4 COMBINED AT 
CP2930 

ROUTED TO 

HYDROGRAPH AT 
UC34 

2 COMBINED AT 
CP3d 

ROUTED TO 
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PERK TIME O F  AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PERK AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDHOGRAPH AT 

HYDRCGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HWROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROORAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAX AREA 

&HOUR 24-HOUR 72-HOUR 

UC59 34. 12.10 3 1. 0. - 0 3  

3 COMBINED AT 
CP5859 1426.  1 2  27 232. 24. 1 . 8 8  

DIVERSION TO 
058595 709. 12 .27  115. , 1 2 .  1 .88  

HYDROGRAPH AT 
D5859N 717. 12 .27  117 .  12 .  1 . 8 8  

ROUTED TO 
R5859N 713. 12.30 1 1 7 .  12.  1 . 8 8  

HYDROORAPH AT 
UC67 12 12.1" 1 4 .  1 .I 

2 COMBINED AT 
CP63 794. 12.27 130 .  1 4 .  2.00 

ROUTED TO 
R63 793. 12.30 1 3 0 .  1 3 .  2 .00  

HYDROGRAPH AT 
UC66 41. 12.10 4. 0 .  .O 

HYDROGRAPH AT 
UC62 431. 12.13 43 4.  .3  

3 COMBINEO AT 
CP6266 1182.  1 2 . 2 0  175.  1 8 .  2 40 

ROUTED TO 
R6266 1177. 1 2 . 2 ~  175 .  18. 2.4, 

HYDROGRAPH AT 
D5859S 709 12 .27  115.  1 2 .  1 . 8 8  

ROUTED TO 
R5859S 707. 1 2  30 115 .  12.  1 . 8 8  

HYDROGRAPH AT 
UC64 3 .  12.07 0. 0 .  . C 

2 COMBINED AT 
CP64 708. 12.30 115. 12. 1 .88 

DIVERSION TO 
D64S 318. 12.30 52.  5 .  1 . 8 8  

HYDROGRAPH AT 
D64N 389. 12.30 6 3 .  1 . 8 8  

ROUTED TO 
RU64N 387.  12 .37  63. 1 .88  

HYDROGRAPH AT 
UC87 28. 12.07 2 .  .03 

2 COMBINED AT 
CP87 395. 12 .33  65. 1 .91  

ROUTED TO 
RD87N 394. 12.37 65. 1 . 3 1  

HYDROGRAPH AT 
UC&L 32. 12 .63  2. I. . C 

3 COMBINED AT 
CP82 1554.  12 .23  241. 69. 2.45 
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PEAK TIME OF AVERAGE FLOW FOR MRXIMUM PER100 BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

ROUTED TO 
RE2 1 5 5 0 .  1 2 . 2 7  2 4 1 .  6 9 .  2 5 .  2 . 4 5  

DIVERSION TO 
D84S 8 2 .  1 2 . 2 7  

HYDROGRAPH AT 
D84N 1 4 6 7 .  1 2 . 2 7  

HYDROGRAPH AT 
UC84 15  1 2 . 0 7  

2 COMBINED AT 
CP84 1 4 1 4 .  1 2 . 2 3  2 3 9 .  

ROUTED TO 
R84 1 4 5 4 .  1 2 . 3 7  

HYDROGRAPH AT 
UC78 2 6 3 .  1 2 . 0 3  

3 COMBINED AT 
CP7879  1 5 3 1 .  1 2 . 3 7  

ROUTED TO 
R787" ' = 3 2 .  1 2 . 3 ,  

HYDROGRAPH AT 
UC77 1 1 9 .  1 2 . 0 7  

2 COMBINED AT 
CP77 1 5 8 2 .  1 2 . 3 3  

ROUTED TO 

2 COMBINED AT 
CP89 1 6 1 3 .  1 2 . 3 7  

ROUTED TO 
R89  1 5 9 8 .  1 2 . 4 3  

HYDROGRAPH AT 
UC74 1 8 0 .  1 2 . 1 0  

HYDROGRAPH AT 
UC76 5 3 .  1 2 . 0 7  

2 COMBINED AT 
CP7476  2 3 0 .  1 2 . 1 0  

ROUTED TO 

HYDROGRAPH AT 
UC75 2 3 3 .  12 .0 ' r  

2 COMBINED AT 
CP75  4 5 3 .  1 2 . 1 0  

ROUTED TO 

HYDROGRAPH AT 
UC90 3 7 .  1 2 . 0 7  
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24 -HOUR 72-HOUR 

HYDROGRAPH AT 

4 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

PAGE 
26 





PUlOD FmRcXB.&W P I C U G B  JHBC-1) * 
jun 1998 

VBRSIOU 4 I 

RUN OBTB 16mROII TTNZ 08 41 05 . ......................................... 

W B ARMY CORPS OF ENGItlBBRS . - RIDROLOOlC BIIDII(EBRIU0 CBNTER . 
609 SBCOMl S'PRBm 

DAVIS. C&UIORLII& 95616 
1916) 756-1104 

THIS PRCGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOW AS HECl l3.W 731, HBClGS, BEClDB, AM) HEClKW 

TEE DEFINITIONS OF VPIRIABCES -RTIMP- AND -RTIOR- HAVE CHRNGW FROM THOSE USED WlTH THE 1973-STYLE INPUT STRUCTW 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WlTH REVISIONS DATED 28 SEP 81 THIS IS THE FORTFAN77 VWSIMY 
NPM OPTIONS DRMSREAX OUTFLOW SUBMERGENCE . SINGLE EVENT DIlWRGE CALCULATION, DSS.WRITE STAGE FREQUENCY 
DSS.READ TIM8 SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE GREEN AM) MET INFILTRATION 
KINEMATIC WAVE. NNI FINITE DIPPERENCE ALGORITHll 

1 
PAGE 1 

LINE ID.. ... 

HEC-1 INPUT 

ID UC MODEL - UNNAMED WASH, CENTRAL 
ID 100-YEAR 6-HOUR MODEL FILENAME: UC1006F.DAT 
ID FUTURE CONDITIDNS 
ID CAREFREE DRAINAGE MASTER PLAN 
ID FCD 200UC037 
ID BY CH2M HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
ID JANUARY 2002 (Flnal Revislon March 2004) 
ID ***********"******+*rrrrr****~~~~~~**~********~*~**~~~*~**~~**~***~,~* 

ID 100 YEAR ANALYSIS 6-HOUX STORM 
ID 
ID GREEN AND AMPT LOSS RATE METHOD, NMIN=2 
ID CLARK UNIT HYDROGRAPH, NORMAL DEPTH CHANNEL ROUTING 
ID + t * * * * . * * + * * r * * * t * r * r * r * * ~ ~ * ~ ~ ~ * ~ * * + ~ * * * * * * * * ~ + * * * * + * * + ~ * + * + * e x ~ ~ ~ ~ * ~ +  

ID DEPTH-AREA REDUCT FACTORS BASED OW TABLE 2.la OF FCDMC MANUAL -- 
I" 

ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 
ID 
*DIAGRAM 



HEC-1 INPUT 1 
PAGE 2 

UC 8 
SUB-BASIN 8 .  UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS VUERE PROVIDED FOR THIS BASIN 
L= 1.04 Xb= 0.031 S=138.0 
,054 
.30 .36 4.9 .26 36.0 
,296 .521 

0 5 16 30 65 77 84 
100 

UC9 
SUBBASIN 9, UNNAMED WASH CENTRAL 
THE FOLLOWING FRRAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.91 Kb= 0.031 S=145.0 

n47 

-- --- 
CONCENTRATION POINT 89 
COMBINES RUNOFF FROM SUBBASINS UC8 AM) UC9 

RCP89 
ROUTING REACH FROM CPB9 TO CP1819 THROUGH SUBBASIN 18 
NORMAL DEPTH CHANNEL ROUTING 
ENDPOINTS WERE EXTENDED 
SLOPE = (2596-2540) (2933 

5 FLOW -1 
0.045 0.035 0.045 2933 0.0191 

0 90 99 100 108 109 120 

UC18 
SUBBASIN 18, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 0.56 Kb= 0.034 S=101.0 
.040 
.25 .36 5.0 .23 26.00 
,237 .292 

0 5 16 3 0 65 77 84 
100 

HEC-1 INPUT 1 
PAGE 3 

UC1006F.OHl PAGE 
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UC19 
SUBBASIN 19. UNNRMED WASH CENTRAL 
TXE FOLLOWING PARAI?ETERS WERE PROVIDED FOR THIS BASIN 
L= 0.52 Kb= 0.034 S=135.0 

n77 

CP1819 
COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 
3 

KM ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBASIN 23 
KM ENDPOIKTS WERE EXTENDED 
KM SLOPE = (2550-2511)/1790 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1790 0.0162 

KK UC22 
KM SUBBASIN 22, UNNAMED WASH CENTRAL 
KM THE POLLMNING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .76 Kb= .034 S=111.0 
BA .032 

KK UC23 
KM SUBBASIN 23, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .4U Kb= 0.034 S=121.0 
84 .013 
LG .25 .36 5.00 .23 20.00 
UC .200 .094 

KK CP2223 
KM COMBINE ROUTm FLOW FROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
HC 3 

KM ROUTING REACH PROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12511-2482)/1862 
RS 2 FLOW -1 
RC 0.045 0.03 0.045 1862 0.0156 

1 
PAGE 4 

HEC-1 INPUT 

LINE 

KK UC28 
KM SUBBASIN 2 8 ,  UNNAMED WASH CENTRAL. COMBINED 24 THROUGH 28 
KM THE POLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .57 Kb= 0.029 S=109.0 

PAGE 
3 



1 7 2  
1 
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LINE 

KK R 2 8  
XM ROUTING REACH FROM CP1028  TO CP2930  THROUGH SUBBASIN 3 0  
KM W P O I N T S  WERE E X T W E D  
KM SLOPE = ( 2 5 0 2 - 2 4 8 2 ) / 1 2 9 6  
RS 2 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 5  0 . 0 4 5  1 2 9 6  0 . 0 1 5 4  
RX 0 86 9 9  1 0 0  1 0 8  1 0 9  122 2 0 0  
RY 1 0 8  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 8  
RL 0 . 1 5  1 0 0  
* 

KK UC29 
KM SUBBASIN 29, W A W E D  WASH CENTRAL 
KM THE FOLLOWINO PAFSXETERS WERE PROVIDED FOR THIS BASIN 

KK UC30 
KM SUBBASIN 5 0 ,  UNNAMED WASH CENTRAL 
KM THE FOLLOWING PAIULMETERS PYERE PROVIDED FOR T H I S  BASIN 
XM L= . 2 8  Kb= 0 . 0 3 4  S = 1 3 4 . 0  
BA , 0 1 2  
LG . 2 5  . 3 6  5 . 0 0  .23  1 8 . 0 0  
UC . I 6 7  . 2 2 7  
* 

KK CP2930  
KM COMBINE SUBBASIN RUNOFF FROM 2 8 ,  2 9 ,  3 0  WITH ROUTED FLOWS FROM 
KM CP2223  

KK R2930  
KM R o u t z n g  f low from CP2930 t o  CP34 t h r o u g h  suhbasln 3 4  
KM SLOPE = 1 2 4 8 2 - 2 4 6 9 ) / 9 2 5  
KM ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 .045  9 2 5  0 . 0 1 4 1  

HEC-1 INPUT 

Kx UC34 
KM SUBBASIN 3 4 ,  UiWAMED WASH CENTRAL, COMBINED 3 3  AND 3 4  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 3 1  Kb = 0 . 0 3 3  S= 1 1 7 . 0  
BA . 0 3 7  
LG . 2 5  .36 4 . 9 0  .22 21 .00  
UC . I 7 1  . I 3 2  
UA 0 5 1 6  3 0  65 77 8 4  9 0  

KK CP34 
KM COMBINE SUBBASIN RUNOFF FROM 3 4  WITH ROUTED FLOWS FROM 
KM R2930  
HC 2 

PAGE 
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Routing flow from CP34 to CP3537 through subbasin 31 
ENDPOINTS WERE EXTENDED 
SLOPE = (2469-2318)/6475 
11 FLOW -1 

0.045 0.035 0.045 6475 .0233 

UC3 7 
SUBBASIN 37, UNNAMED WASH CENTRAL, COMBINED 32 AND 37 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.03 Kb= 0.030 S= 98.0 

7n7 

. 
SWBBASIN 35, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAPETERS WERE PROVIDED FOR THIS BASIN 
L=1.27 Kb= 0.034 S=138.0 

1 
PAGE 6 

HEC-1 INPUT 

LINE ID. 

CP3537 
COMBINE SUBBASIN RUNOFF FROM 35, 37 WITH ROUTED FLOWS FROM 
834 

3 

Routlng flow from CP3531 to CP3149 through subhasrn 49 
ENDPOINTS WERE EXTENDED 
SLOPE = (2318-2280)11829 

3 FLOW -1 
0.045 0.035 0.045 1829 0.0808 

UC49 
SUBBASIN 49, UNNAMED WASH CENTRAL 
THE FOLLOWING PAPAXETERS WERE PROVIDED FOR THIS BASIN 
L= .47 Kb= 0.032 S=148.0 
OAR 

UC31 
SDBBASIN 31, UNNEIMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 2.04 Kb= 0.028 S= 128.0 
.405 

PAGE 
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LINE 

KK CP3149 
KM COMBINE RUNOFF PROM SUBBASINS 31,49 WITH ROUTED FLDWS FROM 
KM R3537 
HC 3 

ItK R3149 
KM ROUTING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2280-2256111213 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1219 0.0197 
RX 0 95 99 100 110 111 118 250 
RY 110 104 ioa loo loo 102 104 110 
RL 0.15 100 
* 

HEC-1 INPUT 

UC46 
SUBBASIN 46, UNNAMED WASH CENTRAL 
THE FOLLOWING PARRMETERS WERE PROVIDED FDR THIS BASIN 
L= .30 Xh= 0.061 Ad]. Slope= 324.0 
,034 
.25 .39 3.60 .15 24.00 
.I67 .I32 

0 5 16 3 0 65 77 84 
100 

KK R46 
KM ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
KM ENDPOINTS WERE EXTENDED 

KK UC45 
KM SUBBASIN 45, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 Kb= 0.030 S= 135.0 

KK UC47 
KM SUBBASIN 47, UNNAMED WASH CEWfRAL 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .39 Kb= 0.056 Ad,. Slope= 324.0 
BA .031 
T.C. .25 .39 3.60 $15 24.00 

KK CP4547 
KM COMBINE SUBBASIN RUNOFF PROM 85, 47 WITH ROUTED FLOWS FROM 
KM R46 

PAGE 
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KK R4547 
KM ROUTING FLOW FROM CP4547 TO CP4850 THROUGH SUBBASIN 48 
KM ENDPOIhPTS WERE EXTENDED 
KM SLOPE = 12315-2256)/2170 
RS 4 FLOW -1 

KK UC48 
KM SUBBASIN 48, UNNAMED WASH CENTRAL, COMBINED 48 AND 56 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0.048 S= 117.0 
BA .I97 
LG .25 .39 3.70 .16 30.00 
UC .394 ,276 

KK uc50 
KM SUBBASIN SO, UNNAMED WASH CENTRAL, COMBlNED 50 AND 98 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM ~ 1 . 2 7  ~b=o.n37 s = 9 3 . 0  
BA .019 
LG .25 '38 3.80 .24 24.00 
UC ,179 .I93 
* 

KK R4850 
KM Routing flow from CP4850 to CP5157 throuqh subbaszn 57 
KM ENDPOIhPTS WERE EXTENDED 

SLOPE = (2256-2235)/1509 
RS 2 FLOW -1 

- 

KM SUBBASIN 51, UNNAMED WASH CENTPAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .42 Kb= 0.042 Adj. Slope= 317.0 
BA ,060 

HEC-1 INPUT I 

PAGE 9 

LINE 
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LINE 

KM SUBBASIN 57. UNNAMED WASH CENTRAL 
m THE FO~LOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb=Q.061 S=200.0 
BA ,037 
LG .25 -37 4.20 .28 20.00 
UC .258 .297 

KK CP5157 
KN COMBINE RUNOFF FROM SUBBASINS 51.57 WITH ROWED FLOWS FROM 
KM R4850 

R5157 
ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 
ENDPOINTS WERE EXTEMlER 
SLOPE = 12235-2208)/1796 

2 FLOW -1 
0.045 0.030 0.045 1796 0.0150 

0 60 99 100 100 121 160 
112 104 102 100 100 102 104 

0.35 100 

KK UC58 
KM SUBBASIN 58, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .69 Kb= 0.054 Ad?. Slope= 317.0 

KK uc59 
KM SUBBASIN 59. UNNAMED WASH CENTRAL 
KM THE FOLLOWING P-TERS WERE PROVIDED FOR THIS BASIN 
KM L= .49 Kb= 0.033 S= 112.0 
BA .034 
LG .25 .32 5.80 .33 16.00 
UC .229 .280 
* 

KK CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58,59 WITH ROUTED FLOWS FROM 
KM R5157 
HC 3 

HEC-1 INPUT 

KK D5859N 
KN DIVERSION OF FLOWS AT FLOW SPLIT 
nT D5R59S 

KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
KM ENDPOINTS WERE EXTEMlED 
KM SLOPE = (2208-2195)1699 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 699 0.0186 
RX 0 50 99 100 110 111 160 250 

PAGE 
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LINE 

KK UC63 
KM SUBBASIN 63, UNNAMED WASH CENTRAL, COMBINED BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.054 Ad]. Slope= 322.0 
BA 1 1 7  

KM COMBINE RUNOFF FROM SUBBASIN 63 WITH ROUTED FLOWS 
KM FROM RD5859N 

KM ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
KM SLOPE = (2195-2170)/1394 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1394 0.0179 

KK UC66 
KM SUBBASIN 66, UNNAKED WASH CENTRAL 
KM THE FOLLOWING P M E T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= .54 Kb= 0.05b Ad,. Sl00e= 324.0 

HEC-1 INPUT 

KK UC62 
KM SUBBASIN 62, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.33 Kb= 0.047 A*. Slope= 321.0 
BA ,361 

KK CP6266 
KM COMBINE RUNOFF FROM SUBMSINS 62, 66 WITH ROUTED FLOWS 
KM FROM R63 
HC 3 
* 

KK R6266 
KM ROUTE PLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2170-2150)/990 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 990 0.0202 
RX 0 85 99 100 100 121 135 225 
RY 106 104 102 100 100 102 104 106 
RL 0.35 100 
* 

KK D5659S 
KM RECALL DIVERTED FLOW FROM DS859N 
DR D5859S 



1 
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KM ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 04 
KM SLOPE = (2208-219411803 
RS 1 FLOW -1 

. . 
KM SUBBASIN 64, DNNMED WASH CENTRRL 
KM THE FOLLOWING PARAMETER3 WERE PROVIDED FOR THIS BASIN 
KM L= .15 Kb= 0.078 S= 166.0 

HEC-1 INPUT 

KK D64N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
KM SODTHERN PART OF DIVERSION GOES OFF SITE 
DT D64S 
DI 0 50 100 500 10000 
W 0 22.5 45 225 4500 

RS 2 FLOW -1 
RC 0.045 0.030 0.045 1721 0.0192 
RX D 60 99 100 112 113 152 200 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 
* 

KK UC87 
KM SUBBASIN 87, DNNabBD WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .33 Kb= 0.033 S= 101.0 
BA .025 
LG .25 .35 3.aO .62 9.00 
UC .208 .221 

KK CP87 
XM COMBINE SUBBASIN RUNOFF FROM 87 WITH ROUTED FLOWS mnn 
KM DIVERSION RD64N 

KK RD87N 
KM ROUTING FLOW FROM D87N TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2161-2150)/557 
RS 1 FLOW -1 



HEC-1 INPUT 

LINE 

KK UC82 
KM SUB-BASIN 82. UNNAMED WASH CENTRAL, COMBINED 61, 82, 83 
KM THE FOLLOWING PARkMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .22 Kb= 0.047 Ad,. Slope= 220.0 
BA .022 

KM COMBINE DIVERTED FLOWS FROM D87N, ROUTED FLOWS FROM R6266, 
KM SUBBASIN 82 
HC 3 2.45 

KK R82 
KM ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
KM SLOPE = (2150-2138) 1579 

1 FCOW -1 

KK D84N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 84 
KM PART OF TRZPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
DT D84S 
DI 0 500 1375 1550 1964 2475 3223 4000 
DQ 0 0 0 79.7 255 490 888 1250 * 

KK UC84 
KM SUBBASIN 84. KNNAMED WASH CENTRAL, 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .30 Kb= 0.054 Adj. Slopes 246.0 
BA .OX3 
LG .25 .36 4.50 .35 15.00 
UC ,179 .216 

KK CP84 
KM COMBINE SUBBASIN RUNOFF FROM 84 WITH REMAINDER OF DIVERTED FLOWS 
KM FROM D84N 

KK R84 
XM ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
KM ENDPOINTS WERE EXTENDED 
YJ4 SLOPE = (2138-2054113463 
RS 5 FWW -1 
RC 0.045 0.030 0.045 3463 0.0243 

1 
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HEC-1 INPUT 

LINE 

PAGE 
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KK UC79 
KM SUBBASIN 7 9 ,  UNNAMED WASX CENT=, COMBINED 7 9  AND 9 2  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 8 8  Kb= 0 . 0 3 5  Ad3 . S l o p e =  233 .0  

'KK UC78 
KM SUBBASIN 7 8 ,  UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L = . 8 6  I S b 0 . 0 3 6  A d j . S l o p e = 3 1 9 . 0  
TI& 177 

'KK CP7879 
KM COMBINE SUBBASIN RDNOPF FROM BASINS 7 8 ,  79 WITH ROUTED FLOWS 
KM FROM R84 
KC 3 
* 

.- 
KM ROUTING FLOW FROM CP7879 TO CP77 THROUGH SUBBASIN 7 7  
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = ( 2 0 5 4 - 2 0 4 8 ) / 2 5 6  
RS 1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  256 .0234  
Fix 0 9 0  9 9  1 0 0  120  121 1 3 0  2 0 0  

KK UC77 
KM SUBBASIN 77, UNNAMED WASH CEMFKAL 
KM THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= . 9 3  W= 0 . 0 4 3  Ad> Slope= 3 2 4 . 0  

1 
PAGE 1 5  

HEC-1 INPUT 

LINE 

.- 
KM COMBINE SUBBASIN RDNOFF FROM BASIN 7 7  WITH ROUTED FLOWS 
KM FFu3M R7879 

KK R77 
KM ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 89 
KM ENDPOINTS WERE EXTENDED 
XM SLOPE = ( 2 0 4 8 - 2 0 3 7 ) / 5 9 3  
R S  1 FLOW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  5 9 3  0 . 0 1 8 5  
RX 0 8 0  9 9  1 0 0  115 1 1 6  120 2 5 0  
RY 1 0 6  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 6  
RL 0 . 2 5  1 0 0  
+ 
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LINE 

UC89 
SUBBASIN 89, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .77 tCb; 0.031 S= 126.0 
077 

CP89 
COMBINE SUBBASIN RUNOFF FROM BASIN 89 WITH ROUTED FLOWS 
FROM R77 

2 

KK R89 
KM ROWING FLOW FROM CP89 TO CP90EN THROUGH SUBBASIN 90 
KM CHANNEL ENDS WERE EXTENDED 
KM SLOPE = (2037-2008)/1912 
RS 2 FLOW -1 

KK UC74 
KM SUBBASIN 74, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.13 Kb= 0.041 Adj, Slope= 328.0 
BA .I51 
LG .25 .34 6.60 .13 16.00 
UC 258 .267 
* 

HEC-1 INPUT 

KK UC76 
KM SUBBASfN 76, CJNNANFS WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 64 Kb= 0.033 Adj. Slope= 302.0 
BA .041 
LG .25 .35 6.10 .16 15.00 
UC .I79 238 
* 

KK CP7476 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 76 

KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN 75 
KM END POINTS WERE EXTENDED 
KM SLOPE = (2031-201?)/524 
RS 1 FLOW -1 

KM SUBBASIN 75. UNNmED WASH CENTRRL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 



1 
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LINE 

KK CP75 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 7 5  AND ROUTED FLOWS 
KM FROMR7476 

. . 
RM ROUTING FLOW FROM CP75 TO CP9OEN THROUGH SUBBASIN 9 0  
KM END POINTS WERE EXTENDED 
KM S W P E  = 12017-2008)  1 7 2 3  
RS 1 FWW -1 
RC 0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  723 0 .0124 
RX 0 9 9  1 0 0  115 1 1 6  1 3 5  2 0 0  
RY 1 0 8  1 0 4  1 0 2  1 0 0  1 0 0  1 0 2  1 0 4  1 0 8  
RL 0 . 2 5  100 

.-. --- - 
KM SUEBASIN 9 0 .  UNNAMED WASH CENTRAL 
KM THE POLWWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC91 
KM SUBBASIN 9 1 ,  UNNAMED WASH CENTRAG 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 7 5  Kb= 0 . 0 3 3  S= 1 0 9 . 0  
BA . 0 7 3  
LG . 2 5  . 3 1  7 . 4 0  . 1 4  2 3 . 0 0  

KK CP90EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 9 0  AND 91 WITH ROUTED FLOWS 
KM FROM R89 AND R 7 5  

KK D84S 
KM RETREVIAL OF DIVERTED FLOW FROM D84S 
DR D84S 

ROUTING FLOW FROM CP84 lD84S) TO D 8 4 r i  
SLOPE = 1 2 1 4 4 - 2 1 4 0 1 / 3 0 3  

6 FLOW -1 
0 . 0 4 5  0 . 0 3 0  0 . 0 4 5  3 0 3  0 . 0 1 3 2  

0 5 0  99 1 0 0  125 
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LINE 

KM SOUTHERN PART OF TRIPLE DIVERSION AT TERRAVITA WAY 
KM D84S PLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 
Dl' D84IIN 

KM ROUTING FLOWS FROM D84IIS TO CP94DS 
KM SLOPE = (2140-2078)/3225 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 3225 0.0192 
RX 0 50 99 100 125 126 175 225 

HEC-1 INPUT 

KK UC94 
KM SUBBASIN 94, DNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WEN3 PROVIDED FOR THIS BASIN 
KM ~ = . 5 3  Ibb=0.119 S=lO8.0 
BA .028 
LG .25 .36 5.00 .23 13.00 
UC ,671 1.082 
* 

KK CP94DS 
KM COMBINE SUBBASIN RUNOFF PROM UC94 WITH ROWED FLOW 
KM FROM RD84IS 

- - 

KM ROUTING FLOW PROM CP94DS TO CP88EN 
KM SLOPE = 12078-2041)/1950 
RS 1 FLOW 1 
RC 0.045 0 030 ' 0 045 1950 0.0189 

KX D84IIN 
KM RECALL DIVERTED FLOW FROM D841I 
DR D84IIN 

KK RD841N 
KM ROUTING FLOW FROM D84II TO CP88EN 
KM SLOPE = (2140-2041)/5175 
RS 1 FLOW 1 

KK UC88 
KM SUBBASIN 88, UNNAMED WASH CENTRAL, COMBINED SUBBASIN 86, 88. 97 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.08 Kb= 0.104 S=111.0 
BA .I08 
LG .25 .33 6.10 .20 14.00 
UC .962 1.337 
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LINE 

KK CP88EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 88 WITH ROUTED FLOWS 
KM PROM R94DS AND RD841N 

.-. --. . 
KM SUEBASIN 95, UNNRMED WASH CEWTRAL 
KM THE FOLLOWING PRRAMCPERS WERE PRDVIDED FOR THIS BASIN 
KM L= 0.22 K h =  0.034 Ad~.Slape= 220 

KK UC93 
KM SWBASIN 93, WANED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC96 
KM SUBBASIN 96, UNNAMU) WASH CENTRAL 
KM THE FOLLOWING ??+FAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .73 Kb= 0.031 S= 113.0 

PAGE 
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SCHEMATIC DIAGRAM OF STREAM NETWORK 
PUT 

LINE (V) ROUTING (... >) DIVERSION OR PUMP FLOW 

NO. ( . )  CONNECTOR - RETURN OF DIVERTED OR PUMPED FLOW 

47 UC 8 

65 CPCB.. ... 
v 
v 

69 Rep89 
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758 

(*"I RUNOFF ALSO COMPUTED AT THIS LOCATION 

PAGE 
21 



OPERATION 

HMROGRAPH AT 

HYDROGRAPH AT 

L COMBINED AT 

ROUTED TO 

HYbROGRAPH AT 

HYDRERAPH AT 

3 COMBINED AT 

ROrnED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINSD AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROWED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

STATION 

RCP89 

UC18 

UC' " 

C P 1 8 1 9  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIWM PERIOD BASIN 
FLOW PEAK AREA 

6-HOUR 2 4 . ~ 0 ~ ~  72-HOUR 

I ‘ .  LO. 

7 1 .  18. 

8 .  2 .  

8 0 .  2 0 .  

80. 20. 
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PEAK TIME OF AVGRAGE FLOW FOR MRXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

- 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDRWRAPR AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED T O  

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

3 COMBINEO AT 
CP5859 

DIVERSION TO 
D5859S 

HYDROGRAPH AT 
D5859N 

ROUTED TO 
R5859N 

HYDROGRAPH AT 
UC63 

2 COMBINED AT 
CP6> 

ROUTED TO 
R63 

HYDROGRAPH AT 
UC66 

HYDROGRAPH AT 
UC62 

3 COMBINED AT 
CP6266 

ROWED TO 
R6266 

HYDROGRAPH AT 
D5859S 

ROUTED TO 
R5859S 

2 COMBINED AT 
CP64 

DIVERSION TO 

HYDROGRAPH AT 
D64 

ROUTED TO 
RD64N 

HYDROGRAPH AT 
UC87 

2 COMBINEO AT 
CP87 

ROUTED TO 

HYDROGRAPH AT 
ucw 

3 COMBINED AT 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOITR 72-HOUR 

ROUTED TO 

DIVERSION TO 

HYDROGRAPH AT 
D84N 1 9 0 8 .  4 . 3 3  

HYDROGRAPH AT 
UC84 3 0 .  4 . 0 7  

2 COMBINED AT 
CP84  ,,,,. 4 . 3  

ROUTED TO 
R 8 4  1 9 0 9 .  4 . 4 7  

HYDROGRAPH AT 
UC78 4 9 1 .  4 . 0 7  

3 COMBINED AT 
C P 7 8 7 9  2 0 7 6 .  4 . 3 7  

ROUTED TO 

HYDROGRAPH AT 
UC77 2 1 5 .  4 . 0 ,  

2 COMBINED AT 
CP77 2 1 6 9 .  4 . 3 7  

ROUTED TO 

HYDROGRAPH AT 
UC89 1 5  4 . 1 0  

2 COMBINED AT 
CP89  2 2 3 3 .  4 . 3 7  

ROUTED TO 
R 8  

HYDROGRAPH AT 
UC74 3 3 1 .  4 - 1 3  

2 COMBINED AT 
C P 7 4 7 6  4 2 6 .  4 . 1 0  

ROUTED TO 

HYDROGRAPH AT 
UC75 4 3 1 .  4 . 0 5  

2 COMBINED AT 
C P 7 5  852. 4 . 1 U  

ROUTED TO 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
UC90 78. 4.10 7. 2. 1. .04 

HYDROGRAPH AT 
UC31 153. 4.13 

4 COMBINED AT 
CP9OEN 2632. d 

HYDROGRAPH AT 
D84S 432. 4.33 

ROUTED TO 

DIVERSION TO 
D84IIN 372. 4.33 

HYDROGRAPH AT 
D841IS 60. 4.33 

ROUTED TO 
Ra84IS 47. 4.50 

2 COMBINED AT 
CP94DS 63. 4.50 

ROUTED M 

HYDROGRAPH AT 
D84IIN 372. 4.33 

ROUTED TO 

HYDROGRAPH AT 
UC88 

3 COMBINED AT 
CP8BEN 

HYDBOGRAPH AT 
UC95 82.  4.00 

HYDROGRAPH AT 
UC93 82. 4.10 

HYDROGRAPH AT 
UC96 128. 4.13 
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0.9. llRFT CORPS OP BNCinaBPlS . 
WDROOOOIC BLl i rnBXZXO C m m R  + 

609 SBCOM STRPPT 
m Y I S .  CALTIO-UL 95616 

1916) 756-1101 

THIS PROGRAM REPLACES ALL PRgVIOUS VERSIONS OP HBC-1 KNOW AS E l  (JAN 731.  HEClGS, HEClDB, AND HEClKW 

THE DEFINITIONS OP VARIABLES -RTIMP- AND -RTIOR- Ham CIiANGgD PROM THOSE USID WITH THE 1973-STYLE INfUT STRUCTQRE 
THE UEPINITION OF -AMSXK- ON RII-CAW WAS C M W  WITH RWtSIONS DATE0 28 SEP 81. THIS IS THE FORTRAN77 YgRSION 
N W  OETIONS: D m  OUTPLOW SUBMERGENCE , SINOLE EVENT DANAGE CALNLATION, QSS.WRITE STAGE FREQUENCY, 
DSS.RgAD TIME SBRIES AT DESIRED CALCULATION INTER= LOSS RATE:GREEN ANT AKPT INPILTPdTION 
KINEMATIC WAVE' NEW FINITE DIFFERENCE AlCORIT%!B 

LINE 

ID UC MODEL - UNNAMED WASH, C- 
ID 100-YEAR 24-HOUR MODEL FILENAME: UC10024F.DAT 
ID FUTURE CONDITIONS 
ID CAREFREE DRAINAGE MASTER PLAN 
ID FCD 2000C037 
ID BY CHZM HILL 
ID FOR THE FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
ID JANUARY 2002 (Final Revision March 2004) 
ID .............................................................. 

ID 100 YEAR ANALYSIS 24-~0m STOW 
ID 
ID GREEN AND AMPT LOSS RATE METHOD, NXIN=2 
ID CLARK UNIT HYDROGRAPH, NORMAL DEETH CHANNEL ROUTING 
ID '*******.**+***rr************rr**~*.-~*****~*"*****.******~*****. ."** 

ID DEFTH-AREA REDUCT FACTORS BASED ON TABLE 2.la OF FCDMC MANUAL 
ID -- 

ID THE RAINFALL WAS PRODUCED BY DDMSW v 2.1 
ID 
ID 
'DIAGRAM 
IT 2 
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LINE 

UC8 
SUB-BASIN 8. UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
Ls 1.04 Kb= 0.031 S=138.0 
.054 

HEC-1 INPUT 

KK UC9 
KN SUBBASIN 9, UNN- WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0.91 Kb= 0.031 S=145.0 
BA ,047 
LG .30 .36 5.0 .23 36.0 
UC -208 .316 
UA 0 5 16 30 65 77 (ld 

UA 100 

KK CPC8 
XM CONCENTFZxTION POINT 89 
KM COMBINES RUNOFF FROM SUBBASINS UC8 AND UC9 

RCP89 
ROUTING REACH FROM CP89 TO CP1819 THROUGH SUBBASIN 18 
NORMAL DEPTH CHANNEL ROUTING 
ENDPOINTS WERE EXTENDED 
SLOPE = (2596-2540)12933 

5 FLOW -1 
0.045 0.035 0.045 2933 0.0191 

0 90 99 100 108 109 120 200 
108 104 102 100 100 102 104 108 

0.15 100 

XK UC18 
KM SUBBASIN 18, UNNANED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 0.56 Kb= 0.034 S=101.0 
BA ,040 
LG .25 -36 5.0 .23 26.00 
UC ,183 .219 
UA 0 5 16 3 0 65 77 84 
UA 100 

KK UC19 
KM SUBBASIN 19, UNMLMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERB PROVIDED FOR THIS BASIN 
ItM L= 0.52 Kb= 0.034 S=135.0 
BA ,027 
LG .25 .36 5.00 .23 19 "" 
UC ,167 ,233 
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LINE 

90 KK CP1819 
91 KM COMBINES RUNOFF FROM SUBBASINS UC18, UC19 AND RCP89 
92 HC 3 

* 

R1819 
ROUTING REACH FROM CP1819 TO CP2223 THROUGH SUBBASIN 23 
ENDPOINTS WERE EXTENDED 
SLOPE = (2540-2511)/1790 

2 FLOW -1 
0.045 0.030 0.045 1790 0.0162 

0 92 99 100 112 113 120 200 
108 104 102 100 100 102 104 108 

. .-- 
SUBBASIN 22, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KK UC23 
KM SUBBASIN 23, UNNAMED WASH CEWFRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .40 Kb= 0.034 S=121.0 
BA ,013 

KK CP2223 
KM COMBINE ROUTED FLOW PROM CP1819 WITH RUNOFF FROM SUBBASINS 22 AND 23 
HC 3 

KK R2223 
KM ROUTING REACH FROM CP2223 TO CP2930 THROUGH SUBBASIN 29 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2511-2482)/1862 
RS 2 FT.OW -1 

0.25 100 

HEC-1 INPUT 1 
PAGE 4 

LINE 

KK UC28 
KM SUBBASIN 28, UNNAMED WASH CENTRAL. COMBINED 24 THROUGH 28 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM t= .57 Kb= 0.029 S=109.O 
BA ,055 
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LINE 

KM ROWING REACH FROM CPlO28 TO CP2930 THROUGH SUBSASIN 30 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12502-2482111296 
RS 2 FLOW -1 
RC 0.045 0.035 0.045 1296 0.0154 

KK UC29 
KM SUBBASIN 29. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 ICb= 0.033 $=109.0 
BA ,035 
LO .25 .36 5.00 .23 19.00 
UC ,167 .I85 
* 

... 
Kbl SOBBASIN 30, UNNAMED WASH CENTRAL 
KM THE POLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .28 Kb= 0.034 S=134.0 

KK CP2930 
KM COMBINE SUBBASIN RUNOFF FROM 28, 29, 30 WITH ROUTED FLOWS FROM 

KX R2930 
KM Routxng flow from CP2930 to CP34 through subbasin 34 
KM SLOPE = 12482-2469)/925 
KM ENDPOINTS WERE EXTENDED 
RS 1 FLOW -1 

HEC-1 INPUT 

KM THE FOLLOWING P W T E R S  WERE PROVIDED FOR THIS BASIN 
KM L= .31 Kb = 0.033 S= 117.0 
BA ,037 
LC .25 .36 4.90 -22 21.00 

KK CP34 
KM COMBINE SOBBASIN RUNOFF FROM 34 WITH ROUTED FLOWS FROM 
KM R2930 

KK R34 
I(H Routing flow from CP34 to CP3537 through subbasln 37 
KM ENDPOINTS WERE EXTENDED 
XM SLOPE = 12469-2318)/6475 
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LINE 

KM SUBBASIN 3 7 ,  UNNAMED WASH CENTRRL, COMEINED 3 2  AND 3 7  
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2 . 0 3  Kb= 0 . 0 3 0  S= 9 8 . 0  

KK UC35 
KM SUBBASIN 3 5 ,  W A N E D  WASH CENTRAL 
KM THE FOLLOWINO PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1 . 2 7  Kb= 0 . 0 3 4  S=138.0  
BA , 2 6 1  

KK CP3537 
KM COMBINE SUBBASIN RUNOFF FROM 3 5 ,  3 7  WITH ROUTED FLOWS FROM 
KM R34 
HC 3 

HEC-1 INPUT 

KK R3537 
KM Routing flow from CP3537 to CP3149 through subbas~n 4 9  
KM ENDPOIIWS WERE EXTENDED 
KM SLOPE = ( 2 3 1 8 - 2 2 8 0 ) / 1 8 2 9  
RS 3 FLOW -1 

KK UC49 
KM SUBBASIN 4 9 .  UNNAMED WASH CRiTR?& 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 4 7  Xb= 0 , 0 3 2  S = 1 4 8 . 0  
BA . 0 4 8  
LG . 2 5  . 3 9  3 . 6 0  . 1 5  30 .00  
UC . I 4 6  , 1 3 5  " 

KK UC31 
KM SUBBASIN 3 1 ,  UNNAMED WASH CENTRAL 
KM THE FOLWWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 2 . 0 4  K b =  0 . 0 2 8  S= 1 2 8 . 0  
BA .405  

KK CP3149 
KM COMBINE RUNOFF FROM SUBBASINS 3 1 . 4 9  WITH ROUTED FLOWS FROM 
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LINE 

KK R3149 
KM ROWING REACH FROM CP3149 TO CP4850 THROUGH SUBBASIN 50 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = 12280-2256)11219 
It< 2 FLOW -1 

--.. 
KM SUEBASIN 4 6 ,  UNNAMED WASH CENTRRL 
KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .30 Kb= 0.061 Adj. Slope= 324.0 

KK '2.46 
KM ROUTING FLOW FROM SUBBASIN 46 TO CP4547 THROUGH SUBBASIN 45 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2346-2315111783 
RS 3 FLOW -1 
RC 0.045 0.035 0.045 1783 0.0174 
RX 0 92 99 100 105 106 113 200 
RY 110 104 102 100 100 102 104 110 
RL 0.15 100 
* 

KK UC45 
KM SUBBASIN 45, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .48 i(b= 0.030 S= 135.0 
BA ,086 
LG .25 .39 3.60 .15 24.00 
UC .I50 ,102 

UC47 
SUBBASIN 47, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .39 Kb= 0.056 Adj. Slope= 324.0 

KK CP4547 
KM COMBINE SUBBASIN RUNOFF FROM 45, 47 WITH ROUTED FLOWS PROF 
KM R46 
HC 3 
* 

I(K R4547 
KM ROUTING FLOW PROM CP4547 TO CP4850 THROUGH SUBBRSIN 48 
KM ENDPOINTS WERE EXTENDED 
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KM SLOPE = (2315-2256112170 
RS 4 FLOW -1 
RC 0.045 0.035 0.045 2170 .a272 

1 
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HEC-1 INPUT 

LINE 

KK UC48 
KM SUBBASIN 48. UNNAMED WASH CENTRAL. COMBINED 48 AND 56 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .92 Kb= 0.048 S= 117.0 
BA -197 

KK UC50 
KM SDBBASIN 50, UNNAMED WASH CENTRAL. COMBINED 50 AND 98 
Khl THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .27 Kb= 0.037 S= 93.0 
BA .019 
LG .25 .38 3.80 .24 24.00 
UC ,138 .I36 
* 

.-. 
KM COMBINE SUBBASIN RUNOFF FROM 48, 50 WITH ROUTED FLOWS FROM 
KM R3149 AND R4547 

KM Routing flow Erom CP4850 to CP5157 through subbae~n 5, 
KM ENDPOrWPS WERE EXTENDED 
KM SLOPE = (2256-2235111509 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1509 0.0139 
RX 0 95 99 100 115 116 120 200 
RY 110 104 102 100 100 102 104 110 
RL 0.25 100 . 
KK UC51 
KM SUBBASIN 51. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
Y31 L= .42 Kb= 0.042 Adj. Slope= 317.0 
Ra nfin 

KK UC57 
KM SUBBASIN 57, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARANETERS WERE PROVIDED FOR THIS BASIN 
KM L= .47 Kb= 0.061 S= 200.0 
BA 037 

1 
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LINE 
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LINE 

KK CP5157 
RM COMBINE RUNOFF FROM SUEBASINS 51.57 WITH ROUTED FLOWS FROM 

KK R5157 
KM ROUTING REACH FROM CP5157 TO CP5859 THROUGH SUBBASIN 59 
KM ENDPOINTS WERE EXTENDED 
IEM SLOPE = (2235-2208)/1796 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1796 0.0150 
RX 0 60 99 100 100 121 160 220 
RY 112 104 102 100 100 102 10.4 112 
Rt 0.35 100 

UC58 
SUBBASIN 58, UNNAMED WASH CENTRAL 
THE POLLOWINO P W T E R S  WERE PROVIDED FOR THIS BASIN 
L= .69 f(b= 0.054 Adj. Slope= 317.0 

? i n  

uc59 
SUBBASIN 59, UNNAMED WASH CENTRRL 
THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
L= .49 Xb= 0.033 S= 112.0 

KX CP5859 
KM COMBINE RUNOFF FROM SUBBASINS 58,59 WITH ROUTED FLOWS FROM 

KK D5859N 
KM DIVERSION OF FLOWS AT FLOW SPLIT 
DT 058595 
DL 0 50 100 SO0 10000 

KK R5859N 
KM ROUTE DIVERTED FLOW FROM CP5859 TO CP63 THROUGH 63 
W ENDPOINTS WERE EXTENDED 
KM SLOPE = (2208-2195)/699 
RS 1 FLOW -1 . - 
RC 0.045 0.030 0.045 699 0.0186 

HEC-1 INPUT 

.- 
KM SUBBASIN 63, UNNAMED WASH CENTRRL, COMBINED BASINS 63, 65 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .81 Kb= 0.054 Adj. Slope= 322.0 
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LINE 

Kt4 COMBINE RUNOFF PROM SUBBASIN 63 WITH ROUTED FLOW* 
KM FROM RD5859N 

KM ROUTE FLOWS FROM CP63 TO CP6266 THROUGH SUBBASIN 66 
KM SLOPE = (2195-2170)/1394 
KM ENDPOINTS WERE EXTENDED 
RS 2 FLOW -1 
RC 0.045 0.030 0 .045  1394 0.0179 

KK UC66 
KM SUBBASIN 66,  UNNAKED WASH CEWTRAL 
I(M THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
I(M L= .54 Kb= 0.056 Adj .  S lope=  324.0  
BA .037 
M .25 .36 5 .00  .25  15.00 
UC . I 6 7  .202 

KK UC62 
KM SUBBASIN 62. WAKED WASH C m  - 

KM THE FOLLOWING PRIU\METERS WERE PROVIDED FOR THIS BASIN 
KM L= 1 . 3 3  Kb= 0.047 Ad). S lope=  321.0  

KK CP6266 
KM COMBINE RUNOFF FROM SUBBASINS 62,  66 WITH ROUTED FLOWS 
KM FROM R63 
HC 3 
* 

HEC-1 INPUT 

KM ROUTE FLOWS FROM CP6266 TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = 12170-2150)/990 
KM ENDPOINTS WERE EXTENDED 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 990 0.0202 

YX D5659S 
KM RECALL DIVERTED FLOW FROM D5859N 
DR 05859s  . 
KK R5859S 
KM ROUTING DIVERTED FLOW FROM D5859S TO CP64 THROUGH SUBBASIN 64 
KM SLOPE = (2208-2194)/803 
RS 1 FLOW - 1 
RC 0.045 0.030 0 .045  803 0.0174 
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LINE 

KK UC64 
KM SUBBASIN 64, UNNAMED WASH CENTRAL ' 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .15 Kb= 0.078 S= 166.0 
EA .005 
LG .25 .31 6.90 .20 17.00 

KK CP64 
KM COMBINE SUBBASIN RUNOFF FROM 64 WITH ROUTED FLOWS FROM 
KM DIVERSION flD5859N 
HC 2 1.88 

KK D64N 
KM DIVERSION OF PLOWS AT PLOW SPLIT 
KM SOmHERN PART OF DIVERSION GOES OFF SITE 

HEC-1 INPUT 

.- 
KM ROUTING FLOW FROM D64N TO CP87 THROUGH SUBBASIN 87 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2194-21611/1721 
RS 2 FLOW -1 
RC 0.045 0.030 0.045 1721 0.0192 
RX 0 60 99 100 112 113 152 200 
RY 108 104 102 100 100 102 104 108 
RL 0.25 100 

KK UC87 
KM SUBBASIN 87, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=.33 Kb=0.033 S=101.0 

.. . 
KM COMBINE SUBBASIN RUNOFF FROM 87 WITH ROUTED FLOWS FROM 
KM DIVERSION RD64N 

KK RD87N 
KM ROUTING FLOW FROM D87N TO CP82 THROUGH SUBBASIN 82 
KM SLOPE = (2161-2150)/557 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 557 0.0197 
RX 25 85 99 100 120 121 135 195 
RY 108 104 102 100 100 102 104 108 
RL 0.35 100 

KK UC82 
KM =-BASIN 82, UNNAMED WASH CENTRAL, COMBINED 81, 82, 83 
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THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .22 Kb= 0.047 Adj. Slope= 220.0 
.022 
.25 .36 4.30 .400 15.00 
,112 .087 

CP82 
COMBINE DIVERTED FLOWS FROM D87N. ROUTED FLOWS FROM R6266. 
SUBBASIN 82 

3 2.45 

1 
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LINE 

HEC-1 INPDT 

- 

ROUTING FLOW FROM CP82 TO CP84 THROUGH SUBBASIN 84 
SLOPE = (2150-2138)1579 

1 FLOW -1 
0.045 0.030 0.045 579 0.0207 

D84N 
DIVERSION OF FLOWS AT FWW SPLlT 84 
PART OF TRIPLE DIVERSION JUST UPSTREAM OF TERRAVITA WAY 
D84S 

UC84 
SUBBASIN 84, UNNAMED WASH CENPPAL, 
THE FOLLOWING PARAMETERS WFAE PROVIDED FDR THIS BASIN 
L= .30 Kb= 0.054 Adj. Slope= 246.0 
07 7 

COMBINE SUBBASIN RUNOFF FRW 84 WITH REMAINDER OF DIVERTED FLOWS 
FROM D84N 

2 

ROUTING FLOW FROM CP84 TO CP7879 THROUGH SUBBASIN 79 
ENDPOINTS WERE EXTENDED 
SLOPE = (2138-2054)/3463 

5 FLOW -1 
0.045 0.030 0.045 3463 0.0243 

UC79 
SUBBASIN 79. UNNAMED wasn C ~ R A L .  COMBINED 79 AND 92 
THE FOLLOWING PARRMFPERS WERE PROVIDED FOR THIS BASIN 
L= .88 Kb= 0.035 Ad]. Slope= 233.0 
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LINE 

KK UC78 
KM SUBBASIN 78, UNNAMED WASH CFXCTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .86 Kb= 0.036 Adj. Slope= 319.0 
BA .I77 
LG .25 .35 6.00 .17 17.00 
UC .I67 .I20 
UA 0 5 16 30 65 77 84 
UA 100 

KK CP7879 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 78, 79 WITH ROUTED FLOWS 
KM FROM R84 
HC 3 . 
KK R7879 
KM ROUTING FLOW FROW CP7879 TO CP77 THROUGH SUgBASIN 77 
KM ENDPOINTS WERE EXTENDED 
KM SLOPE = (2054-2048)1256 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 256 .0234 
RX 0 90 99 100 120 121 130 200 
RY 108 104 102 100 100 102 104 108 
RL 0.35 100 

UC77 
SUBBASIN 77, UNNAKED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= .93 K& 0.043 Adj. Slope= 324.0 
.096 
.25 .34 6.70 .13 16.00 
.I88 .206 

0 5 16 30 65 77 84 
100 

CP77 
COMBINE SUBBASIN RUNOFF FROM BASIN 77 WITH ROUTED FLOWS 
FROM R7879 

2 

R7 7 
ROUTING FLOW FROM CP77 TO CP89 THROUGH SUBBASIN 89 
ENDPOIWS WERE EXTENDED 

KM SLOPE = (2048-2037)/593 
Ra. 1 FLOW -1 

1 
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LINE 

---- 
KM SUBBASIN 89, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
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CP89 
COMEINE SUBBASIN RUNOFF FROM BASIN 89 WITH ROUTED FLOWS 
FROM R71 

R89 
ROUTING FWW FROM CP89 TO CP90EN THROUGH SUBBASIN 90 
CHANNEL ENDS WERE EXTENDED 
SLOPE = (2037-2008111912 

2 vrnw - 1  

0.045 0 

UC74 
SUBBASIN 74, UNNAMED WASH CENTRAL 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L= 1.13 Kb= 0.041 Ad,. Slope= 328.0 
,151 
.25 .34 6.60 1 3  16.00 
,200 ,201 

KK UC76 
KM SUBBASIN 76. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .64 Kb= 0.033 A d j .  Slope= 302.0 
BA -041 

KK CP7476 
KM COMBINE SUBBASIN RUNOFF FROM BASINS 74 AND 76 
HC 2 . 

I 
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LINE 

KK R7476 
KM ROUTING FLOW FROM CP7476 TO CP75 THROUGH SUBBASIN 75 
KM END POIlOS WERE EXTWED 
KM SLOPE = (2031-2017)/524 
RS 1 FLOW -1 

KK UC15 
KM SUBBASIN 75, W A N E D  WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.38 Kb= 0.031 Adj. Slope= 322.0 
BA ,192 
IG .25 .34 6.50 .15 16.00 
UC .I92 ,196 
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KK CP75 
RM COMBINE SDBBASIN RWOFF FROM BASIN 75 AND ROUTED FLOWS 

KK R7 5 
KM ROUTING FLOW FROM CP75 TO CP90EN THROUGH SDBSASIN 90 
KM END POINTS WERE EXTENDED 
KM SLOPE = 12017-200811723 
9C 1 FT.DW -1 

. .. 
KM SUBBASIN 90, WNAWSD WASH CEWI'RAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 48  Kb= 0.035 S= 151.0 

664 
665 
666 
667 
668 
669 

1 
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KK UC91 
KM SUBBASIN 91, UNNLMED WASH CENTRAL 
XM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

LINE 

KK CP90EN 
KM COMBINE SUBBASIN RUNOFF FROM BASIN 90 AND 91 WITH ROUTED FLOWS 
XM FROM R89 AND R75 
HC 4 

KK D84S 
KM RETREVIAL OF DIVERTED FLOW FRON D84S 
DR D84S 

KK RD84S 
KM ROUTING FLOW FROM CP84 (D84S) TO D84ii 
KM SLOPE = 12144-2140)1303 
RS 6 FLOW -1 

. . . - . . - - - 
KM SOUTHERN PART OF TRIPLE DIVERSION AT TERRAVITA WAY 
KH D84S FLOWS THROUGH DIP CROSSING AT TERRAVITA WAY 
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- --- 
KM ROUTING FLQUS FROM D84IIS TO CP94DS 
KM SLOPE = (2140-2078)/3225 
RS 1 now -1 
RC 0.045 0.030 0.045 3225 0.0192 

KK UC94 
KM SUBBASIN 94. UNNAMED WASH CWRAL 
KM THE FOLLOWING PAR?+METERS WERE PROVIDED FOR THIS BASIN 
KM L= .53 Kb= 0.119 S= 108.0 
BA .028 
LG .25 .36 5.00 .23 13.00 
UC .671 1.082 

HEC-1 INPUT 1 
PAGE 18 

LINE 

KK CP94DS 
KM COMBINE SUBBASIN RUNOFF FROM UC94 WITH ROUTED PLOW 
KM FROM RD84IS 
HC 2 . 
KK R94DS 
KM ROUTING FLOW FROM CP94DS TO CP88EN 
KM SLOPE = (2078-2041)/1950 
RS 1 FLOW -1 

KK D84IIN 
ICM RECALL DIVERTED FWW FROM D841I 
DR D8411N 
* 

KK RD841N 
KM ROUTING FLOW FROM D84II TO CP88EN 
KM SLOPE = (2140-20411/5175 
RS 1 FLOW -1 
RC 0.045 0.030 0.045 5175 0.0191 
RX 60 78 90 100 125 132 135 150 
RY 106 104 102 100 100 102 104 106 
RL 0.25 100 

KK UC88 
KM SUBBASIN 88, WNNAMED WASH CENTRAL, COMBINED SUBBASIN 86. 88. 97 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1.08 Kb= 0.104 S=111.0 
73A 1 0R 

- 

XM CoMBINE SUBBASIN RUNOFF FROM BASIN 88 WITH ROWED FLOWS 
KM FROM R94DS AND RD84IN 

PAGE 
15 



1 
PAGE 19 

LINE 

KK UC95 
KM SUBBASIN 95, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

* 
HEC-1 INPUT 

KK W93 
KM SUBBASIN 93. UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
IM L= . 64  Xb= 0.033 S= 135.0 
BA ,038 
LD .25 .30 8.00 . 0 7  20.00 
UC . I 7 9  .249 

KK UC96 
KM SUBBASIN 96, UNNAMED WASH CENTRAL 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= . 7 3  Kb= 0.031 S= 113.0 

PACE 
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SCHEMATIC DIAGRAM OF STREAM NETWORK 
PUT 

LINE IVI ROUTING (._. 2-1 DIVERSION OR PUMP FLOW 

NO. ( . I  COSUNECTOR 

42 UC 8 

(< - - - I  RETURN OF DIVERTED OR PUMPED FLOW 

PAGE 
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ill . . . - - -. > 0845 
>08 D84N 

UC10024F.OHl PAGE 
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748 UC93 

755 

I***) RUNOFF ALSO COXWTED AT THIS LOCATION 
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RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SPUAPIE MILES 

PEAK TIME OF AVERAGE PLOW FOR MAXIMUM PERIOD BASIN 
F W W  PEAK AREA 

6-HOUR ' 24-HOUR 72-HOUR 
OPERATION STATION 

HYDROGRAPH AT 
UC 8 

2 COMBINED AT 
CPCO 

RODTED TO 
RCP89 

HYDROGRAPH AT 
UC18 

HYDRDGRAPH AT 
UC19 

3 COMBINED AT 
CP1819 

ROUTED TO 
R1819 

HYDROGRAPH AT 
UC22 

HYDROGRAPH AT 
UC23 

3 COMBINED AT 
CP2223 

ROUTED TO 

HYDRWRAPH AT 
UC28 

ROUTED TO 
R2 

HYDROGRAPH AT 
UC29 

HYDRDGRAPH AT 
UC30 

4 COMBINED AT 
CP2930 

ROUTED TO 

HYDROGRAPH AT 
UC34 

2 COMBINED AT 
CP34 

RODTED TO 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERRTION STATION FLOW PEAK RReA 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
UC37 

HYDROGRAPH AT 
UC35 

3 COMBINED AT 
CP3537 

ROUTED TO 
R3537 

HYDROGRAPH AT 
UC4O 

HYDROGRAPH AT 
UC31 

HYDROGRAPH AT 
UC46 

ROUTED TO 

HYDROGRAPH AT 
UC45 

HYDROGRAPH AT 
UC47 

3 COMBINED AT 
CP4547 

ROUTED TO 

HYDROGRAPH AT 
UC48 

HYDROGRAPH AT 
UC50 

4 COMBINED AT 
CP4850 

ROUTED TO 
R4850 

HYDROGRAPH AT 
uc51 

HYDROGRAPH AT 
UC57 

3 COMBINED AT 
CP5157 

ROUTED TO 
RS157 



PEAK TINE OP AVERROE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72 -HOUR 

HYDROGRAPH AT 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

PAGE 
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PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

ROWED TO 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

PAGE 
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PW( TIME OF AVERAGE PGOW FOR NAXIMUM PERIOD BASIN 
OPERATION STATION FLOW PEAK AREA 

6-HOUR 24-HOUR 72-HOUR 

4 COMBINED AT 
CP9OEN 3188. 12.17 

ROUTED TO 
RD84S 706. 12.23 

DIVERSION TO 
D841IN 592. 12.5~ 

HYDROGRAPH AT 
D84IIS 114. 12.23 

ROUTED TO 
RD84IS 85. 12.33 

2 COMBINED AT 
CP94DS 101. 12.37 

HYDROGRAPH AT 
D841IN 592. 12.23 

ROUTED TO 
RD84IN 471. 12.37 

3 COMBINED AT 
CP88EN 603. 12.37 

HYDROGRAPH AT 
UC95 71. 12.00 

HYDROGRAPH AT 
UC96 124. 12.07 

***  NORMAL END OF HEC-1 * * *  
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Appendix G - Photo Log 



1. Site #I46 - Wildflower 
North of Tree Lined Trail 
Outlet 

2. Site #I46 - Inlet 

3. Site #I45 - Wildflower @ 
Tree Lined Trail, Inlet 



Ate #I53 - Wildflower 
Driveways (upstream) 

5. Site #I53 -Wildflower 
Driveways (downstream) 

6. Site #I38 -Quail at 
Romping (upstream) 



Site #I39 - W i w e r  
@ Stagecoach Pass 
(ups-1 

Site #I40 - Wildflower 
@Romping 
(downstream) 

Site #I80 - Widflower 
@ Romplng (upstream) 



' ke #I@ - WiIdfiowez 
43 Romping 
(downstream) 

11. Site #I42 - Widflower 
No* of Quail 
(downstream) 

I 
12. Site $136 -Driveway 

0 8131 Northview Lane 



13. Site #I36 -Driveway 
@ 8131 Northview Lane 
(downstream) 

14. Site #I37 - Church @ 
Cave Creek Road 
(downstream) 

15. Site #I37 - Church @ 
Cave CreekRoad 
(upstream) ' - 

k r .  



16. Site #3. Quail Trail @ 
Romping Road - 
fwnstream 

1' 2 #5. Wildflower t3 
domping -Upstream 

18. Site #7. Wildflower 
North of Quail - 
Upsheam 



17. J I L ~  n irL. ~ V I I U I I U W C I  

North of Quail 

20. Site # 140. Romping @ - - 
Wildflower - 
Downstream 

21. Site #148. -Wildflower 
Driveways 



22 -ije #33 0 . - D r e a m  
Teet Wash crossing @ 
.refree h i v e  

23. Site #33 (JEF). Dream 
Street Wash - Upstream 
@ Carefree Drive. 

24. Site #33 (JEF) Dream 
Street Wash Upstream 63 
Carefree Drive?? 



No title (Carefree 
Galloway Wash Preserve 
s ip)  

4 4 .  Dream Street Con- 
Arch Bridge, Footbridge 
and wash excavation. 



2, - 44. Dream Skeet Con- 
Arch Bridge, Footbridge 
and wash excavation. 

- 



26. - 44. Dream Street Con- 
Arch Bridge, Footbridge 
and wash excavation. 



: 44. Dream Street Con- 
Arch Bridge, Footbridge 
and wash excavation. 



26. - 44. heam Street Con- 
Arch Bridge, Footbridge 
and wash excavation. 

;'..&- ;' . .* <<. ~. - .  . .;~'i . . . ... 8 
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i 

, ?  4. Dream Street Con- 
Arch Bridge, Footbridge 
and wash excavati6n. 



26. - 44. Dream St~eet Con- 
Bridge, Footbridge 

and wash excavation. 
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L5. Site #169. Carefeee M e  
west of Fotemore Ci. 

L6. Site # 171. Carefree Drive 
west of Dog Leg 

b7. Site #43. (JEF). Cow Track 
at Scettsdale Bofder 



48. Site #37. fJEF) Doble 
Eagle west of Pima 

49. Site #37. (JEF) Double 
Eagle west of Pima 



51. Site DCP01904 

52. Site #190,53 (JEF). Rising 
Sun Road. 

53. Site # 190,53 (JFJ). Rising 
SunRoad - 



54. Site #191. Rising Sun 
Road 

55. Site #191. Rising Sun 
Road 

56.Site #191. Rising Sun Road 



&A ad- '* . . 

60. Site #159. Twillight south 
of Venus View I 
61.Site #a. urn) Upstream 
Cow Trackat Scottsdale 
Border I 
62. Site #32. UEF). Pruett 
family photos during flood 
event 



bite #32 WF). Pruett 
I ~ l y  photos,during flood 

mt. 

64. Site #32. OEF). Pruett 
family photos during flood 
Event 

5. Site #32> m). Pruett 
amily photos during flood 
vent 



66. Site #32. (JEF) Pruett 
family photos during flood 
event 

67. Site #32. (JEF). Pruett 
family photos during flood 
event 

68. Site #32. (JEF). Pruett 
family photos during flood 
went 



Site #32. (JEF) Pruett 
.-lily photos during flood 

~ e n t  

70. Site #32. (JEF). Pruett 
family photos during flood 
event 

71. Site #32. (IEF) Pmett 
family photos during flood 
event 



72. Site #32. (JEF). Pmett 
family photos during flood 
event 

73. Site #32. (JEF) Pmett 
family photos during flood 
event 

74. Site #32. (JEF) Pruett 
family photos during flood 
event ' 



7. t #32. (JEF) Pruett 
f. ~y photos during flaod 
event 

76. Site #32. (JEF) kuett 
family photos during flood 
event 

77. Site #32. (JEF). Pruett 
fami1yphoto.s during flood 

, event 



78. Site #32. m) Pruett 
family photos during flood 
event 

79. Site #32, (TEE). Prtlett 
family photos during flood 
e m t  

80.Terravita Way D* 
Crossing Downstream Exit 
View l&king wPt 



1.  vita Way Dip 
( sing View Looking 

aeam 

2. Terravita Way Center 
Median in Dip Crossing 

3. Terravita Way Culverts 
Downstream End 



84. Terravita Way View 
Looking South @ Dip 
Crossing, Downstream 

85. Terravita Way Dip 
Crossing View Looking 
South Upstream Portion 

86. Terravita Way Dip 
Crossing View Looking 
Upstream (oblique). . 
Note landscaping 



37 ;avita Way Upstream 
-ulvert Enhance 

38. Terravita Way Dip 
Crossing Center 

89. Terravita Way Dip 
Crossing Downstream 
Exit View Looking West 



I 90. Terrivita Way Dip 
Crossing Central portion 
View Looking Upstream 
Note Landscape Mounds 

I 91. Terravita Way Looking 
Upstream at Both Culvert & 
Dip Crossing. 

92.Site #71,27 OEF) Carefree 
Terrace Apts. 



33 #71,27 (JEF). Carefree 
T :e Apts. 

94. Site #71,27 WF). Carefree 
Terrace Apts. 

95. Downstream Exit from 
Culvert-Carefree Terrace 
Apts. 



96. Downstream of Carefree 
Terrace Apts. 

97. Downstream of Carefree 
Terrace Apts. 

98. Debris in Ditch Behind 
Sundial Apts. 



99 'dial Apts. Off of Cave 
CL-A Road 

100. Sundial Apts. off of Cave 
Creek Road 

101. Driveway Cave Creek 
Road Near Mule Train 

Fi.< %% 
+, &\. - - , .t .- . . 

4 >: * 
kc-  



102. Driveway Cave Creek 
Road Near Mule Train 

103. Driveway Cave Creek 
Road Wear Mule Train 

104. Site #70, 30 (JEF). 
Sundance Road New 
Overland Crossing 
Downstream 



10! ie #70,30 (JEF). 
SL Ice Road New 
O> ind Crossing 

106. Site #36 (JEF). Galloway 
Wash at Scopa Trail 

107.Site #96. Nonchalant @ 
Elbow Bend Culvert Outside 
>f Easement 



108. Site #96. Nonchalant @ 
Elbow Bend 
Downstream End of 
Culvert 

109. Bowyer Photos- 
Romping Road Wash 

110. Bowver Photos- 

li ~ o r n p i n ~  koad Wash 



111. Bowyer Photos- 
Romping Road Wash 

112. Bowyer Photos- 
Romping Road Wash 

113. Bowyer Photos- 
Romping Road Wash 
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Memorandum JE Fuller1 Hydrology & Geomorphology, Inc. 
Chapter 1: Introduction 

DATE: February 12,2002 

Geza KmettyIFCDMC 
~ o u g  WilliamsIFCDMC 
Tony BokicWCH2M Hill 

FROM: Jon Fuller, P.E. 
Tamara Norton, E.I.T. 

RE: carefree Drainage Master Plan 
sedimentation Engineering & Geomorphic Evaluation 

Introduction 

, The Carefree Drainage Master Plan (DMP) is a flood control planning study of major 
watersheds draining to the Town of Carefree. The objectives of the DMP are to quantify 
the extent of existing and potential flooding problems within the Town of Carefree, to 
develop alternative solutions to reduce flooding, and to evaluate and recommend 
emergency access routes. A sedimentation engineering and geomorphic evaluation was 
included in the DMP to evaluate the erosion and sedimentation patterns and 
characteristics within the Town of Carefree. The evaluation will serve as a tool for 
estimating the long-term effects of flood control alternatives. 

This analysis was performed by JE Fuller1 Hydrology & Geomorphology, Inc. (JEF) on 
behalf of CH2M Hill Inc. under Task 2.1.10, of contract FCD 2000C037 with the Flood 
Control District of Maricopa County (District). 

Study Area 

The Carefree DMP study area encompasses approximately 20 square miles bounded by 
the Tonto National Forest On the north, the City of Scottsdale on the east, the City of 
Phoenix on the south, and the Town of Cave Creek on the west. Five major washes were 
evaluated as part of the sedimentation engineering portion of the study; Galloway Wash, 
Galloway Wash North Branch, Grapevine Wash, Rowe Wash, and Andora Hills Wash. 

Scope of Services 

The scope of services for the sedimentation engineering and geomorphic evaluation 
included the following tasks: 

Sedimentation Engineering (Task 2.1.10) 
Data Collection (Task 2.1.10.1) 

0 Field Investigation (Task 2.1.10.1.1) 
0 ~eomorphic Analysis (Task 2.1.10.1.2) 
0 Report (Task 2.1.10.1.3) 



JEFuller, Inc. 
2/12/02 

Detailed descriptions of each of the specific tasks are provided in the District's scope of 
senices included in TDN Attachment 1 (CH2M Hill, 2002). 

Report Format 

As required by the scope of services, this report consists of a series of technical 
memorandums prepared for each of the tasks listed above. The report is organized as . . 

follows: 

Chapter I -Introduction 
Chapter 2 -Data Collection 
Chapter 3 - Geomorphic Analysis 
Chapter 4 -Assessment of Road Crossing Erosion 
Chapter 5 -Conclusions and Recommendations 





Memorandum JE Fuller1 Hydrology & Geornorphology, Inc. 
Chapter 2: Data Collection 

DATE: February 12,2002 

TO: Geza KmettyIFCDMC 
Doug WilliamsIFCDMC 
Tony Bokich, P.E.lCH2M Hill 

FROM: Jon Fuller, P.E. 
Tamara Norton, E.1.T 

RE: Carefree Drainage Master Plan 
Sedimentation Engineering & Geomorphic Evaluation 
Task 2.1.10 Data Collection 

Introduction 

Historic and existing condition data for the Carefree DMP study area were collected to 
evaluate the geomorphic nature of the watershed and to determine the impact of 
development and hture improvements on the five major watercourses in the study area. 
The following types of data were collected: 

Historical aerial photographs 
Historical topographic maps 
Surficial geology 
Soils classification 
Rainfall records 
Flood records 
Information from local residents 
Field observations 

The data itemized above were used to develop a chronology of watershed and channel 
change to identify potential causes of sedimentation and erosion problems observed in the 
watershed. 

Description of Data Sources 

Historical Aerial Photography. Historic aerial photographs of the Carefree DMP study 
area for the years 1953,1962, 1977,1988 and 1992 were obtained from the USGS EROS 
Data Center. Aerial photographs for 1998 and 2001 were obtained from the Distxict. Side 
by side plots of the aerial photographs of the study area are shown in Figure 2-1. 
Information about channel migration, eneroachrnent, and modifications to the channels 
and floodplain due to development was collected by comparison of the aerial photos as 
discussed in the Chronology of Channel and Watershed Change section provided later in 
this Chapter. 

Historical Topography. Historical topographic data were utilized to estimate bed 
elevation changes over time. Topographic data were obtained from USGS 7.5-minute 



Memo to Geza KmeltyFCDMC 
JEFuller, I n c  
2/IW02 

quadrangles (USGS, 1965), the Cave Creek Flood Insurance Study (Hanis-Toups & 
Associates, 1978), the Flood Insurance Re-Study for Various Streams in Maricopa 
County, Arizona (Cella Barr & Associates, 1988), the Cave Creek and Tributaries, Cave 
Creek, AZ Flood Insurance Study (CH2M Hill, 1990), and the Andora/Galloway 
Floodplain Delineation Study (JEF, 1998). Bed elevation changes identified by 
comparing various years of topographic coverage are discussed in Chapter 3 of this 
report. 

Surficial Geology. Mapping of the surficial geology in the study area was derived from 
the Geologic Map of the Cave Creek Quadrangle, Maricopa County (Leighty et. al., 
1997) as shown in Figure 2-2. The surficial geology map was used to identify the 
geologic units located within and along each wash corridor. Individual map units are 
described in Chapter 3 of this report. 

Soils Clasification. Mapping of soils units in the study area was derived from the Soils 
Survey of Augila-Carefree Area, Parts of Maricopa and Pinal Counties, Axizona (Camp, 
1986), as shown in Figure 2-3. The soils map was used to identify the soils unrts located 
within and along each wash corridor. Individual soil units are described in Chapter 3 of 
this report. 

Rainfall Records. Long-term precipitation data were obtained for the Phoenix 
metropolitan region and for the Carefree DMP watershed from the Western Regional 
Climate Center web site operated by the Desert Research Institute in ~evada. '  
Supplemental rainfall records were collected kom the District ALERT network records 
posted on the District's web site. 

Flood Records. There are no systematic stream gage records for any of the major washes 
within the study area. The nearest USGS gages are located on Cave Creek, and include 
the following two stations: Cave Creek below Cononwood Creek and Cave Creek near 
Cave Creek. Other sources of flood records were investigated, including the District's 
photographic amj publications library and Internet database, local newspaper archives, 
and the recollections of local residents met at public meetings and during field work. 

Field Observations 

Field visits were conducted in the study area during the summer and fall of 2001. A team 
of hydrologists and geomorphologists walked each of the five major watercourses, and 
visited all of the significant road crossings in the study area. The objectives of the field 
visits were to describe existing channel and floodplain conditions, and to document the 
type and location of sedimentation and erosion problems. The types of field observations 
and data collected included the following: 

Evidence of recent and historic channel erosion 

' Western Regional Clunate Center internet address: hnpl//www.wrcc.dri.edU/in&x.html. A Ink describing 
the WRCC mission and personnel is found at http:Nwww.wrcc.dri.edu/wrccmssn.html. 
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Location and extent of cut banks 
Location and extent of caliche or bedrock outcrops 
Location, height and boundaries of stream terraces 
Location of human impacts on the channel and floodplain 
Channel conditions at bridge, culvert, and road crossings 
Photographs of typical channel sections, erosion features and structures 

Field data were marked and collated on aerial photographic base maps, and were later 
digitized in AutoCAD on the semi-rectified aerial photographs shown in Figure 2-4. 
Figure 2-4 shows the location of cut banks, bedrock outcrops, caliche outcrops, field 
vhotomavhs. human modifications to the washes. and other observed features. Brief " .  . 
descriptions of each of the major washes are provided in the following paragraphs. 
General characteristics of each wash are listed below in Table 2-1. 

I Table 2-1. Carefree DMP 
Major Wash Characteristics 

Wash I ChannelSlow I AveraeeChannel I Om 
Name 

I I I 

Galloway Wash. Galloway Wash consists of a well-defined, braided single channel with 
some reaches of divided and avulsive flow. The channel bed, banks and floodplain 
consist of granitic sand and gravel with few isolated cobbles. Bank vegetation is sparse, 
consisting mostly of desert brush, with some small trees and a few luge trees. Much of 
the natural historical floodplain has been developed. Development encroaches on the 
main channel at several locations. Approximately 23% of the channel banks are cut 
banks with evidence of recent lateral erosion. Several small head cuts have developed in 
a number of places on Galloway Wash, including the reach upstream of the new Dream 
Street Bridge. Headcutting near the Dream Street Bridge may be due to channel 
excavation and narrowing in the reach around the bridge crossing. Other headcuts 
observed in the field are small (less than 1 foot) and are located near areas of recent of 
historical channel and floodplain disturbance. Bedrock crops out at several locations 
withii the channel and banks, covering approximately 13% of the total channel length. 
Most of the bedrock outcrops along Galloway Wash withii the study area consist of 
weakly to moderately consolidated conglomerates. Comparison of recent 100-year 
floodplain delineations with field evidence of the natural floodplain width suggests that 
approximately four to six feet of long-term degradation has occurred within the past 
several hundred years, but not within the past several decades. Long-term degradation 
has significantly narrowed the floodplain of Galloway Wash. Local scour was observed 
at a number of road crossings, as discussed in Chapter 4 of this report. 

(CUft) 

Galloway Wash North Branch 1 0.024 

Grapevine Wash 

Rowe Wash 

Andora Hills Wash 

Galloway Wash 
Wildth (ft) 

0 024 I 85 I 182 

87 

0.025 

0.048 

0.020 

~ l o o d ~ l a ~  Width 

208 

288 

114 

38 

333 

229 

119 
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I 

Photo RlP13. Galloway Wash typical section. Photo RlP19. Galloway Wash at SwpaRoad dip 
crossing with slight downsh.eam scow. 

htaifiut upswam of Gam Street. 

Callowmy Wash No& Branch. The morphology of Galloway Wash North Branch is 
similar to thst of Galloway Wash near their confluence. Galloway Wash has a single 
braided channel, with granitic bed and bank material, but the channel is wider and the 
bankshave more bedrock outcrops than Galloway Wash. However* the channel 
mwphology changes radically upstream of the Cow Track Road dip crossing. Upstream 
of Cow Track Road, the shahw canyon walls consist of slatey bedrock material and the 
chiamel becomes strongly braided or anastomming, with multiple d e f d  flow channels. 
Approximately 40% of the leftbmk consists of reoently eroded cut banks. The 
floodplain elevation is only abaut 1 to 2 feet above the channel bed, with numerous small 
avulsive chrtnnels cutting across its surface. The floodplain vegetation is relatively old 
and includes large saguaro cacti, mesquite, palo verde, and yucca. Upstream of the Cow 
Tracks Road dip massing thae are several headcuts and 1 to 3 foot deep scour holes on 
the downstream side of dip crossings. No scour and headcuts were observed dowastream 
of Cow Tracks Road. Other than the scour observed at the dip crossings, there is no 
evidence of recent long-term degradation on the Galloway Wash North Branch. 
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h o t 0  R2P23. Galloway Wash North Branch - cut 
banks, bank erosion, gabion erosion control, and 
slope failures adjacent to new home construction. 

I 

braided and perched overbank channel in left 

i 

Photo R2PS. Galloway ~ 8 8 h ~ o r t h  Branch - Photo R2P10. Galloway WashNo& Branch at 
typical secrion. unnamed dip crossing with no dowmtream BCOUT. 

Orupmine Wash. Grapevine Wash has braided wide channels with sand and gravel-sized 
granitic bed material and bars of cobble-sized slatey material. The b d s  range to 15 feet 
high with some weas of cut banks, although cut banks were observed on less than 5% if 
the, total wash length. The floodplain is wide and is frequently dissected by avulsive 
channels that connect split flow paths. Vegetation is f&ly dense within the floodplain 
and consists of large mesquite, palo verde and aguams. There is little to no evidence of 
long-term scour, with only minor localized swm at some crossings. 

Photo RlP9. Grapevine Wash typical section. Photo RIP 11. Grapevine Wash bank material and 
vegetation. 



I 
P- . . -. 
.. . 

I 
Photo mfl. wtapevinc Wash at urmamed road Photo R2P7. Grapevine Wwh large out bank. 
m ~ ~ i n g  with rn d w m m a ~  scour. 

Rowe Wash. Rowe Wash is a highly braided stream with relatively wide c m e l s  

I mposed of large, slatey cobbles and boulders. The banks are steep and consist of 
loosely consolidated, highly erodible material. The banks contain some lwge cobbles 
that, despite their size, do not prevent bank erosion. The floodplain is relatively wide and 

I is covered by dense vegetation that includes large mesquite, palo verde and saguaro. 
There are few cut banks, lw than 5Yu of the total wash length was observed to have cut 

I 
banks. No evidence of head cutting was observed along the wash. Overall, no evidence 
of long-tenn scour or depbsition was observed. 

split. reach. 

Photo RIP13 Rowe Wash typical sectlon Photo RIP18 Rowe Wash boulder bar and bratd 
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Andora HiJls Wash. Andora Blls Wash consists of a defined, incised, single channel 
stream with cobble and boulder bed and bank material. Channel banks range from 1 to 3 
feet high in the upper reaches where the watershed area is smallest to 5 to 10 feet high in 
the lower reaches of the study area. The floodplain is fairly narrow and is covered by 
dense shrubs, mesquite and palo verde. Bedrock is exposed within the channel and banks 
for approximately 14% of the wash with few observed cut banks. Local scour was 
observed at several dip crossings. Overall, no significant long-term degradation was 
observed. 

on channel bed. 

Watershed Description 

Stream stability is directly impacted by watershed characterishcs such as drainage area, 
type of development, vegetative cover, elevation, and other physiographic information. 
Watershed characteristics for the streams in the Carefree DMP study area are described 
below. Key watershed characteristics are summarized in Table 2-2. 
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Drainage Area. The Carefree DMP study area encompasses approximately 20 square 
miles that heads in the New River Mountains north of the Town of Carefree and flows 
into Cave Creek to the southwest. The drainage area is bounded by the Tonto National 
Forest on the north, the City of Scottsdale on the east, the City of Phoenix on the south, 
and the Town of Cave Creek on the west. The five major washes evaluated as part of the 
sedimentation engineering study included Galloway Wash, Galloway Wash North 
Branch, Grapevine Wash, Rowe Wash, and Andora Hills Wash. All five streams are 
tniutary to Cave Creek. Galloway Wash North Branch, Grapevine Wash, and Rowe 
Wash all join Galloway Wash before it reaches Cave Creek. Andora Hills Wash flows 
directly to Cave Creek. 

All of the streams within the study limits are ephemeral. Some perennial springs and 
stream reaches occur near the headwaters of Cave Creek, but the only permanent water in 
the upper watersheds of the DMP drainage area occurs in isolated stock ponds. The 
average annual rainfall for the watershed above the Cave Creek near Cave Creek USGS 
gage that is located about one mile downstream of Carefree Highway is reported as 15.7 
inches per year (Pope et. al., 1998). About three percent (3%) of the annual rainfall over 
the Cave Creek watershed becomes mnoff, as measured at the Cave Creek near Cave 
Creek USGS gage. It is likely that a slightly smaller percentage of rainfall becomes 
runoff in the Carefree DMP watersheds, 

Channel stability tends to decrease with watershed size. Larger watersheds generate 
larger floods capable of greater destruction or channel change. In addition, streams 
draining large watersheds typically have fmer grained sediments, with less bedrock 
control, and are therefore more subject to lateral erosion and scour. For the Carefree 
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DMP study area, the most evidence of instability was observed along Galloway Wash, 
which is the largest watershed with the finest bed material. 

Physiographic Setiing. The Carefiee DMP watershed is located at the margin of the 
Transition Zone and Basin and Range Physiographic Provinces of central Arizona. The 
Transition Zone is characterized by rugged bedrock mountains that are drained by small 
intermittent streams that flow in narrow bedrock canyons. The Basin and Range is 
characterized by parallel mountain ranges with intervening deep alluvial basins. The 
watersheds of the five major streams in the study area are formed in dissected basin fill 
alluvium of the Carefiee Basin, that was once part of an alluvial fan connected to 
Transition Zone mountains located to the north and west. Elevations in the watershed 
range from about 5,340 feet at Blackjack Point in the Tonto National Forest to about 
2,020 feet near the Galloway WasNCave Creek Wash confluence. 

Elevations along the major washes range from 2,800 to 2,020, well within the Upper 
Sonoran Desert range. The steepest of the five washes studied is Rowe Wash, which is 
the wash that 1s closest to its headwaters. Andora Hills Wash has the flattest average 
channel slope, though it is the wash with the greatest degree of bedrock control. Bedrock 
also crops out along the canyon margins of Grapevine Wash, 

Geologic Setting. Understanding the overall geology of the study area is fundamental to 
understanding and predicting the types and magnitude of channel processes such as 
lateral migration. The Basin and Range and Transition Zone Physiographic Provinces 
have a long, complex history of geologic activity. The most recent major geologic 
activity involved crustal extension and normal faulting during the late Tertiary Period that 
helped to form the modem Basin and Range - Transition Zone boundary. The alluvial 
deposits associated with the major washes within the Carefree DMP study area provide 
evidence of the evolution of this fluvial system in response to geologic activity over the 
past several million years. The geology of the study area, as it relates to stream stability 
and sedimentation is discussed in Chapter 3 of this report. 

Urbanization. The Carefree Drainage Master Plan (DMP) study area consists of 
commercial and residential development and undeveloped desert. The residential 
development is primarily low density, consisting of one-acre plus lots with grading 
limited to the building pad and accessory features. Portions of the Galloway Wash and 
Andora Hills Wash include commercial areas associated with the Carefree town center. 
Outside the Town limits, the watersheds are mostly undeveloped natural desert, with the 
exception of the headwaters of Galloway Wash, which is located in the City of 
Scottsdale. Despite the low density of most development in the watershed, development 
has encroached within the historical natural floodplain. The timing of utbanization in the 
study area is discussed in the following section of this chapter. 

Chronology of Channel and Watershed Change 

Channel positions and other features observed on historical aerial photographs were 
compared to develop a chronology of channel and watershed change for the Carefree 
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DMP study area. A chronology of channel and watershed change can be used to identify 
when sedimentation problems occurred and thus ident~fy and eliminate potential causes 
of sedimentation problems. The chronology of channel and watershed change was then 
compared to records of historical rainfall and flooding to evaluate the role of flooding in 
sedimentation problems. 

Comparison of HistoricaIAerial Photographs. Side-by-side aerial photographs for the 
study area dating from 1953 to 2000 and printed at similar scales were provided in Figure 
2-1. Plots of channel bank position from the years of coverage are shown in Exhibits 2-1 
and 2-2. In 1953, the study area was mostly uninhabited with only a few dirt roads and 
almost no homes, except for a ranch located in the floodplain of Grapevine Wash. 
Between 1953 and 1962 most of the infi-astructure for the Town of Carefree and 
surrounding area was constructed, and consisted mostly of unpaved roads. A golf course, 
which straightened and narrowed the main channel and encroached into the floodplain of 
GaIloway Wash north of the airport, was also constructed between 1953 and 1962. A 
large flood probably occurred during this time period that caused the breakout channel on 
Galloway Wash near Scopa Trail (Figure 2-5) to be widened, providing a more defined 
connection to the southern flow path. Finally, a large amount of surface grading occurred 
near the ranch located along Grapevine Wash (Figure 2-6). 

Between 1962 and 1977 many of the roads were paved and the few existing crossings 
with culverts were constructed. Many of the homes in the Galloway Wash and Andora 
Hills Wash watersheds within the town limits were also built between 1962 and 1977, 
including several homes that were built in the area of the Galloway Wash breakout near 
Swpa Trail. The floodplain appears to have recovered from the grading at the ranch on 
Grapevine Wash. Homes were also built in the area near Rowe Wash (Figure 2-7), and a 
few dirt roads were graded in the upper reaches of Grapevine Wash. A small sand and 
gravel excavation was started upstream of Scopa Trail on the island between two braids. 

Between 1977 and 1985, a large residential development was constructed in the upper 
watershed of Galloway Wash, east of Pima Road within the City of Scottsdale (outside 
the photograph limits in Figure 2-1). More homes were constructed throughout the study 
area during this period, though for the most part, little appears to have changed between 
1977 and 1985 along the stream corridors themselves. Also during this period, the 
Galloway Wash breakout channel near Scopa Trail became less prominent, a trend that 
continued up to the time of this study. 

Between 1985 and 1992, the golf course was constructed downstream of the Andora Hills 
Wash study limit, significantly narrowing the main channel through the fairways (Figure 
2-8). The active braided and flow split area located on Galloway Wash downstream of 
Piedra Grande Drive began to be modified during this time period (Figure 2-9). The 
southern (left) braids became more active and the northern (right) braids were abandoned 
except during high flows, forming a small island in the floodplain. A similar 
phenomenon occurred just downstream of the Galloway Wash study limit between 
School House Road and Spur Cross Road, except that homes were wnstructed on the 
island by 1977. 
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Between 1992 and 2000, the areas within the watershed bontinued to develop, including 
the upstream areas in the City of Scottsdale. Except for the City of Scottsdale 
development and a few commercial ranches, the most recent development has been 
limited to large lot residential units with limited budding envelopes and natural desert 
landscaping. Of the five streams considered, Grapevine Wash remains the least disturbed 
by development. 

Rainfall Records. Runoff in ephemeral streams, like those in the study area, is directly 
related to precipitation. Precipitation records can be used to identify wetldry cycles, 
climatic variation, and other trends that may affect stream stability or explain historical 
channel change. For streams that lack any systematic stream gauge record, precipitation 
data can be used to identify likely flood years or periods of frequent sustained flow. 
Also, since regional precipitation records are available dating back to the late 1800's, 
they provide a Ionger record than streamflow records, which typically do not exist prior 
to the 1970's on most small streams in Arizona. 

Regional precipitation measurement station names and their periods of record are listed in 
Table 2-3. Station locations and long-term average and seasonal precipitation data are 
shown in Figures 2-10,2-11 and 2-12, respectively. Average annual runoff computed as 
a percent of the long-term regional average precipitation is shown in Figure 2-1 1. 
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94 - Buckeye 
105 - Carefree 
106 - Bartlett Dam 

m 
Figure 2-10. Location of long-tenn precipitation stations in Arizona and the Phoenix metro area. 

1- Average - 5-Yr AVQ T r e n d  Line 1 
Figure 2-1 1.  Precipitation Megimement Stations &Annual Precipitation Trends for 
SWon Lo~ated near Phoenix, Arizona. (See Table 2-3 for the listed of stations used t6 
estimate long-term trends.) 
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Flgure 2-12. Long-Term Average Monthly Precipitation 

t Bucksye 
+Ahambra 
+ Bartlen 

4 D e e r V a U e y  
+Litdifiefd Park - Mefinem - bradbe Vallsy 
t Phoenix Cliy 

t Younstswn 

Flaure 2-13. Runoff as Parcent af Regional Averqge 
Precipitation 

I-nave Ck. COttofiwffod +Cave Ck. nr. Cave Ck / 

Local precipitation records are also available from the District's ALERT network. The 
ALERT station closest to the Carefree DMP study area is the Carefree Ranch weather 
station (#4930), which was installed in July 1985. Precipitation data from the Carefree 
Ranch are mmnarized in Tabla 2-4. Interestingly, since 1985 only one of the eight 
recorded rainfdl events over one inch occurred during a summer monsoon. Only one 
rainfall exceeded the 10-year, &hour rainfall depth (2.37 inch), and only two events 
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exceeded the 2-year, 24-hour rainfall depth (2.20 inch). These rainfall data also indicate 
that few current residents have seen any significant flooding in the study area. 

From the data presented in Tables 2-3 and 2-4, and in Figures 2-1 1 to 2- 13, the following 
conclusions can be drawn: 

Table 2-4. Carefree DMP 
Rainfall Events at the Carefree Ranch ALERT Station (#4930) 

Long-Tern Trends. Figure 2-1 1 shows the regional average annual precipitation,' as 
well as a 5-year moving average and the trend line of the annual values. The trend 

Date 
March 1,1991 

December 4, 1992 
January 7,1993 
January 8,1993 
August 20,1995 
February 4, 1998 
March 6,2000 

October 22,2000 

- - 
line indicates that annual precipitation volume increased significantly since the Town 
of Carefree was founded until the late 198O's, but has decreased markedly over the 
past 10 years, the period during which most of the current residents have lived there. 
Therefore, if precipitation is directly relakd to flooding, most residents may be 
unfamiliar with the true potefitial flood magnitude or frequency. 

Depth (inch) 
2 17 
1.77 
2.28 
1.81 
2 40 
1.73 
1.85 
1.93 

WetiDry Cycles. Sustained periods of above average precipitation, or wet cycles, 
occurred &om about 1904 to 1922 and fiom 1978 to 1993. Sustained periods of below 
average precipitation, or dry cycles, occurred from 1896 to 1904 and from 1943 to 
1963. The greatest degree of channel change should be expected during periods of 
higher precipitation and runoff, particularly when these wetter periods immediately 
follow periods of sustained drought. Based on rainfall records alone, if natural 
processes were responsible for channel changes, the most channel change in the study 
area should have occurred during the late 1970's and early 1980's. 

Wet Years. Years of unusually high annual precipitation occurred in 1905, 19 15, 
1917, 1941,1965, 1978, and 1993. The percent of rainfall that became runoff 
typically spiked in these years as well, according the Cave Creek gage records, as 
shown in Figure 2-1 3. 

Floods. A coniparison of Figures 2-1 1 and 2-12 indicates that years of high annual 
precipitation correlates moderately well to years of high annual runoff volume, with 
one notable exception in 1960. 

' Average of the annual precipitation totals for all of the stations shown in Table 2-3. 
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Seasonal Variation. Precipitation records support the conclusion of a winter and late 
summer period of seasonal high flow indicated in Figure 2-12. These seasonal 
variations in precipitation are expressed more strongly in the precipitation records of 
the stations closest to the Carefree watershed (Carefree & Bartlett) than in stations 
located elsewhere in the Phoenix area. 

Flood Records. There are no systematic stream gage records or flood histories for the 
streams in the Carefree DMP study area. Therefore, flood data were obtained from gage 
records of Cave Creek, from accounts of flooding from local residents, .and from 
newspaper accounts. photos from 1985 were found in the FCDMC library under thetitle 
Floodplain Inspection Photos - Major Washes In and Around Cave Creek (Cave Creek 
Wash, Galloway Wash, Rowe Wash, Ocotillo Wash, Willow Springs Wash, Andora Hills 
Wash). Theses photos include several locations along all the major washes within the 
study area. However, there is no indication that the photographs were taken as a result of 
a flooding event, and no flood damages were observed in the photographs. No other 
records pertaining to flooding in the study area were found in the FCDMC library. 

Local newspaper archives were researched for articles on historic flooding in the study 
area. No articles were found that adequately described flooding. We conclude from the 
lack of newspaper accounts that floods on the small streams in the study area, while 
troublesome to some local residents, are not newsworthy events. 

Wash and Pima during flood of August 2000. Galloway Wash downsman of Pima Road during 
O ~ A U ~ U S ~  2000. 
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the west bank of  l lo way Wash. 

of Galloway Wash at Pima Roed. 

Several local residents brought photos of their properties during and after recent flooding 
to the public meeting held at the Carefree Town Hall on November 13,2Q001. Photos of 
flooding on Gdloway Wash at the Pima Crossing during the August1000 flood are 
shown above. The flood photographs provided by local residents show high velocity flow 
with standing waves, active sediment ttansport, and local bank and bed erosion. 
However, the flood photogrqhsindiwte that these were relatively small floods that filled 
the mPin channel, but did not inundate the floodplain. The occurrence of only small 
floods during the past several yearsis consistent with theminfall records that indicate 
below average ma precipitation since the mid-1990's. The District's ALERT station 
at Carefree Ranch recorded only 0.71 inches on any day in August 2000, the date of the 
Galloway Wash flood photographs shown above. 

Camparison of Flood and R M d  Rwords, The rainfall records and sparse flood data 
available for the Carefree DMP study arm are consistent, though them is little overlap 
between the available records. These data sources both indicate that there have been few 
significant floods or rainfall events during the past 10 yearq a conclusion that is also 
supported by field obmations. 
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Summary 

Comparison of aerial photographs does not support the conclusion that channel changes 
were concentrated during periods of above-average rainfall. The greatest degree of 
channel change was observed along Galloway Wash, which is the largest stream system 
and which also experienced the greatest degree of urbanization impacts. Comparison of 
floodplain widths indicates that, despite being the largest and flattest watershed, 
Galloway Wash has a much narrower floodplain than its tributaries, indicating that it 
experienced long-term degradation that increased the main channel capacity and 
abandoned its natural floodplain. The Grapevine Wash watershed and floodplain are the 
least impacted by urbanization of the five streams evaluated, and show the least amount 
of degradation and lateral instability. Historical and field data suggest that sedimentation 
and erosion problems are localized, rather than regional, pointing to local perturbations as 
the most likely cause. 
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Memorandum JE Fuller1 Hydrology & Geomorphology, Inc. 
Chapter 3: Geomorphic Analysis 

DATE: February 12,2002 

TO: Geza KmettyfFCDMC 
Doug Williams/FCDMC 
Tony Bokich, P.E.fCH2M Hill 

FROM: Jon Fuller, P.E. 
Tamara Norton, E.I.T. 

RE: Carefree Drainage Master Plan 
Sedimentation Engineering & Geomorphic Evaluation 
Task 2.1.10.1.2 Geomorphic Analysis 

Introduction 

Sedimentation engineering and geornorphic analyses of the five major streams in the 
Careeee DMP study area were conducted to identify trends of channel behavior and to 
identify probable causes of sedimentation problems. The following methodologies were 
used: 

Equilibrium slope equations 
Longitudinal profile analysis 
Interpretation of geornorphic surfaces 
Sediment continuity modeling 
Lane's relation 
Stream classification techniques 

The results of these analyses are summarized in this chapter. For the purposes of the 
geomorphic analysis, Galloway Wash was divided into five reaches defined by the 
confluences of its three tributaries with an additional reach defmed in the narrow canyon 
upstream of the Grapevine Wash confluence. The remaining washes were considered as 
single reaches. 

Equilibrium Slope 

Equilibrium slope1 is defined as the slope that causes the channel's sediment transport 
capacity to equal the incoming sediment supply (ADWR, 1985). If the slope is too steep, 
channel velocities will be high and net erosion will occur. If the slope is too flat, channel 
velocities will be low and net deposition will occur. The equilibrium slope is the slope 
that the undisturbed, natural channel will tend towards over the long term. While there 
are philosophical and practical problems with applying equilibrium slope concepts to 
small ephemeral streams with variable channel geometry and high flash flood potential, 
equilibrium slope equations provide a useful order-of-magnitude assessment of the 
likelihood of vertical channel adjustments. 

' Equilibrium slope is also refened to as stable slope or limiting slope 
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Methodology. Reach-averaged data required for application of equilibrium slope 
equations to the study area were derived from the following sources: 

Hydraulic data - HEC-RAS modeling 
Hydrologic data - HEC-I modeling and precipitation records 
Topographic data - Floodplain delineation studies 

Most equilibrium slope equations are based on the mean annual flood, the "channel- 
forming," or "bankfull" discharge. On many alluvial streams, the mean annual flood and 
the channel-forming and bankfull discharges are nearly equivalent. However, on 
ungauged ephemeral streams where flow events are rare, the average annual discharge is 
difficult to determine. Bankfull discharge, or the flow rate just prior to inundating the 
floodplain, ranges fiom a recurrence interval of 2- to 25-years on ephemeral streams in 
central Arizona. To account for the discrepancies in what flow rate is appropriate for 
equilibrium slope analyses, and to assess the trend of expected slope adjustments during 
floods, the 2-, lo-, and 100-year peaks were used in the equilibrium slope equations to 
assess the expected slope adjustment over a range of discharges. The Zyear event 
approximates the mean annual flood calculated on a weighted probability basis. The 10- 
year event better approximates bankfull conditions on the streams in the study area. The 
100-year event represents possible channel responses during extreme flooding. The 
following equilibrium slope equations were applied to the study reach: 

Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA) Equations 
BUREC Equation 
Bray Equation 
Henderson Equation 
Schoklitsch Equation 
Meyer-Peter Muller Equation 
Shield's Diagram Method 
Lane's Tractive Force Method 

AMAFCA Equation. The AMAFCA (1994) equation for the maximum equilibrium slope 
is based on the sediment transport characteristics of the reach. 

Where SL = channel slope (A./f&.) 
q, = unit sediment transport (cfs/ft) 
q = water discharge (cfs) 
n = Manning's roughness 
a, b, c =power function coefficients from sediment transport function 
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A simpl~fied version of the AMAFCA Equation is written for wide, rectangular channels, 
similar to those in the study area, based on the assumptions that steep, wide, rectangular 
alluvial streams flow at or close to critical depth and that sediment supply is transport 
~imited.~ 

Where S, = Stable slope (Wft) 
n =Manning's roughness value for the channel 
F = Widthtdepth ratio of the channel 
F,= Froude number for the channel 
Qdd= Dominant discharge (cfs) 

BUREC Equation. The BUREC published an equation for stable slope based on 
theoretical considerations of sediment transport (MacBroom, 1981). 

Where SL = Stable slope (Wfi) 
DSO= Bed sediment diameter (ft) 
Wbl = Channel width (ft) 
Q = Discharge (cfs) 

Bray Equation. Bray's (1979) equation for equilibrium slope is based on regime analysis 
of perennial gravel bed streams in Alberta, Canada. 

Where SL = Equilibrium slope (Wft) 
D ~ o  = Mean bed sediment diameter (fi) 
Qz= 2-year discharge (cfs) 

Henderson Equation. To generate an equation for the slope of stable channels, 
Henderson (1961) modified the Lane (1952) equations using a threshold theory of shear 
stress concept. 

Where SL = Stable slope (Wft) 
Dw = Bed sediment diameter for which 90 percent is smaller (ft) 
Q = Discharge (cfs) 

The BUREC (Pemberton and Lara, 1984) published a manual for computing scour and 
channel degradation downstream of dams or other structures that interrupt the natural 

Transport limited means that he sedunent inflow equals exceeds the reach transport capacity. 
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sediment supply to the downstream channel. The BUREC manual describes the 
following four approaches for estimating equilibrium slope: (1) Schoklitsch Equation, (2) 
Meyer-Peter Muller Equation, (3) Shield's Diagram Mefhod, and (4) Lane's Tractive 
Force Method. The approaches are based on the assumption of zero sediment transport. 
Therefore, these results represent a minimum probable slope for the streams in the study 
area, unless their watersheds become intensely urbanized and the sediment supply is 
drastically reduced. 

Schoklitsch Equation. The Schoklitsch (Shulits, 1935) equation is based on the concept 
of zero bedload transport. 

Where SL = Stable slope (ftlft) 
I& = 0.001 74 (constant) 
Wbf = Bankfull width (A) 
D = Mean bed sediment diameter (rnm) 
Q = Dominant discharge (cfs) 

Meyer-Peter, Muller Equation. The Meyer-Peter, Muller (1948) equation is based on the 
incipient motion theory, or the point of initiation of sediment transport. 

Where SL = Stable slope (WA) 
K,, = 0.19 (constant) 
Q = Total discharge 
Qbf= Dominant (bankfull) discharge (cfs); flow over the channel 
n, = Manning's n for the stream bed 
Dm= Bed sediment diameter for which 90 percent is smaller (mm) 
D = Mean sediment diameter (mm) 
d = Channel depth (ft) 

Shields Diagram Method. The Shields diagram (1936) for determining the boundary 
condition for no sediment transport can be used to define an equation for stable slope. 

Where SL = Stable slope (ftlft) 
Re = Boundary Reynold's number 
U* = Shear velocity = (SL R g)"05 
D = Mean sediment diameter (mm) 
u = Kinematic velocity of water (ftlsecZ) 
R = Hydraulic radius for wide channels (ft) 



Memo to Geza Kmet@/FCDMC 
JEFuller, Inc. 
2/12/02 

g = Gravitational constant = 32.2 wsec2 
T* = Dimensionless shear stress 
r, = Critical shear stress (lblf?) 
y, = Specific weight of sediment (lb/ft3) 
y, = Specific weight of water (lb/ft3) 

Lane's Tractive Force Method. Lane's equation (1952) for stable slope uses critical 
tractive force relationships. 

Where SL = Stable slope (Mt) 
d = Mean flow depth (ft) 
r, = Critical shear stress (lb/f12) 
y, = Specific weight of water (lb/ft3) 

Results. As indicated from the results shown in Table 3-1, the equilibrium slopes of all 
the streams in the study area are significantly flatter than the existing channel slopes. 
Therefore, the natural tendency for the major streams in the study area is to flatten their 
slopes by degrading. Degradation should be expected over the long-term, particularly as 
the sediment supply is reduced by urbanization and floodplain encroachment. The 
disparity between existing and predicted equilibrium slopes indicates that the streams in 
the study area may be highly sensitive to changes in sediment supply. The extremely flat 
slopes predicted by the BUREC methodologies reflect the slopes that should be expected 
if the sediment supply were completely cut off, as would occur downstream of a major 
dam or retention basin. 
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Longitudinal Profde 

A longitudinal profile is a plot of the channel elevation versus distance along the 
streambed. Analysis of the longitudinal profile can be used to identify slope 
irregularities, over-steepened or over-flattened reaches, headcuts, and areas of natural 
grade control. Interpretation of the longitudinal profile also provides information on the 
expected lateral stability of the stream. Because of the influence of channel slope on 
sediment transport rates, reaches with lower slopes than upstream reaches will tend to 
experience net deposition (aggradation) and bank erosion associated with braiding and 
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avulsions. Similarly, reaches with steeper slopes than upstream reaches will tend to 
experience net degradation and bank erosion associated with undercutting and scour. 
Comparison of historical profiles with modem profiles can be used to indicate where 
degradation and aggradation have occurred in the recent past, and where future 
adjustments of channel geometry are most likely to occur. 

Methodology. Longitudinal profiles for the five major washes within the watershed were 
constructed from topographic data from the most recent floodplain delineation studies. - - -  
Historical longitudinal profiles were also constructed for eachstream using older 
topographic data from previous floodplain studies and the 1965 USGS topographic 
mapping. Topographic data obtained from floodplain delineation studies printed maps 
have two main types of potential error, Measurement error is a function of the map scale 
and results from manually measuring distances on printed maps. Measurement error was 
estimated as half the smallest unit (0.02 inch) of measurement on the engineering scale 
used to determine distances on the paper copy of the map. Vertical error is a function of 
level of detail of the survey data used to generate the topographic map. Vertical accuracy 
of a topographic map is generally considered to be half the contour interval. 

Results. Due to the relatively small change in elevation from each of data sets, any actual 
change in profile slope or elevation would be dificult to see at the scales required to 
include the entire stream profile. Therefore, Figures 3-1 to 3-10 were developed for each 
wash to show the change in profile elevation versus river station for each wash, with the 
1965 USGS contour data used as the reference elevation. That is, profile elevation 
differences were measured from the 1965 elevations. Results for each wash are discussed 
below. 

Galloway Wash. Galloway Wash has a relatively uniform slightly concave up 
longitudinal profile (Figure 3-I), although small headcuts create a few small 
discontinuities. Historical topographic data (Figure 3-2), however, indicate that there 
have been active fluctuations in bed elevation over the length of the study reach. 
Downstream of Station 15000 (approximately the Scopa Trail alignment), Galloway 
degraded up to 12 feet between 1965 and 1978, although the channel has recovered 
slightly since 1978. Upstream of Station 15000, the channel aggraded slightly from 1965 
to 1988, although the elevation differences are within the error of measurement. Some 
of the degradation and aggradation that occurred prior to 1988 was removed by 1999. 

Galloway Wash North Branch. The longitudinal profile of the Galloway Wash North 
Branch (Figure 3-3) is not concave up, and is slightly more irregular than the profile of 
the main stem of Galloway Wash. While some of the profile irregularities can be 
explained by scale of the plot, the main cause of the irregular shape is the chute and splay 
channel pattern which causes local zones of deposition (mounds) and scour (troughs). 
Comparison of the 1988 and 1965 topographic data (Figure 3-4) indicates that the North 
Branch of Galloway Wash experienced aggradation during the period of record, 
particularly in the reach immediately upstream of the Galloway Wash confluence, 
although the elevation differences are within the error of measurement for the 
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topographic data. Field observations do not support a theoly of recent historical 
aggradation on Galloway Wash North Branch. 

Grapevine Wash. Grapevine Wash has a relatively uniform slightly concave up 
longitudinal profile (Figure 3-5). Historical topographic data (Figure 3-6), however, 
indicate that there have been active fluctuations in bed elevation over the length of the 
study reach. Except at the Galloway Wash confluence, the historical data indicate that 
Grapevine Wash degraded up to 10 feet between 1965 and 1990, although the irregular 
elevation differences with distance indicate channel pattern has a strong influence on the 
mode of degradation. The partial data fkom 1978 indicate that some of the aggradation 
that occurred prior to 1988 was removed by 1999. 

Rowe Wash. The Rowe Wash study reach is located closest to its headwaters and 
therefore has a strongly concave up shape (Figure 3-7). Historical topographic data 
(Figure 3-8) indicate that local aggradation occurred between 1965 and 1990, although 
most of the elevation difference is within the error of measurement. 

Andora Hills Wash. Andora Hills Wash has a very irregular concave down longitudinal 
profile (Figure 3-9). Profile discontinuities are due to bedrock control and steep bouldery 
riffles. Historical topographic data (Figure 3-10) indicates that there have been active 
fluctuations in bed elevation over the length of the study reach, with increasing 
degradation in the upstream direction. Since the topographic data indicate that most of 
the degradation occurred near the more densely developed portion of the watershed, it is 
tempting to assume the cause of degradation is urbanization impacts on water and 
sediment supply. However, given the presence of bedrock and other field observations, it 
is likely that at least some of the apparent elevation difference is due to error of 
measurement. 

Summary. The irregular non-linear trace of channel elevation changes over the length of 
the study reaches suggests that the cause of bed elevation changes is at least partially 
fkom within the study reach, rather than outside forces from upstream or downstream of 
the study area. An internal or local cause of degradation effectively eliminates base level 
fall (e.g., degradation in Cave Creek) or upstream development as the sole cause of 
historical or on-going channel changes in the study reaches. The sinusoidal pattern of 
elevation differences versus distance suggests that sediment movement occurs in waves, 
with alternating zones of deposition and aggradation typical of braided streams with a 
chutes and splay pattem. The historical data did not indicate the presence of significant 
headcut migration through the study reach, which also suggests that observed bed 
elevation changes are not the solely result of upstream or downstream influences. 
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Fieure 3.2. Gallowaywarh Change in Ekvatlon Over Time 
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Flsuta 34.  Galloway Wash North Bnmh Change in ElevrUon Over Time 
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R ~ Y R  36. Gmp.vI~w Wmsh Change in Elwstion OverTim. 



Memo to Gezn Kmeny/FCDMC 
JEFuller, Inc. 
2/12/02 

Figure 36. Row= Wash Change In ElevsthDn Over Time 
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Fngurs 34. Longltudlnal Proflie of Andora Wesh (1399 Data) 

Flgure3-10. Andor. Hills Wash Change In Uevation OvarTIme 
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Figure 313  Sediment Continuity Modeling - Galloway Wash 
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Flgure 3-15. Sediment Continuity Modeling: Grapevine Wash 

Figure 3-16 Sediment Continuily Modeling: Rows Wash 

River Station (mi.) 
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F@rs 3-17. Sediment Contlnulty Modeling: Andora Hllls Wash 

Application of Lane's Relation 

Lane (1955) developed the following equation that expresses the delicate balance and 
adjustment between several key geomorphic variables: 

Where Q, = sediment discharge (cfs) 
d = sediment size (mm) 
Q = water discharge (cfs) 
S = slope (ft.lR.) 

Lane's relation implies that to maintain stability a change in one variable requires a 
change in one or more of the other variables. Lane's relation provides a means to evaluate 
the effects of historical changes in watershed and channel conditions, and to estimate 
future river responses to watershed changes. 

For the study area, the primary watershed change has been light urbanization and local 
encroachment of the floodplain. Given regional historical accounts, it is likely that the 
watershed was over-grazed (e.g., Earl, 1983) in the late 1800's and early 1900's. By 
reducing vegetative cover and increasing the percent of rainfall that becomes runoff, 
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Geomorphic Surface Mapping 

Surticial mapping of geomorphic surfaces provides information regarding long-term 
history of channel processes in the study area, and helps place recent observations of 
channel behavior in their proper geologic context. The age of stream terraces adjacent to 
the main channels provides information on past stream bed elevations and positions that 
can be used to forecast where the stream may be located in the hture as well as how it 
behaved in the past. Field mapping of geomorphic surfaces and mapping prepared by the 
Arizona Geological Survey (Leighty et. al., 1997) and the USDA Soil Conservatiorl 
Service (SCS) were used to identify surficial units along the major stream conidors in the 
study area. Geomorphic mapping was based on the following characteristics: 

Soil development 
Desert pavement 
Desert varnish 

* Topographic relief 
Vegetative characteristics 

Individually, these age-indicating characteristics may provide a relatively low degree of 
confidence in age estimates and unit distinctions. Considered tonether, the characteristics 
provide a higher degree of confidence. The physical characteristics of a landform or 
geomorphic surface give clues as to its depositional history, stability, and its flood 
potential. As a landform ceases to receive new deposits, its surface will begin to age. As 
it ages, the surface begins to develop distinctive physical and chemical characteristics 
indicative of its age. As the soil develops, its structure, color and content change. Clay 
and calcium carbonate accumulate in the soil, causing the soil to redden (clay) and 
become more cemented (carbonate) and resistant to erosion. Surfaces may also develop 
gravel lag coverings known as desert pavement as they age. The large clasts on the 
surface, if they contain sufficient ferromagnesian minerals, will develop a dark black 
patina called desert varnish on their tops and an orange coating underneath. Surfaces f?ee 
from new deposition will also begin to erode and develop new tributary channel 
networks, creating a greater degree of relief between the channel bottoms and the ridges 
that separate them. 

Because it takes thousands of years for many of these characteristics to develop, it can be 
concluded that surfaces that exhibit well developed soils, red color. simificant carbonate . - 
development, desert pavements of strongly varnished gravels, and tributary drainage 
networks have been relatively free f?om flooding and erosion for thousands of years. 
Therefore, without external disturbance, it can be assumed that the flood and erosion 
hazard potential in the future will remain low. 
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The surficial geology of the Carefree DMP watershed was mapped previously by the 
Arizona Geological Survey (AZGS).' The AZGS mapping (Figure 2-2) distinguishes the 
following geomorphic surfaces along the wash conidorsin the study area: 

Active channel deposits (Q,,). The unit Q,, consist of active channel deposits that 
are less than 10,000 years old. The unit is characterized by loose, unconsolidated, 
subrounded to well-rounded sand and gravel sized clasts, and is subject to 
frequent flooding and erosion. 

Holocene alluvium (Q,). The Q, unit consists of piedmont deposits younger than 
10,000 years, and is generally found in small active channels and on low terraces. 
The unit is characterized by unconsolidated, stratified, poorly to moderately 
sorted sand and gravel deposits found along drainageways. Alluvial surfaces 
exhibit bar and swale topography, with the ridges typically being slightly more 
vegetated. Q, surfaces typically lack desert varnish or pavement, and often have a 
sandy loam mantle. Surface colors are usually light brown to yellowish brown, 
with slight reddening due to clay illuviation. Q, surfaces are considered subject to 
flooding and erosion. 

Late Pleistocene alluvium (QI). The Q1 unit consists of piedmont surfaces and 
terraces that are 10,000 to 250,000 years old. The unit may be moderately Incised 
by stream channels, but has some constructional, relatively flat interfluvlal 
surfaces with a subdued bar and swale topography. The surfaces have no to 
moderately developed desert pavement and varnish, with slightly more red color 
than Q, surfaces. Soil profiles have weak to moderate argillic honzons and stage 
I1 carbonate development. Q1 surfaces are generally not flood prone, although 
since they are immediately adjacent to actlve washes they may be subject to 
erosion. 

Middle Pleistocene alluvium (Q,, Qml, Qd). The Q, unit consists of piedmont 
and river terraces greater than 250,000 years old. The unit is characterized by tan, 
sandy to loamy materials with sand- to boulder-sized clasts. Q,,, surfaces have 
generally been eroded into shallow valleys and ridges due to development of m 
internal drainage pattern. The surfaces typically have moderate to strongly 
developed desert pavement and varnish, except where surface erosion has 
removed them, and are brown to reddish brown. The soils are strongly developed 
with reddened argillic horizons and stage 11-IV calcic horizons. Q, surfaces are 
generally not flood prone and are somewhat resistant to erosion. 

Early Pleistocene alluvial fan deposits (Q,). The Q, unit consists of piedmont and 
river terraces that are 750,000 to 1,600,000 years old. The unit is characterized by 
brown, sandy to loamy conglomerates with metamorphic and volcanic gravel 

Leighty, R S , Skotnlcki, S I ,  and Peadhree, P A., 1997, Geologic Map of the Cave Creek Quadrangle, Maricopa 
County, Anzona. AZGS Open-Rle Report 97-1 
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sized clasts. Q, surfaces are deeply dissected by larger drainages. The surfaces 
typically have moderate to well-developed reddish-brown argillic horizons, and 
relatively well-preserved alluvial surface remnants. Q, surfaces are generally not 
flood prone and are typically resistant to erosion. 

Colluvium, undivided (Q,). The Q, unit consists of piedmont and river terraces 
that are less than 750,000 years old. The unit is characterized by fairly coarse to 
sub-angular, very poorly sorted, weakly bedded, unconsolidated to moderately 
consolidated colluvium deposits on steep hdlslopes. 

Bedrock units. The following bedrock units occur along the stream comdors: 
o Younger basin-fill bedrock units (T,). The T, unit consists of late 

Miocene to Pliocene sedimentary rocks. The unit is characterized by 
interbedded moderately to poorly sorted sandstones and conglomerates 
with subrounded to angular clasts of metamorphic, volcanic and 
sedimentary rocks ranging in size from sand to boulders. 

o Conglomerate (T,). The T, unit consists of early Miocene conglomerate. 
The unit is characterized by angular to subangular, mostly pebble to 
cobble sized metasedimentary clasts. The matrix is rusty red and grussy 
and forms dark, rounded slopes and hills. 

o Basalt, undivided (Tb). The Tb unit consists of early to middle Miocene 
basaltic lavas. The unit is generally characterized by olivine phenocrysts 
in dark gray, fine-grained groundmass, columnar jointing and zones of 
vesicles, and is moderately vesicular with smaller vesicles typically filled 
with calcite. 

o Coarse-grained granite (Y,). The Y, unit consists of middle Proterozoic 
bedrock. The unit is characterized by unfoliated, coarse-grained granite 
with phenocrysts of subhedral potassium feldspar, light gray plagioclases, 
clear gray quartz and subhedral black biotite. This unit generally weathers 
into spheroidal boulders and easily erodes into a grussy deposit. 

o Meta-argillite (X,). The X, unit consists of early Proterozoic 
metasedimentary bedrock. The unit is characterized by massive, very f m e  
grained, medium to dark gray ridge forming a metasedimentary unit with 
relatively homogenous internal fabric. &is locally conglomeratic, with 
interbedded conglomerate and sandstone and weathers to a dark brown. 
This unit commonly shows some degree of desert varnish. 

o Phyllite, undivided (X,). The X, unit consists of early Proterozoic 
metamorphic bedrock. The unit is characterized by moderately to highly 
foliated finegrained metasedimentary and metavolvanic rocks. X,, is 
typically fine grained with minor amounts of carbonate rocks present. This 
unit typically forms slopes and saddles. 

Detailed soils mapping of the study area (Figure 2-3) is available from the Soil 
Conservation Service (Camp, 1986). Brief descriptions of the mapped soil units near the 
major stream comdors in the study area are provided in Tables 3-2 to 3-3. Engineering 
characteristics of the soils are listed in Table 3-4. SCS soils mapping indicates that the 
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floodplains and channels of the streams in the Carefree DMP study area are confined 
within relatively narrow corridors bounded by fan terraces. Fan terrace units were 
formed during Middle Pleistocene time when the study &ea consisted of a large alluvial 
fan receiving sediments from the mountains to the north. As the drainage system evolved 
during the Holocene and formed the streams in the study area, the resulting incision 
perched on the former alluvial fan surfaces that now form the canyon margins. 

The SCS soil unit boundaries are generally similar to the AZGS surficial geology maps. 
Differences between the two maps are probably due to the scale of mapping used by each 
agency, rather than to different interpretation of the surfaces. The following types of 
information regarding stream stability and sedimentation can be gleaned from the maps: 

Lateral migration. The main channels of the streams in the study area have migrated 
over their floodplains during the past several thousand years. Therefore, the 
(geologic) floodplains should be considered erosion hazard areas. 
Avulsion. The soils mapping confirms observations made &om historical 
photographs that the southern flow path of Galloway Wash located between Scopa 
Road and Vermeersch Road was cut off by development and floodplain 
encroachment. In addition, the AZGS mapping shows that a connection between 
Galloway Wash and Andora Hills Wash existed up until the early Holocene in the 
area near Viola Lane and Hidden Rock Road. 
Bedrock. The canyons of Andora Hills Wash and Grapevine Wash, as well as the 
upper reaches of the Galloway Wash North Branch, are bounded by bedrock. 
Expected channel behavior. Geologic evidence suggests that long-term degradation 
and lateral migration are natural processes, and should be expected to continue in the 
future. 
Sediment supply. Because bank erosion is a significant source of sediment, streams 
surrounded by bedrock (or floodplain development) will tend to be supply limited, 
and therefore, more likely to experience erosion problems in adjacent non-bedrock 
reaches than other non-supply limited streams. Where lateral erosion is prevented by 
bedrock or bank protection, scour should be expected. 

Finally, the most recent geomorphic surfaces observed during fieldwork were mapped 
along each of the five major watercourses. The surfaces mapped in the field consisted of - 
a series of inset stream terraces adjacent to the main channeis: The field mapping is 
consistent with the AZGS and SCS mapping, but was done at a high resolution. 
Descriptions of the terrace units and the location of mapped terraces are shown on Figure 
3-11. 
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Table 3-2. Caref ree  DMP 
- 

S C S  M a p  U n i t  

Anthony-Arizo 
complex (6) 

Arizo cobbly sandy 
loam (8) 
Eba very gravelly loam 
(33) 
Eba-Pinaleno complex 
(40) 

Gran-Wickenburg 
complex (61) 

Nickel-Cave colnplex 
(93) 

Pinaleno-Tres 
Hennanos co~nplex 
(96) 

C o m p o n e n t  Soil 
Series  

Anthony - 40% 
Arizo - 40% 

Arizo - 80% 

Eba - 80% 

Eba - 40% 
Pinaleno- 35% 

Gran - 40% 
Wickenburg - 35% 

Nickel - 50% 
Cave - 35% 

Pinaleno - 45% 
Tres Hermanos - 
40% 

SCS Soils Information:  
Posi t ionILandform 

Adjacent to and on 
floodplains 

Floodplains 

On fan and stream 
terraces 
On fan terrace 

Pediments and 
hillslopes 

On fan terraces 

On fan terraces 

Description, Classincation, & Geomorphic  Set t ing 
Key  Character is t ics  

Anthony: Light brown surface layer, light brown and brown calcarious 
gravelly sand loam 
Arizo: Pink gravelly sand loam surface layer and reddish yellow and pink 
subsurface layer 
Pink gravelly sand loam surfare layer and reddish yellow and pink subsurface 
layer 
Pink very gravelly loam surface layers and reddish yellow extremely gravelly 
sandy loam subsurface layer 
Eba: Pink very gravelly sandy loam and reddish yellow gravelly clay 
subsurface layer 
Pinaleno: Yellowish red, calcareous gravelly clay loam surface layer and light 
brown calcareous gravelly loam subsurface layer 
Main limitation for development of Eba is slope. Few limitations for Pinaleno 
Gran: Reddish yellow very gravelly sandy loam and light red extremely 
gravelly sandy clay subsurface layer 
Wickenburg: Reddish brown gravelly sandy loam surface layer and reddish 
brown very gravelly sandy loam subsurface layer 
Main limitation for development of Gran is shrink swell potential. Few 
limitations for Wickenburg 
Nickel: Pinkish gray, calcareous gravelly sandy loam surface layer and pinkish 
gray calcareous vety gravelly sandy loam subsurface layer 
Cave: Light brown, calcareous gravelly loam surface layer and pinkish gray, 
calcareous loam subsurface layer 
Main limitation for development is cemented hard pan. 
Pinaleno: Yellowish red very gravelly clay laom surface layer and yellowish 
red, calcareous gravelly clay loam subsurface 
Tres Hamanos: Reddish yellow gravelly loam surface layer and reddish 
yellow, calcanous clay loam subsurface layer 
Main limitation for develop~nent of Tres Hetmanos is shrink swell potential. 
Few limitations for Pinaleno 

SubgroupIOrder  

Typic Tomfluvents 
Typic Totriorthents 

Typic Torriorthents 

Typic Haplargids 

Typic Haplargids 
Typic Haplargids 

Typic Haplargids 
Typic Camborthid 

Typic Calcionhids 
Typic Paleorthids 

Typic Haplargids 
Typic Haplargids 



Table 3-3. Carefree DMP I ~ ~ ~ - - ~  

General Soil Age & Relation of SCS and AZGS Map Units 
SCS Map Unit 

Anthon~Arizo complex (6 )  

Arizo cobbly sandy loam (8) 

Eba very gravelly loam (33) 
Eba-Pinaleno complex (40) 

Gran-Wickenburg complex 
(61) 
Nickel-Cave co~nplex (93) 

Pinaleno-Tres Hennanos 
co~nplex (96) 

Snbgroup/Order 

Typic Tomfluvents 
Typic Tomonhena 
Typic Torriorthents 

Typic haplargids 
Typic haplargids 
Typic haplargids 

Typic haplargids 
Typic eambonhid 
Typic calciorthids 
Typic Paleorthids 
Typic haplargids 
Typic haplargids 

Order 

Aridisols 

Aridisols 

Aridisols 
Aridisols 

Aridisols 

Aridisols 

Aridisols 

Minimum General Age 
Of Soil Order 

Early Holocene (7-1 1 ka) 

Early Holocene (7-1 1 ka) 

Early Holocene (7-1 1 ka) 
Early Holocene (7-1 1 ka) 

AZGS Map Unit 

Q, -Active channel deposits 

Q, - Holocene Alluvium (< 1Oka) 

Q, -Middle Pleistocene Alluvium (250-750ka) 
Q, - Middle Pleistocene Alluvium (250-750ka) 

Early Holocene (7-1 1 ka) 

Early Holocene (7-1 1 ka) 

Early Holocene (7-1 1 ka) 

Y ,  - Coane-grained granite 

Q, - Middle Pleistocene Alluvium (250-7ZOka) 

Q ,  - Middle Pleistocene Alluvium (250-750ka) 



Table 3-4. Carefree DMP 
SCS Soil Unit Hazards 

SCS M a p  Unit 

Anthony-Anzo complex (6) 

I I I I 
Ar~zo cobbly sandy loam (8) 

Eba very gravelly loam (33) 

Eba-Pinaleno complex (40) 

Gran-Wickenburg colnplex 
(61) 

Nickel-Cave complex (93) 

Plnaleno-Tres Hermanos 
complex (96) 

Building Site Development Restrictions (SCS Report: Table 9) 

Severe - cutbanks 

Moderate - too clayey 

Moderate - too clayey, 
slope 
Moderate - slope 
Severe - depth to rock 

Severe- cutbanks 
cave, slope; cemented 

Sanitary Facility 
Hazards 

(SCS Report: 
Table 10) 

Flooding, seepage, poor 
filter, small stones 

Shallow 
Excavation 

Slight 
Severe - cutbanka 
C l V P  

1 I 

Pan 
Sl~ght 

cave 
Moderate - large 

Moderate - Shrink 
swell 
Moderate - shrink 
swell, slope 
Moderate - slope 
Moderate - shrink 
swell, depth to rock; 
slope 
Severe - slope; 
cemented pan 

Flooding 
Hazard 

(SCS Rpt: 
Table 15) 
Rare to 
occ~monal 

Dwellings 
without 

basements 
Severe - floodlng 

Sllght 
Moderate - shnnk 
swell 

Depth 
to 

Bedrock 

> 60 In 

stones 
Moderate -large 

Moderate - Shrink 
swell 
Moderate - shrink 
swell, slope 
Moderate - slope 
Modentte - shrink 
swell, depth to rock; 
Slope 
Severe - slope; 
cemented pan 

Local Roads 

Moderate - floodmg 
Severe - flooding 

Severe - large 

Slight 
Moderate - low 
strengrh, shrink 

Lawns & 
Landscaping 

Sl~ght 
Severe - droughty 

stones - ~ 

Severe - slnail 
stones 
Severe - small 
stones 

Severe - small 
stones; droughty; 
thin soil layer 
Severe- slope; 
thin soil laver 

Severe - small 
stones 
Moderate - small 

stones, droughty 
smali itones 
Percs slow, seepage, 
small stones 
Percs slow, small 
stones, seepage, slope 

Depth to rock, area 
reclaim, small stones 

Slope, cemented pan, 
semaee. area reclaim. . - .  
small stones 
Perc slow, seepage, 
slope, small stones 

Flooding, poor filter, to 
sandy, l a r ~ e  stones and 

None 

None 

None 

None 

> 60 i n  

> 60 in 

20-40 in 
3-20 in 

> 60 in 

None 

Occasional 

> 60 1n 

> 60 in 
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Descriptions of the soils and geomorphic mapping adjacent to each of the five major 
streams in the study area are provided below. 

Galloway Wash. The main channels and portions of the floodplain are mapped as 
geologic unit Q,,, and SCS soils unlts 6 and 8, the Anthony-Arizo Complex and the 
Arizona cobbly sandy loam, all of which are designated by the SCS as floodplain and 
drainageway deposits. The floodplain margins are generally bounded by AZGS Qm 
unit and a variety of SCS fan terrace soil units. Bedrock crops. out along the left bank 
in the narrows upstream of the Grapevine Wash confluence, with a large area of Late 
Pleistocene aIluvium (QI) upstream of the narrows. 

Galloway Wash North Branch. The main channels and portions of the floodplain are 
mapped as geologic unit Q,,, and SCS so11 units 6, the Anthony-Arizo Complex, both 
of which are designated as floodplain and drainageway deposits by the SCS. The 
floodplain margins are generally bounded by AZGS Q,,, unit and a variety of SCS fan 
terrace soil units. Bedrock crops out along the lefl bank upstream of Paint Pony 
Drive. 

* Grapevine Wash. The main channels and portions of the floodplain are mapped as 
geologic unit Q,, and Qy, and SCS soils units 6 and 8, the Anthony-Arizo Complex 
and the Arizona cobbly sandy loam, all of which are designated by the SCS as 
floodplain and drainageway deposits. The floodplain margins are generally bounded 
by Tertiary aged bedrock or AZGS Q, unit and a variety of SCS fan terrace soil units. 
Bedrock crops out along both sides of the canyon bottom, with more bedrock in the 
right bank. 

Rowe Wash. The main channels and portions of the floodplain are mapped as 
geologic unit Q, and SCS soil unit 8, the Arizona cobhly sandy loam, both of which 
are designated by the SCS as floodplain and drainageway deposits. The floodplain 
margins are generally bounded by AZGS Q, unit and a variety of SCS fan terrace soil 
units. 

Andora Hills Wash. The main channels and floodplains of Andora Hills Wash are 
mapped as AZGS unit Qy downstream of Basin Road. Upstream of Basin Road, the 
channels and floodplains of Andora Hills Wash are not distinguished from the 
surrounding bedrock units. The SCS soils mapping does not break out a separate unit 
for Andora Hills Wash or its floodplain. 

Summary. Geomorphic mapping of the stream comdors in the Carefree DMP study area 
indicates that the main channels of the five major streams are located within very young, 
active floodplains subject to lateral erosion. The geologic floodplains not mapped as 
within in the 100-year floodplain appear to have been subject to more frequent flooding 
in the recent past, and are only outside the active floodplain due to recent channel 
incision. The geologic floodplains are bounded by very old, relatively stable surfaces that 
have not been significantly altered for tens of thousands of years. Field mapping of 
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recent stream terraces indicates that Galloway Wash and Galloway Wash North Branch 
experienced channel Incision during the late Holocene that perched portions of their 
floodplains. 

Sediment Continuity Modeling 

An assessment of sed~ment continuity within the streams in the Careftee DMP study area 
was made to identify differences in sediment transport capacity between adjacent reaches, 
to identify likely areas of scour or deposition, and to evaluate the potential for future 
channel changes. Sediment routing of a design hydrograph using a detailed model such 
as HEC-6 is beyond the scope of this investigation. 

Methodology. Sediment continuity modeling was performed using HEC-RAS hydraulic 
data: sediment data obtained from the SCS Soils Survey soils descriptions for channel 
and floodplain soil units, and the Zeller-Fullerton sediment transport function (ADWR, 
1985). The sediment transport capacity for the 10- and 100-year peak discharges was 
estimated at each HEC-RAS cross section using the Zeller-Fullerton equation. Sediment 
continuity was then estimated by comparing the sediment load supplied to a cross section 
from the cross section immed~ately upstream, to the sediment load transported out of the 
cross section using the continuity equation: 

Sediment (,, - Sediment ( , )  = Change in Sediment Storage 

The volume of the change in sediment storage at each cross section was then applied over 
the distance between the cross sections using the average channel width (i.e., channel 
area) to estimate the vertical change in bed elevation equivalent to the sediment storage 
volume. The procedure described above is similar to the HEC-6 modeling algorithm, 
except that only the peak discharges, rather the entire hydrograph, were evaluated for this 
analysis. The vertical bed elevation changes reported are not intended to depict actual 
changes in bed elevation. Instead, they are intended to illustrate the expected direction of 
channel change (scour or deposition) so that trends in expected channel behavior can be 
identified. 

Results. Sediment continuity principles dictate that if less sediment is supplied to a reach 
than can be transported out of the reach, erosion will occur and the stream will degrade, 
widen, or meander. Conversely, if more sediment is supplied than can be transported, the 
excess will be deposited and the stream will aggrade and become braided or 
anastornosing. Sediment supply from a watershed can be disturbed by construction of 
on-line detention basins, construction of raised grade road crossings, excavation of in- 
stream sand and gravel mines, construction of bank protection, paving of natural surfaces, 
or conversion of desert landscape to inigated turf. The time it takes for a channel to 
respond to such disturbances depends on the frequency of runoff, the magnitude and 
duration of floods, and the degree of disturbance. 

HEC-RAS models were originally prepared for Floodplain Delineation SNdis. Optimization of the HEC-RAS 
models for sediment continuity routing was not part of the project scope of services. 
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Because the sediment continuity modeling methodology used exaggerates the predicted 
bed elevation changes, the results shown in Figures 3-13 to 3-17 should be interpreted as 
relative trends, rather than specific indications of the actual magnitude of channel change. 
The following conclusions can be drawn from the results shown in Figures 3-13 to 3-17: 

Variable sediment transport capacity. The clearest result of the sediment continuity 
routing is that sediment transport capacity varies drastically between adjacent cross 
sections along the streams in the study area. Predicted aggradation and degradation 
alternates between almost every cross section. There are no extended reaches that are 
consistently degradational or aggradational. Alternating transport capacity should be 
expected on steep streams with a braided channel pattern. 
Instability. Reaches that show excessive predicted bed elevation changes are less 
stable than reaches with more muted predicted bed elevation changes, and are 
probably more sensitive to encroachment or other human impacts on the streams. 
Examples of reaches of significant instability include Galloway Wash downstream of 
River Station 2.0, and Rowe Wash upstream of River Station 3.0. 
Recurrence interval. At many cross sections, opposite trends are predicted for the 10- 
and 1 OO-year discharges, indicating that channel hydraulics vary significantly 
between small floods and large floods. Therefore, since historical records indicate 
that recent floods have been small, the types of channel behavior observed during 
recent years may not be indicative of the channel response if the 100-year flood were 
to occur. 
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over-grazmg and urbanization increases water supply (Q). To balance the Lane equatlon 
in response to increased runoff (Q'), a stream would have to flatten its slope (S , 
degradation) and/or increase the sed~ment transport  rate'(^:, scour). Therefore, over- 
grazing could be a plausible explanation for historical degradation inferred from field 
observations, geomorphic mapping, and interpretation of the oldest aerial photographs 
described in Chapter 2. 

Urbanization not only increases runoff volumes (Q'), it also decreases sediment supply 
(QA. Therefore, as the watersheds become more urbanized, the streams in the study area 
will tend to decrease their slopes (S-, degradation) and/or increase the bed material size 
(d', armoring) to achieve a new equilibrium fonn. The grain sizes observed in the 
streambeds in the study area are too small to form armor layers. Therefore, it is likely 
that continued urbanization will cause more channel degradation. 

The e f k t  of floodplain encroachment can also be evaluated using Lane's relation. 
Encroachment reduces the floodplain width and increases the percent of flooding 
conveyed in the channels relative to the floodplain, effectively increasing the discharge 
"seen" by the channel and mimicking the effects of an increase in water supply (Q'). 
Where encroachment is accompanied by channelization and bank protection, the source 
of sediment normally supplied by bank erosion is depleted (QA. The natural channel 
response would be to flatten the slope through degradation (SJ. However, encroachment 
is often accompanied by channel straightening, which increases the slope (S'), making 
the stream further out of balance, and resulting in degradation and local scour. 

Summary. Lane's relation clearly predicts that the streams in the Carefree DMP study 
area will continue to degrade. The lack of more extensive degradation than expected 
from the Lane's relation results (or equilibrium slope analysis) is probably due to the 
infrequent flooding during the past several decades. Because few significant floods have 
occurred, the streams have lacked the energy to respond to watershed alterations. 

Stream Classification Techniques 

The primary objective of stream classification is to match measurable stream 
characteristics with expected river responses. The following two classification systems 
were applied to the stream segments within the Carefree DMP study area: ( 1 )  a 
descriptive classification system based on the Brice system, and (2) the morphologic and 
field-based Rosgen system. Data for the stream classification were obtained from field 
surveys of the project site, topographic mapping, aerial photographs, and published 
reports. Only the channel characteristics required to perform the stream classification are 
presented here. More detailed discussions of specific channel characteristics and specific 
reaches were provided in Chapter 2. 

Brice Classification System. The Brice system was developed primarily for the 
evaluation of stream stability near roadways or bridge structures, but is not limited to 
highway design applications. The Brice System uses readily identified stream 
characteristics to make subjective predictions of lateral stability (FHWA, 1991; Brice and 
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Blogett, 1978). Use of the Brice Classification system is appropriate for the Carefree 
DMP, since one of the primary objectives is to assess stream stability. The Brice system 
assigns relative erosion potential classifications based on the 13 stream characteristics 
summarized below (Table 3-5). These classifications can be used to prepare a subjective, 
relative assessment of stream stability. Where high or moderate potential for lateral 
migration is identified, sedimentation problems should be expected to occur. The Brice 
classification system categories are discussed briefly below. 

1. Stream Size. The potential for, and scale of, lateral erosion generally increase with 
stream size. All five streams in the Carefree DMP study area have small channel 
widths, although some reaches of Grapevine and Rowe Washes could be considered 
medium width if the total distance between the furthest braids is considered. 

2. Flow Habit. Perennial streams tend to experience more frequent erosion than 
ephemeral streams in equivalent climates. However, in arid regions where flash 
floods and unstable bank materials can cause significant lateral erosion, ephemeral 
streams are often highly erosive. All five streams in the study area are ephemeral and 
experience flash floods, and thus are subject to rapid rates of lateral movement and 
long-term fluctuations in bed elevation. 

3. Bed and Bank Material. Bed and bank materials generally consist of sand and gravel. 
Some boulder and cobble bars were observed on Rowe Wash and Andora Hills Wash. 
Stream banks, where not formed in bedrock, generally consisted of materials similar 
to the bed materials. The sand and gravel materials in the beds and banks are poorly 
consolidated and highly erosive. Bedrock crops in some places along Galloway 
Wash, Galloway Wash North Branch, and Andora Hills Wash, as shown in 2-4. 

4. Valley Setting. Channel reaches with low valley relief (< 100 A.) typically have more 
erosion-prone b& than streams in valleys with high relief. The streams in the study 
area have low relief. The streams in the study area flow within an entrenched middle 
Pleistocene-aged alluvial fan complex, a landform that does not fall into the Brice 
valley setting categories, but is most similar to a low relief valley. 

5. Floodplains. Channels with wlde floodplains (> 10 times channel width) typically 
experience more lateral channel movement than channels with little or no floodplain 
(< 2 times channel width). The streams in the study area have narrow floodplains 
relative to the channel width, primarily because the streams have large widths relative 
to the watershed area. 

6. Natural Levees. Streams with natural levees tend to have low rates of lateral 
migration. The streams in the study area do not have natural levees. 

7. Apparent Incision. Streams with vertical cut banks are generally unstable. Field and 
historical evidence suggests that Galloway Wash, portions of Galloway Wash North 
Branch, Grapevine Wash, and Andora Hills Wash have incised during the period of 
record, as well as during the prehistoric period prior to the founding of the Town of 
Carefree. Vertical cut banks and constructed erosion protection were observed 
throughout the study area. 

8. Channel Boundaries and Bank Materials. Alluvial streams are more susceptible to 
lateral erosion than non-alluvial streams. Bedrock crops out in several places on the 
bed and banks of Galloway Wash, Galloway Wash North Branch, and Andora Hills 
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Wash. The banks of Grapevine Wash and Rowe Wash are generally alluvial, although 
their canyons are partially bounded by bedrock. 

9. Vegetation. Streams that lack adequate vegetative cover along banks tend to be more 
susceptible to erosion. Dense, woody vegetation may also slow flood velocities 
against the banks, as well as redirect flow away from the banks. Roots can also 
stabilize the soils in the banks, by providing a structure that tends to hold bank 
materials together. Deeper and denser root networks provide greater stability than 
shallow, less dense roots, which tend to be undercut. In general, field evidence 
indicates that the banks of the streams in the study area are poorly to moderately well 
vegetated, mostly with perched or shallow-rooting species. Deep-rooting species 
were generally spaced well apart. Bank vegetation is not likely to stabilize the 
existing channel banks in the study area. 

10. Sinuosity. The streams in the study area have sinuosity values of less than 1.2 and are 
not considered "meandering" streams. Therefore, their patterns cannot be accurately 
predicted by published meander geometry relation~hi~s.~ 

11. Degree of Braiding. Braided streams tend to be laterally unstable. All of the streams 
in the study area except Andora Hills Wash are braided, especially at low flow rates. 
At higher discharges, the channel beds are inundated and the braided pattern is 
obscured. 

12. Degree of Anabranching. All of the streams in the study area except Andora Hills 
Wash are locally ananbranched. Anabranching is probably the result of avulsions that 
formed semi-permanent channels away from the main channel. Anabranching 
streams are subject to high rates of lateral erosion. 

13. Variability of Width and Development of Bars. Streams with relatively uniform 
width and narrow, regular point bars tend to have slow lateral migrat~on rates. The 
streams in the study area have irregular channel widths, irregular point bars, and are 
subject to rapid lateral migration except where bank resistance is increased by soil 
conditions or bank vegetation, 

According to the Brice classification scheme, the streams in the study area exhibit many 
characteristics that indicate that they are subject to erosion and sedimentation problems 
These broad stream characteristics indicate potential for frequent bank erosion and rapid 
lateral channel movement, high rates of sediment transport, and frequent adjustments in 
channel geometry. 

' By detinition, meandeting streams have sinuosity greater than 1.2. Therefore, meander relationships are not 
applicable to sheams wifh sinuosity less than 1.2. 



Table 3-5. Carefree DMP I 

Stream 
Characteristic 

Stream Size 

Flow Habit 
- 

Bed Material 

Valley Setting 

Floodplain 

Natural Levees 
Apparent Incision 

Channel 
Boundaries1 
Bank Materials 
Bank Vegetative 
Cover 
Sinuosity (S) 

Braiding 

Anabranching 
Width Variability 
Bar  Development 

Galloway Wash 

Small (<I00 ft) 
Avg. chi. width = 85 f t  
Ephemeral 
Flashy 
Gravel (coarse sand to med. 
gravel) 
DJo-O.5Omm; DPO = I  Imm 
Low relief valley ( 4 0 0  ft.) 

Narrow (2-lox chl width) 
Avg. floodplain width = 
160 ft. 
(2x channel width) 
Little or none 
Slight incision 
3-10 fl banks 
Semi-alluvial 
Intermittent local bedrock 
in banks 

<50 percent of bankline 

Straight (S= 1.0-1.05) 

Locally braided low flows 

Locally anabranched 
Randoin variation 
Irregular point & lateral 
bars 

Brice Classification System Data 
Galloway Wash North 

Branch 
Small (<I00 ft) 
Avg. chl. width = 97 R. 
Ephemeral 
Flashy 
Gravel (coarse sand to med. 
gravel) 
D~o=O.SOrnrn; Dw=I lmm 
Low relief valley ( 4 0 0  ft.) 

Narrow (2-IOx chl width) 
Avg. floodplain width = 
208 ft. 
(2x channel width) 
Little or none 

Locally anabranched 
Random variation 
lt~egular point & lateral 
bars 

Andora Hills Wash 

Small (<I00 ft) 
Avg, chl. width = 39 R. 
Ephemeral 
Flashy 
Sand (fine gravel to 
medium sand) 
D~0=0.35mm; Dw =8.2 mm 
Low relief valley ( 4 0 0  ft.) 

Narrow (2-IOx chl width) 
Avg. floodplain width = 
124 ft. 
(3x channel width) 
Little or none 

Not anabranched 
Equiwidth 

Slight incisionp 

Grapevine Wash 

Small ( 4 0 0  ft) 
Avg. chl. width = ft. 
Ephemeral 
Flashy 
Sand (very fine gravel to 
very tine sand) 
Dlo=O.l lmm; Dgo=3.1 mm 
Low relief valley (<I00 fl.) 

Narrow (2-IOx chl width) 
Avg. floodplain width = 
333 ft. 
(Ix channel width) 
Little or none 

3-1 0 fl banks 
Semi-alluvial 
Intermittent local bedrock 
in banks 

<SO percent of bankline 

Straight (S= 1 .O-1.05) 

Locally braided low flows 
Low flows 
Locally anabranched 
Random variation 
Irregular point & lateral 
bars 

Rowe Wash 

Small (c 100 ft) 
Avg, chl. width = ft. 
Ephemeral 
Flashy 
Sand (very fine gravel to 
very fine sand) 
Dlo=O.l lmm; D,, =3.1 mm 
L~~ reliefvalley (<I 00 fl,) 

Narrow (2-lox chl width) 
Avg, floodplain width = 
229 ft. 
(2x channel width) 
Little or none 

Locally anabranched 
Random variation 
Irregular point & lateral 
bars 

3-10 ft banks 
Semi-alluvial 
Intermittent bedrock in 
banks and channel 

<50 pereent of bankline 

Straight (S= 1.0-1.05) 

Not braided 

Alluvial 

<SO percent ofbankline 

Straight (S= 1.0-1.05) 

Locally braided 

Alluvial 

<SO percent of bankline 

Straight (S= 1.0-1.05) 

Generally braided 
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Rosgen Classification System. 

The Rosgen classification system (Rosgen, 1996) is based on measurable channel 
characteristics observed on streams located primarily in the western mountain region of 
the United States, although the classification system is now used in many parts of North 
America. The Rosgen (1996) system was applied to the study area because it has many 
adherents among State and Federal agencies in the western United States, and because it 
provides a common language for discuss~ons of stream stability. The field survey 
techniques used for the study reach incorporated procedures recommended by Rosgen 
(1996) for obtaining channel sections, pool and riffle spacing, bankfull elevations, 
entrenchment ratio, slope, meander geometry, bank characteristics, and bed sediment 
distribution. 

With the exception of the bedrock and bouldery reaches of Andora Hills Wash, the 
stream segments in the shldy area appear to best match Rosgen's D4b (Table 3-6) 
category. The streams have gravel beds, with steep slopes between 0.02 and 0.05 ft./ft. 
and sinuosity of less than 1.2, all of which are criteria that fit within the range of expected 
stream type D characteristics. The wldthldepth ratio is generatly close to, but less than 
40, the cutoff for Rosgen's D4 category.6 However, the streams are not truly braided 
during flows that impact their banks, except for a few local subreaches. But because the 
Rosgen classification system is strongly weighted to low flow conditions (less than the 2- 
year) and the channels are braided at very low flow rates, the D category was assumed to 
be the most applicable. 

The Rosgen description of D4 stream types follows: 

The 0 4  stream types are multiple channel systems, described as braided streams 
found within broad alluvial valleys and on alluvial fans consisting of coarse 
depositionai materials formed into moderately steep terrain. Primarily. the 
braided system consists of interconnected distributary channels formed in 
depositional environments. The 0 4  stream type occurs in moderately steep, 
narrow, U-shaped glacial valleys: on alluvial fans; and in gentle gradient alluvial 
valleys. n i s  stream type can also occur on low relief river deltas, as well as on 
the upper lobes of glacial outwash valleys. The 0 4  stream channel may be found 
in Valley Types 111, V,  VIII,LY. X, and XT7. Channel bed materials are 
predominantly gravel, with a strong bi-modal distribution ofsands. Cobble may 
also be found in lesser amounts, often imbedded with sands. The braided channel 
system is characterized by hizh bank erosion rates, excessive deposition 
occurring as both lon~itudinal and transverse bars, and annual shifts of the bed 
locations. Bed features are developed@om convergence/divergence processes. 
Bed morphology is characterized by a closely spaced series of rapids and scour 

The Rosgen cafegones w~th lower widthidepth rat~os have much highersinuos~ty and lowerenhmchment ratios than 
those w~th higher w~dwdepth ratios, and therefore, drd not fit as well as the D4 category selected 

'These valley types encompass the range of valley types found m the study area. 
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pools formed by convergence/divergence processes that are very unstable. The 
channels generally are at the same gradient as their parent valley. A combination 
of adverse conditions are [sic] responsible for channel braiding, including high 
sediment supply, h z ~ h  bank erodibility, moderately steep gradients, and ve y 
flashy runoffconditions which can vary rapidly@om a base flow to an overbank 
high flow on a frequent basis. Characteristic widfh/depth ratios are very high, 
exceeding values of 40 to 50 with values of 400 or larger oflen noted. 0 4  channel 
gradients are generally less than 2%, however, 0 4  types can also develop within 
alluvial fans which haw slopes of2% to 4% (D4b). The 0 4  system is a very high 
sedlment supply system and typically produces high bedload sediment yields. 
(Emphasis added.) 

4. Channel slope - reach average of HEC-RAS So values 
5. Channel materials - best fit sediment distribution from sieve and boulder count data 
6. Channel pattern codes: B =braided; MC = multiple channel; S = single channel; DIST = disturbed 
7. Channel materials codes: F = fine; M = medium; C = coarse; G = gravel; V = very (SCS gradations) 
8. Galloway Wash Reaches: 

1 = Pima Rd. to Nosh Branch 2=North Branch to Narrows 

Summary. Stream classification data presented above indicate that streams in the 
Careffee DMP study area have characteristics typical of braided, ephemeral streams. 
Therefore, the expected channel processes include high rates of sedimentation, 
susceptibility to bank erosion, and potential shifts in low flow channel characteristics 
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Both the Brice and Rosgen classification systems indicate that lateral channel movement 
should be expected for the stream segments in the study area. 

Summary 

The sedimentation and geomorphic analysis indicates that long-term degradation and 
rapid rates of channel change are natural processes in the study area and should be 
expected to continue in the future. The major watercourses are confined by older, more 
stable geomorphic surfaces. Within these corridors, the streams will experience frequent 
lateral migration, avulsions, sedimentation and scour. Analysis of equilibrium slopes 
indicates that the streams will continue to degrade. Longitudinal profile analysis and 
surficial geomorphic mapping indicate that fluctuations in bed elevations have occurred 
in the recent past, and that such fluctuations are more related to channel pattern and local 
hydraulic conditions than to watershed or regional impacts. Sediment movement through 
the channels probably occurs in waves that create local fluctuations in bed elevation that 
vary with time and the flood series. Of the washes in the study area, Galloway Wash is 
the most disturbed by human impacts, and has evidence of the greatest degree of 
instability. Andora Hills Wash may be the most stable due to the abundance of bedrock 
control. 
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I Figure 3-1 1 
Geomorphic Mapping of Stream Corridor Terraces 

1i1 terraces associated with the drainage systems within theTown of Carefree were mappea d ~ r -  
mg field reconnaissance on the basis of surficial characteristics, topographic rnief, vegetation, ano 
elevation of the active channel. A simplified threecategory classification scheme was u s d  to map 
the terrace surfaces, bared on the relativedevation above the active channel: 

I 1. 1-2 feef a b e  active channel 

I 2. 3 4  feet above active channel 
3. 5-6 feet above activechannel 

I Additional geologic geomorphic and biologic characteristics firther define t h e  categdries and 
provide evidence for relative ages of the surfaces. 

I 7 AcUw Charnd. Actlvechanmi deporitr c~ l iS t0 f  h s e .  l ~ ~ m t l y  transported fano and gravel..A<tlve 
chmhas are generaWdcwld ofpmunent Mgctalion ChanW wunaaner consist ofchannelbsnn 
~rnckoutcmp5,or conamtea banr p~moccctlon 

This ~ n l t  represents tne yhlngert of the msppd 
temu units and is  only a h t  1-2 feet above me 
a h  channd.TbT1 unlt Indudes bom cnannd 
and tdbubry Mimenh and is c h a r a c t m  by 
steep banks and muMP Raod channels Sedi- 
m t  b c o w  of fwen l l y  mrkM fino to 
coarse rand Rood ~ d t s  and class that nnpe 
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RE: Carefree DMP 
Sedimentation Engineering & Geomorphic Evaluation 
Task 2.1 .I0 - Assessment of Erosion at Road Crossings 

Introduction 

The District identified sedimentation problems at road crossings of washes as one of the chief 
concerns for the Carefree D M .  Spatial, temporal and hydraulic analyses of road crossings in 
the study area were performed to evaluate potential causes of observed sedimentation problems 
so that effective design guidelines could be proposed. 

Data Collection 

Data describing existing road crossings were collected in the field and from historical aerial 
photographs of the study area. In addition to field photographs documenting existing conditions, 
the data collected for each crossing considered are summarized in Table 4-1. Exhibit 4-1 shows 
the crossing locations and presents a brief description of each crossing. 

Spatial and Temporal Analysis 

Spatial analysis is the manipulation of location-related data to determine whether problem areas 
or non-problem areas are distributed in some regular pattern relative to other spatial features of 
the study area. For the Carefree DMP, the locations of crossings with scour or sedimentation 
problems were compared with maps of suficial geology, SCS soils classifications, geomorphic 
features, channel pattern, distance from the headwaters, position along a given channel, degree of 
urbanization, and channel slope. As shown in Table 4-1 and Exhibit 4- 1, no spatial pattern was 
detected. The occurrences of scour problems at road crossings were not clustered in any given 
surficial geology unit, SCS soil classifications, zoning category, stream, watershed, bedrock 
outcrop, drainage area, channel sloe, or general location. 

Temporal analysis examines the development of, or changes to a given attribute over time. The 
attributes evaluated for the road crossings in the study area included changes in horizontal 
channel position (Chapter 2) and vertical channel change (Chapter 3). Horizontal channel 
change occurred within the study area, but was found to be unrelated to the occurrence of scour 
at road crossings. Longitudinal profile analyses described in Chapter 3 indicate that bed elevation 
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Table 4-1. Carefree DMP 
Road Crossing Inventory 

Golf course constructson, 
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Table 4-1. Carefree DMP 
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changes during the period of record are cyclical and are not longitudinally consistent within any 
of the five wash systems evaluated. Therefore, the occurrence of scour holes at road crossings 
could not be causally related to temporal changes in bed elevaiion. The construction and paving 
dates were also found to be unrelated to the occurrence of scour problems. 

Figures 4- 1 through 4-6 were developed fiom the data in Table 4-1 to evaluated whether 
observed scour could be correlated to several temporal variables. The data presented in Table 4-1 
only describe those crossings where scour or sedimentation problems were observed in the field 
or on aerial photographs. The temporal variables evaluated included Year Crossing Appears on 
Aerial Photo, Year Crossing Appears Paved on Aerial Photo and Year Encroachment Appears 
on Aerial Photo. Figures 4-1 through 4-5 are summaries for the five major streams. Figure 4-6 
summarizes these data for all crossings with evidence of scour. The approximate time period 
crossings were built, the time period crossings were paved and the time period when 
encroachment occurred near or around a crossing were noted to evaluate whether the time the 
crossings were constructed was related to whether scour had occurred. That is, construction 
techniques for the time period or the flood series since the date of construction might have 
influenced whether scour occurred. However, no direct correlation was determined between the 
temporal variables and erosion at the crossings for either the individual washes or all the wash 
data analyzed together. 

Figure 4-1 shows the results for Galloway Wash. All the crossings with scour evidence on 
Galloway Wash have changed the natural wash geometry. 57% of the crossings experience 
supercritical flow, with another 29% at critical. All crossings are paved. 

Figure 4-2 shows the results for Galloway Wash North Branch. The data set for this wash is 
small, with only three crossings, only one of which has evidence of scour. The crossing with 
scour evidence is paved, with a constructed drop in elevation at the downstream side, and 
experiences supercritical flow. 

Figure 4-3 shows the results for Andora Hills Wash. 67% of the crossings with scour evidence 
have a constructed drop in elevation at their downstream side. 83% of the crossings experience 
subcritical flow and are paved. 

Figure 4-4 shows the results for Grapevine Wash. The data set for this wash is small with only 
four crossings, only two of which have scour evidence. Both crossings with scour evidence were 
narrowed during the crossing construction and experience supercritical flow, but neither crossing 
is paved. 

Figure 4-5 shows the results for Rowe Wash. Only one crossing on Rowe Wash has evidence of 
scour. The crossing with scour evidence was narrowed and paved during construction of the dip 
section. 

Summary. Of the 42 road crossings evaluated in the study area along the major watercourses, 19 
(45%) were observed to have scour problems and 23 (55%) did not appear to have existing scour 
problems. Table 4-2 summarizes differences between the characteristics of crossings with 
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observed scour and crossings without observed scour. Of the variables shown in Table 4-2, the 
most diagnostic for predicting scour include the following: 

Surface Type. 89% of the paved crossings had scour problems, whereas only 65% of the 
unpaved crossings had scour problems. The effect of paving on stream hydraulics is 
discussed in the next section of this chapter. 
Crossing Type. 74% of the crossings without scour problems were constructed to 
minimize changes in the natural channel geomehy, compared to only 5% of the crossings 
with scour problems. That is, 95% of the crossings with scour problems altered the 
natural channel cross section. 
Flow Regime. 63% of the crossings with scour problems flow at supercritical conditions 
during the 100-year event, compared to only 43% of the crossings without scour 
problems. High velocities and less stable flow conditions associated with supercritical 
flow are correlated with scour and sedimentation problems. 
Bed Materials. All (100%) of the crossings with scour problems had channel bed 
materials composed primarily of sand and gravel. 26% of the crossings without scour 
problems had coarse bed materials such as cobbles or gravel. Large diameter rock, 
whether natural or dumped, is a moderately effective scour prevention measure. 

The spatial and temporal analyses indicate that construction practices such as paving, altering the 
natural channel geometry, and use of rock scour protection are best correlated to incidence of 
scour at road crossings. 
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Table 4-2. Carefree DMP I 
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Crossing Type 

Figure 4-1. Galloway Wash Data 
For Crossings Showing Evidence of Scour 

Year Crossing Appears on 
Aerial Photo 

Flow Rcgime I 
- -- 

-- 

Year Crossing Appears Paved 
On Aer~al Photo 

- ~~ -~~~ ~ ~~~ - ~ 

, , 
Year Encroachment Appears on 

Aerial Photo 
- -~ 



Mt I eza Kmetty/FCDMC 
JE% uller, Inc 
2/12/02 

Figure 4-2. Galloway North Wash Data 
For Crossings Showing Evidence of Scour 
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Figure 6 3 .  Andora Hills Wash Data 
For Crossings Show~ng Evidence of Scour 
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Figure 4-6. All Wash Data 
For Crossings Showing Evidence of Scour 
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Hydraulic Analysis 

To determine the hydraulic impacts of roadway crossing cdnstruction practices, an idealized 
stream segment was modeled using HEC-RAS. Seven different types of crossings were modeled 
to evaluate relative impacts on channel hydraulics at the crossings. The crossing types modeled 
included the following: - Crossing Type 1 (Dip - no change) consists of a paved dip section' with no change in the 

natural cross-section geometry. 
Crossing Type 2 (Paved dip -widened channel) consists of a paved dip section that 
maintains the natural channel bottom width, but increases the total cross section width and 
floodplain. 
Crossing Type 3 (Paved dip -narrowed channel) consists of a paved dip section that 
maintains the natural channel top width and floodplain, but reduces the natural channel 
bottom width. 
Crossing Type 4 (Dip - shallow slope) consists of a paved dip crossing in which the cross- 
slope of the road is less than the natural slope of the channel, causing a stepped drop in 
elevation on the downstream side of the crossing. 
Crossing Type 5 (Box - widened channel) consists of a box culvert crossing which widens 
the natural channel cross section, maintaining the natural water surface elevation upstream of 
the crossing. 
Crossing Type 6 (Conarch) cortsists of a Conspan Arch crossing that is essentially a bridge, 
minimizing the change in the natural cross section topwidth and bottom width. 
Crossing Type 7 (Bridge) consists of a bridge crossing with one pier, minimizing the change 
in the natural cross section topwidth and bottom width. 

Figure 4-7 shows an example of Crossing Type 1 (Dip - no change). The channel geometry has 
not been changed, only the Manning's n-value for the pavement. Some sediment has been 
deposited on the pavement, but there is no evidence of significant deposition or scour. 

' An unpaved dip section with no change in channel geometry would cause no changes in hydraul~c parameters modeled by HEC- 
RAS, ,and was therefore not considered as an alternative to be evaluated using HEC-RAS. 
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C 
Figure 4-7. Dip - no change crossing at School House Rd and Andora Hills Wash, looking upstream. 

Figure 4-8 shows an example of Crossing Type 2 (Paved dip - widened channel). The bottom 
width of the wash is maintained, but the cross-section width is increased to accommodate traffic 
engineering concerns. 

n trn tn 100 m 
-mi 

Figure 4-8 Paved dtp - -den channel crossing example as modeled in HEC-RAS. 
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rlgure 4-9. raved dip - narrowpd crossfng a Scopa 
Trail and Galloway Wash, looking af downstream side. and looking nOnk. 

I 
JD P 0 lm ,a, xm m 

*lo 
Figure 4-11. Paved dip - narrowed crossrng m madeled in HEC-BAS: 

Figures 4-9 to 4-1 1 show examples of Crossing Type 3 (Paved dip - narrowed). Note that the 
retaining wall in Figure 4-10 (with seated person) has encroached into the wash and that scour at 
the downstream end of the twossing has caused the roadway surface to be undercut. 

Figures 4-12 aqd 4-13 show examples of Crossing Type 4 (Dip - shallow slope). There is about a 
2.5 feet difference in wash bed elevation ftom the upstream side and the downstream side of the 
crossing. The wider the road crossing, the greater the drop in elevation on the downstream side. 
Note theundercutting and scour around the grade wntrol and scour protection in Figure 4-12. 
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Figures 4-14 and 4-15 show examples of Crossing Type 5 (Box - widened). The crossing shown 
in Figure 4-14 consists of an 8-cell 9'x 6' concrete box culvert crossing at Galloway Road and 
Galloway Wash. Note that only six cells are visible in the photo. The upstream and downstream 
bottom widths of Galloway Wash are about 4 cells wide, indicating that the natural channel was 
significantly widened to accommodate the eight-cell structure and that the culvert represents an 
unnatural and rapid flow expansion. At the time of the field reconnaissance, there was about six 
inches of sediment deposition at the upstream end of the culverts, but the concrete bottom of the 
culverts is exposed at the downstream end. A downstream island blocks cells 7 and 8, rendering 
them hydraulically ineffective. Over tiine, cells 5,6,7 and 8 will tend to fill with sediment as 
the wash reestablishes a more natural cross-section geometry. 

. 
Figure 4-14 Box - widened crossing ar Galloway Road and Gallowa)~ Wash Ioohng upstream. 
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Figure 4-15. Box -widened crossing as modeled in HEC-RAS 

Figure 4-16 shows an example of Crossing Type 6 (Conarch). The Conarch design minimizes 
change in channel geometry and produces minimal change in the hydraulics. Currently, there are 
no Conarch structures in the Carefree DMP study area. 

dm to I0 <m '91 m m I - 1, 

Figure 4-16 Conarch crossing as modeled in HEC-RAS 
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Figures 4-17 ~hows an example of Crossing Type 7 (Bridge). There is minimal scour around the 
bottom of the pier of the bridge shown in Figure 4- 17. Signs of weathering of the pier were 
observed during the field reconnaissance, but were attributed to construcbon practices rather than 
to bridge scour. 

I 
I -  
I 
I 
I 
I 
lb 
I 
I 
I 
I 
I 
I 

13 
I 
I 

Results. The hydraulics of each crossing type were modeled using HEC-RAS, and was compared 
to the HEC-RAS natural condition hydraulics results. HEC-RAS input and output data are 
included in the Appendix. Profiles illustrating changes in water surface elevation are shown in 
Figures 4-18 to 4-22. All of the improved crossing HEC-RAS models produced similar results, 
with increased velocities over the paved section causing a small hydraulic jump at the 
downstream end of the crossing. The modeling results showing flow acceleration and a 
hydraulic jump are consistent with field observations of scour on the downstream side of the 
crossings. The box culvert (widened) alternative produced the least change in the upstream 
water surface elevation. However, this type of crossing resulted in a reduction in velocity 
upstream of the culvert due to the wider section. This reduction in velocity will cause sediment 
to be deposited upstream and within the culvert, causing the culvert to fill and requiring periodic 
maintenance, a condition that was observed in the field. The Conspan Arch model produced the 
least amount of change in the hydraulic variables. Given the size of the arch, it behaves more like 
a bridge than a culvert. The arch size selected was based available manufactured sizes and the 
best fit for the section, minimizing changes in geometry and conveyance area. 
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Figure 4-19, Profile comparing the natural condition versus Paved drp -widen channel crossing type 
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Figure 4-21. Profile comparing the ~ t u r a l  condition versus Box-widen channel crossing type. 
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Figure 4-22. Profile comparing the natural condition versus Conarch channel crossing type. 
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Summary 

The hydraulic and geomorphic analysis, as well as the spatial and temporal analyses, of the 
drainage crossings in the Carefreee DMP study area indicate that scour and sedimentation 
problems are most likely where the natural channel conditions are most disturbed. Crossings that 
narrow or widen the natural channel width tend to induce scour on the downstream side of the 
crossing, regardless of whether the crossing is at-grade, a bridge, or a culvert. Simply paving the 
crossing increases the incidence of downstream scour because changes in channel velocity over 
the paved section change the sediment transport capacity of the stream. The channels in the 
Carefree DMP study area may be especially susceptible to scour at road crossings due to their 
steep slope, sandy bed material, and frequent supercritical flow regime. 
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Introduction 

A sedimentation engineering and geomorphic evaluation was completed for the Carefree 
Drainage Master Plan (DMP), a flood control planning study for the Town of Carefree. 
The objectives of the DMP are to quantify the extent of existing and potential flooding 
problems within the Town of Carefree, to develop alternative solutions to reduce 
flooding, and to evaluate and recommend emergency access routes. The sedimentation 
engineering and geomorphic evaluation assessed erosion and sedimentation patterns and 
characteristics within the Town of Carefree to provide a tool for estimating the long-term 
effects of flood control alternatives. 

Conclusions 

Cause of Channel Change. Channel change observed on the major watercourses in the 
study area during the period of record were well within expected natural fluctuation of 
channel position, bed elevation, and channel pattern. Flood flows have high velocities, 
sediment transport capacity, and erosive power. Therefore, it is concluded that the 
dominant causes of channel change are natural forces common to ephemeral streams in 
the Arid West. However, local scour and lateral erosion were accelerated in reaches with 
more intense floodplain encroachment and channel disturbance, particularly along 
Galloway Wash. 

Cause of Sedimentation Problems at Road Crossings. Hydraulic analyses and 
geomorphic interpretation of landform and channel characteristics indicate that the 
primary cause of scour at road crossings is related to the design of the crossing. Paving an 
at-grade crossing or changing the geometry of the cross-section due to roadway 
construction causes increased velocities over and through the crossing, resulting in scour 
on the downstream end. Streams flowing at supercritical velocities with sand-sized bed 
material are more likely to experience scour problems at crossings than streams flowing 
at subcritical velocities with cobble or boulder beds. 
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Expected Channel Responses. Over the long-term, channels in the study area are 
expected to degrade and incise, especially where upstream development narrows the 
floodplain, increases rates of surface runoff, or decreases the sediment supply. The 
streams in the study area are highly unstable and sensitive to changes in the natural water 
and sediment supply, and especially to changes in channel pattern or width. Changing 
the geometry of the wash and floodplain anywhere along the reach, not only at road 
crossings, will induce a channel response of some sort. 

Recommendations 

Based on the conclusions of the sedimentation engineering and geomorphic analyses, the 
following recommendations are proposed for inclusion in the Drainage Master Plan for 
the Town of Carefree: 

0 Restrict Floodplain Encroachment. Future development in the Carefree DMP 
study area should minimize disturbances of the main channel and floodplain, and 
leave the natural floodplain area untouched. 

At-Grade Road Crossings. At-grade road crossings should be designed to mimic 
the natural channel and floodplain cross section. Large diameter rock should be 
installed at the downstream sides of crossings to act as an energy dissipater over 
the expected length of the hydraulic jump. 

Culvert Crossings. Culverts should be designed to span the active channel, and 
not increase or decrease the natural channel width. Large diametef rock should be 
installed at the downstream sides of crossings to act as an energy dissipater over 
the expected length of the hydraulic jump. Where culvert crossings are necessary, 
they should maintain the bottom width and be designed to overtop. 

Bridges. Bridges that span the active channel and floodplain are the preferred 
mode of drainage crossing. Bridge crossings should be designed to minimize 
cross section geometry change. Bridges and Conspan arches are clearly the best 
choice, hydraulically speaking, but may not be economical. Where a dip crossing 
is necessary, appropriate scour protection at the downstream end is required. 
When possible, channel slope should be maintained through the crossing. 

Erosion Setbacks. Erosion hazard zones should be defined for major 
watercourses that consider the geology and geomorphology of the stream 
corridors, historical behavior of the streams in the study area, and expected future 
watershed changes. 

Regulatory Water Surface Elevation. Because of the historical fluctuations of 
channel bed elevations, additional freeboard should be applied to the 100-year 
water surface elevations used for floodplain management and for setting f ~ s h e d  
floor elevations to account for potential aggradation. 
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1. INTRODUCTION AND PURPOSE 
This report provides an inventory of existing and planned trails and trail access areas The purpose 
of this inventory is to identify opportunities for connections to trails that could be considered along and 
within floodplains and drainage ways within the Carefree Drainage Master Plan study area. 
Opportunities to use flood control facilities to enhance or complement this inventory will be addressed 
during the upcomlng alternatives phase of the project. Drafl and final opportunities for specific 
multiple use facilities will be provlded in the recommended Drainage Master Plan. 

Information contained in this iepbrt was obtalned from published plans and documents, intekiews 
with staff and elected officials representing the Cities of Scottsdale and Phoenix, the Towns of Cave 
Creek and Carefree, and Maricopa County. 

2. TOWN OF CAREFREE 

2.1 Town o f  Carefree General Plan 

The Town of Carefree updated its' General Plan in December 2000. While non-motorized 
circulation opportunities are not identified in the Plan as an issue, the Plan includes the following 
pol~cies regarding the development of trails within the Town: 

Policy: The Town will work with neighboring communities in evaluating and implementing a 
connecting trail system that will provide access to valuable recreational opportunities. 
(Regional Development, page 33.) 

Policy: The Town will continue to explore shared use of other publicly owned facilities, i.e., 
school recreational facilities. (Population, page 35.) 

Objective: To preserve major open spacelrecreation areas available to all its residents. (Land 
Use, page 35.) 

Objective: Provide alternative modes of transportation such as walking trails and bikeways to 
the Town's residents. (Traffic Circulation, page 37.) 

Policy: The Town will evaluate the need for a system of walking, hiking, biking and 
horseback trails throughout the Town that may also connect with trail systems in 
adjacent communities. (Traffic Circulation, page 37) 

In addition to the policies and objectives in the plan, the Traffic Circulation and Trails Plan Element 
includes a Trail System section. This section states "The proposed trail system includes a long 
range plan for the development of trails throughout the Town The design for each trail segment 
will take place as public access is approved. Bikeways will be considered along major roadways 
including the portions of Cave Creek Road that are in Carefree, Carefree Hlghway between Cave 
Creek Road and Tom Darlington Drive, along Tom Darlington Drive, and along Mule Train and 
Carefree Drive. Bikeways should be developed after documentation of need and further design 
analysis." 

The Plan additionally includes a Traffic Circulation and Trails Plan Map that identifies public use 
trails along Grapevine. Galloway and Flem~ng Springs washes. Figure 1 shows the Town of 
Carefree Circulation and Trails map. 
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I 
Fiure 1 : Town of Camfree T&c Circulation arid Tralls Plan ' 

3. CITY OF PHOENIX 
The City of Phoenix is located to ?he w!h east of Carefree. It has an adopted MIIS plan and trails 
standards and has a w e d  specif@ goals, policies and reowhmendafions regarding the pravision, 
Gbnstructlon and maintenance Of trails in its general Plan. 

The City perm'& three types of trails; a multi-use, shared use and private trail. 
Multi-Urn Tmll: 

Barrier Free Trail 
v Can occur in gentle topography or hiby locatiins where use in is anticipated to be relatively 

heavy. 
I Caades are generally easy to negotiate. 
0 W m u m  sustained longitudinal slope of U):l or 5%. 
r Tread widn, mlnimum of ten (10) feet 

Surfam shall be compacted, stabilized, dtlcomposed granite. 
Must meet all Ammlo8ns with D i b i i s  Aot (ADA) requirements. 

Shard h e  Trail: 
v Nun-equ~anTrail 

Qseun in areas with easy to moderats topography 

'This map is awilpWe for ~~ only as a paper ma*. 



. Slopes up to 5% (20:l for short distances) 
Tread width minimum of ten (10) feet. 
Cross slope maximum of 3%. 
Must meet all ADA requirements. 

Private Trail: . Should follow the Shared Use Trail or Multi-Use Trail Guidelines 

3.b. Trails Specifications: 

Trails specifications are Included in Appendix A of this report. They address grade, tread, 
vegetation clearance and removal, vertical height, plants, surface treatment, and locations. 
Specifications additionally exist for switchbacks and underpass or bridge clearance. A copy of the 
specifications is located in Appendix A of this report. 

3.c. Trails Plan 

The adopted City of Phoenix Trail System Map and the adopted City of Phoenix Desert View 
Village Trails Plan shows a trail along Carefree Highway between Scottsdale Road a;d Cave Creek 
Road. This trail is planned to connect to a future trailhead at an unnamed park at 52 Street and 
Dove Valley Road. The trail also provides connections to the Sonoran Preserve which extends as 
far east as 48Ih street along the Carefree Highway. The trail shown on the Desert Vlew Village 
Trails Plan and on the adopted City of Phoenix Trail system map is not wlthin the City of Phoenix 
incorporated area Figure 2 shows the Desert Vtew Village Trails Plan and Figure 3 shows the City 
of Phoenix Trail Plan. 

3.d. City of Phoenix General Plan 

The City of Phoenix ratified its General Plan in March 2002. The General Plan addresses 
pedestrians, bicycles and non motorized transportat~on in a variety of elements and has the 
following specific goals and objectives related to washes and trails in the Open Space and 
Recreation Elements: 

Open Space Element 
Goal 2 Linear Open Space - Llnear systems of Open Space such as canals, 

washes, drainage corridors, and rivers should contribute to a continuous 
non-motortzed trail system that serves as an alternative transportation 
system, provides a positive recreational experience, and forms a 
neighborhood amenity. 
Consider applying canal design guidelines to other canal drainage 
systems. 

Policy 4 

Recommendation I Monitor developments adjacent to canal banks, washes, rivers, ana 
drainage corridors, utilizing new standards and guidelines. 

Goal 3 Desert Parks and Preserve Trails - A network of shared use tralls and 
pathways that is safe, convenient, and connected within an open space 
system of desert parks and preserves should be created, managed and 
preserved. 

Policy 2 Integrate the trails system into the regional network. 
Recommendation I Update the City tratlstpathways plan, including an inventory by location, 

types of surface, management responsibilities, etc. 
Recommendation 2 Develop standards for planning design, and management of trarls and 

pathways within parks, preserves, open space and rights of way 
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Recommendation 3 Prepare and distribute maps, brgchures, and other information on the 
trails and pathway system in order to inform the public of current and 
future opportunities. An interactive worldwide web Internet site should 
be the primary component of the system. 

Recreation Element 
Goal 3 Trails - Develop throughout the City a functional network of shared trails 

that are accessible, convenient, and that connect parks, major open . 

spaces and Village Cores. 
Policy I: Encourage and where appropriate require prlvate developers to provide 

public trails within their developments. 
Policy 3: Connect public parks with pedestrian destinations and open space areas 

created in conjunction with urban development. 
Policy 4: Plan, design and develop pedestrian l~nkages between parks, open 

spaces and the V~llage Cores. 
Policy 5: Provide, preserve and manage trails in parks and open space. 
Policy 6: Encourage the widest possible range of opportunities for non-motorized 

recreation and multi-modal transportation systems. 
Policy 7: Prepare standards for planning, design and management of trails and 

pathways within parks, preserves, open space and rights of way. 
Recommendation 1: Develop a trails and pathways system plan. 
Recommendation 5: Create standard details, signage, locational criteria and other design 

gu~delines to establish consistency within the trails and preserve system. 

FLgum 2 4 i l y  of Phoenix Desert View WIIaee Tnlk Plan 



ti Approved Trail System 

4. CrrY OF SCrnSDALE 
The City of Swttsdale borders the Town of Cave Creek to the east and south. The City is presently 
developing a trails plan, and was able to provide information on trans that are planned OF being 
wnstruaed as a part of private development projects. It has tspted design standardsand Wlicies 
lor Non-Paved Trails. These are included in Append'i 0. The City has add'tiinally adopted specific 
goals and apprwches regarding the provision ol trails Within its General Plan. 

4 .  Trills Ddln&ions 

The City defines fiwkinds of trails; Urban trail, Rural trifl, BBckcOUntry Primary Trail, Backwuntry 
S&anciary Trail, hterpretiwTrail and Barfier Free Trail. 

Urban Tntl 
r Maximum sustained grade not to exceed tf% (maximum t0% grade for crossings, dips and 

other situations not exmeeting 50 llnear feet). 
Minimum tread eight (8) feet. 



Surface should be composed of native soils in und!sturbed desert areas, decomposed 
granite in areas that have been graded, landscaped or are unnatural. . Trail should have a minimum impact on surrounding vegetation 
Cross slope of 3% to 5%. . Must be contained in a minimum 15'wide trail easement. 

Rural Trail 
Maximum sustained grade not to exceed 10%. (Max~mum 15% grade for wash crossings, 
grade dlps and other areas not to exceed 100 linear feet). 
Minimum tread 6'. . Surface should be native soils or decomposed granite in areas that have been graded, 
landscaped or are unnatural. . Trail should have mlnimum impact on surrounding vegetation. 
Cross slope of 6% to 10%. . Must be contained in a minimum 25' trail easement. 

Backcountry Primary Trail 
Maximum sustained grade 10%. (Maximum grade of 15% allowed for wash crossings, 
grade dips and other areas not to exceed 100') . Minimum tread 4'. 
Surface must be native soils. . Trail should have a minimum impact on vegetation. 
Cross Slope of 6% to 10%. 
Typically located within large open space areas controlled by the City, or within a 50' trail 
easement. 

Backcountry Secondary Trail . Maximum sustained grade 15%. Maximum grade of 20% for wash crossings, grade dips 
and other areas for a distance not to exceed 25 hear  feet. 
Tread 2'. 
Surface must be native soils. 
Trails should be designed to have a minimum impact on vegetation. 
Cross Slope of no less than 10%. 
Typically located withn large open space areas controlled by the City, or within a 50' trail 
easement. 

Interpretive 
Primary function to provide educational opportun~ties for all users. 
Maximum sustained grade not to exceed 10%. (Maximum grade of 15% allowed for wash 
crossings, grade dips and other areas not to exceed 100 linear feet.) 
Tread between 4' to 6'. 
Surface should be native soils or decomposed granite in areas that have been graded, 
landscaped or are unnatural. 
Minimum impact on vegetation . Cross slope of 3% to 5%. 

Barrier Fret, Trail 
Provide opportunities for persons with physical disabil~ties including mobility, visual, and 
hearing impairments, and shall meet the standards of the Americans with Disabilities 
Guidelines (ADA). . Maximum sustained grade 5% or COn~t~cted to handicapped ramp standards. 
Total trail distance maximum 1.5 miles. 

r Tread 7' for two directional travel, 5' for one direction travel. . Minimum impact on native plants. 
Cross slope from 1 % to 3%. 
Surface must be accessible. 

Carefree Drainage Master Plan 
Recreation Reswnas Repoti 
7 0/23/02 6 



4.b Trans Specifications 

Traii construction and sign and marker guidel~nes and cross sections are located in appendix B. 

4.c. Projects to the immediate east o f  Carefree: 

Carefree Ranch Homesteads. 
Platted in the County. Very rugged terrain with no dedications for tralis in either wash. 
Residents don't want trails and washes a d  don't need anything from the City, so it is unlikely 
that there will be trails or facilities l i the  near future. 
One wash has a lot of petroglyphs. 
Desert Hills probably won't plat north of carefree north boundary ... Rockaway Hills. 
Desert Foothills Trail starts at gatehouse near Joy Ranch Road. 

Scottsdale Road and Carefree Highway: 
Trail easements on the south side of Carefree Highway from Scottsdale Road west to abzut 
58Ih st. - Good connection on anything that intersects with Carefree Highway north of 58 
Street. 
Planned grade separated crossing at Pima and Stagecross. This will accommodate horses, 
etc. when Pima is rebuilt. 

4.d. Trails Maps 

The Clty has two traiis maps that are currently in use. The City Conceptual Preserve Traii System 
for the McDowell Sonoran Preserve describes traiis and connections to and within the Preserve. 
The City of Scottsdale Public Trails Map is under revision and shows traiis outside the Preserve 
influence area. 

The City Conceptual Preserve Trail System for the McDowell Sonoran Preserve. 
This map identifies destination trails along Scottsdale and Pima Roads and Carefree Highway. 
The Carefree Highway tra~l is coincident with the Trail identified in the City of Phoenix Plans. A 
Grade separation is identiiied for the Trail at Stagecoach Pass and Pima Road. Additional 
bails are identified at Rockaway Hills Road, but this is unlikely due to the current development 
pattern and property owner resistance. Figure 4 describes the Scottsdale Conceptual Preserve 
Trail System. 

City of Scottrdale Public Trails. 
This map reflect the trails on the Conceptual Preserve Trail System Map and shows additional 
trails at Circle Mountain and Jenny Lynn Roads. Figure 5 describes the City of Scottsdale 
Public Trails Map. 

4.e. City o f  Scottsdale General Plan 

The City of Scottsdale General Plan includes several statements about connecting and 
integrating open space into development throughout the City. These areas are identified 

Land Use Element: 
Approach: Provide an ~nterconnected open space system that is accessible to the 

public, including pedestrian and equestrian links, recreation areas and 
drainage ways. 

Approach: Incorporate open space, mobility and drainage networks while protecting the 
area's character and natural systems. 
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Approach: Develop and re~nforce links (1.e. trails, paths, open space, transit, and 
streets) within and between residential, retail, employment recreational and 
other public land uses. 

Open Space and Recreation Element 
Value: The developing potential of existing open space resources represented by 

school grounds, flood control areas and other open spaces. 
. Approach: Develop a non-paved public trail system for h~king, mountain biking, and 

horseback riding and link these trails with other'city and Regional Trails. 
Approach: Permanently secure an interconnected open space system to maintain visual 

and funct~onal linkages between major city open spaces. Thts system should 
include significant Scottsdale landmarks, major drainage courses, reg~onal 
linkages and utility corridors. 

Approach: Support other agencies in the development of regional pedestrianlbicycle 
Imulti-use trails. 

A ~ ~ r o a c h :  Provide trailhead facilities that provide parking a d  trail access for USet'S . . 
where needed and appropriate. 

Approach: Develop parks, paths and trails with the participation of private development 
through required fees, dedication of land and C O ~ S ~ N C ~ ~ O ~  Of facilities. 

a Thip in wlyuvailable fm mmlwllm in a FWV 
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5. TOWN OF CAVE CREEK 
The Town of Cave Creek has trails standards in its subdivis/on ordinance. It is currently updating its 
General Plan. The General Plan contains a trails plan and Goals, objectives and policies that 
address the provision of trails throughout the Town. 

5.a. Cave Creek Trails Standards. . 15 foot easement . Design standards for subdivisions include trails standards 

5.b. Cave Creek Trails Plan. 

The Town has trails planned for Andora, Galloway, Grapevine and Fleming Springs Washes. 
Figure 6 describes the proposed Town of Cave Creek Trails Map. 

5.c. Town of Cave Creek General Plan 

The Town is in the process of revising its General Plan. The proposed draft includes the following 
goals, objectives and policies related to trails and washes. 

Environmental Element 
Goal 5, Objective B, Policy 2 Encourage perpendicular wash crossings. 
Goal 5, Objective C, Policy 3 Develop signs that indicate trail location and prohibit off-trail travel. 
Goal 8, ObJective B, Policy 3 Restrict development in or near stream courses or wetlands. 
Goal 9, Objective 8, Policy 4 Avoid placement of fill or development within floodplains or 

floodways. 
Goal 12, Objective A Connect open spaces within and adjacent to the Town with non- 

motorized, shared use trails. 
Goal 12, Objective A, Policy 1 Develop and implement a Trails Master Plan. 
Goal 12, Objective A, Policy 2 Work with the Flood Control District of Maricopa County and 

property owners to integrate washes into a public Town-wide 
recreational open space network. 

Goal 12, Objective A, Policy 3 Continue to work with the cities of Phoenix and Scottsdale, the 
Town of Cave Creek, the Tonto National Forest and Maricopa 
County to identify and develop connections to countywide, 
regional, and other local trails. 

Goal 12, Objective A, Policy 4 Provide connectivity between Cave Creek Recreational Area, the 
Tonto National Forest and the significant wash corridors and 
mountains and hillsides in the planning area. 

Goal 12, Objective B Design trails to minimize impacts to riparian habitats and wildlife 
habitat and movement corridors. 

Goal 12, Objective B, Policy 1 Promote placement of trails primarily in uplands parallel to stream 
courses, with limited streamlwash crossings. 

Goal 12, ObJective B, Policy 2 Continue to use signs that indicate trail locations and prohibit off- 
trail travel. 

Goal 12, Objectlw C Design trails to complement and enhance understanding of cultural 
resources, vegetation and views. 

Goal 12, Objective C, Policy 1 Develop interpretive signs that inform trail users about the ecology 
and cultural history of the area. 

Goal 12, Objective D Identifyldevelop funding sources and mechanisms for trail 
development and maintenance. 

Goal 12, Objective 0, Policy 1 Policy: Continue to apply for federal, county, state and other 
grants to acquire land for, design and construct trails. 
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Goal 12, Objective D, Policy 2 Contlnue to work w~th prqperty owners. land trusts and other 
entities to obta~n trail access. 

Goal 12, Objective D, Policy 3 Require dedicatrons for trails easements from development 
adjacent to washes, trail corridors ident~f~ed in thls plan or other 
plans incorporated by reference as a condition of plat or building 
permit approval. 

Goal 12, Objective E Provide adequate facilities for equestrians, pedestrians and 
bicyclists and to accommodate persons with disabilities. 

Goal 12; objective E, Policy 1 Encourage all trail to provide a separate, unpaved path for - 
equestrian use. 

Goal 12, Oblective E, Policy 2 Encourage the dedication and development of trail heads, parking 
areas, hitching posts, and other facilities for bcycles, equestrians, 
and pedestrians when feasible and appropriate. 
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Goal 12, Objective E, Policy 2 Require provlslon and ma~ntenance adequate areas for safe 
bicycle, pedestrian and equestrian traffic on all new private and 
public roads along exist~ng and planned trail alignments. 

Goal 17, Objective A: Provide facilities for bicycles, horses and pedestrians. 

Transportation Element 

Goal 17, Objective A, Policy 5 Identify appropriate locations for trails throughout the Town to 
assure adequate circulat~on for bicycles, pedestrians and horses . 
consistent with the General Plan areas. 

5. OCTOBER 3,2001 FOCUS GROUP MEETING 
A focus group meeting including representatives of the Sonoran Foothills Land Trust, Town of Cave 
Creek representat~ves Vern Willardt, Ian Cordwell, Brian Miller, Wayne Anderson and Town of 
Carefree representatives Nancy Zeno, Carolyn Bohannan, Dennis Zwaggerman, Erich Korsten. 

6.a. Issues and Concerns: 

Town o f  Cave Creek: 
The Galloway Wash is important for non-motorized recreation use. . The Grapevine Wash from Cave Creek's Gateway Park to Roe Wash is a major trail corridor 
into Carefree. 

Town of Carefree: 
Roe Wash is a good trail. It dead-ends at Slot Canyon. People use it as a way to get to the 
"China Wall". This trail is accessible from many horse properties in Carefree. . Ocotillo Ridge -there are trails planned andlthat exist there ... check on their status. 
Andora Wash from south of Cave Creek Road is a good trail opportunity directly into the 
Town of Carefree. This trail could go to Mule Train. 
80Ih Street alignment provides access opportunities into Grapevine and Galloway Washes 
Keep trails informal ...p eople are comfortable with access, but they probably won't want to 
dedicate right of way for trails. 

Desert Foothllls Land Trust: 
Consider part of Galloway Wash at Tranqull Trail and Sundance. People use the historic trail 
that is the old wash, next to Ocotillo Ridge. 
An extension to Ocotillo Ridge is dedicated for a trail but there is no direct access to 
Grapevine Wash. Father Kino Trail provides access at the present time. We need to check 
with the Land Trust regarding parking opportunities here. 
Horse properties adjacent to washes make their own entrances. 
Any flood control structures or right of way need to permit horse and trail access should be 
discussed with them for their properties. 

Other comments: 
There is a planned public park at the south side of Cave Creek Road across from the airport. 
Access into this area is only by an on-street bike trail. 
The old Fort McDowell trail (Stone Mountain historic trail) crosses the park, it used to go to 
Cave Creek and through the McDowell Mountain Park to Verde River. 
There are no current, formal, connections to washes in Carefree. 
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