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PREFACE

This document replaces the DRAFT version of this report dated March 1993. All of
the large fonnat plates provided with the draft report have been included in this final
report in 11" by 17" fonnat. However, only the information on plates 7 and 8 has
changes between the draft and final copies. Therefore, the large format (1:24,000)
plates numbers 1 through 6 from the draft report may be retained and considered as
final. If you possess these large format plates from the draft report, it is
recommended that you either dispose of the 1:24,000 plates 7 and 8 or simply inscribe
"SUPERCEDED, REPLACED BY FINAL JULY 1993" somewhere noticable on those
two plates.

ii



List of Plates . . . . . . . . . . . . . . . . ". . . . . . . . . . . . . . . . • . . . . . . . • . . • .. vii

2.0 Introduction 5

List of Project Personnel .........•.......................... viii

3.0 Mapping and Survey Information. . . . . . . . • . . . . . . . . . . . . . . . . 9

v

18
20
23
28

Page

iii

...........................
Land Uses .
Soils .

Loss Parameters
Lag Times .

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

4.3.2.1
4.3.2.2
4.3.2.3
4.3.2.4

4.1 General........................................... 11
4.2 Previous Hydrologic Investigations 13
4.3 Parameter Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17

GILBERT-CHANDLER ADMS
VOLUME I

CURRENT CONDITIONS HYDROLOGY

TABLE OF CONTENTS

4.3.1 Drainage Area Boundaries 17
4.3.2 Physical Parameters 18

3.1 Mapping '... 9
3.2 Survey Notes 10
3.3 Watershed Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11
3.4 Community Maps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11

2.1 Study Area 5
2.2 Study Criteria 9

1.0 Synopsis.............................................. 1

4.0 Hydrology 11

List of Figures vi

Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ix

List of Tables

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
'I
I
I
I
I
I
I
I
I

Page

4.3.3 Precipitation................................... 31
4.3.4 Routing Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35

4.3.4.1 Cross Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35
4.3.4.2 Manning's Roughness Coefficients . . . . . . . . . . .. 36
4.3.4.3 Determination of NSTEPS . . . . . . . . . . . . . . . . . .. 36
4.3.4.4 Storage-Outflow Relationships .•..•.... . . • . .. 36

4.4 Special Considerations 37

4.4.1 On Site Retention and Non-Contributing Areas. . . . .. 37
4.4.2 Culvert Hydraulics . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46
4.4.3 Detention Basins ........•.•.•.•.........•...... 47
4.4.4 Canals and Adjacent Ponding Areas 48
4.4.5 Man Made Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 51
4.4.6 Treatment of Storm Drains . . . . . . . . . . . . . . . . . . . . . .. 52
4.4.7 Use of Dummy Diversions . . . . . . . . . . . . . . . . . . . . . . .. 54

5.0 Results and Conclusions .....•••........................ 55

5.1 Comparison with other studies 58

5.2 Limitations and Uses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 61

5.3 Conclusions 62

6.0 References 63

Appendix

A Plates

B Floppy diskettes containing HEC-1 model input and level 3
output and DSS file

Technical Appendices available at the FCDMC

iv



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

List of Tables

Page

Table 1.1 24 Hour Peak Discharges . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Table 1.2 6 Hour Peak Discharges . . . . . . . . . . . . . • . . . . . . . . . . . . . 4

Table 4.1 Classification of Zoning Types for
Estimation of Imperviousness . . . • . • . . . . . . . . • . . . . . .. 22

Table 4.2 KIJ. categories ..... -. . . . . . . . . . . . ~ . . . . . . . . . . . . . . . .. 24

Table 4.3 Lag Time Calculations 25

Table 4.4 Green and Ampt Loss Rate Parameter
Values for Bare Ground . . . . . . . . . . . . . . . . . . . . . . . . . .. 29

Table 4.5 fA, DTHETA, and Percent Vegetation by Land Use .... 30

Table 4.6 Summary of subbasin MCUHP2 input parameters . . . .. 32

Table 4.7 Precipitation Depths by Model Component. . . . . . . . . .. 34

Table 4.8 "c" Coeficients and Retention Factors for
Retention Volume Estimation . . . . . . . . . . . . . . . . . . . . .. 39

Table 4.9 On-Site Retention by Subbasin. . . . . . . . . . . . . . . . . . . .• 41

Table 5.1 Discharges and Volumes for Selected Locations. . . . . .. 57

Table 5.2 Comparison of Discharges: Gilbert-Chandler FIS/CLOMR
and .ADMS 59

Table 5.3 Comparison of Discharges: HDR (Ref. 20) and ADMS .. 60

v



CJ:elleJr~ ~()il1; Mflll . . . . . . . . . . . . . • • . . . • . . . . • . . • . . . .. lSJ

Model Comp,onents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

vi

List of Figures

2

Page

...................................Location Map

I
I
I
I

Figure 1

Figure 2

I Figure 3

I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I Plate 1

I
Plate 2

Plate 3

I Plate 4

I Plate 5

Plate 6

I Plate 7

I Plate 8

I
I
I
I
I
I
I
I
I
I
I

List of Plates

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Flow Routing Map

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Land Use Map

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Soil Map

• . . • . . • • . . • . . . . • • • • . • . • • • • . . . Retention Requirements

· Topographic Map

· Com.m.unity Map

· . . . .. Discharges and Volumes for 100 year 6 hour storm

· ..... Discharges and Volumes for 100 year 24 hour storm

vii



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

List of Project Personnel

Project Managers

Tom Granillo, P.E., Planning Branch
Cathy Walker, P.E., Planning Branch
Richard Perrault, Planning Branch

Hydrologists

Jorge Garre, Watershed Management Branch
Ted Lehman, Watershed Management Branch

GIS Analysts

Eric Feldman, Hydrologic Information Systems Branch
Mark Brewer, Hydrologic Information Systems Branch

viii



'i'
I

I I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gilbert-Chandler ADMS
Page ix

EXECUTIVE SUMMARY

1.0 Introduction

This report presents the assumptions, methods, calculations, and results ofthe
hydrologic investigation and modeling ofthe existing conditions for the Gilbert­
Chandler Area Drainage Master Study. The study was conducted entirely in­
house by Flood Control District of Maricopa Cqunty staff members from the
Watershed Management and Hydrologic Information Systems Branches. The
purpose of the study was to produce a foundation and tool for use in
coordinated planning of drainage solution alternative analysis in this portion
of the east valley. A second volume report will be produced in mid 1993
addressing future condition hydrology including the proposed Santan Freeway
alignment through the ADMS study area.

2.0 Study Area

The study area is about 120 square miles in area and is approximately
bounded by Interstate 10 on the west, by the Western Canal and US 60 on the
north, by the Roosevelt Water Conservation District Canal on the east, and
Queen Creek Road on the south. The area is relatively flat with the slope
generally from east to west then southwest toward the Gila Drain. Historically
the area belongs to the lower Queen Creek watershed. However, it has been
cut offby the construction ofthe East Maricopa Floodway. Recent negotiations
with the Gila River Indian Community have provided new opportunites for the
establishment of a regional gravity outfall for east valley stormwaters to the
Gila River. The area is rapidly urbanizing with a transition from agriculture
(mostly cotton farming) to single family suburban developments. Localized
retention facilities have been the common means of stormwater control in the
area to date. However, many of these basins need outlets to drain stormwaters
to prevent public health problems and to provide flooding protection for back­
to-back storms.

3.0 Methods

The study area was divided into three subareas (or "components" as shown on
Plate 1 and Figure 2) which were modeled in a series. Hydrographs were
written from one subarea to the next using the HEC Data Storage System.
Two storms were modeled; namely the 100 year 6 hour and 100 year 24 hour
storms. The methods used were those recommended in the Drainage Design
Manual, Volume 1. However, because the study was initiated between Manual
revisions, some methods reflect methodology recommended in the Sept. 1990

July 1993
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version and others the updated June 1992 version. No new topographic
mapping or surveying was conducted in association with this study. The
topographic information used was that available on the USGS topographic
quadrangles for the area (mostly photorevised in 1981 and 1982), the small
portions of two foot contour mapping provided in the Gilbert-Chandler Flood
Insurance Study (photo date 1987), Salt River Project surveys of the Eastern
and Consolidated Canals (dated 1986), and visual estimates from field
investigations in the Winter/Spring of 1992.

4.0 Results and Discussion

Comparison of results shows similarity to earlier work in the area, but with
generally lower overall peak discharges. The models indicate that the Eastern
Canal tailwater ditch does a fair job of defacto flood control. Although it does
not prevent flood waters from ponding near the canal and major road
crossings, it does prevent flood waters from entering the Eastern Canal and
overtopping westward everywhere except at the crossing of the Phoenix Main
Line of the Southern Pacific Railroad. This occurs because the railroad stands
higher than the canal bank. The only major outflows from the Eastern Canal
are immediately downstream of US 60 at Greenfield Road and at Germann and
Queen Creek Roads. The latter two both occur downstream of the tailwater
ditch terminus.

The models reveal a different story for the Consolidated Canal. Inflows to the
canal occur at almost every major road crossing in addition to the Phoenix
Main Line crossing. Particularly significant overtopping occurs at Knox, Pecos,
and Germann Roads. The extent of the overtopping at Germann Road is in
part due to cascading of overflows from the Eastern Canal. The canal also
spills at Warner Road, Chandler Boulevard, and Ocotillo Road but as a result
of canal downsizing rather than inflows from the east.

AE, demonstrated in the Flood Insurance Study, major ponding occurs along the
Chandler Branch of the SPRR in the vicinity from Detroit Park to Frye Road
and near Germann Road.

The discharges predicted in the study may often appear low and sometimes
drop significantly in the routings. This results from inefficient drainage
networks and small existing conveyance systems. More organized, efficient
drainage networks would likely result in greater increases in peak discharges
with increasing contributing area. These inefficiencies coupled with the many
inadvertant "detention" areas throughout the watershed tend to mitigate
drastic flooding in anyone area and serve to distribute the flooding among

July 1993
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numerous shallow ponds. In a few locations, ponds overtop barriers and
cascade through the system. The modeling performed in the ADMS does not
consider breaching or failure of the canals if they are overtopped. Canal
failure and its consequences should be considered more thoroughly if canals
are to be relied upon as part of any stormwater control system in the area.

5.0 Conclusion

The combination of the hydrologic models and the GIS database provide an
excellent basis for the investigation of future conditions and the examination
of various conceptual drainage solutions which may result from the ADMS
effort. Further, this study pulls together many sources of information into one
comprehensive model and database for the entire area. It serves to consolidate
disparate studies in scale and in scope. And finally, this study provides a
common framework for the numerous communities in the area who may have
an interest in becoming involved in areawide drainage planning.

July 1993
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1.0 SYNOPSIS

This report presents the hydrologic analysis of the Gilbert-Chandler ADMS for the

existing conditions. The study area (Figure 1) covers approximately 120 square miles

and drains east to west with a slight pattern of drainage towards the southwest in the

direction of the proposed Gila Drain Floodway.

Agreements between the Arizona Department of Transportation (ADOT) and the Gila

River Indian Community (GRIC) have developed to provide ADOT with a gravity drain

outlet for the Southeast Loop Highway (SLH), also known as the Santan Freeway, and

Price Expressway drainage system. The gravity system is planned to drain to the

proposed Gila Drain Floodway across the GRIC to the Gila River.

This hydrologic investigation was conducted to provide an analytic tool for the planning

of ways to take advantage of the new opportunities for positive drainage outfall in the

east valley. This study presents hydrology for the Gilbert-Chandler area based on the

Flood Control District of Maricopa County's hydrologic design criteria, increased

urbanization, and the construction of new detention facilities in the area.

The following tables summarize the peak discharges at selected locations resulting from

the 100 year 6 and 24 hour duration storms.

July 1993
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Figure 1 Location Map
(Study area shown in blue)
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NA = not applicable because the canal flow includes normal operating flows

TABLE 1.1 24 Hour Peak Discharges

65

NA

NA

205

985

270

240

560

540

775

610

150

640

180

2010

1945

230

770

970

760

690

220

500

940

300

350

1100

1490

3000

1350

1080

1350
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Pecos and McClintock (HC68)

Gila Drain eastern inflows

Detroit Basin Inflow

Freestone Park Inflow

ADOT Basin H Inflow

HC78 inflows

(1-10 near Germann Road alignment)

ADOT Basin G Inflow
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Gila Drain western inflows

Total Gila Drain inflows

Inflow from north of US60 at

the crossing at the SPRR and US60

Center Street Basin Inflow

Consolidated Canal inflow from north of US60

Crossroads Park Inflow

SPRR over/throughflow approximately

1/4 mile south of Germann Road

Eastern Canal inflow from north of US60

SPRR over/throughflow near

Commonwealth Avenue
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TABLE 1.2 6 hour Peak Discharges

NA = not applicable because the canal flow includes nonnal operating flows
* =Tailwater ditch flows from west of 1-10 only.
** = includes 75 cfs of SRP discharges from the Western Canal into the Gila Drain

10

NA

NA

50

850

1025

2840 720

860 135

960 210

650 190

190 145

120 210

420 120

400 285

230 240

850 370

430 740

100* 25

500** 770

ADOT Basin H Inflow

Gila Drain eastern inflows

Center Street Basin Inflow

Freestone Park Inflow

Pecos and McClintock (HC68)

HC78 inflows
(1-10 near Germann Road alignment)

Gila Drain western inflows

Total Gila Drain inflows

Crossroads Park Inflow

ADOT Basin G Inflow

Detroit Basin Inflow

Eastern Canal inflow from north of US60

Consolidated Canal inflow from north of US60

Inflow from north of US60 at

the crossing at the SPRR and US60

SPRR over/throughflow approximately
1/4 mile south of Germann Road

SPRR over/throughflow near
Commonwealth Avenue
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2.0 INTRODUCTION

The hydrologic analysis for the Gilbert-Chandler ADMS for the existing conditions was

developed by the Watershed Management Branch (WMB), Hydrology Division, Flood

Control District of Maricopa County (FCDMC) for the Planning Branch of the Planning

and Project Management Division (PPM) of the FCDMC. Previous hydrologic

investigations and ongoing construction activities within the study area were reviewed

and incorporated into the computer model where applicable.

The purpose of this report is to present the hydrology for Gilbert-Chandler based on the

FCDMC hydrologic design criteria, increased urbanization, and construction of detention

facilities. This report also documents the assumptions and methodologies used in the

hydrologic analysis. A second volume report will be produced by the FCDMC in mid

1993 addressing the future condition hydrology including the proposed Santan Freeway

through the ADMS study area.

2.1 Study Area

The Gilbert-Chandler ADMS has a watershed area of approximately 120 square miles.

The study area lies generally between U. S. Highway 60 (a.k.a. Superstition Freeway)

on the north, the Roosevelt Water Conservation District Canal (RWCDC) on the east,

Ocotillo Road on the south, and Interstate 10 (1-10) on the west (Figure 1). The study

area covers portions of the Cities of Mesa and Tempe, and the GRIC, most of the City

of Chandler and the Town of Gilbert, and a large portion of unincorporated Maricopa

County.

Three major subwatersheds (components) have been defined within the watershed which

are a result of the major drainage patterns in the Gilbert-Chandler area (Figure 2).
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Figure 2 Model Components
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Component #1

The first component is approximately 37.9 square miles in area and is bounded to the

north by US 60, to the east by the RWCDC, to the south by the Southern Pacific

Railroad (SPRR) Phoenix Main Line, and to the west by the SPRR Chandler Branch.

This subwatershed receives three inflow hydrographs from an area north of US 60 which

are located at the following crossings: 1) US 60 and the Eastern Canal; 2) US 60 and the

Consolidated Canal; and 3) US 60 and the SPRR Phoenix Main Line. The drainage area

that generates these three inflow hydrographs is approximately 29.6 square miles.

Floodwaters in component #1 flow westerly where they are intercepted by the canals

and/or the SPRR Phoenix Main Line. The canals deflect water southward toward the

railroad. In some locations flows overtop the canals and continue westward. Once

floodwaters reach the railroad, they are redirected northwesterly to concentrate in the

vicinity of the Center Street Detention Basin (south of US 60 at the SPRR Phoenix Main

Line). This subwatershed contains four detention basins (Crossroads Park, Freestone

Park, Gilbert and Center Street) which have been included in the computer model.

Component #2

The second component is an approximately 34.7 square mile area bounded to the north

by the SPRR Phoenix Main Line, to the east by the RWCDC, to the south by Ocotillo

Road and to the west by the SPRR Chandler Branch. Floodwaters flow east to west

where they ultimately pond along the SPRR Chandler Branch. Once again the canals

act to divert water southward. However, at some locations the canal banks are

overtopped toward the west. The area is mostly agricultural land. It receives three

inflow hydrographs from component #1 through the Eastern Canal, the Consolidated

Canal, and the RWCD Canal tailwater ditch along the upstream side of the Eastern

Canal. This subwatershed model contains one detention basin (Detroit Park).

July 1993
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Component #3

The third component is approximately 50 square miles in area. It is bounded to the north

by the Lateral 9.5 (a.k.a. Western Canal), to the east by the SPRR Chandler Branch, to

the south by Queen Creek Road and to the west by Interstate 10. The area receives

seven inflow hydrographs; one from the west under 1-10, and six from the east over

and/or under the SPRR Chandler Branch. The flows from west of 1-10 are through a

small irrigation tailwater ditch along Pecos Road. Of the six hydrographs overflowing

the SPRR from the east, only two are of major significance; one located about one­

quarter mile south of Germann Road and the second near Commonwealth Avenue. The

remainder are small trestle crossings with very limited capacities. This subwatershed

contains six detention basins (Arrowhead Meadows Park, Galveston, Denver, ADOT

Basins G and H, and Hanger Park) which are considered in the model. Basins G & H

are part of the Price Expressway conceptual drainage study and are expected to be

constructed in the near future as part of the frontage road installation (Ref. 19). This

area is highly urbanized, compared with the two previous components. Runoff from the

eastern part of this area flows westward toward Rural Road and the Gila Drain where

it flows south-southwesterly toward Interstate 10. Runoff from the western portion of

the area flows easterly toward Rural Road and the Gila Drain and then drains south­

southwesterly toward the Gila Drain crossing under 1-10. The future Southeast Loop

Highway will be a significant feature affecting drainage within the watershed. The

effects of the SLH on drainage in the study area will be investigated in an addendum to

this report addressing the future condition hydrology.
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2.2 Study Criteria

The following criteria and guidelines were set forth by the FCDMC, Hydrology Division,

Watershed Management Branch prior to and during the drainage study:

1. Hydrology calculations will be completed for the 100 year storm frequency;

2. Storm durations of 6 and 24 hours will be investigated;

3. The U.S. Army Corps of Engineers (COE) HEC-1 computer program (large array

version 4.01 E, April 1991) will be used for hydrograph computations;

4. The Phoenix Valley S-graph method will be used to generate subbasin unit

hydrographs via the Maricopa County Unit Hydrograph Procedure number 2

(MCUHP2) computer program.

3.0 MAPPING AND SURVEY INFORMATION

3.1 Mapping

The available mapping utilized in this study were as follows:

1. USGS Quadrangle Maps: Guadalupe, Chandler, Mesa, Buckhorn, and Higley,

Arizona, 7.5 minute series. The map scale is 1 inch = 2000 feet with a contour

interval of 10 feet. The maps, photorevised in 1981 and 1982, were used to aid in

the establishment of the subbasin drainage boundaries, flow patterns, and

elevations for slope calculations.
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2. Landiscor Aerial Photos: Photo scale is 1 inch =1200 feet and the photos were

taken in October, 1990. These aerial photos were utilized to provide land use

infonnation and general reference.

3. Construction Plans: Construction plans for structures associated with Warner

Road Paving & Drainage, Town of Gilbert Municipal Building, Alma School Road

Improvements, Town ofGilbert Crossroads Park Detention Basin, Gilbert Detention

Basin, Hanger Park Detention Basin, and the Kyrene Road Stonn Drain.

4. Flood Insurance Study Topographic maps: The two foot contour maps at 1

inch =400 feet scale along the Eastern, Western, and Consolidated Canals as well

as the Phoenix Main Line and Chandler Branch of the SPRR were developed for the

Gilbert-Chandler Flood Insurance Study (Ref. 15). The photo date was September

1987.

3.2 Survey Notes

Salt River Project (SRP) surveys of the Eastern and Consolidated Canals were used to

provide canal cross section and slope infonnation (Ref. 26). Z&H Engineering, Inc.

survey and plan-profile map of Cooper Road and Chandler Boulevard intersection was

used for the detennination of the storage-outflow relationships at the Colonia Coronita

development and for the ponding area north of Chandler Boulevard.
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3.3 Watershed Maps

These maps were utilized as a starting point for subbasins drainage delineations, flow

patterns, and major concentration points.

1. HDR Hydrology Study maps (Ref. 20)

2. Franzoy-Corey FIS maps (Ref. 15)

3. U.S. Army Corps of Engineers hydrology study watershed maps (Ref. 32)

3.4 Community Maps

County, city and town boundaries; also known as corporate limits; have been digitized

into GIS from City Limits Maps from Maricopa County Department of Transportation

(MCDOT) (scale 1" =1.28 miles), assessor maps, plat maps and city quarter section maps

(Plate 6). The street names and centerlines were imported from MCDOT ARC/INFO

digital files.

4.0 HYDROLOGY

4.1 General

The hydrology for the Gilbert-Chandler watershed was analyzed under the existing

conditions for the 100 year storm. Storm durations of 6 and 24 hours were evaluated for

this storm frequency. The Gilbert-Chandler watershed was modeled using the Corps of

Engineers HEC-1 computer program (large array, version 4.01 E, April 1991). The S­

graph method was used to represent runoff characteristics for the watershed and

converted to a Unit-graph using the FCDMC's MCUHP2 program for input into the

HEC-1 model for each subbasin. The entire watershed was divided into three major
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components (models), and then into subbasins. Each of these components generates

outflow hydrographs that are used as inflow hydrographs to the downstream model. For

the 100 year 24 hour event, the temporal distribution used was the SCS Type II pattern

while the NOAA Technical Memorandum NWS HYDRO-40 (Ref. 24) was used to

calculate the areal reduction factors. For the 100 year 6 hour event, the rainfall was

distributed in time and areally reduced using MCUHP2. Point rainfall depths for both

durations were reduced over the area of each model component in order to generate

critical hydrographs from one model component to the next.

In addition to the formal ADMS study boundary, the contributing area north of the

Superstition Freeway was also modeled for both precipitation events. The Franzoy-Corey

HEC-1 model prepared for the area north of the Superstition Freeway, as part of the

Gilbert-Chandler Flood Insurance Study (FIS), was modified to reflect the storms

selected for the ADMS analysis. The rainfall depths over the contributing watershed

area north of the freeway were also areally reduced. The outflow hydrographs from

north of the freeway were input to model component #1 using the HEC Data Storage

System (DSS). The area north of the Superstition Freeway is not part of the Gilbert­

Chandler ADMS and therefore no additional field information was collected. The

purpose of this analysis was to detennine if runoff resulting from the design storm

events over the above mentioned area would cross the freeway and impact the Gilbert­

Chandler area.

Another area modeled outside the formal study area was an approximately two square

mile area west of 1-10 and north of Pecos Road. This area contributes to an agricultural

tailwater ditch with limited capacity (estimated at 100 cfs). In order to estimate the

proper timing and duration of these contributions, the two square miles were modeled

as a single subbasin. From the resulting runoff hydrograph, 100 cfs were diverted and

written to DSS for retrieval into model component #3.
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4.2 Previous Hydrologic Investigations

Previous hydrologic investigations were reviewed for historical as well as hydrologic

information that could be used in our analysis. Particular attention was given to

subbasin delineation, reach routing methods, location of concentration points, treatment

of detention basin areas, storm frequency and duration, and location of future drainage

structures. A brief summary of previous investigations performed within the Gilbert­

Chandler watershed are presented below.

Gilbert-Chandler Flood Insurance Study (Ref. 15)

This 1990 Flood Insurance Study (FIS) hydrology covered the incorporated areas of the

Town of Gilbert, parts of the Cities of Chandler and Mesa, and some unincorporated

areas of Maricopa County. The study area is bounded by the Superstition Freeway on

the north, the RWCD on the east, the Hunt Highway (Maricopa County line) on the

south, and the SPRR Chandler Branch on the west. The FIS included hydrologic

analysis of the entire study area with mapping and delineation of the 100 year floodplain

along major hydrologic barriers. The hydrologic analyses were performed using the COE

HEC-1 Flood Hydrograph Package computer model modified by Haestad Methods version

3.2c to allow simulations up to 900 time ordinates (1989). Existing drainage policies

requiring detention storage within urban developments were considered in the analysis.

Rainfall runoff was estimated using curve number procedures and the total point

precipitation depth used was 3.8 inches. The design storm was the 100 year 24 hour

precipitation event using the SCS Type II distribution. Hydrographs were developed

using the Clark unit hydrograph method for urban areas (residential) and the SCS unit

hydrograph method for agricultural, desert scrub, open space and commerciaVindustrial

areas.
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Price Expressway, Hydrology Study (Ref. 20)

In January 1989, HDR Engineering, Inc. (HDR) entered into a general engineering

consultant agreement with ADOT for the Price Expressway and the portion of the

Santan Freeway from Dobson Road to Interstate 10 (I-10). HDR performed a hydrologic

analysis on the drainage area contributing to the expressway and freeway. The plan was

to collect the off-site drainage in a series of detention basins along the Price and Santan

alignments and to pump the impounded stormwater north to the Salt River via a gravity

drain and tunnel system. The drainage area boundaries for the off-site drainage analysis

are the Western Canal on the north, the RWCD on the east, the Santan Freeway

alignment on the south, and the 1-10 on the west. The design storm used in this study

was 100 year 24 hour duration rainfall event and the HEC-1 hypothetical temporal

distribution. The total point precipitation used for the project area was 3.7 inches. The

area east of the Chandler Branch of the SPRR was modeled by Franzoy-Corey

Engineering for HDR using a modified version of the FIS model reflecting the HDR study

assumptions. The area east of Price Road was considered separated from the area west

of Price Road for the runoff calculations. Therefore, the two areas were treated as

separate and independent watersheds with regard to areal reductions. Since different

reductions may be warranted according to NWS Hydro-40 (1984) and Weather Bureau

TP-40 (1961), a study of impacts of such reductions on runoff was included in the

analysis. HDR used the U.S. Army Corps of Engineers Flood Hydrograph Package,

HEC-1, (CaE, 1987) to develop runoff hydrographs, peak discharges and stormwater

runoff volumes in the project area.

Stormwater Management Master Plan (Ref. 4)

In 1985 Camp Dresser & McKee Inc. (CDM) undertook a stormwater management

master plan study for the City of Chandler. In October 1986, CDM completed its study

and produced the Stormwater Management Master Plan (SMMP). In 1992 CDM

updated the SMMP reevaluating the recommended management plan. The project area
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is bounded by Chandler's city limits and includes unincorporated areas within the City's

strip-annex boundaries. CDM utilized the U.S. EPA Stormwater Management Model

(SWMM) to model the City of Chandler watershed. A variety of design storms were

utilized to determine peak flows and accumulated volumes throughout the City. The

frequencies and durations used were as follows: 2 year 6 hour, 5 year 6 hour, 10 year 6

hour, 100 year 6 hour, and the 100 year 2 hour. The temporal distribution used was a

"front end loaded" storm developed by CDM where the highest rainfall intensities occur

at the start of the storm and then slowly taper off. The study was based upon

information about the existing stormwater system, topography and land uses obtained

from the City of Chandler, ADOT, USGS, and other agencies. No field surveys were

performed. It was assumed that all existing stormwater system components will be

adequately maintained so that their existing flow carrying capacity will not be

diminished, that inlet grates were capable ofallowing stormwater to enter the inlets, and

that manholes and inlets along pipelines did not restrict flow.

Gila Drain, Conceptual Design Study (Ref. 11)

In 1985 Dibble & Associates Consulting Engineers (D&A) with Boyle Engineering

Corporation (BEC) developed a conceptual design report for the Gila Drain and Western

Canal. The study area was bounded on the north by the Salt River, on the east by the

RWCD floodway, on the south by the Gila River, and on the west by the South

Mountains. This area totals 254.6 square miles. Since the natural outfall of the Gila

Drain to the Gila River was difficult to negotiate due to the access and flowage rights

through the Gila River Indian Community (GRIC), the Gila Drain committee, comprised

of the cities of Mesa, Chandler, Tempe, Phoenix, Town of Gilbert, ADOT, FCDMC, and

SRP; retained D&A and BEC to generate outfall alternatives for the watershed. This

conceptual design report focused on the alternative of a series of pumps, forebay and

pressure pipe lines and gravity drain along Price Road, which also offered the possibility

of intercepting Mesa stormwater at the Superstition Freeway rather than routing it to
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the Carriage Lane detention facility at the Western Canal.

Preliminary Design Report - Gila Drain (Ref. 9)

In 1978, FCDMC authorized Coe & Van Loo to conduct the preparation of preliminary

designs and right-of-way determinations for the Gila Drain Project. The project was

based, in general, upon Alternative Plan "B" as identified in the U.S. Army Corps of

Engineers (COE) September 1977 report (Ref. 32). Under this plan a major channel was

proposed for the removal of the 100 year storm runoff originating within the Gila River

Basin in the vicinities of the cities of Mesa, Tempe, Chandler, Town of Gilbert and from

parts of the Gila River Indian Community. The 100 year frequency storm used in this

analysis was based upon the 1977 COE data. This study was limited to the development

of a trunk line drainage system into which the sponsoring cities, towns and agencies

could discharge floodwaters.

Gila Floodway (Ref. 32)

The Gila Floodway drainage basin, as defined in this 1977 COE report, is located in

southeast Maricopa County and northwest Pinal County, Arizona. The drainage area,

approximately 1,000 square miles in size, extends from the Usery, Goldfield, and

Superstition Mountains on the east to the South Mountains on the west, and from the

Salt River drainage boundary on the north to the Santan Mountains and the Gila River

drainage boundary on the south. The basic premise adopted in this study was that if

"average" values of other parameters such as Manning's "n" value and loss rate were

used, the frequency of the derived flood should approximate the frequency of the rainfall.

The rainfall parameters chosen to preserve the consistency between rainfall and runoff

frequency were the maximum 15 minutes, 30 minutes, and 1 hour precipitation amounts.

The maximum 15 minutes, 30 minutes, and 1 hour precipitation amounts were

determined from n-year 6 hour and n-year 24 hour rainfall amounts and regression

equations from finding n-year t-hour amounts presented in the "Draft Environmental
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Study, Gila River from confluence ofSalt River to Gillespie Dam", University ofArizona,

January 1973. Depth-area relationships were based on the storm analysis presented in

"Storm Water Drainage for City of Mesa", Yost & Gardner, November 1973.

4.3 Parameter Estimation

4.3.1 Drainage Area Boundaries

Existing Conditions

As mentioned in section 2.1 three major subwatersheds have been defmed within

the study area (Figure 2). The Gilbert-Chandler area as presented in the Flood

Insurance Study Gilbert-Chandler Area (Ref. 15) served as foundation for subbasin

delineations of components #1 & #2. The Chandler and Tempe area as presented

in the Price Expressway report (Ref. 20) was used as a base for subbasin

delineations of component #3. During the initial drainage delineation, these

subbasin boundaries were evaluated using the USGS topographic quadrangle maps

(Ref. 36) and aerial photos (Ref. 21). The initial delineation was then supplemented

by extensive field investigations. Particular attention was given to the areas

contributing to detention basins and other drainage facilities.

Future Conditions

Hydrology for the future conditions will be investigated in a second volume of this

report addressing the proposed SLH, Price Expressway, detention basins and

projected land uses.
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4.3.2 Physical Parameters

4.3.2.1 Soils

The Soil Survey of Eastern Maricopa and Northern Pinal Counties Areas, Arizona,

(Ref. 33) was used to identify the soil map units in each subbasin. The general soil

map of this survey shows the· soil associations in the Eastern Maricopa and

Northern Pinal Counties Areas (Figure 3). These associations normally consist of

one or more major soils and at least one minor soil, and are named for the major

soils. The soils in one association may occur in another but in a different pattern.

The Gilbert-Chandler watershed has the following soil associations:

1. Antho-Valencia association: Well-drained, nearly level to gently sloping sandy

loams and gravelly sandy loams on alluvial fans.

2. Laveen association: Well-drained, nearly level to gently sloping, calcareous

loams and gravelly sandy loams on alluvial fans and terraces.

3. Mohall-Contine association: Well-drained, nearly levelloams, clay loams, and

sandy clay loams on old alluvial fans.

4. Gilman-Estrella-Avondale association: Well-drained, nearly levelloams and clay

loams on alluvial fans and flood plains.
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The texture mentioned in the name of each soil association refers to the dominant

texture of the surface layers of the major soils in the given association. Each soil

association is comprised of soil series which have characteristic profiles. The soil

series are further subdivided into mapping units based on the dominant soil texture

of the surface layer(s) in the series.

For this study, the SCS soil maps showing the soil mapping units for the entire

watershed were digitized into the ARCIINFO GIS (Plate 3). The areal distribution

of each soil type was then calculated for each subbasin using the digital information

in the GIS. The areal distribution of each soil type within each subbasin can be

found in the Technical Appendices available from the FCDMC.

4.3.2.2 Land Uses

A land use classification was developed to aid in the determination of hydrologic

parameters in the study area. One of the most important hydrologic parameters is

the impervious area which is especially critical in the urban and suburban

watersheds. Therefore, the classification scheme focused on the differentiation of

landuse types according to impervious areas. The classification method utilized a

scheme based on simplified versions of municipal land use/zoning maps.

Starting with a table of representative percentages of impervious areas for City of

Phoenix zoning classifications from the Cave Creek Flood Delineation Study (Ref.

2), six classes of land uses were created by grouping the zoning units according to

their similarity in impervious areas. These classes were created to decrease the

number of different units that needed to be mapped, digitized and otherwise

accounted for in the hydrologic model. This level of generalization allows for

differentiation between significantly different land uses (and hence impervious
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areas) while still recognizing the limitations of a lumped parameter model such as

HEC-l.

Once these impervious area classes were created for the City of Phoenix zoning

types, zoning types for the other municipalities represented in the Gilbert-Chandler

ADMS were assigned to these classes based on their similarity to the City of

Phoenix zoning types. In those cases where significantly different zoning types

existed, judgement was used to place them in an impervious area class appropriate

to that particular land use. If such designation proved impractical, the zoning type

was assigned to the "Miscellaneous" category and then placed in an impervious

class only after interpretation from aerial photographs. Table 4.1 shows how

individual zoning map units were grouped into the classes, based on impervious

areas. The corresponding impervious area values for use in the HEC-1 model for

zoning types in the Cities of Phoenix, Mesa, Tempe, and Chandler, Town of Gilbert,

and Maricopa County are also included in Table 4.1. An example of miscellaneous

land uses include schools which were divided between the park/turf category and

medium density residential areas based upon the aerial photographs. Another

example is Planned Area Developments (PAD's or similar) where the different

residential densities and commercial areas were separated using the aerial

photographs.

Utilizing the zoning maps provided on the backs of the 1991 Landiscor aerial

photographs (Ref. 21), zoning types were grouped according to the above mentioned

classification scheme. In every case, field observations were conducted in order to

confirm the correspondence of the zoning designation and the actual land use.
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rLag

where

Lag:ll basin lag, in hours
L • length of the longest watercourse, in miles
Lea :II length along the watercourse to a point opposite the basin centroid, in miles
S • watercourse slope, in feet/mile
Kn :II estimated mean Manning's roughness coefficient for all channels within a basin

The length of the longest watercourse within each subbasin and its corresponding

slope were determined using the 7.5 minute USGS topographic quadrangles and

from flow patterns observed from field investigations. Additional topographic data

were also taken from the Gilbert-Chandler FIS topographic maps, and various

construction plans and as-builts (e.g. Alma School Road improvements, Hanger
I

Park, etc.). The centroids for each subbasin were determined using the ARC/INFO

GIS. The Lea lengths were also calculated by the GIS after the "points opposite the

centroids" had been identified by the project hydrologists.

Once identified, a digital land use map was created by digitizing the information

compiled from the zoning maps into the ARC/INFO GIS by the Hydrologic

Information System Branch (HIS) (Plate 2). The areal distribution of land uses in

each subbasin was calculated by the GIS.

The S-graph method requires the estimation of the basin lag parameter. The

following USACE lag time equation (Ref. 13) was used to compute basin lag as a

function of watershed characteristics:

I
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The Kn value for the urban category was selected based on the guidelines given in

reference 31 about the use of the Phoenix Valley S-graph to simulate sheet flow unit

hydrographs in urban areas where the terrain is flat and a majority of the excess

does not concentrate. These types of conditions are typical of the urban areas of the

Gilbert-Chandler ADMS study area. Based on the areal distribution of land uses,

a representative roughness coefficient was computed for each subbasin using linear

I
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I
I
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I
I
I

0.03

0.07

0.15

Very Low Density Residential

Low Density Residential

Medium Density Residential

Multi-Family Residential

Industrial

Commercial

Miscellaneous Urban Uses

Parks

Dairies

Row Crops

Orchards

TABLE 4.2 Kn Categories

Urban

Agriculture

Barren, desert, vacant Barren Desert, Open

Kn. values were selected with consultation of references 13, 28, 31, 35, and

adjustments, based on judgement, were made to include the influence of basin

characteristics that affect the lag time of the watershed. Three major categories of

Kn were developed to reflect the diversity in subbasin runoff characteristics. The

land use categories discussed above were each assigned to one of the Kn categories.

The three Kn categories, the land uses assigned to each, and the representative Kn

values assigned are shown in Table 4.2 below.
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area averaging of the Kn values. Table 4.3 below shows lag times, along with Kn,

L, LClU and slope values for each subbasin. The Kn value calculations for each

subbasin can be found in the Technical Appendices available from the FCDMC.

TABLE 4.3 Lag Time Calculations

1 Valley 0.0780 1.66 1.44 20.48 1.47

2A Valley 0.0812 0.56 0.25 23.21 0.51

2 Valley 0.0780 1.38 0.69 18.11 1.06

3 Valley 0.0948 2.90 1.53 20.69 2.25

4 Valley 0.0884 3.43 2.11 24.49 2.45

5 Valley 0.0740 3.44 1.94 15.70 2.17

6 Valley 0.0716 3.35 1.72 15.52 1.99

'7 Vallp.y 0.0723 4.H8 2.97 11.34 2.90

8 Valley 0.0696 0.92 0.47 7.61 0.83

9 Valley 0.0764 0.83 0.52 14.46 0.80

10 Valley 0.0700 1.25 0.78 15.20 0.99

11 VAlley 0.090~ 0.96 0.76 7.29 133

12 Valley 0.0300 0.81 0.43 22.96 0.27

13 Valley 0.0840 1.60 1.40 12.50 1.70

14A Valley 0.0812 2.28 0.99 40.79 1.31

14B Valley 0.1404 0.83 0.26 4.10 1.44

15 Valley 0.1096 1.93 0.96 14.00 2.01

17 Valley 0.0940 2.67 1.36 11.60 2.31

18 Valley 0.1032 2.84 1.27 11.96 2.52

19 Valley 0.1000 1.50 0.70 13.33 1.49

20 Valley 0.1012 3.00 1.76 9.58 2.98

21 Valley 0.0716 0.39 0.15 15.38 0.35

22 Valley 0.0732 1.50 0.78 11.67 1.17

23 Valley 0.1124 4.44 3.10 7.85 4.94

24 Valley 0.1416 1.26 0.98 9.52 2.40

25 Valley 0.1132 1.00 0.70 5.00 1.75

25A Valley 0.0820 0.61 0.24 9.02 0.62

26 Valley 0.1080 1.98 1.42 7.57 2.61

27 Valley 0.0776 3.00 1.54 9.33 2.18

28 Valley 0.0748 2.94 1.59 6.46 2.26
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VallAv 0.1500

Valley 0.0720

Valley 0.0700

Valley 0.0784

Vallev 0.0836

Valley 0.0852

Valley 0.0716

Valley 0.0672

Valley 0.0960

Valley 0.0984

Valley 0.1004

Valley 0.1500

Valley 0.0736

Valley 0.0748

Valley 0.0772

Valley 0.0772

VallAv 0.0652

Valley 0.0700

Valley 0.0688

Valley 0.0752

Valley 0.0764

Valley 0.1012

Valley 0.0832

Vallev 0.0940

Valley 0.1128

Valley 0.0948

Valley 0.0540

Valley 0.1368

Valley 0.1332

Valley 0.1428

1.76 0.92

1.15 0.94
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0.80

1.12

29.00

23.30

10.09 2.06

12.80 1.66

10.20 0.50

11.14 3.09

14.25 2.70

14.05 2.74

14.16 2.28

14.28 2.13

15.05 3.22

8.95 3.10

11.00 2.72

2.56 1.00

11.65 1.94

13.48 1.78

13.98 1.67

8.80 1.47

13.08 1.48

12.16 0.68

7.08 1.11

12.80 1.12

9.03 1.18

10.92 1.65

8.86 1.94

9.61 1.87

10.36 1.93

9.04 1.80

7.54 l.09

4.67 6.35

3.25 4.93

9.56 2.30

Gilbert-Chandler ADMS
Page 26

2.73

1.03

0.79

1.21

1.922.93

1.50

1.47

4.50

1.45

2.60 1.21

1.09 0.67

2.57 1.25

0.49 0.27

5.00 2.46

4.07 2.03

4.18 1.94

4.00 1.97

3.78 2.07

3.47 ?.69

3.35 1.82

2.88 1.58

0.39 0.14

2.82 1.1';4

2.52 1.43

2.29 1.25

NON-CONTRIBUTING AREA

NON-CONTRIBUTING AREA

0.74 0.44

1.13 0.83

1.25 0.82

1.55 0.61

1.74 0.69

2.04 1.35

2.23 0.85

1.59 0.83

1.88 0.86

NON-CONTRIBUTING AREA

NON-CONTRIBUTING AREA

NON-CONTRIBUTING AREA

0.0596

0.0724

Valley

Valley

29

30

30A

31

32

33

34

35

35A

36

37

37A

38

39

40

41

42

43

44

45

46

47

48

48A

49

49A

50

51

52

53

54

55

55A

56

57

57A

58
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GSA Valley 0.0808 1.42 0.83 11.27 1.30

59 Valley 0.0972 1.28 1.15 27.34 1.44

59A Valley 0.0300 0.63 0.28 36.51 0.19

80 Valley 0.1136 2.83 1.52 5.65 3.42

61 Valley 0.0992 1.9!'i 1.04 !'i.13 2.2R

62 Valley 0.1392 2.29 0.68 3.06 3.20

63 Valley 0.1428 1.55 0.77 6.75 2.55

64 Valley 0.1464 1.19 0.85 0.42 4.16

65 Valley 0.0976 1.93 0.74 5.68 1.93

66 Valley 0.0816 3.46 1.80 8.12 2.64

67 Valley 0.1256 2.69 1.26 4.45 3.61

68 Valley 0.0940 2.83 2.31 4.24 3.50

69 Valley 0.0828 2.94 1.43 3.40 2.72

70 Valley 0.0780 0.48 0.16 16.67 0.41

71 Valley 0.0732 3.01 1.70 21.59 1.82

7lA Valley 0.0408 0.57 0.30 19.30 0.29

72 Valley 0.0916 3.42 2.97 6.43 3.72

72A Valley 0.0848 1.26 0.62 8.73 1.23

73 Valley 0.0560 0.41 0.17 21.95 0.27

74 Valley 0.0692 2.09 1.16 11.00 1.47

74A Valley 0.0668 1.28 0.64 7.42 1.02

75 Valley 0.0704 2.01 1.00 11.44 1.39

75A Valley 0.0992 1.45 0.63 6.22 1.63

76 Valley 0.0708 2.25 1.13 8.00 1.63

76A Valley 0.0700 1.25 0.63 7.?O 1.05

77 Valley 0.0596 3.90 2.39 7.95 2.25

78 Valley 0.0440 4.88 2.31 7.58 1.80

79 Valley 0.0456 1.46 0.50 7.53 0.66

80 Vallev 0.0444 1.06 0.63 3.77 0.71

81 Valley 0.0912 0.67 0.32 5.97 0.87



Gilbert-Chandler ADMS
Page 28

4.3.2.4 Loss Parameters

Rainfall losses were estimated using the Green and Ampt method and the

procedures outlined in the Drainage Design Manual, Volume I (Ref. 13). The Green

and Ampt loss rate method in HEC-1 simulates rainfall losses as a two phase

process. In the first phase, no infiltration of rainfall occurs until the accumulated

rainfall equals the initial loss (IA). The second phase is the infiltration of rainfall

into the soil once IA has been satisfied. Use of the Green and Ampt method

requires the estimation of five parameters for each subbasin: initial loss (IA),

saturated hydraulic conductivity (XKSAT), volumetric soil moisture deficit

(DTHETA), average wetting front suction (PSIF), and effective impervious area

(RTIMP).

The Soil Survey of Eastern Maricopa and Northern Pinal Counties, Arizona (Ref.

33) was used to identify the soil map units in each subbasin. The soil maps for the

entire study area were digitized into the ARCIINFO GIS and the areal distribution

of each soil type was calculated in each subbasin using the digital information in

the GIS. For each map unit an XKSAT value has been assigned using the soil

survey descriptions of the soil texture represented in the map unit (Appendix C of

Ref. 13). An average bare ground XKSAT value for each individual subbasin was

calculated by logarithmically averaging the XKSAT values for the map units within

the subbasin based upon their areal distribution within that subbasin.

Once representative subbasin XKSAT values had been calculated, DTHETA and

PSIF values were assigned accordingly since both vary with respect to soil texture,

and hence, XKSAT. Relationships between XKSAT, PSIF, and DTHETA were

July 1993
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taken from the Drainage Design Manual, Volume I and are shown below in Table

4.4. For XKSAT values falling between two categories, PSIF and DTHETA values

were estimated using linear interpolation of the values in Table 4.4.

TABLE 4.4 Green and Ampt Loss Rate Parameter Values for Bare Ground

---===loamy sand & sand 1.2 2.1 0.35 0.30 0

sandy loam 0.40 4.3 0.35 0.35 0

loam 0.25 3.5 0.35 0.25 0

silty loam 0.15 6.6 0.40 0.25 0

silt 0.10 7.5 0.35 0.15 0

sandy clay loam 0.06 8.6 0.25 0.15 0

clay loam 0.04 8.2 0.25 0.15 0

silty clay loam 0.04 10.8 0.30 0.15 0

sandy clay 0.02 9.4 0.20 0.10 0

silty clay 0.02 11.5 0.20 0.10 0

clav 0.01 12.4 0.15 0.05 0

The next step involved the adjustment of DTHETA and the calculation of initial

losses (IA). This was achieved by identification of the land use distributions within

each subbasin. For each land use category, an initial loss value was assigned (Table

4.5) using the Drainage Design Manual, Volume I as a guideline with additional

professional judgement applied. The "Normal" DTHETA condition was assumed for

all land uses in the study. A "Normal" soil moisture deficit is defined as the

volumetric difference between the soil's effective porosity and the soil's field capacity

volumetric soil moisture content. The values for lA, the assumed DTHETA

conditions and vegetation cover for each land use category are given in Table 4.5.
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subbasin was then assumed to be 80 percent effective impervious area. The

effective value was taken as the RTIMP value for use in HEC-I.

The calculations described above were all performed using the Watershed

Management Branch's Lotus 123 spreadsheet designed by Ted Lehman using area

values calculated by the ARCIINFO GIS as provided by the HIS Branch of the

FCDMC. The results of these calculations for each subbasin can be found in the

Technical Appendices available from the FCDMC. Table 4.6 summarizes these

results.

4.3.3 Precipitation

The existing conditions hydrology for the Gilbert-Chandler watershed was analyzed

for the 100 year storm. Two storm durations were considered; 6 and 24 hours. The

100 year point rainfall depths were selected from the isopluvial maps found in the

Drainage Design Manual, Volume I which come from the NOAA Precipitation­

Frequency Atlas for Arizona (Ref. 25).

To calculate the areal reduction factors for each storm, the watershed was divided

into three parts separated by major hydrologic barriers (Figure 2). For both storm

durations areal reduction factors were calculated based upon the contributing area

for that portion of the watershed. Therefore, the storms over model component #1

were reduced for an area of 37.9 square miles, model component #2 for an area of

34.7 square miles, and model component #3 for an area of 50 square miles. In

addition to the formal study area, the area north of the Superstition Freeway was

also modeled to determine if runoff from the design storm event would cross the

freeway and impact the Gilbert-Chandler area. Thus, the point rainfall used in the

modified Franzoy-Corey FIS model north of the freeway was reduced based on a
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Table 4.6 Summary of subbasin MCUHP2 input parameters

2 0.288 0.435 0.250 5.36 0.322 1.88 64
2A 0.115 0.459 0.170 7.32 0.196 1. 66 30
3 1.243 0.417 0.190 7.14 0.215 3.78 135
4 2.618 0.430 0.150 7.78 0.154 5.30 147
5 2.629 0.484 0.130 10.10 0.053 0.63 130
6 2.733 0.495 0.100 9.40 0.035 0.21 119
7 4.425 0.485 0.150 8.20 0.071 0.89 174
8 0.488 0.498 0.250 3.50 0.440 0.00 50
9 0.184 0.469 0.250 3.50 0.434 4.59 48
10 0.396 0.500 0.100 9.40 0.035 0.00 60
11 0.310 0.363 0.150 8.60 0.095 4.88 80
12 0.180 0.350 0.170 7.32 0.110 0.00 16
13 0.629 0.345 0.150 8.40 0.073 12.27 102
14A 0.840 0.321 0.150 7.50 0.142 14.94 79
14B 0.093 0.194 0.150 8.20 0.065 25.00 86
15 2.206 0.317 0.150 8.40 0.084 10.34 121
17 1. 761 0.401 0.130 10.10 0.052 7.67 139
18 0.667 0.346 0.130 10.10 0.052 6.31 151
19 0.575 0.338 0.150 8.05 0.128 11.57 90
20 1.622 0.376 0.150 8.20 0.071 5.59 179
21 0.117 0.492 0.150 7.50 0.177 0.51 21
22 0.767 0.485 0.250 6.29 0.283 1.19 70
23 5.656 0.261 0.150 8.28 0.105 23.59 296
24 0.339 0.165 0.150 8.20 0.059 39.62 144
25 0.367 0.328 0.250 5.98 0.297 11.36 105
25A 0.221 0.453 0.250 3.66 0.499 2.06 37
26 1.339 0.263 0.150 8.60 0.087 22.55 157
27 1.279 0.412 0.150 8.40 0.079 9.33 131
28 1. 601 0.422 0.150 8.20 0.064 8.17 136
29 0.167 0.200 0.100 9.40 0.038 12.00 124
30 1.571 0.480 0.150 8.60 0.103 2.89 100
30A 0.108 0.500 0.170 7.32 0.195 0.00 30
31 3.710 0.448 0.250 4.74 0.356 1.72 185
32 2.055 0.450 0.210 6.96 0.232 2.00 162
33 1.914 0.444 0.250 6.60 0.257 2.23 164
34 1.707 0.488 0.250 5.67 0.310 0.55 137
35 1.644 0.489 0.250 3.55 0.445 0.00 128
35A 0.784 0.393 0.250 3.82 0.520 4.10 193
36 2.763 0.385 0.150 7.78 0.161 4.64 186
37 1.084 0.333 0.230 6.78 0.220 14.54 163
37A 0.023 0.200 0.250 5.67 0.338 12.00 60
38 1.192 0.455 0.250 3.81 0.405 2.27 116
39 3.039 0.483 0.250 5.05 0.343 0.68 107
40 0.978 0.473 0.250 3.81 0.422 1.57 100
41 0.750 0.331 0.230 6.78 0.214 19.39 89
42 1.647 0.419 0.250 3.61 0.406 1.81 89

43 NON-CONTRIBUTING AREA
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-44 0.268 0.500 0.250 3.55 0.460 0.00 41
D

45 0.372 0.495 0.250 3.50 0.436 0.00 67
46 1.018 0.461 0.190 7.14 0.201 1.17 67
47 0.609 0.435 0.250 6.29 0.255 1. 75 71
48 0.690 0.377 0.250 3.82 0.544 6.65 99
48A 0.477 0.358 0.250 3.77 0.447 12.35 116
49 1.896 0.353 0.170 7.32 0.172 13.93 112
49A 1.120 0.260 0.250 3.50 0.363 25.54 116
50 1.178 0.287 0.250 6.29 0.218 18.73 108
51 NON-CONTRIBUTING AREA
52 0.497 0.439 0.-190 7.14 0.175 0.00 66
53 6.051 0.186 0.150 7.50 0.153 31.33 I 381
54 NON-CONTRIBUTING AREA
55 3.371 0.207 0.150 8.28 0.112 22.98 296
55A 0.502 0.173 0.150 7.78 0.134 32.32 138
56 NON-CONTRIBUTING AREA
57 NON-CONTRIBUTING AREA
57A 0.543 0.315 0.250 3.77 0.361 12.83 48
58 0.853 0.308 0.250 3.77 0.402 14.55 67
58A 0.630 0.343 0.250 3.50 0.369 17.39 78
59 0.408 0.216 0.250 4.30 0.484 30.28 86
59A 0.277 0.350 0.250 4.30 0.400 0.00 11
60 1.462 0.223 0.150 7.50 0.144 31.66 205
61 1.169 0.237 0.250 3.87 0.406 21.58 138
62 0.793 0.144 0.250 3.50 0.377 50.30 192
63 1.034 0.156 0.250 3.81 0.349 37.07 153
64 0.505 0.151 0.250 3.66 0.431 37.26 250
65 1.423 0.290 0.250 3.71 0.427 16.28 117
66 2.756 0.342 0.250 3.82 0.448 11.37 158
67 1. 704 0.207 0.190 7.14 0.173 24.66 217
68 2.030 0.324 0.250 4.14 0.543 16.39 210
69 3.076 0.359 0.250 5.67 0.275 13 .33 163
70 0.080 0.478 0.250 3.61 0.480 2.25 24
71 2.179 0.371 0.250 3.50 0.364 11.55 109
71A 0.058 0.328 0.250 3.50 0.257 5.17 17
72 2.357 0.304 0.250 3.61 0.386 16.88 223
72A 0.602 0.323 0.250 6.60 0.211 20.15 74
73 0.167 0.448 0.250 3.50 0.376 0.00 16
74 0.968 0.479 0.250 4.14 0.633 0.35 88
74A 0.668 0.488 0.250 4.08 0.616 0.00 61
75 2.167 0.456 0.250 4.28 0.645 2.70 83
75A 1.262 0.377 0.250 6.60 0.262 10.48 98
76 0.890 0.497 0.260 4.11 0.806 0.12 98
76A 0.629 0.500 0.250 6.60 0.266 0.00 63
77 2.115 0.454 0.250 4.03 0.532 0.57 135
78 4.558 0.398 0.250 3.71 0.364 0.37 108
79 0.398 0.318 0.250 3.50 0.261 7.69 40
80 0.183 0.319 0.250 3.50 0.260 7.54 43
81 0.281 0.223 0.250 3.50 0.292 30.53 52

I· lOWEST 2.020 0.423 0.250 3.92 0.546 7.22 136
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24 hour areal reduction from Figure 15 in NOAA Technical Memorandum NWS HYDRO-40

TABLE 4.7 Precipitation Depths by Model Component
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3.31"

3.38"

3.344"

2.64"

2.62"

2.58"3.8"

3.8"

3.8"

3.0"

3.0"

3.0"

50

34.7

37.9

29.6 square mile area. The 24 hour rainfall depths were reduced using figure 15

in NOAA Technical Memorandum NWS HYDRO-40 (Ref. 24). The 6 hour point

rainfall depths were areally reduced using MCUHP2 which uses a relationship

found in the Drainage Design Manual, Volume 1. The 6 hour reduction curve is

based upon the USACE analysis of the August 19, 1954 Queen Creek storm. Table

4.7 below summarizes the storm information.

* Precipitation depths from NOAA Precipitation-Frequency Atlas for Arizona, 1973

+ 6 hour areal reduction from the FCDMC Drainage Design Manual, Vol. I (based on the Queen
Creek storm of 8/19/54)

Component #2

Component #3

Component #1

_IILllLllLllII
North of US 60 29.6 3.0" 3.8" 2.67" 3.42"
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4.3.4 Routing Parameters

The hydrologic routing procedures used fall into two categories:

1. Channel Routing: Channel routings were performed using the Normal-Depth

option in HEC-1. Exceptions to this were a few storm drains where the

Muskingum-Cunge routing option was selected.

2. Storage Routing: Reservoir <routings were modeled using the Modified Puls

method. Surface area-stage-discharge (SAISE/SQ) and volume-stage-discharge

data (SV/SE/SQ) were used depending on the nature of the available

information.

4.3.4.1 Cross Sections

Channel cross section locations, elevations, and slopes were estimated using USGS

topographic quadrangles (Ref. 36), the FIS topographic mapping (Ref. 15), and

observations made during field investigations. Photographs were taken on major

reaches for documentation and future reference (see Technical Appendices available

at the FCDMC). The Gila Drain cross section was taken from the Dibble &

Associates conceptual design study (Ref. 11). The Eastern and Consolidated Canal

cross sections were taken from SRP survey data (Ref. 26). For several of the cross

sections, the endpoints were artificially raised in order to cease the output ofHEC-l

warning messages to the effect that the outflow of the cross section was exceeded.

In the case of several canal routings, the excess water was diverted directly

following the routing producing the warnings. In other instances, the cross section

width required to provide sufficient capacity for the discharges would have been

unrealistically wide creating questions of split flows, etc. Therefore, a conservative

assumption was made to raise the cross section endpoints making the routings more

efficient and hence increasing their capacities.
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4.8.4.2 Manning's Roughness Coefficients

Manning's roughness coefficients were determined in the field and from guidelines

provided in reference 35. Photographs were also taken for documentation and

future reference.

4.3.4.3 Determination of NSTEPS

Use ofthe Normal-Depth channel routing method in HEC-1 required the estimation

of the parameter NSTEPS. For this study the NSTEPS were determined using the

guidelines outlined in the HEC-1 User's Manual (Ref. 29) and then adjusted using

professional jundgement to obtain reasonable attenuations and translations of

hydrographs.

4.3.4.4 Storage-Outflow Relationships

Data for storage routings came from a variety of sources. For ponding areas along

the Eastern, Western, and Consolidated Canals, as well as along the Phoenix Main

Line and Chandler Branch ofthe SPRR, data from the Gilbert-Chandler FIS HEC-1

model (Ref. 15 & 17) were utilized, except in some instances where the FIS

topographic maps were used to develop new storage-outflow relationships. See the

HEC-1 model input comment records for specific instances. In the area west of the

Chandler Branch of the SPRR, the USGS topographic quadrangles and field

observations were used in the development of the rating curves. The only

exceptions to this were the ponding areas along the Alma School Road

improvements between Pecos and Queen Creek Roads which were developed from

the topographic data in the design plans (Ref. 8) and the rating for Hanger Park

which were developed from the as-builts (Ref. 6).

July 1993

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gilbert-Chandler ADMS
Page 37

The reservoir outflows were mainly culverts or weirs. The culvert calculations are

discussed below in section 4.4.2. Weir outflows were estimated using the

relationship Q = CLHSfl with C = 3. Weir lengths were taken from available

topographic maps, the various surveyed profiles, and field estimates. These

calculations can be found along with the other reservoir rating information in the

Technical Appendices available from the FCDMC.

4.4 Special Considerations

4.4.1 On-Site Retention and Non-Contributing Areas

ON-SITE RETENTION

The 120 square mile study area has different on-site retention requirements within

its boundaries due to the different jurisdictions in the area (Cities of Tempe, Mesa,

Chandler, Town of Gilbert and Maricopa County). Retention began to be required

for urban developments in the early 1970s. Prior to that time no formal retention

facilities were required. In order to separate those areas which were built without

retention, the Fairchild aerial photographs from 1973 were used to identify

development which existed prior to municipal retention requirements. It was

assumed for the purposes of this study that development shown in the 1973 aerial

photos has no retention facilities. Development that occured since then was

assumed to possess the retention volume that would be required by the jurisdiction

within which the development occured and which is appropriate to the level of

development. Moreover, the City of Chandler changed its on-site retention policies

in 1987 at the recommendation of their Stormwater Management Master Plan.

From 1975 to 1987, the City of Chandler enforced on-site retention for runoff

resulting from the 100 year 6 hour storm of 3 inches. In 1987, the requirement was
~
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changed to the 100 year 2 hour storm of 2.5 inches. Since the City of Chandler

covers a large portion of the study area, the on-site retention volumes over its

jurisdiction have an important impact on the results. The calculations for on-site

retention volumes in this city were subdivided into before and after 1987. This was

done by examination of the developments in place as shown in the 1987 Landiscor

aerial photographs (Ref. 22). A map showing these two different requirements and

the pre-retention areas for the test of the study area are found on Plate 4. One

additional category shown on Plate 4 is for developments whose retention is

provided in the Freestone Park basin through agreement with the Town of Gilbert.

The Wind Drift development also retains some of its runoff in Freestone Park.

However, it also contains a significant volume of dead storage in its lake.

Therefore, it was considered separately and is discussed below.

In order to approximate the retention volumes as reasonably as possible, retention

volumes were calculated in the same manner in which the drainage regulations of

each municipality requires. The common method required by the municipalities for

calculation of retention volume is:

Volume =( "c" coefficient) x ( Depth) x ( Area)

where C is a runoff coeffiecient, the depth is rainfall depth in feet, the area is the

drainage area in acres, and the volume is the retention volume in acre-feet.

Although the method is generally the same, each jurisdiction has its own

requirements for rainfall depth and runoff coefficients for different surface types.

Therefore, the drainage regulations for each jurisdiction were followed to develop

representative C coefficients for each of the land use types considered in this study.

These C values were used along with the rainfall depth requirements to develop

"retention factors" (i.e. C x D) which when multiplied by the area yielded retention
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volumes. Table 4.8 summarizes the C factors for each land use type for each

community and the resultant retention factors used in this study.

TABLE 4.8 "C" Coefficients and Retention Factors
for Retention Volume Estimation

I
C coefficients I

Land Use % Imp. County Tempe Gilbert Chandler Mesa

Agricultural 0 0.150 0.950 0.250 0.100 0.100

VLDR 15 0.220 0.950 0.350 0.350 0.255

LDR 25 0.325 0.950 0.410 0.350 0.352

MDR 45 0.400 0.950 0.540 0.400 0.465

MFR 65 0.550 0.950 0.670 0.550 0.605

COMM 90 0.800 0.950 0.835 0.800 0.708

IND 75 0.700 0.950 0.740 0.800 0.675

Rainfall Depth (inches) 2.5 2.4 3.0 3.0 1975 - 1987 3.0
2.5 1987 - present

Retention Factors (multiply by area to get retention volume in acre-feet)

1975 -1987 '87 - present

Very Low Density Resid. 0.046 0.190 0.088 0.088 0.073 0.064

Low Density Resid. 0.068 0.190 0.103 0.088 0.073 0.081

Medium Density Resid. 0.083 0.190 0.135 0.100 0.083 0.116

Multi-Family Resid. 0.115 0.190 0.168 0.138 0.115 0.151

Commercial 0.167 0.190 0.209 0.200 0.167 0.195

Industrial 0.146 0.190 0.185 0.200 0.167 0.169
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The ARCIINFO system was then used to process the digital land use map,

community map, and retention requirement map (Le. development as of 1973, 1987,

and 1991) to create a table for each subbasin of the breakdown of the area of each

land use type, in each community, in each time period. These area data were then

multiplied by the appropriate retention factors to generate the total on-site

retention volume for each subbasin. Calculations for each individual subbasin can

be found in the Technical Appendices available from the FCDMC. A summary of

on-site retention volumes by subbasin is shown in Table 4.9.

These volumes were modeled as a diversion using the DT,DI,DQ records available

in HEC-l. The method used diverts the subbasin retention volume from the

beginning of the subbasin runoff hydrograph using the maximum volume diversion

option in the second field of the DT record.

The following are special situations where the on-site retention volume was either

greater or less than the requirement, therefore they were considered as special

cases and their on-site retention volumes were calculated separately.

Chandler Municipal Airport (Ref. 16). Flood water overtopping the Eastern

Canal between Germann Road and Queen Creek Road will affect the airport site.

These flows are directed to the north of Germann Road and Queen Creek Road.

Water ponded along the Consolidated Canal to the north of Germann Road will

overtop the canal and does not cross Germann Road toward the south. Flows along

the Consolidated Canal north of Queen Creek Road will pond until Queen Creek

Road is overtopped. The low elevation on Queen Creek Road is 1,229.0 feet.

Ponding at the maximum stage may inundate the extreme south end of the existing

runway, but will not affect the new runway. However, the ponding area does

include several ofthe retention basins within the boundaries ofthe airport designed

July 1993

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gilbert-Chandler ADMS
Page 41

TABLE 4.9 On-Site Retention by Subbasin

------3 4.8 31 13.6 57A 14.1

4 20.3 32 10.0 58 29.9

5 4.1 33 10.4 58A 20.9

7 22.0 34 3.0 59 19.7

11 0.6 35 2.0 60 52.7

13 15.8 35A 7.9 61 43.7

14A 29.4 36 9.9 62 4.1

14B 3.4

15 39.5 37 5.2 63 1.4

17 10.8 38 5.3 64 18.7

18 5.6 39 5.0 65 43.7

19 17.8 40 3.4 66 46.6

20 27.1 41 13.6 67 126.1

21 0.1 42 4.5 68 55.3

22 1.8 46 2.2 69 74.5

23 285.8 48 9.0 70 0.6

24 7.7 48A 9.0 71 46.6

25 5.4 49 20.1 71A 3.0

25A 0.9 49A 36.6 72 56.1

26 81.3 50 33.8 72A 25.4

27 16.0 53 325.2 74 1.3

28 25.8 55 275.0 75 11.6

30 1.7 55A 55.0 75A 15.7

NOTE: Subbasins with on-site retention OR which were modeled as part of ponding
areas are not shown in this table.
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to retain the 100 year, 2 hour event. These basins were modeled as part of the

ponding area at Queen Creek Road and the Consolidated Canal (RR41). The new

airport expansion added some retention facilities outside of the ponding areas along

the canal. The total on-site retention provided by these additional facilities and

incorporated into the HEC-1 model was 13.6 acre-feet based upon the Franzoy­

Corey drainage report for the airport.

Wind Drift (Ref. 18). This site has 160 acres located in the south half of Section

8, TIS, R6E Maricopa County, Arizona. The majority of all storm water flows to the

lake. The remaining flows drain to the north into a channel while storm water

generated in the commercial area will be retained on-site. The centrally located

lake is utilized as an aesthetic and recreational facility with intermittent use as a

flood control structure. The normal high water elevation of 1244.1 feet results in

a surface area of 5.66 acres. The lake rises approximately 2.5 feet during a 100

year design storm. Inflow to the lake is regulated by individual on-site detention

basins in each parcel. This on-site detention, coupled with lake detention (using a

controlled maximum outlet flow), results in a controlled situation in both the lake

level and outfall channel. Storm discharge from the lake is handled by a system of

conduits. Extreme flows overtop the loop road, and pass through an open channel

to the Freestone Park Basin. Total lake volume from normal operating level to

overflow elevation is 11.4 acre-feet. This is the only retention volume considered

for this development. The remainder is retained in Freestone Park through

agreement with the Town of Gilbert.

Lago Estancia (Ref. 23). This development is located in the Town of Gilbert at

the south half of Section 13, TIS, R5E. This site has developed all of its on-site

retention within three lakes and tract "C". Storm water flows into the lakes and

after the retention capacity is exceeded flows to tract "C". After the tract retention
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capacity has been exceeded stonn water flows west (overflow elevation in tract "c"
1229.0 ft.). The total retention volume for Lago Estancia is approximately 39.0

acre-feet.

NON-CONTRIBUTING AREAS

For all the non-contributing are"as, drainage plans were analyzed to make certain

that no flows exit the sites from the 100 year stonn event.

The Islands Community (Ref. 10). This development is located in the Town of

Gilbert and is bounded on the north by Elliot Road, on the east by Cooper Road, on

the south by Ray Road and on the west by McQueen Road. It covers the north half

of Section 23, and the south half and the northwest quarter of Section 14, TIS R5E.

This development lies within the boundaries of model component #2. The design

stonn used to develop its Master Stonn Drainage Plan was the 100 year 24 hour

stonn with a rainfall depth of 3.40 inches. The design stonn is retained without

overflowing from the project area. Initial runoff is retained within the individual

parcels. As the amount of rainfall increases, the runoff is routed to the lakes where

it is retained.

Val Vista Lakes. This development is also located in the Town of Gilbert, covering

an area of about one and a quarter square miles encompassing Section 4, TIS, R6E

and the northeastern portion of Section 5; that is generally the area between

Baseline Road on the north, Guadalupe Road on the south and Greenfield Road on

the east. The western boundary crosses Val Vista Road to include the northeastern

portion of Section 5. This development lies within model component #1. Runoffis

retained by a combination of localized retention areas and the large lakes for which

the development is named. The facilities were designed to retain the runoff from

July 1993



Gilbert-Chandler ADMS
Page 44

three inches of rainfall. A representative of the Town of Gilbert Public Works

Department, upon examination of the Master Drainage Plans, indicated that the

nature of the grading and freeboard space in the lakes should also adequatedly

handle the 100 year 24 hour storm without ov"erflowing into adjacent areas. Thus,

the development was considered a non-contributing area for the purposes of this

study. However, it was also indicated that several of the areas around the outer

edges ofthe development do not direct stormwater toward the lake facilities. These

perimeter areas were therefore considered only to provide retention for the three

inch rainfall event. Runoff from rainfall in excess of the three inches thus

contributes to the greater watershed. Consideration of this development as a non­

contributing area leaves areas of subbasin 14A seemingly separated from one

another (see Plate 2). However, the east and west portions of subbasin 14A are in

actuality connected along Guadalupe Road with the east area runoff flowing along

Guadalupe Road toward the Consolidated Canal.

Anozira (Ref. 12). This site is located in the City of Tempe and is bounded on the

north by the Western Canal, on the east by Country Club Way, on the south by

Elliot Road, and on the west by McClintock Drive. Although originally intended as

a business park, the Anozira site is currently being redeveloped as a residential

subdivision. No off-site storm water drains into the site. On-site storm water

drains to a lake centrally located on the property. The lake has a 100 year surface

area of 11.4 acres and a maximum depth above the normal pool elevation of 3.0 feet

plus 1.0 foot for freeboard. The retention volume available above the normal pool

elevation is 22.1 acre-feet without consideration of the freeboard and 33.4 acre-feet

with the freeboard included. Storm water runoff retained in the lake will be

removed by a pump at a rate of 1,000 gallons per minute (gpm). The water will be

used to irrigate landscaped areas (24 acres). The lake has been built and the mass

grading completed. However, at the time of the writing of this report no building
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construction has begun. The retention volume, including the freeboard volume, is

sufficient to contain runoff from the 100 year 24 hour point rainfall assuming a

runoff coefficient of 0.62. This will likely be sufficient in the fully developed

condition and is certainly more than sufficient for the existing, unbuilt condition.

When an areally reduced rainfall depth is considered the assumed runoff coefficient

increases to 0.7.

ASU Research Park. The ASU research park is located between Elliot and

Warner Roads along the west side of Price Road. This 320 acre site contains

several large lakes which serve as on-site retention basins as well as aesthetic

features. According to City of Tempe officials, sufficient retention capacity exists

within the lakes in excess ofthe Tempe retention requirements to consider this area

a non-contributing area for the storms analyzed in this study.

Motorola Microsystems Facility (Ref. 1). This facility is in the City of Tempe

and is bounded on the north by the Western Canal, on the east by Price Road, on

the south by Elliot Road, and on the west by Country Club Way. This area consists

of approximately 77.5 acres and there are no off-site storm water flows onto the

property. The total retention volume available at this facility is 25.4 acre-feet. The

runoff volume from the 100 year 24 hour point rainfall with a runoff coefficient of

1.0 is 24.5 acre-feet. Thus, this site was considered a non-contributing area for the

ADMS modeling efforts.

Stonebridge (Ref. 37). Stonebridge is a 90 acre single family home subdivision

in the Town of Gilbert. The site is bounded on the north by the Western Canal, on

the east by the Consolidated Canal, and approximately on the south by Cullumber

Avenue and on the west by Cottonwood Drive. A ten acre parcel in the southwest

corner of the property has been reserved for a school site that will provide its own
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on-site retention. Stonebridge is not subject to off-site drainage. Retention is

provided for the site in the lakes. The lakes east of Burk Street drain to the lake

west of Burk Street. The lakes provide a retention volume of 16.3 acre-feet and

have a system of drywells set into the walls of the lakes to drain out excess runoff.

The average runoff coefficient for the area is 0.55 which results in 15.7 acre-feet of

runoff from the 100 year 24 hour point rainfall event. Thus, this area was treated

as a non-contributing area. The Stonebridge Model Complex lies east of the

Consolidated Canal between the canal and Lindsay Road and was treated

separately from the remainder of the Stonebridge subdivision.

SRP Power Generation Facility near SPRR Phoenix Main Line and the

Eastern Canal. Although this facility is shown on Plate 4 (retention requirements)

as built prior to 1973, the Gilbert-Chandler FIS topographic maps indicate that

significant retention facilities now exist within the facility. The retention ponds in

combination with the large embankment surrounding the property prevent runoff

from leaving this approximately 100 acre site. The retention volume of the ponds

alone is enough to retain more than eight inches of rainfall over the site.

4.4.2 Culvert Hydraulics

Culverts and railroad trestles were hydraulically analyzed using the Federal

Highway Administration guidelines (Ref. 34). The majority of the culverts are

located along the east side of the Eastern Canal alignment, starting at the

intersection of the Eastern Canal and Baseline Road and ending at the intersection

of Pecos Road and the canal. These culverts pass the tailwater flows from RWCD

irrigation under the roadways in a tailwater ditch parallelling the Eastern Canal.

The majority of the railroad trestles cross the SPRR Chandler Branch, and a few

pass under the SPRR Phoenix Main Line. In some cases the outflow from culverts
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along the Eastern Canal were modeled as a part of the total storage routing

outflow. In other circumstances, the culverts were modeled as a diversion prior to

the storage routing in the HEC-1 model. The outflow calculations for culverts and

railroad trestles that were used in the HEC-1 model can be found in the Technical

Appendices available from the FCDMC.

4.4.3 Detention Basins

There are a total of eleven detention basins in the study area of which nine are

presently operating and two will become operational in the near future. The two

near future basins are ADOT Basins G and H along Price Road and they have been

considered as part of the existing conditions for the purpose of the study. Detention

basins were modeled as a diversion using the DT,DI,DQ records in HEC-1 or as a

reservoir routing using the Modified Puls method when surface area-stage-discharge

data (SA,SE,SQ) were available. Within component #1, Crossroads Park and Center

Street basins were modeled using SA,SE,SQ data, while Freestone Park and Gilbert

basins were modeled as a volume diversion (DT,DI,DQ). In component #2, Detroit

Park basin was modeled using SA,SE,SQ data, while in component #3, Arrowhead

Meadows Park, Galveston, Denver, and ADOT Basin H basins were modeled as

volume diversions. ADOT Basin G and Hanger Park basins were modeled using

SA,SE,SQ data. Flows in excess of the volumes of basins G and H were routed

overland through subbasin 68 to its concentration point. That is to say, the outlets

to the proposed Santan Channel were not considered as part of the existing

condition analysis.

The Detroit Park detention basin receives more water that it can contain.

Therefore, the surface area-stage-discharge data used in this case account for extra

volume beyond the limits of the detention basin. Storage outside the basin is
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created by the presence of the Chandler Branch of the SPRR.

Surface area-stage-discharge data were gathered from different sources of

information including conceptual detention basin designs, as-built plans and

profiles, and the Franzoy-Corey topographic maps from the Gilbert-Chandler FIS.

4.4.4 Canals and Adjacent Ponding Areas

The study area contains three major irrigation canals (Eastern, Consolidated, and

Western) which act as major barriers to storm water runoff. These canals pond

storm waters along their upslope banks and thus have the potential for being

overtopped. Moreover, these ponding areas detain floodwaters attenuating and

delaying the runoffpeak discharges. For the purposes ofthis study, it was assumed

that the canals would not fail even if overtopped. This assumption may be more

valid in some locations than others. The canals are concrete lined in some sections

and the banks are highly compacted. In other areas, especially downstream of

Warner Road on the Consolidated Canal, the canals are earth lined and the west

banks sit several feet above the adjacent grade. The manner in which the canals

and the adjacent ponding areas were treated in the modeling of the Gilbert­

Chandler ADMS was as follows.

Eastern Canal

The area north of the Superstition Freeway was analyzed for potential impact on

the study area. As mentioned in section 2.1, three crossings exist at US 60, two

of which are at the Eastern and Consolidated Canals. The Eastern Canal inflow

hydrograph from the area north of the freeway is a combination of the normal

operating canal flow just north of US 60 (250 cfs, Ref. 27) and the floodwaters

entering the canal from the north area upstream of the Eastern Canal. This inflow
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hydrograph was then routed through the canal to the next downstream

concentration point, usually a bridge, and combined with any water overflowing

from the ponding area in the adjacent drainage subbasin.

The drainage subbasins having a potential of draining floodwaters into the Eastern

Canal lie along its east bank.. Inflows occur into the canal when the ponding area

surface rises above the low point on the canal bank. as indicated in the information

in the Gilbert-Chandler FIS topographic maps and surveys. In some cases, the

canal bank minimum elevation is lower than the crossing road which, together with

the canal, is causing the ponding. In other cases the road is lower, or the two

elevations may be similar, in which case flow overtops both barriers.

The depth of ponding is controlled by the relationship between the rates of inflow

and outflow. The rate of outflow for the ponding areas along the Eastern Canal is

controlled by the weirs created by the canal banks and the roadways and by the

culverts crossing beneath the roadways for the Roosevelt Water Conservation

District Canal tailwater ditch. This ditch serves as a defacto flood control facility.

However, its capacity is insufficient to carry the runoff from larger events like the

100 year event. Nevertheless, the tailwater ditch does convey some of the runoff

and serves as a restricted outlet for the ponding areas along the Eastern Canal from

Baseline Road to Pecos Road. Generally, the ditch passes underneath road

crossings via some type of culvert system. At each ponding area the performance

of these culverts was analyzed (see section 4.4.2). In some cases, the culverts serve

as low level outlets to the ponding areas with storage beginning only after the

culvert capacity is exceeded. In other instances, the tailwater ditch has an eastern

bank which prevents runofffrom the adjacent subbasin from entering the ditch, and

hence the culvert, before some dead storage has been filled. When ponding levels

rise high enough, weir outflows begin over the Eastern Canal bank or the crossing
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road or both. Total reservoir outflows were separated, ifnecessary, with a diversion

after the reservoir calculations. See the HEC-l input and the appendices for the

treatment at specific locations.

If inflow from the adjacent subbasin to the canal exists, the routed hydrograph

through the canal was combined with the overflows and the combined discharge was

compared with the canal capacity at that location. Discharges in excess of the

canal's capacity were diverted over the canal's west bank. The remaining flow was

then routed in the canal to the next downstream concentration point where the

process was repeated. In some instances the normal operating level of the canal

decreases (since the canal is a supply canal). In those cases, the discharge decrease

was diverted from the canal hydrograph before inflows from the adjacent ponding

area were added. Normal canal operating levels were taken from Salt River Water

Users' Association Water Transmission System document (Ref. 27).

Consolidated Canal

Like the Eastern Canal, the Consolidated Canal also introduces inflows from the

area north of the Superstition Freeway. This inflow hydrograph also includes the

canal's normal operating discharge just north of the freeway (525 cfs, Ref. 27) and

the floodwaters added to it. Similarly, the Consolidated Canal receives water from

the drainage subbasins along its east bank. The modeling of the Consolidated

Canal and its adjacent drainage areas followed the same procedures established

for the Eastern Canal except that no tailwater ditch parallels the Consolidated

Canal. The normal operating levels were decreased in the same fashion as for the

Eastern Canal using information from reference 27.
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Western Canal

This canal flows, within the boundaries of the study area, from the Consolidated to

the Kyrene Canal. The only portion modeled in this study flows from the

Consolidated Canal to the SPRR Chandler Branch. As stated by the Operational

Support Department ofSRP, the Consolidated Canal will discharge 125 cfs into the

Western Canal in the event that a local storm. hits the area. These discharges

shall continue until conditions in the Consolidated Canal stablize. Therefore, 125

cfs were diverted from the Consolidated into the Western Canal and then routed to

the next concentration point at the Phoenix Main Line. Two culverts limit

discharge through the Western Canal, one at the SPRR Phoenix Main Line crossing

and the other at the Chandler Branch crossing. The Main Line crossing limits

discharge to 165 cfs, while the Chandler Branch crossing limits discharge to 188 cfs.

Both operate hydraulically as submerged culverts with grate inlets. The Western

Canal still delivers irrigation water for users located south of the canal and east of

Price Road. The irrigation water is captured by a system of pumps located north

of the canal between the Consolidated Canal and Price Road. The remaining time

it serves as a drain. Two ponding areas were modeled along the Western Canal;

one at the Gilbert Detention Basin (Vaughn Street Basin) and the other at the

Chandler Branch of the SPRR. Both areas were modeled similarly to the ponding

areas along the Eastern and Consolidated Canals.

4.4.5 Man Made Lakes

The study area contains numerous man made lakes. Many of them fall within

developments which were identified as non-contributing areas and were discussed

above. Lakes within areas considered as contributing areas during the 100 year 24

hour event were specially treated. The area of the water body itself was not

considered in the total subbasin area used for runoff calculations. The assumption
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was made that retention was provided for the rain falling directly onto the water

body itself and further that the difference between the retention design storm and

the ADMS design storms (less than one inch) were adequately provided for within

the lake freeboard space. However, the area of the water bodies were considered

in the calculation of the storm area used for calculation of areal reduction of point

rainfall.

4.4.6 Treatment of Storm Drains

Chandler

The older part of the City of Chandler surrounding the downtown is serviced by a

system of storm drains. These were constructed to alleviate local flooding since the

old town was not constructed with retention facilities. The storm drains feed to the

Galveston, Arrowhead, and Denver detention basins mentioned earlier. The Detroit

basin drains via a small pipe to the Denver Basin. At present, all of these basins

ultimately drain into SRP laterals. The Camp, Dresser, McKee Stormwater

Management Master Plan Update contains a good inventory and description of all

ofthese facilities. None of these drains were specifically modeled. Since they drain

to the detention basins, all runoff was given the opportunity to enter the basins

without regard for the actual operation of the drains or their inlets. Thus, the

volumes of the basins were diverted from the front end of the runoff hydrographs

as discussed above in section 4.4.3.

Future storm drains are planned for draining the downtown Chandler basins to the

Price Expressway basins G and H. A system of storm drains is also planned for

areas of west Chandler. All of these new storm drains will eventually outlet to the

proposed Santan Collector Channel along the proposed Santan Freeway which

outlets to the future Gila Floodway. None of these future storm drains were
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considered in the existing condition hydrology.

Gilbert

A small portion of the old town of Gilbert and a short section of Gilbert Road south

of the Phoenix Main Line are serviced by a storm drain system which feeds into the

Gilbert Basin (i.e. Vaughn Street Basin). Given the limited capacity of the basin

and the extreme nature of the storm, this storm drain system was not considered

in the model. For analyses of smaller storms, inclusion of this system would be

appropriate.

Tempe

The portion of south Tempe in the study area is serviced by two storm drain

systems. The first runs along 56th Street and empties into the ADOT borrow pit

near 1-10 and Knox Road. At the concentration points along 56th Street, all

discharges up to the storm drain capacity were collected and routed in the drain

using the Muskingum-Cunge method available in HEC-l. Storm drain capacities

were evaluated from storm drain sizes (Ref. 7) and assumed slopes from the USGS

topographic quadrangles. Flows in excess of the storm drain capacities were routed

along the surface according to flow paths identified in the field.

The second storm drain system drains the streets east of 56th Street, west of Price

and north of Knox Road. All flows up to the pipe capacities as evaluated from the

design plans (Ref. 5) were allowed to enter the drains without regard for inlet

conditions. Pipe routings were performed using the Muskingum-Cunge routing

method. This storm drain system drains to the Hanger Park detention basin where

flows in excess of 75 cfs are diverted from the storm drain into the park via an

underground diversion structure. The remaining flows continue down the Gila

Drain.
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4.4.7 Use of Dummy Diversions

Given the complex nature of the hydrologic model and the large number of

subwatersheds modeled, many diversions were used to better approximate the

behavior of runoff in the study area. However, HEC-l has limited stack space

available for the storage ofintermediate hydrographs. Moreover, the diagramming

feature of HEC-l is even more limited. In order to overcome these limitations in

HEC-l, hydrographs were often wholely diverted in order to "clean" the stack.

Following these diversions, combination operations were added, or an additional

hydrograph was added to an existing combination operation. Therefore, there are

many references to cleaning the stack and empty hydrographs in the model

comment records. Dummy diversions were also used to clean the stack after

hydrographs were retrieved from previous diversions in order to write hydrographs

to the DSS files with the ZW record. This procedure was used especially when

trestle outflows were diverted under the Chandler Branch of the SPRR. When the

DT, DI, DQ records are used in combination with the ZW record the continuing

hydrograph is the one written by DSS. However, in many cases it is the diverted

hydrograph defined by the DQ record which is the hydrograph to be written to DSS.

Although the model structure could be rearranged to accomodate this situation, it

often makes more sense to the model continuity to deal with the continuing

hydrograph first.
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5.0 RESULTS AND CONCLUSIONS

The results of the hydrologic models for the 6 and 24 hour storms for selected locations

are summarized in Table 5.1. Complete lists of discharges for both storms are available

in Appendices A and B which contain the HEC-l input and output. Plates 7 & 8 also

show discharges and volumes throughout the watershed in their proper spatial

arrangement. Careful examination of these plates reveals several important things.

The models indicate that the RWCD Canal tailwater ditch does a fair job of defacto flood

control. Although it does not prevent flooding from ponding near the canal and major

road crossings, it does prevent flood water from entering the Eastern Canal and

overtopping westward everywhere except at the crossing of the Phoenix Main Line of the

Southern Pacific Railroad. This occurs because the railroad stands higher than the canal

bank. The only major outflows from the Eastern Canal are immediately downstream of

US 60 at Greenfield Road and at Germann and Queen Creek Roads. The latter two both

occur downstream of the end of the RWCD Canal tailwater ditch.

The models reveal a different story for the Consolidated Canal. Inflows to the canal

occur at almost every major road crossing in addition to the Phoenix Main Line crossing.

Particularly significant overtopping occurs at Knox, Pecos, and Germann Roads. The

extent of the overtopping at Germann Road is in part due to cascading of overflows from

the Eastern Canal. The canal also spills at Warner Road, Chandler Boulevard, and

Ocotillo Road but due to canal downsizing rather than inflows from the east.

As demonstrated in the Flood Insurance Study, major ponding occurs along the Chandler

Branch of the SPRR in the vicinity of the area from Detroit Park to Frye Road and near

Germann Road.
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The discharges predicted in the study may often appear low and sometimes drop

significantly in the routings. This results from inefficient drainage networks and small

existing conveyance systems. More organized, efficient drainage networks would likely

show greater increases in peak discharges with increasing contributing area. .These

inefficiencies coupled with the many inadvertant "detention" areas throughout the

watershed tend to ameliorate drastic flooding in anyone area and serve to distribute the

flooding around to numerous shallow ponds. In a few locations, ponds overtop barriers

and cascade through the system. The modeling performed in the ADMS does not

consider breaching or failure of the canals in the event they are overtopped. Canal

failure and its consequences should be considered more thoroughly if canals are to be

relied upon as part of any stormwater control system in the area.
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65

2010

1945

230

970

1100

25

740

770

NA 1350 NA

10 300 180

720 3000 775

135 940 150

210 1350 640

190 760 270

145 350 240

210 220 610

120 500 205

285 690 540

240 770 560

370 1490 985

430

230

420

400

850

120

960

650

190

860

100*

2840

500**

Gila Drain eastern inflows

HC78 inflows

(1-10 near Germann Road alignment)

Pecos and McClintock (HC68)

Gila Drain western inflows

Total Gila Drain inflows

NA =not applicable because the canal flow includes normal operating flows

* =Tailwater ditch flows from west of 1-10 only.

** =includes 75 cfs of SRP discharges from the Western Canal into the Gila Drain

Table 5.1 Discharges and Volumes for Selected Locations

ADOT Basin H Inflow

Freestone Park Inflow

ADOT Basin G Inflow

Center Street Basin Inflow

SPRR over/throughflow approximately

1/4 mile south of Germann Road

SPRR over/throughflow near

Commonwealth Avenue

Detroit Basin Inflow

Inflow from north of US60 at 50

the crossing at the SPRR and US60

Crossroads Park Inflow

_iiii_
Eastern Canal inflow from north of US60 850 NA 1080 NA

Consolidated Canal inflow from north of US60 1025
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5.1 Comparison with other studies

Both the HDR hydrology study for ADOT (Ref. 19 & 20) and the Franzoy-Corey study

for the Gilbert-Chandler Flood Insurance Study were 100 year 24 hour analyses.

However, each used different areal reductions and temporal patterns. This study

differed from both studies by using a reduction similar to the HDR hydrology and the

SCS Type II pattern as used in the "FIS. Moreover, the unit hydrograph and routing

methods were also diflferent along with the calculation and treatment ofurban retention.

Therefore, comparison ofthe results should be done only with caution and while keeping

these differences in mind. Table 5.2 shows a comparison of the Gilbert-Chandler FIS,

Conditional Letter Of Map Revision (CLOMR) results and the ADMS results for a few

selected locations. As one can see from the table, the Franzoy-Corey results are

generally higher. This occurs because of the greater rainfall depth used in the Flood

Insurance Study.

Table 5.3 shows a comparison of the HDR hydrology and the ADMS study results for

selected locations. Here one notices mixed results. In some instances the ADMS results

are higher and in others lower. FCD staff believes this occurs because of the differences

in the calculation of retention and the scale of modeling (i.e. size of subbasins) used in

the two studies. HDR used smaller subbasins and accounted for retention through the

IA in the Curve Number method. The ADMS study tried to approximate the retention

volumes in the same manner as was asked of the developers. Nevertheless, neither

study accounted for retention in freeboard space or other types of "extra" retention

provided by the nature of the grading of the developments in the area between Price

Road and the Chandler Branch of the SPRR. Moreover, the ADMS study did not

consider retention in so-called "ranchette" type development if it was constructed prior

to the onset of formal retention regulations by the municipalities.
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Table 5.2 Comparison of Discharges:

Gilbert-Chandler FISICLOMR and ADMS 24 Hour Model

iiiiiiil
Eastern Canal inflow from north of US60 . 1480 NA 1080 NA

Consolidated Canal inflow from north of US60 1750 NA 1350 NA

Inflow from north of US60 at 540 270 300 180

the crossing at the SPRR and US60

Crossroads Park Inflow 1900 1350 3000 775

Freestone Park Inflow 1174 190 940 150

Center Street Basin Inflow 1810 1475 1350 640

Detroit Basin Inflow 1450 1885 760 270

SPRR over/throughflow near 1260 1820 350 240

Commonwealth Avenue

SPRR over/throughflow approximately 1/4 mile 1890 2940 220 610

south of Germann Road

NA = not applicable because the canal flow includes normal operating flows
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Table 0.3 Comparison of Discharges:

HDR (Ref 20) and ADMS 24 Hour Model

a.lISiiiiliJj
SPRR over/throughflow near 260 385 350 240

Commonwealth Avenue

ADOT Basin G Inflow 975 219 500 205

ADOT Basin H Inflow 805 732 690 540

Pecos and McClintock (HC68) 1200 813 770 560

Outlet E 298 132 820 290

Outlet F 149 32 300 42

Ray Road and Arrowhead (HC 60) 348 80 410 91

Pecos and Priest Roads 670 134 740 102

Comparison with the Camp, Dresser, McKee study results is desirable but is only

possible for two locations since the other locations are not given for the 100 year 6 hour

event for the existing conditions in the Stormwater Management Master Plan Update

report. Nevertheless, inflows for ADOT basins G and H are known from the CDM

model. The peak discharges for basins G and H are 663 cfs and 420 cfs respectively. As

shown in Table 5.1, the ADMS inflows are 420 cfs and 400 cfs for G and H respectively.

It is believed the difference is due to a combination of point rainfall versus areally

reduced rainfall, different temporal precipitation distributions, and the difference

between the use of pipes in SWMM versus surface channels in HEC-l. Moreover, the

contributing basin area to each point in the CDM analysis is not known.
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5.2 Limitations and Uses

When examining the results of this study, one needs to keep several facts in mind. This

investigation was conducted without comprehensive detailed topographic data. Several

detailed documents were available (i.e. the Gilbert-Chandler FIB and the SRP canal

surveys), however, both ofthese are somewhat dated (1987-1989 and 1986). Many of the

features in these surveys are subject to change over time. Namely, the canal banks

which control overflow locations, rates, and quantities, change as a result of vehicular

travel, weather, and maintenance of the roads and canals. Even in these detailed

surveys, the density ofdata is rather sparse. This means that the controlling elevations

identified in the surveys (i.e. canal bank low points, etc.) are not necessarily the actual

controlling points. Further, the weir lengths (which control outflow rates) were also

calculated from these survey data. Therefore, future revisions to this study or more

detailed analyses following this study may arrive at different results.

Another important consideration in the examination of the results of this study is the

limited amount of local relief throughout the study area. Small features or seemingly

small changes in topographic features (such as roads) are capable of creating relatively

significant changes in flow patterns and accumulations. This investigation was

conducted for the existing condition. The bulk of the field investigations for this

condition took place in the winter and spring of 1992. In many instances, roadways and

small irrigation canals were determined to form boundaries between subbasins. Removal

or change to these facilities is therefore likely to alter the results contained in this

report. Finally, evaluations made during this investigation were made with a regional

perspective. The exact details of how certain hydraulic features behave, or what exactly

happens in very small areas may not have been considered. Therefore, this study and

the resulting HEC-1 model should be viewed as tools for the consideration and

evaluation of alternatives for regional drainage systems in the area and their impact on

one another.
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5.3 Conclusions

The purpose of this investigation was to develop a tool for use in the identification ofand

search for solutions to regional drainage problems in the Gilbert-Chandler area. This

study provides both the accumulation and summarization of the pertinent information

on regional drainage. The HEC-l computer model provides a basis for the examination

of various alternatives for drainage facilities in the area. The scope of the model allows

for evaluation of the impact of drainage facilities on downstream conditions. Moreover,

the model provides a framework for future more detailed analyses. Finally, and perhaps

most importantly, the fundamental data from which the hydrologic parameters were

derived now exists in a GIS for use in future hydrologic studies or other studies in the

area which would benefit from land use, soil, or drainage boundary information.
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Appendix B

Floppy diskettes containing

HEe-! Model input

and level 3 output and DSS file




