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CHAPTER 1

INTRODUCTION

OBJECTIVE

This Report on the Upper East Fork Area Drainage Master
Study has been prepared for the Flood Control District of
Maricopa County, the City of Phoenix and the Maricopa County
nghway Department to achleve the following objectives:

1. To document the status of existing runoff and
flooding conditions in the study area.

2. To identify and evaluate alternatives for providing
100-year flood protection throughout the study area.

3. To identify improvements needed to implement the
recommended alternative.

4, To develop cost estimates and preliminary
engineering design data for the proposed flood
protection plan.

STUDY AREA

The study area 1is shown on Figure 1.1. It includes
approximately 16 square miles, encompassing the watershed of
the Upper East Fork of Cave Creek.

The area is bounded on the north by the Granite Reef
Aqueduct of the Central Arizona Project. A sizeable
retention area prevents runoff from entering the study area
from the north,

The east and southeast edge of the study area is the Cave
Creek - Indian Bend Wash divide. The study area is bounded
by Lookout Mountaln to the south and by Cave Creek to the
west. :

STUDY GUIDELINES

Under the terms of NBS/Lowry's agreement with the Flood
Control District of Maricopa County, this study has been
completed using the follow1ng guidelines:

1. Runoff modelling has been performed using the Soil
Conservation Service TR-20 model. :

2. Subdrainage area boundaries have been selected to
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completed in 1981 for the City of Phoenik.

3. Calibration and flowpath routing of the TR-20 model
has been based on a 100-year flood. Runoff computations
for 10-year, 50-year and 500-year floods have been
extrapolated using the flowpaths identified for a 100-
year flood.

LAND USE

Development within the study area is proceeding very
rapidly. The majority of the area is zoned residential.
Commercial development is occurring along major thorughfares
such as Bell Road and Cave Creek Road.
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CHAPTER 2

’ENGINEERING.AND PLANNING CRITERIA

DRAINAGE AREA CHARACTERISTICS

Subdrainage Areas

The Study area has been divided into 143 subdrainage areas
shown on Figure 2.1. These subdrainage areas range in size
from 0.025 to .35 square miles.

Characteristic data deécribing each subdrainage area is
detailed in Table 2.1.

Land Use and Zoning

Table 2.2 summarizes existing land use in the study area.
Future land use is summarized in Table 2.3.

Existing land use patterns used in this study are based on
an aerial photograph of the study area taken in November,
1985. Future land use patterns are based on current zoning
information obtained from the City of Phoenix and County of
Maricopa. ' '

Soils

Soils in the drainage area  are classified by the Soil
Conservation Service as being Type D in the higher
elevations. Type B soils are prominent in the lower alluvial
floodplains. '

Curve Numbers

The SCS TR-20 hydrologic procedure combines the soil type,

land use, and type of cover into a hydrologic soil cover
complex or “curve number"., In an urban area, the predominant
factor in determining runoff is the percentage of impervious
surfaces. The impervious area percentage varies with zoning
and type of development. Curve numbers have been developed
by the City of Phoenix for a number of zoning and soil
classifications.

Composite curve numbers for each subdrainage area have been

developed for both existing and future conditions using the
weighted average method considering the various combinations

of land use and soil types therein.

Table 2.4 shows the curve numbers for each zoning and soil
type used to develop weighted average curve numbers for each
subdrainage area.
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A minimum curve number of 95 was used in areas having slopes
in excess of 10%.

On-Site Detention

Where on-site detention is enforceable for future commercial
and industrial developments, a curve number of 77 has been
used. The low curve number allows for the regulatory intent
that runoff will not be increased above preexisting.
conditions by these developments.

Time of Concentration

Time of concentration is defined by SCS as the time it takes
for runoff to travel from the hydraulically most distant
point in a watershed to the watershed outlet. The time of
concentration for each subdrainage area was based on a
sum of the overland flow time and the travel time in street
gutters. '

To estimate overland flow times for each subdrainage area
the Upland Method has been used. Velocities used in the
Upland method formula were taken from Figure 2.2.

The gutter flow travel time is defined as the time required

for water to flow to the concentration point of a
subdrainage area after it has reached the street. Gutter

flow times of concentration have been estimating using
figures contained in the "City of Phoenix Storm Drain Design
Manual", ‘

In no case was a time of concentration of less than 10
minutes used for any subdrainage area. Use of times of

- concentration less than 10 minutes results in TR-20 runoff

calculations that are very inaccurate.

HYDROLOGIC CRITERIA

Rainfall Depths

Table 2.5 presents rainfall depths used for the l0-year, 50-

- year, 100-year and 500-year frequency storms.

The 10-year, 50-year and 100-year depths have been used for
a number of previous studies in the Cave Creek watershed.

The 500-year depth has been extrapolated using Gumbel's
extreme value method in accordance with guidelines adopted

by the National Weather Service.

24-Hour Rainfall Distribution

Table 2.6 presents the 24-hour rainfall distribution used in

this study. This 24-hour distribution has the shape of an S-
curve that is steeper than the Type I and Type II curves
normally used by the Soil Conservation Service for TR-20
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modelling. This S-curve has been used in numerous drainage
studies in the Phoenix area.

COMPUTER MODELING TECHNIQUES

TR-20 Runoff Modeling

Runoff has been modeled throughout the study area using the
Soil Conservation Service TR-20 model for the 1l0-year, 50-

year, 100-year and 500-year frequency storms.

The TR-20 program can compute surface runoff for any
synthetic or natural rainstorm. It takes into account

conditions affecting runoff such as sizes of drainage areas,
rainfall intensity vs time, time of concentration, soil

permeability, channel flow characteristics and storage
volumes.

From this input data, hydrographs are developed for all
drainage areas at collection points, Using these
hydrographs, flows are then routed through a drainage system
and combined with other hydrographs to develop composite
hydrographs. The peak discharges are then tabulated in
summary tables, The SCS method of estimating direct runoff
from storm rainfall is based on methods developed by SCS

hydrologists at their small watershed research sites

scattered throughout the United States.

The most recent version of the TR-20 model has been used in
this study.

The updated version differs from previous versions in that
the convex routing procedure is no longer used and has been
replaced by the Att-Kin (Attenuated Kinematic) routing
procedure., Use of the Att-Kin procedure requires assumptions
regarding channel cross sections for modeling purposes.
Figure 2.3 shows typical cross sections used to develop the
Att-Kin coefficients ("X" and "m"). Nomographs that can be
used to solve for the Att-Kin coefficients given the channel
geometry are presented on Figures 2.4 and 25.

Two—Dimensional Finite Element Diffusion Model

The TR-20 model has been developed to model channelized
flow. Much of the Upper East Fork Cave Creek study area
consists of alluvial fan topography. Runoff over alluvial
fan terrain is not always channelized. To account for this,
the TR-20 model was supplemented by using a two-dimensional
finite element diffusion model developed by Dr. Gary Guymon
of the University of California, Irvine. The finite element
model can be used to identify runoff paths over an alluvial
fan. Runoff paths identified by the finite element model
were then used as input into the TR-20 model.
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In the finite element model, each 660 FT. square element in
a floodplain grid is modeled as a separate diffusion
equation. Diffusion equations are developed for each element
by considering the complete hydraulic equation for two-
dimensional flow within each element, and assuming inertial
terms are negligible. Solving the mathematics then requires
the solution of as many simultaneous equations as the sum of
the number of grid squares and the number of grid
boundaries, and repeating this process for each 0.001~-hour
time increment. A small simulation time step is required
because an explicit method is used to solve the dynamic
equations of fluid motion.

Input to the finite element diffusion model included
elevations for the center of each grid cell, a Manning's
roughness coefficient (n) considered to be 0.035 for this
study area, hydrographs to simulate runoff entering the
finite element grid at various locations, and a hyetograph
to simulate rainfall over the grid during the simulation.

HEC-2 Modeling of Camino Via Verde Channel

Water surface profiles along the proposed Camino Via Verde
Channel have been modeled using the United States Corps of
Englneers HEC-2 program.

HYDRAULIC DESIGN CRITERIA

Channels have been.designed to flow with 1 foot of
freeboard. Manning's "n" values have been assigned as
follows" .

Type of Channel ‘ Manning's "n"
Earth lined channels ' .022

Concrete lined channels " .015

Pipes have been designed to flow full, with a Manning's "n"

of 0.015.

COST ESTIMATING

Table 2. summarizes estimated construction costs used in
preparing this study.

Operation and maintenance costs are summarized in Table 2.
Life cycle costs have been capitalized over a 40-year life
using an 8% discount rate.




CHAPTER 3

EXISTING CONDITIONS

SUMMARY

This chapter summarizes results obtained using the two-
dimensional finite element diffusion model and the TR-20
model of existing conditions. The results of the model are
then compared with the results of other studies.

AREAS OF FLOODING

The two-dimensional finite element diffusion model has been

‘used to identify runoff patterns for a 100 year £flood.

Results are summarized on Figure 3.1l.

Of particular interest is the alluvial fan pattern observed
in the area along the East fork south of Grover Street. Two
noticeable breakout locations are observed. One breakout
occurs along 21st Street to the south of the identified
channel. A second divergence occurs at Bell Road near 18th
Street where flow appears to split to the west and to the
southwest.

Results of the finite element diffusion model have been used
to determine runoff patterns input into the TR-20 model.

RUNOFF QUANTITIES

Figure 3.2 summarizes runoff quantities computed using the
TR-20 model for the 100~ year storm. Reaches having runoff
flows exceeding 1000 cfs in the model are also 1dent1f1ed on
this figure. v

COMPARISON WITH PREVIOUS STUDIES

Flows computed for the Upper East Fork of Cave Creek at the

“Confluence of Cave Creek and the East Fork of Cave Creek

compare with previous studies as follows:

Study g 100-yr Runoff

Upper East Fork ADMS 9606 cfs
(This Study) v

FEMA Flood Insurance Study 9000 cfs
(Corp of Engineers)

Greenway Road Location Study 9500 cfs

(Dibble & Associates)

At other locations, larger discrepancies have occurred.
These differences result from a.) differences in drainage
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area boundaries assigned to the various subwatersheds b.)
differences in curve numbers c.) differences in routing.

\

FEMA Flood Insurance Study

Flows assigned to the Upper East Fork of Cave Creek north of
Bell Road are greater in the FEMA Study than were computed
for existing conditions in this study. The difference is
accounted for by the fact that subdrainage areas to the east
of the Upper East Fork were assumed by FEMA to contribute to
the Upper East Fork runoff. These areas have been routed

in this study through a separate sub drainage area.

Greenway Road Location Study

Flows computed in this study for existing conditions exceed
design flows used in the Greenway Road Location Study in the
areas east of 7th Street.

Runoff quantities compare favorably with design criteria
used in the Greenway Road Location Study to the west of 7th
Street. ' : o




CHAPTER 4
ALTERNATIVE ANALYSIS
DESCRIPTiON OF ALTERNATIVES
COMPARISON OF ALTERNATIVES
Hydraulics
Cost-
. Intangibles

RECOMMENDED ALTERNATIVE

IMPACT ON DOWNSTREAM STRUCTURES
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CHAPTER 5
PRELIMINARY PLAN
PROPOSED IMPROVEMENTS

RIGHT OF WAY

UTILITY INTERFERENCE

AESTHETICS

ESTIMATED COST




CHAPTER 6

PHASING AND IMPLEMENTATION
CAPITAL IMPROVEMENT PHASING
SOURCES OF FUNDS
CAPITAL IMPROVEMENT PHASING
Priority 1 Improvements
Priority 2 Improvements

Priority 3 Improvements
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24 HOUR RAINFALL DISTRIBUTION
" TIME ACCUMULATIVE TIME ACCUMULATIVE
(HOUR) RAINFALL (HOUR) RAINFALL
0 .000 12.5 .83
.5 .004 13.0 .86
1.0 .008 13.5 .88
1.5 .013 14.0 .893
2.0 .018 14.5 .907
2.5 .022 15.0 .92
3.0 .026 15.5 .924
3.5 .031 16.0 .928
4.0 .035 16.5 .933
4.5 .040 17.0 .937
5.0 .044 17.5 .942
5.5 .048 18.0 .947
6.0 .053 18.5 .951
6.5 .057 19.0 .956
7.0 .062 19.5 .96
7.5 .066 20.0 - .964
8.0 .071 20.5 .969
8.5 .075 21.0 .973
9.0 .08 21.5 .978
9.5 .093 22.0 .982
10.0 .107 22.5 .987
10.5 12 23.0 .991
11.0 .14 23.5 .995
11.5 17 24.0 1.00
12.0 .50
%

TABLE 2.6
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CROSS-SECTIONS USED FOR DETERMINING X" & "m"
IN THE EQUATION Q=XA" IN THE Att-Kin

ROUTING PROCEDURE

1.5’

50’

Dmax
/ max 5
n=.035 [ n=.018 ‘F Z=0.1
733, 3‘ -
Bz60’ 50" | B=60"

(FLOW IN EXCESS OF CURB CAPACITY)

STREET FLOW

STREET FLOW

(FLOW CONTAINED WITHIN STREET)

n=.100 ‘IB'““ - I

Z=10
B=250'

OVERLAND FLOW
(NATURAL DESERT)

FIGURE

2.3



NOIMOGRAPH for ESTIMATING X
for_a TRAPEZOIDAL CHANNEL

a=xa"
SLOPE = BOTTOM SLOPE (FT/FT)
iz MANNING'S n
8= BOTIOM WIOTH (FT)

TURNING : _EXAMPLE g
LINE " SLOPE -.01 S
nz.08 ’
B=10 ) 17
X=.65

ol _100 10
T /A

|z~ 06 2 1 e0

.
Lot 40 | : i 100

008 .04

E

102 A
005 : - EQUATION

.'004 P .Ol '/z

NOMCGRAPH INTENDED FOR USE WHEFE B35 FT.

2
T\o

\

g

FIGURE 2.4



l NOMOGRAPH_ rfor ESTIMATING ™M 10
R A TRAPEZOIDAL A
l ; qaxaM v )
D= MAXIMUM DEPTH (FY)}
. Bs BOTTOM WIDTH (FT) AREEA 20
2+ SIOE SLOPE . (FT)
. _AREA = 8D+20% %0
_ExXaMPLE 40
I TURNING 0/8 = 1.0 50
LINE z=50
AREA s 1000 FTE 1 g
.44
' o8 M=tLae 8o
90
0 {100
®
s
P7 ' b 'w
‘ s
s } 200
. 4 } 25¢
00
3
l s e | 400
12 /’g 00
4 1 S —_— ) .4 600
| 185 T 700
/ 'AT\"\.\ ] a0
SEQUATION |
o . T~ J 00
l 1 _ _
17 s LoG tAREA)m( k )m L
h . ; 1500
le - : L +(2zore i+ 22 _
_ 9
l 5 LOG (AREA) 2co0
la N
L83 | 3000
1|
{2
l i_ : NOMOGRAPH INTENDED FOR USE WHERE @35 FT.
i _

&

FIGURE 2.5
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