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1. Introduction

Background

The City of Casa Grande is located in Pinal County near the junction of I-10 and I-8 and is
a 1-hour drive from the Metropolitan areas of Tucson and Phoenix. The City consists of
about 32 square miles of incorporated area with an estimated 1998 population of 22,500
persons. Being close to both Tucson and Phoenix, Casa Grande is a prime location for
new development. It is estimated that new development will result in an ultimate
population of about 92,500 persons.

The City is responsible for managing stormwater within their jurisdictional boundaries. As
the population grows, it is imperative that the City plans for expanded service in the
future. Because of concerns with the existing system and the need to plan for future
growth, the City contracted with KVL Consultants, Inc. to prepare a Stormwater Master
Plan.

Study Area

The study area is shown in Figure 1-1. Within the study area, natural gradients are
towards the North Branch of Santa Cruz Wash. The general gradients from the south are
to the northwest at an average slope of about 0.0035 and from the north, the general
gradients are to the southwest at an average slope of about 0.0052. These slopes are
considered to be quite flat.

Study Approach

With the City's move toward managing their infrastructure through the use of a
Geographical Information System (GIS), the mapping and modeling work for this project
will be incorporated in their GIS. In addition, to facilitate the management of future
changes, a computerized Stormwater Facility Management System was developed to
automate system modeling and allow City personnel to generate revised stormwater
models and cost estimates of proposed improvements.

This master plan has been a joint effort between the City of Casa Grande and KVL
Consultants, Inc. The City provided all information for the conveyance facilities,
established areas of partially developed land and areas of retained runoff. Where
hydraulic section data is missing, it is the intent of the City to input the parameters when
field surveys are carried out. The management system provided with this master plan
would then be updated and new reports printed.

KVL Consultants, Inc. 1-1
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2. Basis of Design

Introduction

This section provides the Basis of Design for the Stormwater Master Plan. It includes
discussions on:

¢ Available data

¢ Level of protection
¢ Hydrologic procedures and parameters used to estimate runoff

¢ Hydraulic procedure and parameters for estimating conveyance capacity.

Available Data

Available data that was used in this study included: graphic and non-graphic data from
the City’s GIS, digital orthographic photos, soils data from Maricopa County and NRCS
and other planning documents from the City and Maricopa County. Details of the data
are provided in Table 2-1.

Table 2-1 Available Data

Graphic

Drainage Design
Manual for Maricopa
County - Volume |
Hydrology

Drainage Ordinance

Maricopa
County

Data Tyie Non Graphic Source (Functions and Comments

Parcels Region __ City JrBackground for Modeled Stormwater System Maps
Used in Hydrologic modeling process. City provided

Land Use Region City modified parcels map with percent developed and
percent retention.

Digital Orthos Raster City  |Used for background information

Storm Drains Polyline

Structures Point

. ; NRCS . - .

Soils Region |XKSAT, Rock Percent FCDMC Used in Hydrologic modeling process

Topography Polyline |Elevation I;)r:ggt Used to establish grade and drainage areas

City of Casa Grande City Contains current drainage policies

Hydrological procedures

KVL Consuitants, Inc.
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Level of Protection

A common drainage standard is to provide a system that will limit major damage from a
major storm expected to occur once in 25-100 years and to limit nuisance flooding from

storm events that would occur on average once in 2-10 years.

The current ordinance

requires new development to prepare a drainage report that considers runoff from storms
up to and including a 100-year storm, provide data to show that development is protected
from flooding and that runoff from post development conditions is not increased nor
substantially changed in location. A summary of applicable standards is provided in Table

2-2.

Table 2-2 Applicable Standards Summary

Item

Description

Standard

Road Crossings

Streets

Runoff Factors

Local and Minor Streets

year storm

Major Collector

Storage
Pavement

Roofs
Grass Lawn (avg slope 0-7%)
Grass Lawn (avg slope 7% or greater)

10-year beneath roadway, less than 6" on roadway for

25-year storm

2-year beneath roadway, less than 6" on roadway for 104

10-year storm between curbs

100-year, 1-hour storm (about 2.39 inches)
0.95
0.95

Maximum 8" depth from 100-storm within right-of-way

0.20
0.35

Desert lawn or rock lawn i

Farm land

0.70
0.10

Bare ground (vacant lots)

0.40

Undeveloped desert

Industrial

Commercial

0.25

0.80

Residential: Range areas, 18,000 square
feet or larger

Residential: Single-family areas less than
‘ 18,000 square feet

0.80

0.45

0.50

Residential: Townhouses, patio homes,
mobile home parks

0.50

Residential: Apeartments

0.60

The above City standards are considered reasonable and have been considered in the
analysis of the drainage system in this Master Plan.

KVL Consuitants, Inc.
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Hydrologic Analysis
Modeling Approach

Hydrologic modeling of the City of Casa Grande has been carried out in conformance with
procedures established in the Drainage Design Manual for Maricopa County — Volume |,
Hydrology.

Surface model hydrology is developed to establish peak flows and storage volumes for
drainage basins. Default design parameters and procedures adopted for the modeling
process include:

Multiple storm

6 hour rainfall

Green and Ampt Equation for Losses

Clark Unit Hydrograph for runoff

Kinematic wave method for conveyance routing

The model includes design parameters and procedures for rainfall, rainfall losses,
runoff and storage.

Rainfall

Rainfall used in this study is derived using the Prefre model'”. Data input to the model
includes rainfall depth for the: 2 year - 6 hour, 2 year — 24 hour, 100 year — 6 hour and
100 year — 24 hour storms. All other rainfall depths are automatically derived. The
results are shown in Table 2-3.

Table 2-3 Rainfall Depths

R | R | | 1 I
Pz:gg 5 Mins ,10 _15 .30 1 Hour| 2 3 9 125 ”
Mins{ Mins| Mins Hours| Hours| Hours| Hours, Hours

(Years) | ; | i
2 025 0.38] 046 061 074] 090 1.00 120 150 1.80
5 | 037] 056] 070 094 117 137] 150 1.76] 212] 249
10 | 045 068 086 1.16] 144 168 1.83| 212 2.54] 2.96|
25 0.55| 085 1.08 146 1.82] 200 228 263 3.12| 360
50 | 064 097 1.25] 1.69| 211 242 262] 301 3.56/ 4.10
100 | 072 1.10] 141| 191 239] 2.74| 297 340 400 460

Rainfall Losses

Rainfall losses are modeled using the Green and Ampt Infiltration Equation. The Green
and Ampt Infiltration Equation parameters are a function of land use and soils.

(1) The Prefre computer model was written by the National Weather Service to compute precipitation frequency values for
each duration and return period.

KVL Consultants, Inc. 2-3
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Land Use

The original land use map provided by the City showed significant areas for Industrial,
Commercial and Residential development that have not yet been developed. In addition,
the land use map did not show areas where the development had retained runoff. To
remedy this situation, the City modified their parcel map to show “Percent Developed” and
“Percent Retained”. Undeveloped land use was given the same land use parameters as
Desert and to simulate retained flows, the land use Code “Retained” was given an initial
abstraction value of 2.39 inches (the approximate 100-Year, 1-Hour storm). A summary
of the parameters for each land use type is provided in Table 2-4 and a map of the land
use conditions for drainage is provided in Figure 2-1. Areas of retained flows are shown
on the individual model maps.

Table 2-4 Land Use Parameters

‘ Initial Percent Veaelation Moisture Resistance
Group | Description Land Use Code Abstraction | Impervious co\ir (%) Defecit Coefficient
(14) (RTIMP) " | (DTHETA) (Kb)
Very Low Density Residential VLDR 0.30 10 30 Dry Min
{Low Density Residential LDR 0.30 24 50 Dry Min
) . }Medium Density Residential MDR 0.25 54 50 Dry Min
Residential | :
|High Density Residential HDR 0.25 [ 74 50 Dry Min
‘Mobile Home MH 0.25 70 50 Dry Min
|Recreational Vehicle Park RV 0.25 70 50 Dry Min
Community Business CB 0.10 80 75 | Dry Min
Downtown Business DB 0.10 80 75 | Dy Min
Commercial — = — — 1
Mixed Regional Business MRB 0.10 80 75 Dry Min
Transitional Business 8 0.10 80 75 Dry Min
Light Industrial LI 0.15 65 60 Dry Min
Industrial —
Heavy Industrial Hi 0.15 65 60 Dry Min
Llnstitutional Public/Semi-Public PSP 0.15 70 75 Dry Min
Agriculture |Agriculture AG 0.50 - 85 Dry Min
Park/Open Space POS 0.35 10 75 Dry Min
Desert DESERT 0.35 1 Dry Min
Open Space —
Natural Open Space NATURAL 0.35 1 Dry Min
Desert Hills HILLSLOPES 0.15 5 Dry Min
Retained |Retained Flows RETAINED 2.39 0 50 Dry Min
Undeveloped |Undeveloped Land UNDEVELOPED | 0.35 1 [ 3 Dry Min
KVL Consultants, Inc. 2-4
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Soils

Soil data for Casa Grande was received from the Natural Resources Conservation
Service (NRCS). The data was received in digital format and contained information on
soil type and percent of rock. The hydraulic conductivity at natural saturation is (XKSAT)
is a primary variable in the methodology. Values were developed for each soil type based
on the recommendations provided in Maricopa County’s Hydrology manual. The results
are provided in Table 2-5 and shown graphically in Figure 2-2.

Table 2-5 Soil Descriptions

Soil Survey | Map l.!r'r;I XKSATT‘ Rock Pct Description
AZ659 3 | 040 | CASA GRANDE FINE SANDY LOAM ]
| AZ659 4 0.04 |CASA GRANDE CLAY LOAM
AZ659 | 7 25 | CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES |
AZ659 9 0.04 CONTINE CLAY LOAM N
AZ659 | 10 0.01 CONTINE CLAY
AZ659 | 11 0.40 ~ |COOLIDGE SANDY LOAM |
| AZe59 | 13 0.40 DATELAND FINE SANDY LOAM
AZ659 14 0.40 DATELAND FINE SANDY LOAM, SALINE ]
| AZ659 15 0.40 \DENURE VERY GRAVELLY SANDY LOAM, 1 TO 8 PERCENT SLOPES
AZ659 | 16 | 040 DENURE SANDY LOAM, 1 TO 3 PERCENT SLOPES |
AZ659 17 0.40 DENURE FINE SANDY LOAM, 0 TO 1 PERCENT SLOPES
AZ659 18 0.04 DENURE CLAY LOAM, 0 TO 1 PERCENT SLOPES
AZ659 19 DUMPS-PITS ASSOCIATION
AZ659 20 | 001 | GADSDEN CLAY |
AZ659 21 040 | GILMAN FINE SANDY LOAM -
AZe59 | 23 0.01 GINLAND CLAY
AZ659 24 0.04 | GLENBAR CLAY LOAM
AZ659 25 ’ | GUNSIGHT-CIPRIANO COMPLEX, 1 TO 8 PERCENT SLOPES
AZ659 28 0.25 { LAVEEN LOAM
| AZ659 29 0.04 MARANA SILTY CLAY LOAM
AZ659 30 0.40 MOHALL SANDY LOAM §
| AZes9 | 3 0.25 IMOHALL LOAM
| AZ659 32 0.04 IMOHALL CLAY LOAM
AZ659 34 MOMOLI-CARRIZO COMPLEX, 1 TO 8 PERCENT SLOPES
AZ659 37 | PINAMT-MOMOLI COMPLEX, 1 TO 8 PERCENT SLOPES ]
AZ659 | 40 0.40 ROSITAS LOAMY FINE SAND
AZ659 | 41 0.04 | SAMINIEGO SILTY CLAY LOAM
| AZ659 43 | 040 __|TOLTEC FINE SANDY LOAM |
AZ659 44 TREMANT-DENURE COMPLEX |
AZ659 a5 0.04 | |TRIX CLAY LOAM B -
AZ659 46 | 20  |VAIVA-ROCK OUTCROP COMPLEX, 2 TO 15 PERCENT SLOPES
AZ659 47 |30 |VAIVA-ROCK OUTCROP COMPLEX, 15 TO 50 PERCENT SLOPES
| AZ659 48 0.40 VALENCIA SANDY LOAM
AZ659 | 49 0.40 |WHY SANDY LOAM
* Hydraulic conductivity at natural saturation

KVL Consuitants, Inc.
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Runoff

Runoff (excess rainfall) was routed using the Clark Unit Hydrograph as described in the
County’s Hydrology Manual. For each sub-basin, weighted average land use and soil
parameters were calculated based on the default values. Overland length and slopes
required for the time of concentration were derived for each sub-basin based on the
topography of the sub-basin.

Storage

Storage basins can either retain or detain flows. When a storage basin retains flow until
after the storm has passed and runoff does not contribute to downstream peaks, it is
considered a retention basin. When some of the flow entering a storage basin passes
straight through and contributes to downstream peaks, then the basin is considered to be
a detention basin. Both of these types of basins are modeled in the HEC-1 model.
Retained flows not accounted for through a modeled storage facility are accounted for by
a "Retained” land use code as described in the land use section of this report.

Diversions

There were no diversions modeled in this master plan.

Hydraulic Analysis

The following sections have been modeled in this master plan:

Pipes

Box Sections

Improved Channels (prismatic channels)
Natural Channels

Roadways

For each section, the capacity in cfs, slope in feet/feet, velocity in feet/second and depth
of flow in feet are modeled. If a roadway is selected in conjunction with the above
sections, or by itself, then the depth of flow in the street for all modeled return periods is
developed.

Pipes

Modeling pipe sections requires: the number of pipes (usually one), length in feet,
upstream and downstream invert elevations, Manning’s N and pipe diameter in inches. A
default Manning’s N of 0.013 has been selected for pipes.

Box Sections

Modeling box sections requires: the length in feet, upstream and downstream invert
elevations, Manning’s N, depth of section in feet, the overall width of the box(s) in feet,
the number of piers and the average width of a pier. A default Manning’s N of 0.015 has
been selected for box sections.

KVL Consultants, Inc. 2-8
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Improved Channels

Modeling improved channels requires: the length in feet, upstream and downstream invert
elevations, Manning’s N, depth of section in feet, base width in feet and the side slope. A
default Manning’s N of 0.025 has been selected for improved channels.

Natural Channels

Modeling natural channels requires: the lengths in feet, upstream and downstream invert
elevations, Manning’s N and cross section data. A default Manning’'s N of 0.030 has
been selected for natural channels.

Roadways

Modeling roadways requires: the length in feet, upstream and downstream ground
elevations, Manning’s N, capacity depth in feet and cross section data. A default
Manning’s N of 0.016 has been selected for roadways.

KVL Consultants, Inc. 2-9
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3. Existing Conditions

Introduction

This section of the report describes the existing conditions and provides summary tables
for the components that make up the system.

Topography
Figure 3-1 shows 5 and 25’ contours obtained from the United States Geological Survey
(USGS) maps. Gradients are considered quite flat. On the south side of the North
Branch of the Santa Cruz Wash grades average less than 0.35% to the northwest and on
the north side of the wash grades average about 0.52% to the southwest.

Drainage System

The modeled drainage system consists of about 54.9 miles of conveyance facilities of
which about 1.9 miles are pipe, 20.8 miles are improved channel, 15.0 miles are natural
channels and about 17.2 miles are roadway. Major flows from the southeast are captured
by the Arizona Ditch and conveyed directly to the North Branch of the Santa Cruz Wash.

Major Basins

Major Basins are defined as areas with the same outfall (or self contained if there is no
outfall). A summary of drainage area, conveyance facilities, and land use has been
established for each of the major basins. The results are provided in Table 3-1 and the
locations shown in Figure 3-2.

KVL Consultants, Inc. 3-1
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Table 3-2 Major Basin Summary

! Land Use Group (acres)
Major Area Con.veyance ' T i
A ., | Facility Length
Basin (sq mi) (miles) Commercial| Industriall  Institutional| Residentiall Open Space Retained
01 1.17 4.32 17 12 539 167! 13
| 02 | 299 | 1096 115 1 1,133| 447 215
" 03 1.80 8.95 8 0 706 400 35
04 2.24 5.36 13 R 126 12271 67
05 0.22 0.34 139| 0 |
06 0.21 0.62 8 10 4 25 86
[ 07 | o021 021 | 23 0 44 8| 57|
08 0.94 0.04 586 16
[ 09 | 421 0.02 16 | 28] 2557 o4
10 0.28 0.02 180
11 o 0.26 3 67 0
12 0.28 0.25 57 3 3 114 5
13 50.51 14.22 188 3 12,332 19,183 622
14| 1023 5.22 ' 2173 4,377
| 99 | 1672 4.10 880 26, 2 2,513 6,219 1,064
Total ‘ 92.12 54.89 1,252 133 5 19,806 35,488 2,274
Percent of Total 2.1% : 0.2% 0.0% 33.6% 60.2% 3.9%
KVL Consultants, Inc. 3-2
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4. Facility Management System

System Overview

A computerized Storm Water Facilities Management System has been developed to
consolidate all information required for the preparation, analysis and generation of results
for Casa Grande's Storm Water Master Plan. The Management System consists of
graphic data managed in Mapinfo, non-graphic data managed in Visual FoxPro, the HEC-
1 model for hydrological analysis. A schematic of the integration is shown in Figure 4-1.

City of Casa Grande
Geographic Information System

Mapping DATABASE HEC-1
(Visual FoxPro)
|I Reports |I Reports ||

Figure 4-1 System Integration

The integrated System, written in Visual FoxPro, has an open environment. As new
analysis is required, additional tables can be prepared and linked to current data. The
System provides a user-friendly environment that allows users with varying levels of
experience to access information. A number of reports have been automated in the
application, however data contained in the system can be exported to spreadsheets or
word processor format to develop other reports.

The system includes modules for File, Costs, Hydrology, Hydraulics and Maps. A user’s
manual has been prepared detailing the use of the system. Briefly, each of the modules
includes data entry forms and reports to facilitate data entry and printing of reports as
follows.

KVL Consuitants, Inc. 4-1
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File Module

The File module includes provisions for establishing project defaults, paths to files and for
backing up data.

Costs Module

The Costs module includes unit rates for cost estimates and proposed improvements.
There is a provision to enter the year of the proposed improvement so that a capital
improvement plan (CIP) can be developed. At the writing of this report, there is no data in
this module.

Hydrology Module

The Hydrology module includes rainfall, soils, land use, major and sub basins, routing and
a sub-module for running the HEC-1 model, editing HEC-1 data and viewing hydrology
modeling results.

Hydraulics Module

The Hydraulics module includes conveyance facilities, natural cross sections and road
cross sections.

Maps Module

The Maps module opens Maplinfo GIS and sets data paths. Once in Maplinfo, the user
can view model results and print maps.

KVL Consultants, Inc. 4-2
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5. System Modeling

Introduction

The City of Casa Grande’s modeled storm water system is shown in Figure 3-1 and
detailed in the 14 Modeled Stormwater System Maps appended to this report. The City
was divided into 14 Major Basins (Major Basin 99 was not modeled) as described in the
Existing Conditions of this report and each of the major basins was analyzed for
hydrology, hydraulic capacity of conveyance facilities and depth of flow in streets. The
results of the modeling process are summarized in the “Conveyance Facilities” table
provided in the back of this report.

Modeling Results

HEC-1 model runs were developed for the 2, 5, 10, 25, 50 and 100-year return periods for
each of the major basins. After the models were run, the capacity of the conveyance
facilities was compared to the conveyance hydrology and depths of flow in streets (where
applicable) were established.

The hydrology results presented in this report are considered reasonable. However, due
to a lack of conveyance facility data, the results of the hydraulic modeling are not
considered complete. Where there was no data for roadways, a section was assumed
based on the estimated right-of-way width.

Of particular interest in a master plan for an urban area is the estimated depth of flow in
streets. This has been established by subtracting the estimated capacity of a storm drain
in a reach from the design flow. The resultant flow is then assumed to be conveyed in the
street as an open channel.

To provide an indication of the depth of flow in streets, Figures 5-1 and 5-2 have been
developed from the results of the modeling process for the 10-Year and 100-Year return
period respectively. The maps should be taken as an indication of the conditions and
should be updated as further hydraulic data becomes available. Detailed depths can be
found in the Conveyance Facilities report at the back of this report.

Modeling Reports and Maps

The heart of this master plan is the series of reports and maps provided at the back of
this report. All of these reports and maps were developed from the Stormwater Facilities
Management System. As conditions change or more as new information is available on
the conveyance system, the data can be entered into the Management System and new
reports can replace the ones in this report.

The reports included are the primary reports required for the documentation of the
modeling process. There are other reports in the system but are not considered
necessary to be included in this master plan.

KVL Consultants, Inc. 5-1
City of Casa Grande — Stormwater Master Plan
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