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1 Introduction 
1.1 Purpose of the Study 

The Flood Control District of Maricopa County (District) contracted with PBS&J to perform the 

BuckeyelSun Valley Area Drainage Master Study (ADMS) to identify drainage, erosion, and 

sediment problems, evaluate existing floodplain delineations and delineate additional 

floodplains, identify a range of solutions, and develop preliminary development guidelines for 

the area. The ADMS encompasses 280 square miles and is divided into four distinct hydrologic 

study areas. 

The purpose of Technical Data Notebook Volume IV-B is to provide updated hydrology for 

existing and future conditions and hydraulic models for existing conditions floodplain analysis 

for Area 2. Approximately 12.5 miles of floodplain will be delineated for a 100-year flood event. 

1.2 Project Authorization 

A notice to proceed (NTP) for this study was issued in June 2003 by the District. The FCD 

Contract Number for this project is 2002C027 and Ms. Valerie Swick is the project manager 

from the District. 

1.3 Location of Study 

Area 2 is located in the southwest portion of the BuckeyeISun Valley ADMS Area as shown in 

Figure 1-1. The area covers approximately 12 square miles and is bounded by the Buckeye Flood 

Retarding Structure #1 (FRS) on the north, the Hassayampa River on the west, Johnson Road on 

the east, and the Southern Pacific Railroad on the south. The area covers part of Township 1N 

Range 5W and a small portion of Township 1 s  Range 5W. 

1.4 Methodology Used for Hydrology and Hydraulics 

The previous hydrology model of the area (McLaughlin Kmetty Engineers, 1992) was used as a 

basis for and comparison to the results produced in this study. HEC-1 embedded in WMS 

Version 7.0 (September 2003) was used to model the hydrologic response of the watershed for 

@ the 100-year, 6- and %hour events. The HBC-1 parameters were determined using the methods 

BuckeyelSun Valley ADMS 
Contract FCD 2002C027 



BuckeyeISun Valley ADMS - Area 2 Technical Data Notebook 

* described in the Drainage Design Manual for Maricopa County, Arizona, Volume I, Hydrology, 

hereinafter referred to as the Hydrology Manual (Sabol et al., 1995). 

The steady flow model, HEC-RAS version 3.1.2, was used to model the hydraulic response of 

the tributaries draining into the lower Hassayampa River. The HEC-RAS model parameters were 

determined using the methods described in the Drainage Design Manual for Maricopa County, 

Arizona, Volume 11, Hydraulics, hereinafter referred to as the Hydraulics Manual (Sabol et al., 

1995). 

1.5 Acknowledgements 

Ms. Valerie Swick, CFM (Project Manager, Flood Control District of Maricopa County) and Mr. 

Amir Motamedi, P.E. (Branch Manager, Flood Control District of Maricopa County) provided 

guidance during the course of study. Dr. Bing Zhao, P.E., (Branch Manager, Engineering 

Division, Flood Control District of Maricopa County) and Ms. Julie Cox (Hydrologist, 

Engineering Division, Flood Control District of Maricopa County) provided advice on technical * issues and other suggestions. Mr. Joe Blanton (Town Manager, Town of Buckeye) provided 

assistance in historical flooding records. Ms. Kathryn Gross (Hydrologist, Engineering Division, 

Flood Control District of Maricopa County) and Mr. Richard Harris (Project Manager, Flood 

Control District of Maricopa County) completed the studies floodplain reviews. 

1.6 Brief Description of Study Results 

The results of the Area 2 hydrology study indicate that the 100-year, 6-hour storm event peak 

flows and runoff volumes are generally larger compared to the 100-year, 24-hour storm event. 

Overall the average unit discharge (cfs/mi2) is comparable to similar conditions in the region and 

indirect methods outlined in the Hydrology Manual. 

The future condition hydrologic analysis reveals an approximate increase of 13% in excess 

runoff volume generated from overland flow within future development. All increased runoff 

was contained in retention basins simulated as diversion outflows in HEC-1 (USACE, 1998). 

One unique situation in this area is the fact that the reaches modeled were created before the 

construction of the FRS located upstream of the delineations. in the past, larger flows were 

2 BnckeyeISun Valley ADMS 
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routed through this area from the White Tank Mountains and into the Hassayampa River. The 

runoff from pre-FRS conditions created channels that generally contained the 100-year flood 

event. After construction of the FRS, runoff from the White Tank Mountains was contained 

behind the FRS, which drains into the Hassayampa River, and does not enter the reaches 

delineated in this study. 
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Maricopa County, Arizona 

not to scale 

Figure 1-1 BuckeyeJSun Valley ADMS Vicinity Map 
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e * Flood Control District of Maricopa County 
Abstract 

2.1 General Information 

2.1.1 Community Name 

The Town of Buckeye, Arizona and unincorporated areas of Maricopa County 

2.1.2 Community Number 

040037 and040039 

2.1.3 County 

Maricopa 

2.1.4 State 

Arizona 

2.1.5 Date Study Accepted 

NIA 

2.1.6 Study Contractor 

PBS&J, 4601 DTC Blvd, Suite 700, Denver, Colorado, 80237. 

Technical contact: Steve Rogers, P.E., CFM 

2.1.7 State Technical Reviewer 

N/A 

2.1.8 Local Technical Reviewer 

Flood Control District of Maricopa County, Arizona 

2.1.9 River or Stream Name 

Tributaries lE, 3E, and 4E of the Hassayampa River 
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* 2.1.10 Reach Description 

The watershed for the Hassayampa Area (Area 2) of the BuckeyeISun Valley ADMS is 

approximately 12 square miles, and includes three separate tributaries to the Hassayampa River. 

The watershed boundaries include the FRS on the north, Johnson Road on the east, Southern 

Pacific Railroad on the south, and the Hassayampa River on the west. Flow directions are 

generally in a southwest direction and all runoff empties into the Hassayampa River. These 

tributaries are located just south of 1-10 on the eastern side of the Hassayampa River in Buckeye, 

Arizona. The watershed is mostly natural desert land with very few dwellings, and small portion 

of the land is used for agriculture. 

2.1.1 1 Study Type 

Detailed hydrology and hydraulics. 

2.2 Mapping Information 

2.2.1 USGS Quad Sheets 

2.2.2 Mapping for Hydrology Study 

Two-foot contour maps derived from 50-foot mass points and breaklines digital elevation model 

(DEM) and one-foot resolution MrSid format orthophotography provided by the District in 2003 

were used as the base mapping for the Area 2 hydrology study. 

2.2.2 Mapping for Hydraulic Study 

Two-foot contour maps derived from 50-foot mass points and breaklines digital elevation model 

(DEM) and one-foot resolution MrSid format orthophotography provided by the District in 2003 

were used as the base mapping for the Area 2 hydrology study. 

2.3 Hydrology 

2.3.1 Model or Method Used 

The methodologies for this study included Green & Ampt rainfall/runoff losses with S-graph unit 

hydrographs and normal depth muting using 8-point cross sections. 

BuckeyeISun Valley ADMS 
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a 2.3.2 Storm Frequency and Duration 

For both existing and future conditions, the following storm frequencies and durations were 
used: 

2.3.3 Hydrograph Type 

S-graphs (Agricultural, DesertIRangeland, and Phoenix Valley) that were developed for 
Maricopa County. 

2.3.4 Frequencies Determined 

2.3.5 List of Gages Used in Frequency Analysis or Calibration 

N/A 

2.3.6 Rainfall Amounts and Reference 

The rainfall amounts were derived from the NOAA Atlas 2 isopluvial maps as provided in the 

Hydrology Manual for events up to the 100-year return frequency storm. The rainfall depths are 

presented in Table 4-1. 

2.3.7 Unique Conditions and Problems 

Special problems encountered in the course of this study are discussed in subsequent sections, 
including: 

Flow splits and diversions among sub-basins 
Unit hydrograph Kn-values for deserthangeland areas 
Abandoned RID Canal 
RID baseflow 

2.3.8 Coordination of Q's 

Peak flows for Area 2 submitted in this report have been coordinated with Julie Cox from the 

District throughout the entire project. The hydrologic models were submitted for review to Ms. 

Cox and were revised to reflect Ms. Cox's comments. The final peak flows from the individual 

e sub-basins from this study were consistently lower than that of McLaughlin's previous study. 
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0 2.4 Hydraulics 

2.4.1 Model or Method Used 

The steady flow module established in HEC-RAS (version 3.1.2), developed by the Corps of 

Engineers, was used to create hydraulic models that represents Tributaries lE, 3E, and 4E of the 

Hassayampa River. 

2.4.2 Regime 

The flow regime in the hydraulic model is assumed subcritical for all reaches. 

2.4.3 Frequencies for which Profiles were Computed 

2.4.4 Method of Floodway Calculation 

The floodway modeling methodology comes from the procedures outlined in the Hydraulics 

Manual. The first step was to use the encroachment method #4 with equal conveyance reduction. 

The guidelines allow a maximum of one-foot increase in water surface elevation. Once HEC- 

RAS generates the method #4 encroachments, method #1 is applied to the model. This method 

requires a manual selection for the location of the floodway encroachment. Method #4 acts as the 

starting basis for the method #1 selection. Using method #1 turns into an iterative process in 

some locations to keep the increase in water surface elevation under one foot. 

2.4.5 Unique Conditions and Problems 

Special problems encountered in the course of this study are discussed in subsequent sections, 
including: 

Datum conversion from NGVD 1929 to NAVD 1988 
9 Negative surcharges 

Baseline for Tributary 4E, Reach 1 at Limit of Detailed Study 
Extended cross-sections 

2.5 Additional Study Information 

BuckeyeISun Valley ADMS 
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3 Survey and Mapping lnformation 
3.1 Field Survey lnformation 

The first field investigation was conducted on January 12, 2004, to scope out the critical features 

of the watershed and to identify problematic areas. Pictures #1-21 (Appendix C) were taken to 

document field conditions. A second field survey was conducted on February 5,2004, after the 

sub-basin boundaries were delineated, and the physical parameters for each basin were selected 

Photos taken during the second field survey are not included because a description of the photos 

does not exist. 

The third survey was conducted on April 7,2004, to determine channel routings and other 

hydraulic parameters. The survey included a typical 8-point cross section measurement, and 

estimation of Manning's "n" for left overbank (LOB), main channel, and right overbank (ROB) 

(Appendix C, Photos LO1-PX to L21-PX). The nomenclature first gives the location number and 

then the photo number taken at that location. The fourth and fifth field surveys were conducted 

a on May 21,2004, and August 4,2004, respectively. Unfortunately, a description of the photos 

taken during final two field visits does not exist, and these photos will not be included in 

Appendix C. 

3.2 Mapping 

Kenney Aerial Mapping, Inc. prepared mapping for Buckeye Areas 1 and 2 and a portion of Area 

3 for the District in 2003. The new mapping provided two-foot contour data. Aerial photography 

was flown in December 2003 as part of the District's ongoing effort to maintain current aerial 

photography for the entire county. The aerial photography provided by the District for the study 

area is 2003 one-foot resolution orthophotography images in MrSID format. Elevation reference 

marks used in floodplain mapping was provided by Engineering Alliance and is noted on all 

floodplain work maps. 

The mapping datum reflects the national standards used by the District. The horizontal datum is 

the projected State Plane NAD 1983, Arizona Central, while the vertical datum is the NAVD 

1988 system, 

Buckeye/Sun Valley ADMS 
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4 Hydrology 
4.1 Method Description 

The hydrologic response of Area 2 to the 100-year 6-hour and 100-year 24-hour storm events 

was simulated using the modified U.S. Army Corps of Engineers HEC-1 (May 1998) computer 

program embedded in WMS 7.0 (January 2003). The HEC-1 parameters were determined using 

the methods described in the Hydrology Manual. The computational interval used to determine 

the unit hydrograph for each sub-basin was 5 minutes. 

4.2 Parameter Estimation 

This section includes a complete description of the methodology and calculations used to 

develop the hydrology. 

4.2.1 Drainage Area Boundaries 

The watershed for the Hassayampa Area (Area 2) of the BuckeyeISun Valley ADMS is 

approximately 12 square miles. The boundaries include the FRS on the north, Johnson Road on 

the east, Southern Pacific Railroad on the south, and the Hassayampa River on the west. Flow 

directions are generally in a southwest direction and all runoff empties into the Hassayampa 

River. 

The watershed is mostly natural desert land with very few dwellings. A small portion of the land 

is used for agriculture. Other structures to note include Interstate 10, the Roosevelt Irrigation 

District Canal and multiple paved and unpaved roads. Figure 4-1 (Pocket) shows the drainage 

area boundaries, major sub-basin boundaries, and concentration points. 

4.2.2 Watershed Work Maps 

The watershed work maps include the HEC-1 schematic map (Figure 4-1, Pocket), the drainage 

basin map showing lag flow paths and routing reaches (Figure 4-2, Pocket), soil map (Figure 4-3, 

Pocket), land use maps for existing and future conditions (Figures 4-4A and 4-4B, Pocket), flow 

maps for existing and future conditions (Figures 4-5A and 4-5B, Pocket), and watershed 

workmap (Figure 4-6, Pocket). The naming convention for each sub-basin uses letters in 

sequential order according to the sub-watershed. For example, sub-watershed E contains 4 sub- 
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e basins labeled E l  through E4. Each concentration point is labeled according to the name of the 

sub-watershed with the most upstream concentration point labeled first in sequential order. For 

example, sub-watershed E has three concentration points labeled 1E through 3E. The routing 

reaches are named according to the beginning and ending concentration points. For example, 

routing reach 1E-2E begins at point 1E and ends at point 2E. 

4.2.3 Gage Data 

There is no existing precipitation gage station or stream gage station within the study watershed. 

4.2.4 Statistical Parameters 

Statistical parameters such as rainfall depths and rainfall distributions for each storm event are 

based on the data and methodologies provided in the Hydrology Manual. 

4.2.5 Precipitation 

4.2.5.1 Rainfall Depths 

The NOAA Atlas 2 rainfall depth isopluvial maps are stored as digital files in W M S  Each area- 

weighted point precipitation value is computed automatically using tools provided in WMS 

according to the watershed size and location. The point precipitation summary is shown in Table 

4-1. Point precipitation-values are then adjusted with aerial reduction factors (JD record) in 

HEC- 1. WMS also provides tools to compute aerial reduction according to the Depth-Area 

Reduction Curves as outlined in the Hydrology Manual. 

Table 4-1 Summary of Rainfall Depths 

Storm Event De th [in] 
100- r, 6-hr 
100-yr, 24-hr 4.10 

4.2.5.2 Rainfall Distributions 

Both the 6-hour and 24-hour rainfall distributions are based on the Hydrology Manual. WMS 

provides tools to automatically produce rainfall distributions for various rainfall depths and 

events. The 24-hour rainfall distribution provided in the Hydrology Manual is the SCS Type I1 

BuckeyeISun Valley ADMS 
Contnct FCD 2002C027 



BuckeyeISun Valley ADMS - Area 2 Technical Data Notebook 

distribution. The 6-hour rainfall distribution varies with the size of the sub-basin and is a 
interpolated from five different dimensionless storm patterns provided in the Hydrology Manual. 

4.2.6 Physical Parameters 

This section describes the methods used for estimation of the physical hydrologic parameters 

such as rainfall loss, unit hydrograph, and lag time. 

4.2.6.1 Rainfall Losses 

The Green-Ampt procedure was used to compute rainfall losses in accordance with the 

Hydrology Manual. The District provided digital soil and land use files (GIs shape file format) 

to compute the Green-Ampt parameters. The digital soil file corresponds to SCS soils maps 

(Camp, 1986). The GIs land use shape file is based on the 2000 digital GIs data given by the 

Maricopa Association of Governments (MAG 2000), which is the most current land use 

information. Figures 4-3,4-4A, and 4-4B describe the soil and land use conditions. 

WMS provides a tool to perform the Green-Ampt calculations automatically using the land use 

shape file, soil shape file, and soil and land use lookup tables. The lookup tables relate each 

unique soil and land use type to essential parameters such as XKSAT, RTIMP, and IA. Both the 

soil and land use lookup tables were originally provided by the District, and then each entry was 

evaluated and modified as necessary according to the characteristics of the region. These lookup 

tables can be found in Appendix D.2, while the Green-Ampt rainfall loss parameters used in the 

HEC-1 input files (Appendix D.6) can be found in Table D.2-3 and D.2-4 for existing and future 

conditions, respectively. For future conditions, the Green-Ampt parameters were estimated 

based on the general plan land use shape file also provided by the DISTRICT. This study 

assumes that the Green & Ampt loss parameters do not change with storm return frequencies. 

Six major land uses were identified for the watershed, which are vacant, transportation, large lot 

residentiallsingle family (1 dwelling per acre to 2 dwelling per acre), very small lot 

residentiallsingle family, agriculture, and water (MAG, 2000). The surface retention losses, 

percent imperviousness, and vegetation cover for each land use type were estimated based on the 

Hydrology Manual and digital GIs land use maps (MAG, 2000). The values used for surface 

retention loss values, percent imperviousness, and vegetation cover are shown, in Appendix D.2. 
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4.2.6.2 Unit Hydrograph 

The Maricopa County S-Graph method was used to compute unit hydrographs in accordance 

with the Hydrology Manual. The Maricopa County S-Graph most relevant to this area is the 

Desertmangeland S-Graph. The unit hydrographs were computed automatically using WMS. 

The input for WMS to determine the unit hydrograph includes the S-Graph type and lag time. 

The unit hydrographs can be found in the UI records in each HEC-1 output file (see Appendix 

D.6). 

4.2.6.3 Lag Time 

Four parameters were used to estimate the lag time for each sub-basin. These four parameters are 

the watershed hydraulic length (L), the slope of the longest overland flow path (S), the distance 

along the main channel from the point of reference to a point opposite the centroid (L,,), and the 

basin roughness (Kt). WMS has the tools to compute the first three parameters (L, LC,, and S) 

using GIS data and contour maps. However, the LC, algorithm used in WMS has limitations and 

sometimes returns incorrect values. Therefore, the LC, parameter was computed using the tools in 

a AutoCAD to manually measure the distance. The basin roughness is a composite Manning's n- 

value for all the channels in the sub-basin. An appropriate basin roughness value is determined 

for each sub-basin based on field observation, aerial photographs, soil maps, and land use maps. 

Lag time for each basin is calculated by using the formula in the Hydrology Manual. The 

parameters for lag time calculation are summarized in Table D.2-5 (Appendix D.2). 

DesertIRangeland S-graphs are used for gently sloping natural areas and were used exclusively 

for this area. The selection of the Kn-value correlates with the type of S-graph selected. As a 

result, the Kn-value range is 0.02 to 0.03 as shown in Table 5-4 of the Hydrology Manual. 

However, based upon our field survey of the base material, vegetation, obstruction, and 

irregularity in the basins, we determined a range of 0.04 to 0.06 was more appropriate. The 

selection of the Kt-value is in agreement with studies conducted with similar surface geographic 

watersheds (Zhao, 2003). 

4.2.6.4 Channel Routing Parameters 

The normal depth channel routing in HEC-1 was used to route runoff hydrographs through sub- 

basins The muting paths for the drainage area can be found in Figure 4-2. The channel routing 
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parameters include NSTPS (the number of sub-reaches to be divided for the routing reach by 

HEC-I), initial outflow, Manning's n-values for LOB, main channel, and ROB, reach length, bed 

slope for the routing reach, and an eight-point cross section (RX-RY data). The initial outflow 

was set as the initial inflow, which is usually zero cfs, implying a dry channel when routing 

starts. The eight-point cross section data was obtained from field survey (See Appendix C 

survey notes). The reach length and channel bed slope are automatically computed using tools 

provided in WMS 7.0. The estimation of Manning's n-value was based on field observations, 

aerial photos, land use maps, and soil maps using the procedures in USGS technical report 

Estimated Manning's Roughness Coefficients for Stream Channels and Floodplain in Maricopa 

County, Arizona. (USGS, 1991). NSTEPS values for routing reaches were calculated by an 

iterative process in WMS 7.0. All channel routing parameters are summarized in Table D.3-1 

through Table D.3-2 in Appendix D.3. 

4.3 Problems Encountered During the Study 

4.3.1 Special Problems and Solutions 

Several issues have already been discussed in the previous sections, such as unit hydrographs 

and basin roughness Kn-values. This section covers specials issues encountered during the study. 

4.3.1.1 Land Use Determination 

Figures 4-4a and 4-4b show a road system in the upper central portion of the vacant land use 

area. After examining aerial photography in the area, it was determined that there is one 

dwelling unit per 26 acres. Additionally, most of the parcels are approximately four and one-half 

acres. Due to the extremely low residential density, the area was modeled as being vacant. 

4.3.1.2 Abandoned RID Canal 

The Roosevelt Irrigation District's canal runs east to west through the Buckeye area delivering 

water to this vast agriculture region. The canal ends at Johnson Road with a wasteway continuing 

westward. Originally the canal was constructed to carry excess water to the west and drain into 

the Hassayampa River. However, this portion of the canal has been abandoned and the excess 

irrigation water currently empties into White Tanks Wash, created before the construction of the 

@ FRS. 
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@ 
The abandoned canal does play a role in how the runoff in this area drains to the south and into 

the Hassayampa River. In sub-basin Al ,  the canal is breached, allowing runoff to continue its 

natural path towards the Hassayampa River. There is a breach in the canal in sub-basin C1, but 

the wash is blocked by the adjacent canal maintenance road. The road creates some upstream 

storage, which was included in the hydraulic model outlined in Section 5. In sub-basin E3, the 

canal has been removed where White Tank Wash cuts through. 

4.3.1.3 RID Base Flow 

The RID is allocated a maximum flow of 450 cfs per discussion with Stan Ashby, 

Superintendent of the RID. Under normal operating conditions, the gate at Johnson Road 

remains closed. The gate is opened only during maintenance or if the canal is threatened with 

overtopping. The assumption is made that during storm events the gate is opened to allow the 

maximum flow though to combine with runoff in sub-basin E3. Therefore, the HEC-1 model was 

set up with a base flow of 450 cfs in sub-basin E3. 

a 4.3.1.4 Model Warning and Error Messages 

No error messages are presented in the computer model output files. There are several warning 

messages regarding channel routing, including the following: 

* * *  WARNING ***  MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 
2617. TO 3974. 

THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN 
PEAK INFLOWS. 

THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A 
LONGER REACH.) 

A test was conducted by decreasing NSTEPS until the warning message disappeared. Since the 

"modified puls" routing method was not used, and there is less than 3% difference in peak 

discharge after the NSTEPS was changed, this type of warning was ignored. 

4.4 Calibration 

Calibration was not performed due to the lack of gage stations within the watershed. However, 

verification was performed (see Section 4.5.2, this report). 
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4.5 Final Results 

4.5.1 Hydrologic Analysis Results 

Tables 4-2 and 4-3 list the existing and future condition results, respectively, for each sub-basin, 

routed flows, and combination points in Area 2. The volume from sub-basin E3 seems high, but 

it includes the base flow used to simulate inflow from the RID. The unit discharge rates are all 

fairly close and in the range of 450-600 cfs. Each sub-basin in this area has similar 

characteristics, so a relatively narrow range is expected for the unit discharge. Exceptions occur 

with the sub-basins that are considerably smaller, and, as expected, the unit discharge is higher. 

Tables 4-4 and 4-5 give runoff volumes for concentration points for existing and future 100-year, 

6-hour conditions models and the runoff volumes for all concentration points for the future and 

future with retention 100-year, 6-hour models, respectively. 

The discharges used for Tributary 4E do not necessarily correspond to the HEC-1 output because 

there were split flows and combined flows from the sub-basins. The discharge at Tributary 4E, 

Reach 3 cross-section 3.710 is 500 cfs and was calculated using the discharge calculated at HEC- 

1 Station A1 which is 929 cfs. Since cross-section 3.710 is the limit of detailed study and occurs 

upstream from Station A1 (HEC-RAS Station 2.395), the 500 cfs was computed by using a ratio 

of the known drainage areas (0.91 mi2 for Station 3.710 and 1.63 mi2) to the calculated discharge 

for Station Al. The discharge from Tributary 4E, Reach 2 cross-section 1.965 was computed 

using the HEC-RAS optimization function for split flow. It was determined that 299 cfs would 

be split to this cross-section out of the 929 cfs total. The discharge at Tributary 4E1, Reach 2 

cross-section 0.647 is 630 cfs. This discharge was split from the discharge at Tributary 4E, 

Reach 3 cross-section 2.395 (929 cfs) using the HEC-RAS optimization function for split flow. 

The discharge at Tributary 4E1, Reach 1 is 1052 cfs which is a combination of the discharges for 

Tributary 4E1, Reach 2 cross-section 0.647 and Tributary 4E2, Reach 1 cross-section 0.201. The 

discharge at Tributary 4E2, Reach 1 cross-section 0.281 is 422 cfs from the HEC-1 model station 

2R. The discharge at Tributary 4E, Reach 1 cross-section 1.238 is a combination of Tributary 

4E1, Reach 1 cross-section 0.201 (1052 cfs) and Tributary 4E, Reach 2 cross-section 1.965 (299 

cfs). Table 4-6 gives summary of the discharges for Tributary 4E. 
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Table 4-2 Existing Condition Hydrologic Response 

Table 4-3 Future Condition Hydrologic Response with Retention 

Many of the future discharges are lower than the existing discharges, and this can be attributed to 
changes in land use. 
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* Table 4-4 Runoff Volumes for Concentration Points for Existing & Future 100-Year, 6-Hour Conditions 

Table 4-5 Runoff Volumes for Concentration Points for Future & Future with Retention for 100-Year, 6. 
Hour Conditions 

Table 4-6 Peak Discharges Used in Tributary 4E HEC-RAS Model 
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* 4.5.2 Verification of Results 

A previous study was conducted in the area in 1992 by McLaughlin Kmetty Engineers as part of 

the Buckeye Area Flood Delineation Study. The sub-basin boundaries are very similar with the 

exception that McLaughlin Krnetty used the abandoned RID canal as part of the delineation 

boundaries. The assumption made in this study is that the flow continues through the abandoned 

canal, while McLaughliu assumed the flow to be routed along the canal to the west and then into 

the Hassayampa River. As a result, the sub-basins are similar in characteristics, but the sizes 

vary. Table 4-7 lists the comparison between the two studies by showing the sum of the area and 

peak flows from two sub-basins that would equal the same area relative to the other study. Five 

of the eight of the sub-basins compared closely to each other. The sub-basins that have 

dramatically different peak discharges (sub-basins C1, Dl ,  and E4) can be attributed to changes 

in S-Graph assignments for the two studies. The PBS&J study used Desert-Rangeland for the S- 

Graph, and the MKE study used the Phoenix Valley S-Graph. Tables 4-8a and 4-8b show the 

existing rainfall loss parameters for the PBS&J and for MKE studies, respectively. Tables 4-9a 

and 4-9b give the unit hydrograph lag time calculation parameters for the PBS&J and MKE 

studies, respectively. 

Table 4-7 Hydrologic Results Compared with MKE for the Existing 100-YR, 6-HR Conditions 
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Table 4-8 Existing PBS&J Rainfall Loss Parameters 

Table 4-9 MKE Existing Rainfall Loss Parameters 
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0 Table 4-10 PBS&J Unit Hydrograph Lag Time Calculation Parameters 

Table 4-11 MKE Unit Hvdroeranh Lag Time Calculation Parameters 

Other verifications include indirect methods presented in the Hydrology Manual. The results 

using indirect method No. 2 - USGS data for Arizona are presented in Figure 4-7. The LP3 

regression curve and 75% tolerance limits from the USGS data are plotted along with the 100- 

year storm event peak discharges and trendline from this study. The results fit within the 

tolerance limits, and the trendline is very similar to the USGS's. 

The second indirect method uses the Boughton and Malvick Envelope Curves, as presented in 

Figure 4-8. The Boughton and Malvick Envelope Curves are plotted along with the 100-year 

storm event peak discharge and trendline from this study. The results are all under the Boughton 

Envelope Curve, and are in agreement with the Malvick Envelope Curve. 

The third indirect method of verification uses the USGS regional regression method (Thomas et 

al., 1995). Table 4-12 shows the USGS envelope curve data, 100-year regional data, and 100- 
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year low-to-middle elevation peak discharges compared to basin size. The comparison made for 

the three different indirect verification types indicates that the results from this study are 

relatively low compared with the regional 100-year discharges, but are all above the low-to- 

middle elevation-values. The results are in agreement with those studies conducted in 

comparable areas (Zhao, 2003). 

Table 4-12 USGS Regression Data 
(Digitized from Figure 41 in Thomas et al., 1995) 
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Drainage 
Area 

[sq-mi] 

0.1 
0.2 
0.3 
0.4 

nvelope 
[cfsl 

300 
700 

1,162 
1,600 

Regional 
[cfsl 

182 
308 
419 
522 

Low-to- 
Middle 

Elevation 
[cfsl 

110 
156 
192 
222 
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Figure 4-7 Indirect Method Verification - USGS LP3 Analysis 
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Figure 4-8 Indirect Method Verification - Boughton and Malvick Envelope Curves 
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* 5 Hydraulics 
5.1 Method Description 

The study area includes three separate tributaries to the Hassayampa River. These tributaries are 

located just south of 1-10 on the eastern side of  the Hassayampa River in Buckeye, Arizona. The 

land use for Buckeye south o f  1-10 is primarily agriculture fields except for this portion o f  the 

study. Although some areas in Area 2 are used for agricultural purposes, most o f  the land is  

vacant or natural desert rangeland. Just north o f  1-10 is the SCS Buckeye Flood Retarding 

Structure (FRS) # l .  Before the construction o f  the FRS, the existing washes delineated in this 

study were created by runoff from the White Tank Mountains before it combined with the 

Hassayampa River. The contributing area for runoff after the construction o f  the FRS is limited 

to the area south or downstream of  the FRS. 

The model used to determine the water surface profiles, along with delineating the floodplain 

boundaries, was HEC-RAS, produced by the US Army Corps o f  Engineers. The process o f  

creating geometry data and establishing the base for the model relied heavily on tools provided 

in WMS. Using WMS,  cross sections were laid out spatially with an approximate spacing of 200 

feet. The roughness values for each cross section were also generated using WMS and the 

process is outlined in section 5.3.1.2. 

5.2 Work Study Maps 

Twelve maps are included in this report to display the three tributaries with delineated 

floodplains and floodways. Sheets 1-3 contain Tributary 4E, sheets 4-5 contain Tributary 3E, and 

sheets 6-12 contain Tributary 1E. The nomenclature for the tributaries to the Hassayampa River 

originally began as the North, Central, and South Tributaries. However, the District later 

developed a more systematic way o f  naming the washes. Each reach is  now named as part o f  the 

Hassayampa River East Tributary nomenclature. For example, the north reach is formally called 

the Hassayampa Tributary 3E. A total o f  six reaches were delineated and are listed below. 

Hassayampa Tributary 1E 

0 Hassayampa Tributary 1El 
Hassayampa Tributary 3E 
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Hassayampa Tributary 4E 
Hassayampa Tributary 4E1 
Hassayampa Tributary 4E2 

Full scale (ln=200') work-study maps are provided as attachments (Figures 5-1 to 5-13, or Cover 
and Sheets 1 through 12). 

5.3 Parameter Estimation 

5.3.1 Roughness Coefficient 

There are two options for entering Manning's n-values into the HEC-RAS model. In the first 

option, the modeler enters three separate values for the LOB, ROB and main channel. The 

second option allows the modeler to vary the coefficients horizontally. The later option was 

selected for this study to more accurately model the natural conditions. The first option specifies 

a change in n-value at the bank points for each cross section, but the change in n-value may not 

always occur at the bank point. The second option can model the exact location of the change in 

n-value, whether it is at the bank station or not. 

Two steps were used to generate the horizontal variations in the Manning's n-value for each 

cross section. The first step was to determine the horizontal variations using WMS with aerial 

photos and field verification. WMS actually prepares the geometry data for HEC-RAS, which 

includes the hydraulic baseline, bank stations, and cross section locations. A second coverage in 

WMS divides the entire reach into multiple regions showing the different n-value locations based 

upon the base materials, obstructions, vegetative covers, and irregularities. When a unique 

Manning's n-value is assigned for each region, WMS transfers the roughness data from the GIs  

coverage to each cross section. For this study, the Manning's n GIS coverage was prepared by 

using aerial photos to identify the apparent locations where the n-value changes along each reach 

and cross section. Each of these locations was then field verified and photographed during the 

reconnaissance portion of the study. The GIS map was digitized using discerning characteristics 

such as reach boundaries and vegetation. 

The second step was to assign a Manning's n-value for each region determined in the first step. 

The Manning's n coefficients were determined using the methodology outlined in "Estimated 

Manning's Roughness Coefficients for Stream Channels and Flood Plains in Maricop County, 
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Arizona" (USGS, 1991). The basic process is to select an n-value for the bed material and then 

increase the value according to surface irregularities, obstructions, and vegetation as shown in 

equation 5-1. 

n = nb + nl + nz + n3 Equation 5-1 

where 

nb =base value of n for a straight uniform channel 

nl = value for surface irregularities 

n2 = value for obstructions 

n3 = value for vegetation 

The base value for each tributary was determined to be similar with no major differences. It is 

generally a fm soil with scattered cobble approximately 1"-3". Figure 5-14 is a sample picture 

of the soil found in the main channel of the Tributary 3E. The same base value is used for each 

tributary; however, isolated areas contained less cobble and finer sands. 

Figure 5-14 Typical Base Material 

After the base n-value was selected, the remaining components were added with individual 

n sections for each reach. The vegetation values range from little or no vegetation (Figure 5-15) in 

some overbank locations to very thick and dense shrubs and trees (Figure 5-16) near the end of 
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R the RID Canal. Most overbank sections had little or no obstructions, while the main channels 

varied from no obstructions to dense tree trunks and exposed roots. The channel irregularities 

were negligible with smooth channel characteristics except for some locations where the RID 

Canal dumps water into the Tributary 1E causing irregularities. These values are shown in Figure 

5-17 with each n-value shaded and the location of the photographs taken during the field 

reconnaissance portion of the study. Each photograph can be found in Appendix E1.2 with an 

explanation of the location and direction. 

Figure 5-15 Typical Overbank Section with Sparse Figure 5-16 Typical Overbank Section with Dense 
Vegetation Vegetation 
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I I 

Figure 5-17 Manning's n-value Map 
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5.3.2 Expansion and Contraction Coefficients 

All the expansion and contraction coefficients were set to the HEC-RAS suggestions for gradual 

transitions of 0.1 for contraction and 0.3 for expansion. The only exceptions were on Tributary 

1E near the culverts modeled at Southern and Baseline Roads. These coefficients were set to 0.3 

and 0.5 for contraction and expansion, respectively. Also, Tributary 3E included previously 

listed coefficients in the location of the in-line weir used to simulate the road parallel to the 

abandoned RLD canal crossing the reach. 

5.4 Cross Section Description 

Initially, the cross sections were created using AutoCAD and its Land Desktop package. The 

minimum spacing for cross sections as outlined in the Hydraulics Manual is 500 feet. Using 

AutoCAD, each reach was set up as an alignment and STA labels generated. A quick and easy 

way to spatially generate cross sections spaced at 500 feet was to use the STA ticks and expand 

them to the appropriate width across the reach and floodplain. Additional modifications were 

a performed to re-align parts of the sections perpendicular to the flow. Where needed, additional 

cross sections were added, removed, or redistributed to improve the simulation. 

WMS was the program used to prepare the cross sections and other geometry data for HEC- 

RAS. The AutoCAD file with the cross sections was read into WMS. The process for extracting 

each cross section profile was completed using the WMS Riverine Module. WMS uses the 

polylines from AutoCAD and contour data to create a cross section profile. When the WMS 

procedure is completed, it generates the HEC-RAS *.go1 geometry file. 

The first simulations in HEC-RAS used 500-foot cross section spacing. As a result, several 

warning messages appeared at each cross section. The description of these warnings is outlined 

in Section 5.7.2. To eliminate the multiple warnings, cross section spacing was reduced to 

approximately 200 feet. 

5.5 Modeling Considerations 

5.5.1 Hydraulic Jump and Drop Analysis 

NIA 
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p, 5.5.2 Bridges and Culverts 

Two bridges were modeled within HEC-RAS. Both are located on tributary 1E. The reach 

intersects Southern and Baseline Roads with culverts at both locations. The input data for the 

HEC-RAS model such as location, length, slope, diameter, and type were obtained from a field 

inspection. Appendix C.3 lists the field notes and pictures obtained from the inspection. 

5.5.3 Levees and Dikes 

Tributary 1E contains two man-made levees. The first is located just south of Southern Road and 

runs parallel to the reach for about one-half mile. The second levee is on the south end of the 

reach just downstream of Baseline Road. Both of the levees were constructed to contain the large 

runoff events and prevent flooding of the agriculture areas adjacent to the reach. Figures 5-18 

and 5-19 show a side-by-side comparison of the location of the south levee in 1949 and 2003. 

Figure 5-18 1949 aerial photo without levee Figure 5-19 2003 aerial photo with levee 

Note: the red lines depict the approximate location of the levee. 

12e levees were first modeled with a virtual HEC-RAS levee placed on the top of the levee. This 

prevents the model from using the area on the opposite side of the levee in the conveyance 

n calculations until the levee is overtopped. After discussion with the District, another approach 

was used to determine the most conservative result. The HEC-RAS levee was removed, allowing 
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the model to distribute the flow on both sides of the levee. To be more conservative, the 

ineffective flow option was placed along the levee. The ineffective flow area will contain water 

but have no conveyance. This means the velocity is assumed to be zero. This ineffective flow 

remains until the flood water surface elevation (WSE) in the channel reaches the top of the levee 

and spills over. 

5.5.4 Islands and Flow Splits 

Two islands of significance exist in the study. The first is located in tributary 4E just upstream of 

the confluence with the Hassayampa River. This island was treated with a flow split in the model 

and is split into two reaches as tributary 4E and tributary 4E1. HEC-RAS allows the modeler to 

manually enter the distribution of flow between the two reaches or have the model automatically 

compute the flow distribution with the flow optimization algorithm. The later was used to more 

accurately obtain the flow distribution. 

The second island is found in tributary 1E in reach 2. Figure 5-20 identifies the method used to 

model the split flow in HEC-RAS. The decision was made to have one reach and spread the a cross sections over the entire region. This method was chosen because the 1W-year flood event 

inundates the entire region and the length of the split flow is relatively short before the reaches 

merge. 
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Figure 5-20 HEC-RAS screen shot of split flow in Tributary 1E reach 2 

5.5.5 Ineffective Flow Areas 

When using an ineffective flow area in HEC-RAS, the model includes the area in storage 

calculations and wetted cross-section parameters but does not include the area as part of the 

active flow area. Ineffective flows were used in this study to include all possible floodplain 

areas. In some cases, the extracted cross-sections would sufficiently convey the 100-year flood 

event. However, the aerial photos or contours may show additional sources of historical flooding 

outside the delineated boundary. Ineffective flow areas were used when cross-sections were 

extended to cover the floodplain, and the extension was set as an ineffective flow area. Another 

n case where ineffective flow was used is in two locations where levees had been constructed. 
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n Both levees are found in the Hassayampa Tributary 1E in Reach 1. These levees are also 

documented in sections 5.5.3. 

5.5.6 Supercritical Flow 

NIA 

5.6 Floodway Modeling 

The floodway modeling methodology comes from the procedures outlined in the Hydraulics 

Manual. The first step was to use the encroachment method #4 with equal conveyance reduction. 

The guidelines allow a maximum of one-foot increase in water surface elevation. Once HEC- 

RAS generates the method #4 encroachments, method #1 is applied to the model. This method 

requires a manual selection for the location of the floodway encroachment. Method #4 acts as the 

starting basis for the method #1 selection. Using method #1 turns into an iterative process in 

some locations to keep the increase in water surface elevation under one foot. 

5.7 Problems Encountered During the Study m 
5.7.1 Special Problems and Solutions 

5.7.1.1 Datum Conversion 

Although the vertical datum conversion from NGVD 1929 to NAVD 1988 was performed using 

the CORPSCON program (USACE), the District wanted to provide an average conversion factor 

that can be used to revert back to the NGVD 1929 elevations. Using the guidelines set forth in 

Appendix B of FEMA's Guidelines and Specifications for Flood Hazard Mapping Partners, it 

was determined that 2.08 zk 0.25 feet can be used for an average conversion factor for the study 

area. Table 5-1 gives the conversion factors in a reach by reach format. 

Table 5-1 Datum Conversion Factors 
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End Station Begin Station StreamIReach 
Entire Reach 
Entire Reach 
Entire Reach 

Tributary 1 E 
Tributary 3E 
Tributary 4E 

Minimum 
Conversion 

I Maximum rerage; Maximum 
Conversior 1versi8n Offset 

2.070 
2.077 
2.080 

2.100 
2.083 
2.087 

2.682 
2.080 
2.083 

0.018 
0.003 
0.004 
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5.7.1.2 Negative Surcharges 

For small number of cross-sections, it was impossible to eliminate negative surcharges. The 

range of negative surcharges is from 0.04 feet to 0.01 feet. Encroachment method 4 was used 

initially to set encroachment stations to a water surface elevation rise of one foot in order to give 

a general idea of where the encroachments. Method 1 was then used to set the final 

encroachment stations, ensuring that the floodway surcharge was no greater than one foot. 

Negative surcharges can be caused by excessive encroachment or insufficient encroachment at 

downstream cross-sections. 

5.7.1.3 Baseline for Tributary 4E, Reach 1 at Limit of Detailed Study 

During low flow periods, Tributary 4E, Reach 1, follows the presently identified baseline. For 

the 100-year flood, the baseline will connect with the Hassayampa River. 

5.7.1.4 Extended Cross-Sections 

Cross-sections 0.065 and 0.125 of Tributary 4E1, Reach 1 and 0.883 of Tributary 1E, Reach ldo 

not contain the floodplain limits and are extended. 

5.7.2 Modeling Warning and Error Messages 

No error messages were found in the hydraulic model; however, many warnings show up in each 

of the three delineated reaches. The following is a comprehensive list of the warnings found in 

the HEC-RAS model: 

Warning: Dividedjlow computed for this cross-section. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or 
greater than 1.4. This may indicate the need for additional cross-sections. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) between the current andprevious cross-section. This 
may indicate the need for additional cross-sections. 

These messages are common and required additional investigation. The initial delineation 

included a cross-section spacing of 500 feet. As a result, the conveyance ratio and energy loss 

warnings appeared at virtually every cross section. A simple test was performed to determine if 

decreasing the cross-section spacing would eliminate the warnings. Even with a spacing of 100 

feet, the warnings remained for the majority of the cross-sections in the models. The water 

surface elevations from the multiple tests showed a 0.5-foot average difference between the 500 
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and 200 foot spacing and little change between the 200 and 100 foot spacing. The final cross- 

section spacing used was approximately 200 feet. 

The divided flow warning exists when the flow is split within the cross-section. The divided 

flows in this study were not significant enough to consider using separate reaches in the HEC- 

RAS model. 

5.8 Calibration 

The area does not contain any gage data to properly calibrate the HEC-RAS model. 

5.9 Final Results 

5.9.1 Hydraulic Analysis Results 

Tables 5-2A, 5-2B, and 5-2C give summaries of the results from the HEC-RAS models for 
streams, culverts, and in-line weirs, respectively. 

Table 5-2 HEC-RAS Normal Stream Results Summary 
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e 

Table 5-3 HEC-RAS Culvert Results Summary 

Table 5-4 HEC-RAS In-Line Weir Results Summary 
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a 5.9.2 Verification of Results 

No effective model exists for the three tributaries studied; therefore a verification of the 
hydraulic results can not be provided. 
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6 Erosion and Sediment Transport 

Refer to Volume V for erosion and sediment transport studies. 
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6. General Documentation & Correspondence 

The general documentation and correspondence for this project are organized in the 
Project Administration Report for the BuckeyelSun Valley ADMS included in Volume 
VIII, Supporting Documents. The following sections are included in the Project 
Administration Report. 

8.1 Special Problem Reports 

NIA 

8.2 Contact (telephone) Reports 

NIA 

8.3 Meeting Minufes or Reports 

NIA 

8.4 General Correspondence 

NIA 

8.5 Contract Documents 

NIA 
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C. Survey Field Notes 

C.l Survey Field Notes for Aerial Mapping Control 

N/A 

C.2 Survey Field Notes for Hydrologic Modeling 

Photos 1 through 23 are from the January 12,2004, field visit, and photos 24 and 32 are from the 
February 5,2004, field visit. 

C.3 Survey Field Notes for Hydraulic Modeling 

Field survey notes for the Baseline Road and Southern Road Culverts are attached. The photos 
for determining Manning's n-values are in Appendix E. 
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Picture.1 Pictare.2 

Retention basin near end of RID just west of Johnson Retention basin near end of RID just west of 
Road - Looking east Johnson Road - Looking west 

Picture3 Pictnre.4 

North of RID between Johnson Road & end of RID - North of RID between Johnson Road & end of 
Looking east RID - Looking east 

F'ictnre.5 

North of RID looking towards end of RID 
Pictnre.6 

Minor was flowing south towards RID- 
Looking southeast 
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Picture9 Picture.8 

End of RID -Looking southwest 

- 
Intersection of RID & main channel for sub-basin C1 l,,tersection  of^ main channel for sub- 

- Looking west basin C1 -Looking northwest 

I Picture.11 Picture.12 

Intersection of RID &main channel for sub-basin C1 Wash blocked by abandoned RID 
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A 

Field just south of RJD &just west of Johnson 
Road - Looking north 

Pichue.15 F'icture.16 

Main flow path just south of the end of RID Field just south of RJD &just west of Johnson 
Road - Looking southeast 

Piha lf Piare.18 
Ri?Id&st south &KID $just west of Johnson R o d  C n l v ~  on S@uM-Looking north 

- L a o ~ g  nolxhwa ~~98tr-I 
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Picture.19 Picture.20 
Culvert on southern -Looking south (downstream) Culvert on Southern between 315" and 313" 

: :e.21 Picture.22 

End of wash that empties into farm field - Looking Culvert on Baseline Rd between 313" and 
west 309" -Looking south 

Picture.23 Picture.24 

Culvert on Baseline Rd between 313" and 3 0 9 ~  - Main channel between end of RID and 
Looking north Southern Rd (E3) - Looking south 
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Picture.25 

Right of bank (E3) - Looking south ~ l g n t  of bank (E3) -Looking south 

rIcmre.4 I 

Left of bank between Baseline and Southern Rd & 
between Johnson Rd and 309" (E4) -Looking north 

- .-.-.e.28 

Left of bank @I) -Looking north 

Picture.30 

Main channel E4 -Looking south 
Picture.29 

Main channel E4 -Looking south 
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Pichue.31 

Main channel E4 -Looking west 
Picture.32 

Left of bank E4 -Looking south 
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D. Hydrologic Analysis Supporting Documentation 
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D.l Precipitation Data 

Table D.l-1 

Rainfall Amount from Isopluvial Maps in FCDMC I-Jydrology Manual 

Storm Event De th [in 
100- r, 6-hr 
100- , 2 4 4 ~  4.10 

D.2 Physical Parameter Calculations 

Table D.2-la 

Existing Conditions Land Use Look-up Table for Area 2 

Table D.2-lb 

Future Conditions Land Use Look-up Table for Area 2 

PBY 0-2 BuckeyeISun Valley ADMS 
FCD Contract 2002C027 

LU 
Code 
710 
220 
110 

IA 
0.10 
0.10 
0.30 

Land Use Description 
Active Open Space (Includes parks) 
Neighborhood Commercial (50,000 to 100,000 sq. ft.) 
Rural Residential (<= 115 du per acre) 

RTIMP 
5 
80 
5 

'?& 
Veg 
90 
65 
30 

Saturation 
normal 
normal 
normal 
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Table D.2-2 

Soil Map look-up Table for Buckeye Area 2 

Table D.2-3 

Cp 
CF 
Bs 
Ae 

Summary of Green & Ampt Parameters for Buckeye Area 2 Existing Conditions 

a m D-3 BuckeyelSun Valley ADMS 
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0.40 
0.50 
0.39 
0.39 

~ . ~ d ~ o o l i d g e  sandy loam 
0.OOCarrizo and Brios soils 
0.OOBrios sandy loam 
0.OOflntho-Brios sandy loams 

651 2451 
651 243C 
651 2257 
6512028 
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Table D.2-4 

Summary of Green & Anlpt Parameters for Buckeye Area2 Future Conditions 
a 

Table D.2-5 

Summary of Lag Time Estimation for Buckeye Area 2 Sub-basins 

D.3 Hydrograph Routing Data 

Table D.3-1 

Summary of Routing Channel Parameters - Length, Slope and Manning's n 

PBSjl 
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a 

Routing 
Channel 

1 E-2E 
2E-3E 

L [fl] 
9,559 

10,646 

Max El. 
979.2 
930.1 

Min El. 
930.1 

S [ft/fl] 
0.00514 

876.2, 0.00506, 

d e f t  
0.05 

0.055 

n-channel 
0.07 

n-right 
0.0 

0.03 0.05 
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Table D.3-2 

Summary of Routing Channel Parameters - Representative Cross Section Cooridinates 
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D.4 Flow Splits and Diversion Data 

D.5 Hydrologic Calculations 

D.5.1 IIEC-1 Output File 100-Year 6-Hour 

D.5.1.a IIEC-1 Output File for 100-year 6-hour Storm (Existing Conditions) 
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D.5.l.b IIEC-1 Output File for 100-year 6-hour Storm (Future Conditions with 

Retention) 

X X XXXXXxi  xxmx 
x x x  x x m 
x I I X  X 
xxxxxxx xxm x xxxm x 
X X X  
X X X  x I: 
x x xxxxxm X X W  U 

ID BYC*~YI/SYO Y B L L ~ Y  ~ D M S  - xouornar zoo* 
ID PBS.2 - * d e l e r l :  Jacob Le.us 6 XS" Ch." 
10 100-year 6-ha"i 
10 P"f"I* Condlrl~n. 
10 iir.. 2 
ID iia,n,..i Loss xemod - bxecn 1 m m  
10 ""it "ydrograph Merhos - I C D X  S-C-i.ph 
ID Channel Po",lng X*,hOd - worw, Depth 
rn 'and 08. - rcanc cia oaro: ra9.aenp10n 120001 
10 5011 D a t a  - USBi ICS So%i Survey ti972 L 1 9 P l l  
ID ""i t8 - Lid, zc.,*, S l f t h i ,  LIC,"A"l 
.DIrnPAx 
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HEC-I J H ~ V T  P U ~ E  I 

...... .......... ....... ....... ...... LlUI 10 ....... 1 ....... 2 ...... 1....... 4 (... 7 @ 9 10 

4 8  UI I4.32 14.12 0.0 

6' M .I-0 
61 U) 0 0 0.0 P 12 
6a DT I1r.t O . 0  0.0 . C Y N .  
69 DI 0 .0  2 W O . O  1 0 0 0 . 0  2000.0 2000.0 ?0110.0 1000.11 2000.0 2000.0 2000.0 
70 DL 2OOP.O 1000.0  1 0 0 0 . 0  2000.0 2000.0 >0011.P 21100.0 10PO.O 1000.0 1000.0 . Cur". 
11 00 0 .0  2000.0 1 0 0 0 . 0  2000.0 20011.0 ,000.0 2OOP.O 2000.0 2000.0 ZDOO.0 
12 DO 2000.0 2000.0 1 0 0 0 . 0  2000.0 2000.0 1 0 0 0 . 0  2000.0 21100.0 Z( IOO.0  2000.0 

7, a: I I  C W W  1.-1. 
1 4  SO 0 0 0.0 0 21 
1 5  HF * 
1 6  a 11-2. c u m  la 
77 XO 0 0 0.0 0 21 
18 LII e rlau 0.0 0.0 
7 ,  LC 0 . 0  0.0, 0.0, 9359.0 0.005, 0.0 . 1s-11 
I@ 11l 0.0 1 . 0  5 . 0  0 75.0 05.0 111.0 110.0 
II 17 10.1 4.9 2 .0 0.0 0.0 2.0 4 . 9  10.8 

. .I 
111 "1 0.0 $6.61 5 6 . 6 1  101.71 191.S1 111.61 111.61 121.01 t B 4 . 4 8  S16.96 
88 "1 l 4 l . i  l 4 i . 1 6  11S.$1 472.72 403.34 141.11 295.16 2S4.8  111.8 1111.11 
89 01 >60,09 L32.4, 113.9 IOl,>B 86.9 7 0 . 9 ,  60.07 M.86 38.79 38.79 

HEE-I iWPm P W  I 

....... ....... ....... ....... ..... .....I. ....... ....... ....... LlPl I.D > I 3 4 5 6 , .  I 8 9eeeeee10 

90 UI 3 8 . 7 9  211.13 13.19 11.19 31.111 11.11 13 .1 )  13.79 13.79 11.79 
1 U I  11.11 11.19 

I2 U II-0 
9 1  NO e o 0.0 0 22 
94 ll, z1r.t J 3 . 0  0.0 . Cur". 
e l  DI 0 .0 2000.0 1 0 0 0 . 0  m o o , o  1 0 0 0 . 0  >ooo.o 1 0 0 0 . 0  1000.0  1 0 0 0 . 0  1 0 0 0 . 0  
DL D I  i O O 0 . P  2000.0 10DO.0 2000.11 10DO.O  I O O l i . 0  2000.0 2000.0 1000.0  1000.0  . cur"* 
91 00 0.0 2000.0 IOOD.0 2000.0 2000.0 1000.0 2000.0 1000.0 >DOP.O 2000.0 
$8  no 1 o o o . o  ~ o o o . o  r0oo.e 2000.0 1 0 0 0 . 0  1 0 0 0 . 0  1 0 0 0 . 0  m o o . o  1000.0 m00.0  

'19 a: rs c w u a  in-3, 
100 U) 0 0 0 .0  0 2, 
101 IIC I 
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122 w 0.0 2aoa.o 2000.0 2aoo.o 2aoo.o 2ooo.a *aao.o 200o.o no00.0 rooo.o 
123 00 2000.0 1 0 0 0 . 0  tooe.o 2ooo.o 2aao.o 2aoo.o 2ooe.e 2o00.0 ,aoa.a 2ooo.o 

124 U 19 C N W  1% 
12, M 0 0.0 O 22 
126 I C  1 

"LC-> IUsUI s m  4 

llNE I D  ....... I.. ..... 1. ...... 1 ....... I...._. 
I t 7  M 1111 C N M  1E 
128 I0 0 0 0.0 0 21 
129 m2 L11I 

I30 U D l  
ill 0 0 0 0.0 1 12 
112 B1 0.6871 
il, Ui 0 . 3  D.25 ..ct* 0.332 5 .0  . Dl 
>I4 UI 0 .0  $0.12 50.12 141.34 2ZB.99 112.32 Jli4.SS 111.86 114.61 ldl.62 
115 UI 455.19 400 .91  312.15 211.31 228.16 181.71 1S1.51 111.52 104.311 88.96 
116 Y I  11.16 1 4 . 1 1  19.13 15.26 4 . 4  14 .11  11.21 12.28 12.23 12.25 
111 UI 12.23 12.13 12.15 12.25 0.0 

111 M D1-0 
139 10 P 0 0.0 0 It 
110 DX ~11.t 7.0  0.0 . C U W .  
1 4 1  DI. 0.0 2000.0 2000.0 2000.0 ZO( l0 .O  ZDOO.0 2000.0 2000.0 2000.0 2000.0 
1 0  DI m 0 0 . 0  rooe.0 ,ooo.o 2aaa.o 2000.0 2000.0 2ooo.e 200o.o ,ooa.o rooo.a - NN. 
ill W 0.0 10110.0 2000.0 2000.0 2000.0 1000 .0  200a.o 2000.0 2000.0 2000.0 
14, no 1000.0 2000.0 2000.0  2000.0 2000.0 2000.0 ~ 0 0 0 . 0  2000.0 2000.0 1000.0 

14, M ,I C N M  ID 
1.6 KO 0 0.0 0 12 
1.7 m .R 

118 M C1 
14'1 U) 0 0 0.0 1 11 
110 BL 0.947 
111 LO 0.278 0.21 (.U9 0.844 5.0 . C 1  
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111 UI h B 1 . 0  561.51 321.17 tJ9.ll 3 6 9 . I I  313.69 266.99 226.11 188.91 160.31 
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' C Y N .  
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192 UI 19.14 0.0 

191 U 8%-0 
191 XO 0 0 0.0 0 2 1  
191 D1 1.Lr.t 48.0 0.0 . E Y W .  
196 01 0.0 2000.0 2000.0 2000.0 2000.0 2000.0 ZWP.0 2000.0 1000.0 200P.D 
197 D l  2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 . c u m  
198 DO 0.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 
199  DQ 2000.0 2000.0 2000.0 20EO.O 1000.0 2000.0 2000.0 2000.0 2090.0 1 0 1 . 0  
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O ~ ~ U I I O W  6 n n D 1  TlOl P I U  mm 2 )I= s11m 
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D.5.l.c REC-I Output File for 100-year 6-hour Storm (Future Conditions with No 

Retention) 
.......................................... - FLWD "IDRoGWLP" PACMDE IHEt-l, . 

HAY ,991 
VERSION 4.0.1I 

THIS PlOC-C-  PZPLICFB ALL PF&YIO?JB YELSIOPI OP HEE-I % N O W  118 I U I  lJUl 131. IEC1CI. HIC1mD. A m  BCCIII. 

, A t  :,r:..!,,.h$ ,r ,!.<:A*:,: -s::->- A,> .r,:cn- ,A,.C c.*.:cr r.cw :,cs, ':Su h : m  1-t ,97>.?,>Lt :.,m ~7sc:-. 
1 . 1  : ~ l : . % : l i o b  08 --":xx- ?.I h,.-:,*I *A? &I:> il.:::C*I .>:LO :t ~ L ?  P:. Tm1( :L :Lr I t L I U * ' 1  ' T i P i O l i  
,EW .,::< ,$. :,. ,.,!.% , r . , : c L  ?#,"..,, .CL , :,\c:c r x*:, CA.>CC <.:."'.A:,ow. csr  wn:w S,A>E Iu*:Eec", 
: A 1 :  5 A : . : L O S S  WlE i i C l N  IlII I"*I : L T I : I U I : O Y  
,:'c**:IC * * 1 1  <r. , : U : - L  L I I I 1 L I I . L L  i :C LI1.x 
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HCE-I INPUT PLT I  1 

LlWI m... .... I... .... I... .... 2 ............... 9 ....... s ....... 7 ....... 8 ....... 0 ...... 10 

4 8  Y I  14.12 14.32 D.O 

62 M 1E-lE C N W  IE 
61 "a 0 0 0.0 0 2 1  
64 L9 6 rUI 0.0 0.0 
65 RL 0.08 0 .01  0.05 9559.0 0.0011 0.0 . 11-11 
66 U 0.0 11.0 45.0 11.0 0 88.0 111.0 111.0 
61 I7 0 .  '.I 2.0 0 0  0.0 2.0 4 .  10.5 

lil U 28-1. C H r n  2. 
e t  10 0 0 0.0 0 22 
8 1  ~i 1 r r a  0.0 0.0 
84 LC 0 . 8 l l  0 . 0 1  0.011 10646.0 0.0011 0.0 . 21-11 
8, IX 0 .0  I5.0 11.0 0 . 0  60.0 s,.o sr.0 100.0 
86 81 1.I 4.0 1.0 0.0 0.0 3.0 4.0 1 .8  

96 M II EN= 1% 
91 *I 0 O 0.0 0 22 
P I  15 2 

PI XR 1II C H W  38 
100 liO 0 O 0.0 0 22 
I01 RW 1 3 1  

111 U >I E U W  1% 
111 NO 0 0 0.0 0 22 
li' 1W ,I 
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D.5.2 I3EC-1 Output File 100-Year 24-Hour 

D.5.2.a I%EC-I Oufput File for 100-Year 24-Hour (Existing Conditions) 

0 . 8 .  W 1 Y  CORPS OI ENClNElll . . lixnlioLoCre F N C I N ~ E R ~ ~  CENTEN . 
601 BFCOUD SIRElT . DAVIS. CILIrOi iNl l  $1616 * 

,9161 111-1148 

x x xxxxxxx x x m  
X x i  x x IX 
X X X  
XXXIXX*  XXXX II XXXXX X 
X X 8  x 
x X ' "  x X X 
X X X X X X U X  X X X U  UX 

? X I S  TeOGRW ILPLICEJ ILL PREVIOY6 VTllllON8 Or XEC-I XNOW Is XECl lJUi 731. HIClCP,  BECIOBI WO BEClm. 

TIE nEFIIIITIOWI Or "IIIIBLES -lilIMl- LND -liTIOl- X W I  CX IWCEO IRW n O B E  U6BD Ul7H TN I  ,971-6TYLI lUPUI ITPIUCNLI. 
TIP OrPlNirlON OF -L".III- 00 IU*-CUD V I I  SHWGED Wlll RIVlblOUS DATED 2 1  IBP e l .  T X l l  IS 116 T O i i l w l l  YEIISIOW 
XEY OiT1OW&i YLY.(OLTU OUlrlMi SUQIERGTNCE , 8IUCLE lYrNI DUUCE CILCVLLIIOY. DSS:WIIIC STACE TIIEPUEWCI. 
DSSiRTm I:= SERIES LI BE8IIIPD C l l C Y L A I l O W  INTERVU LOBS RIIElCilrrN hPD W T  IWFILrRIIIMl 
I(IIY*TIC WAVE: YCY PINITI DIWPRENCI hLGoR,TBN 
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M 2. C N U D  ,=-I. 
m 0 0 0.0 0 22 
HE 2 

M s. 
B1 I X Z  mLMwINC PIWI*ETERS WE= PROVIDED ion IliIS BASXI 
m L-2.00 Lea-l.ZI 5-28.98 IVi-0.OSO -33.0 
m I - C W X  TYPE-DESERT RWCELUlO 
"0 0 0 0.0 I 21 
BIi 0.1101 
m' 0.0 0 . 0  0.0 
1C (1.119 0 . 1 2 4  4.18) 0.*11 0.0 

XI 3E C N U D  llii 
10 0 0 0.0 0 12 
HC 2 

M llii " U r n  3s 
NO 0 0 0.0 0 22 
W 1% 

M C> 
U TIE IOLLOIINC P k W I E T B  WERE PROVIDED TOR n115 B U l H  
X4 L - 2 . D  Lc1.1.06 1-41.60 lin-0-DIO L G 8 2 . O  
101 3 - C W H  TYPT-DESERT W1NCFLUR 
XO P 0 0 .0  1 12 
Bi 0.94, 
LC 0.33 0.95 4.669 0 . d l l  0.0 ... 
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111 IO( %L 
I42 131 THE FOLLOWING P l W T E R S  WCRE PROVIDBD FOR THIS BIOlN 
ill ~x L.x.,~ L ~ ~ . O . W  . no-o.0~0 us-3l.e 
i 4 4  Vx 6-TMsH TYPE-DIIERT W C C L W D  
1 4 1  M 0 0 0.0 1 11 
148 B1 @.loel  
141 Ui 0 ,  0 .31  1.121 0.315 0.0 

93,. $74. 492. 

I,,. $74. 492. 

II. 20. 1 .  
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D.5.2.b HEC-1 Output File for 100-Year 24-Hour (Future Conditions with 
Retention) 

1116 PWC-M*I XEPLICEJ ILL TBEVIOUS YERIIOMS OI HBC-1 X N O M  IS "lCl (JW 111, HEElGI, XICIDB, iiBD IDC11*. 

LINE 

0 
9 

10 
II 

I2 
I, 
I, 
I5 

16 
17 
LB 
29 
20 
21 
22 
2 1  
14 
2 1  
26 
27 

28 
2'1 
10 
I, 
I? 
11 
3, 
1, 
16 
,I 
38 
39 

10 
4 1  
12 
48 
4, 
45 
46 ', 
48 
1'1 

HTC-l I11m PlGE I 

ID... .... 1 ....... 1 ....... 1 ....... 1 ....... , ...... 

........ 
:C ralnr.1, LC.. rrtnw - r:..n ' upt 
:D L n l t  ,,O.&SI.P1. +liP.oc . r:w< (.',.C 
:c C?."'., i . " l l < S  'e:,.oe - t r r r a i  o.wn 
:D ,."a U.. - I :re( C:I t.,.: ".;-r*rclO" l1C0Ol  
:P $021 oat. - L?O& s:: $ 0 2 ,  Z,,"." ,572 ' , 9 6 2 ,  
!C , " X , , . i , U ,  :?.,rA, 5,,,,,.., 'AG,.-.,"> 
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110 
i l l  
112 
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I94 16 1 R  e m  1C 
t9, KO 0 0 0 .0  0 22 
196 LW 18 

191 U B1 
198 a0 0 0 0.0 1 12 
1119 Bi 0.1001 
200 LC 0.296 0.29 4.624 0.328 5.11 . 81 
201 UI 0.e 12.62 70.32 160.06 195.61 29l.03 112.11 293 .41  210.16 173.86 
201 1 2 9 . 9  3 . 7  5 6 . 6  4 . 4 4  2 . 8  2.33 1 . 4 4  7.94 1.94 
101 UI 7.94 4 1.94 0.0 

204 U 81-0 
205 XO 0 0 0 0 12 
206 D 1  811.I 1.0 0.0 . c u m  
? P I  DI 0.0 2000.0  2P00.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 
208 DI i P O O . 0  1000.0 2000.0 2000.0 2DDO.D 2000.0 2000.0 2000.0 lD00.0 2000.0 . C U M  
209 w O D  z o o o _ o  >ooo.o  Z P O O . ~  ) w o . o  2000.0 )ooo.o >OOO.P 2ooo.o 1000.0 
210 DO 2DDD.O 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 2000.0 

211 m 2P C W  1s 
2x2 KO 0 0 0.0 0 22 
211 LW >I 
214 EZ 

ROIOII 6 W 1  
FLOW I N  CUBIC FEE, PER rrcm 

II1Y I N  "OURS. ULU I. SQDULE XI-$ 
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780, MI. 0 1 .  

I l l .  $6,  32. 

94. 1,. 1'. 
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E. Hydraulic Analysis Supporting Documentation 
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a 
E.l Roughness Coefficient Estimation 

For Tributaries lE, 3E, and 4E -All Reaches 

Photos LOl-PX through L21-PX are from the May 21,2004 field visit and correspond to the 
picture locations noted in Figure 5-17. The photo nomenclature describes the location number 
(LX) and also the number of the photo (PX) taken at that location. 
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Picture.LO1-PI 

Hassayampa Tributary 4E 

Picture.LO1-P3 

Hassayampa Tributary 4E 

Pictwe.LO2-P2 

Hassayampa Tributary 4E 

Picture.LO1-PZ 

Hassayampa Tributary 4E 

Picture.LO2-PI 

Hassayampa Tributary 4E 

Picture.LO2-P3 

Hassayampa Tributary 4E 
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Picture.LO4-P1 

Hassayampa Tributary 3E 

Picture.LO4-P3 

Hassayampa Tributary 3E 

Picture.LO3-PZ 

Hassayampa Tributary 4E 

icture.LO4-PZ 

Hassayampa Tributary 3E 

Picture.LO5-PI 

Hassayampa Tributary 3E 
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Hassayampa Tributary 3E 

Picture.LO7-PZ 

Hassayampa Tributary 3E 

Picture. L08-P2 

Hassayampa Tributary 1E 
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Hassayampa Tributary 3E 
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Hassayampa Tributary 1E 

Picture.LO8-P3 

Hassayampa Tributary 1E 
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Picture.LO8-P4 
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Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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Picture.Ll0-P1 

Hassayampa Tributary 1E 

Picture.Ll1-P1 

Hassayampa Tributary 1E 

Picture.Ll0-PZ 

Hassayampa Tributary 1E 

Picture.Ll2-PI 

Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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Hassayampa Tributary 1E Hassayampa Tributary 1E 

Picture.Ll5-P1 

Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 

Picture.Ll5-P2 

Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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PictureL17-P1 

Hassayampa Tributary 1E 
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r~cmre.lrla-r~ 

Hassayampa Tributary 1E 
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Picture.Ll9-PZ 
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Hassayampa llibutary 1E 
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Hassayampa Tributary 1E 
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Hassayampa Tributary 1E 
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E.2 Cross Section Plots 
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E.2.1 Tributary 1E -All Reaches 
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Hassayampa Trib 3E Floodplain Dell Plan: Hassayampa Trib 3E FPIFW 5/19/2005 
River = Tributary 3E Reach = deach 1 RS = 0.948 Thalweg Sta. 272.68 
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Hassayampa Trib 3E Floodplain Deli Plan: Hassayampa Trib 3E FPlFW 5/19/2005 
River = Tributary 3E Reach = Reach 1 RS = 0.560 Thalweg Sta. 440.14 
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River = Tributary 3E Reach = Reach 1 RS = 0.299 Thalweg Sta. 541.55 
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E.3 Expansion and Contraction Coefficients 

E.3.1 Tributary 1E -All Reaches, Expansion and Contraction Coefficients 

Expansion and contraction coefficients were 0.3 and 0.1, respectively, for the entire length of the 
Tributary 1E. The only exceptions were near the culverts modeled at Southern and Baseline 
Roads. 

E.3.2 Tributary 3E - A11 Reaches, Expansion Contraction Coefficients 

Expansion and contraction coefficients were 0.3 and 0.1, respectively, for the entire length of the 
Tributary 3E. The only exception was at the location of the in-line weir. 

E.3.3 Tributary 4E - All Reaches, Expansion Contraction Coefficients 

Expansion and contraction coefficients were 0.3 and 0.1, respectively, for the entire length of the 
Tributary 4E. 

E-16 BuckeyelSun Valley ADMS 
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E.4 Analysis of Structures 

E.4.1 Tributary 1E - All Reaches, Structures 

Culvert Location 
Southern Road 
Baseline Road 

E.4.2 Tributary 3E - All Reaches, Structures 

Station 
1.359 - In-Line Weir 

E.4.3 Tributary 4E -All Reaches, Structures 

NIA 

BuckeyelSun Valley ADMS 
PBS8J #540293.00 November 2003 
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E.5 Hydraulic Calculations 
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E.5.1 Water Surface Elevation NEC-RAS Output for Tributary 1E - All Reaches, 
Existing 100-Year, 6-Hour Event 
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E.5.2 Water Surface Elevation HEC-RAS Output for Tributary 3E - All Reaches, 
Existing 100-Year, 6-IIour Event 
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E.53 Water Surface Elevation AEC-RAS 0utp"t for Tributary 4E -All Riaches, 
Existing 100-Year, 6-Hour Event 

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