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WITTMANN AREA DRAINAGE MASTER STUDY UPDATE
TECHNICAL DATA NOTEBOOK
ADMSU HYDROLOGY - VOLUME OY

SECTION HY-1: INTRODUCTION

The information and analyses presented in this hydrology report are part of the scope of work
performed by Entellus, Inc. for the Flood Control District of Maricopa County (District) as part of
the Wittmann Area Drainage Master Study Update under Contract FCD No. 2002C029. The
purpose of this report is to present the results of the Hydrology Analysis. In addition, it documents
the methodology, assumptions, problems and solutions encountered during the development of the

hydrology models.

1.1 Project Location

The study area is located in north-central Maricopa County and is bounded by the Hieroglyphic
Mountains to the north and northeast, the White Tank Mountains and McMicken Dam and its outlet
channel to the south, the Agua Fria River to the east, and the Hassayampa River basin to the west
(Figure HY-1.1). The total watershed area is approximately 320 square miles. The study area
consists of mostly undeveloped land. However, several smail communities exist, and several
developments are either under construction, or in the planning stage. The unincorporated towns of
Wittmann and Circle City are located along US Highway 60 (US 60) in the center of the study area.
The Cities of Surprise, Peoria and the Town of Buckeye have annexed portions of the study area,
although most of the area remains undeveloped, or low-density scattered rural residential lands in

unincorporated Maricopa County.

The watershed contains several major natural watercourses, mainly: Wittmann Wash, Trilby Wash,
Tona Wash, Padelford Wash, and Picacho Wash. Additionally, several man-made features traverse
the watershed and cross the natural channels including the Central Arizona Project (CAP) Canal,
Sun Valley Parkway, US 60, State Route 74 (SR 74), and Burlington Northern & Santa Fe (BNSF)

Railroad. Other significant structures include the McMicken Dam and outlet channel, Bonita Dam,

Y
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and the Beardsley Canal. The study area has been divided into eight major sub-watersheds as shown
in Figure HY-1.2.

1.2  Hydrolegic Methodology and Results

The hydrologic analysis was performed using the US Army Corps of Engineer’s HEC-1 Flood
Hydrograph Package. The precipitation runoff model was developed following the procedures and
parameters recommended in the District’s Drainage Design Manual for Maricopa County, Volume I,
Hydrology (Hydrology Manual) (Reference 15). The soil losses were estimated using the Green &
Ampt method and the Clark Unit hydrograph and S-graphs were used to route excess runoff within

the subbasins to their concentration points.

The peak runoff has increased significantly compared to the flows developed during the original
Wittmann Area Drainage Master Study (Reference 40). These differences can be explained
partially by the increase in development in the area, but mostly by the change in methodology used
for the current study in accordance with the Hydrology Manual. The results of this study compare

well with county-wide stream gage data and appear to be reasonable.
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SECTION HY-2: ADWR/FEMA FORMS

The conients of this section are located in: Volume HD — Floodplain Delineation (Section 5,

Hydraulics) of the “Wittmann Area Drainage Master Study Update Report.”
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. SECTION HY-3: MAPPING AND SURVEY INF ORMATION

3.1  Mapping

The base map used for this study was furnished by the District based on four different

SOUrces:

e USGS 7.5 minute quadrangle topographic mapping (Reference 1)
e 400-scale, 10-foot contour mapping (Reference 2)
e 200 scale, 4-foot contour mapping (Reference 3)

e 100 scale, 2-foot contour mapping (Reference 4)

Figure HY-3.1 shows the location of each type of mapping used. All other mapping other
than the USGS mapping was prepared by Landata, Inc. for the District under separate
contract, The vertical control was based on the North American Vertical Datum of 1988
. (NAVD-88), and horizontal control was based on State Plane Coordinate System Arizona
Central (1983 NAD). The District provided Entellus with a composite ASCII grid file

developed from all four of these mapping sources.

3.1.1 Watershed Map

Watershed boundaries and hydrologic parameters were determined primarily from the
topographic base map furnished by the District. Aerial photography and field
observations were also used to determine basin boundaries. Plate HY-6 contains a
plot of the general topography of the area based on the best topographic mapping
available, which include USGS 10-foot contour interval (C.1), 4-foot C.I., and 2-foot
C.1. mapping (Reference 1-4). For the areas where 2- and 4-foot C.I. mapping was

available, only the index contours were plotted.

. 4 3-1
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3.1.2

3.1.3

3.14

Soils Map

Electronic soils maps were furnished by the District’s GIS Department for the portion
of the watershed within Maricopa County. This mapping is a digital version of the
Natural Resources Conservation Service (NRCS, formerly SCS) Soil Survey of
Maricopa County, Arizona-Central Part (Reference 5) and Soil Survey of Aguila-
Carefree Area (Reference 6). For the area outside of Maricopa County, the soils
information was digitized from the Soil Survey of Yavapai County, Arizona, Western

Part (Reference 7). Plate HY-5 contains the soils data provided by the District.

Land Use Map (Existing Conditions)

Existing land use information was created from the 2002 aerial photos provided by
the District (Reference 8) and the County Assessor’s maps (Reference 9). The

existing land use types are presented in Plate HY-3.

Land Use Map (Ultimate Development)

Future condition land use information was provided by the District’s GIS Department
and corresponds to the Maricopa Association of Governments’ (MAG) General Plan.
Entellus cross-referenced MAG’s general plan with the general plans for the Cities of
Surprise and Peoria due to the fact that each plan has different nomenclature for land
use types. For the most part, the plans are in close agreement. However, there were
some small areas with differences in development density in the City of Surprise.

The future land use map (MAG’s General Plan) was modified to include the land uses
shown in the City of Surprise’s Land Use Plan. Comparisons between the two plans

are included in Appendix D.2.2.

The differences between the MAG General Plan and City of Peoria’s plan were
considered insignificant. Peoria’s plan included three land uses that had a range of
dwelling units per acre that overlapped MAG’s ranges. The future land use is

presented in Plate HY-4.




. A small portion of the western edge of the Sun Valley sub-watershed falls within the
Town of Buckeye. The land use category in this small portion is Rural Residential

with undefined dwelling unit density; therefore, MAG’s designation was used.

3.2  Survey Information

Entellus has not performed any new field survey for the hydrology analysis. Survey data,
prepared for the District by DTM Inc., were provided to Entellus, Inc. in the following four

Structure Survey Reports:

Wittmann ADMP State Route 74 Structure Surveys (Reference 10}
Wittmann ADMP Highway 60-Railroad Structure Surveys (Reference 11)
Wittmann ADMP Sun Valley Parkway Structure Surveys (Reference 12)
Wittmann ADMP CAP Canal Structure Surveys (Reference 13)
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. SECTION HY-4: HYDROLOGY

4.1 Method Description

The U.S. Army Corps of Engineers’ HEC-1 Flood Hydrograph Package, hydrologic
rainfall/runoff computer program, Version 4.1, was used to generate peak flows in this study
area. Input parameters for the hydrologic modeling were developed using the 2003 version
of the Watershed Modeling System (WMS) 7.0 software developed by Brigham Young
University (Reference 14). The procedures and model parameters were based on the
Drainage Design Manual for Maricopa County — Volume 1 — Hydrology Revised 1997
(hereinafter referred to as the Hydrology Manual) (Reference 15). The following hydrologic

models were prepared:

e 100-yr, 24-hr Existing
e 100-yr, 6-hr Existing
. e 100-yr, 24-hr Future (uitimate development)

e 100-yr, 6-hr Future (ultimate development)

The models were developed using Green and Ampt methodology to estimate the rainfall
losses. Excess rainfall was collected at concentration points using the Clark Unit
Hydrograph methodology. The flows were then routed downstream using the normal depth
channel routing option of HEC-1. Ponding and storage was modeled using the level pool
reservoir routing. S-Graphs were used for the two basins above Bonita Dam per direction
from the District. This was done to match a prior study prepared by others for the analysis of

the breaching of this dam (Reference 39).

The flow routing schematic for runoff modeling is presented in Plates HY-1 (sheets A-D),
The 24-hour existing condition model was used as the base model for this study. For large

watersheds, the 24-hour duration storm produces higher peak flows and runoff volumes than
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lesser duration storms. However, the 6-hour duration storm was also modeled because for
. smaller subbasins at intermediate concentration points, the 6-hour storm may generate higher
peak flows. The final results of the study include the larger of the peak flows generated by

the two storm durations at intermediate concentration points.
4.2 Parameter Estimation

4.2.1 Drainage Area Boundary

Based on the topographic mapping information and watershed characteristics, the
watershed was divided into major sub-watersheds as shown in Figure HY-1.2. The
majority of the study area drains into McMicken Dam. The watershed contributing to
the dam is approximately 220 square miles. An additional 90 square miles drains into
the McMicken Outlet Channel and McMicken Outlet Wash for a total of
approximately 310 square miles. An additional seven square miles contribute runoff
to McMicken Outlet Wash downstream of the McMicken Outlet Channel confluence.

For clarity the watershed was divided into eight sub-watersheds.

e  White Tank Mountains sub-watershed (W'T1)
o Sun Valley Parkway sub-watershed (SV2)

e Jona Wash sub-watershed (IW3)

e Trilby Wash sub-watershed (TW4)

e  Wittmann Wash sub-watershed (WI5)

e Picacho Wash sub-watershed (PI6)

o Padelford Wash sub-watershed (PD7)

¢ Agua Fria River sub-watershed (AF8)

Each of the sub-watersheds was further divided into subbasins. Concentration points

were created at strategic places such as the natural confluence of tributaries and at

split flow locations, and where manmade drainage facilities or structures appeared
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likely to affect runoff characteristics. Concentration points were also located at

. existing developments that have been or could possibly be impacted by flooding.

The US 60, SR 74, Sun Valley Parkway, and the BNSF Railroad affect the movement
of runoff throughout the study area watershed. There are more than 300 culverts
along these major transportation facilities. In this study, only those culverts that were
deemed to have a significant impact on runoff were modeled. For example,
concentration points were only created at culverts with significant storage at the
structure to attenuate runoff or where runoff might be diverted to an adjacent
subbasin that is tributary to a different downstream concentration point. An
additional consideration is that roads and drainage facilities appear to be fairly new
and are not likely to be modified or replaced for the foreseeable future. Therefore,
discharge values at newer culvert locations would not be needed for future drainage

infrastructure planning purposes.

The most significant man-made facility affecting runoff within the study area other
. than McMicken Dam is the CAP Canal. The CAP Canal has a high embankment on
the north (upstream) side to protect it from flooding. This embankment provides a
large impoundment area upstream with the potential of storing a significant volume of
flow. Flows intercepted by the canal are then routed to 22 different overchutes of
various sizes and types that discharge to the downstream side of the canal. The CAP
Canal has a significant effect on the watershed response, cutting off historic flows in
many areas and concéntrating runoff in channels downstream of the overchute
locations. Subbasin boundaries were placed along the canal alignment in order to

model the effect of the storage and the routing of flow through the structures.

There are two other structures of some significance located within the study area that
also affect runoff, Lake Bonita Dam and the Beardsley Canal. Lake Bonita Dam has
been classified by ADWR as an unsafe dam. According to ADWR, this dam cannot

withstand a significant runoff event without failing. ADWR is currently developing a
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plan to permanently breach the dam, and it expects the work to be completed within
the next few years. This is an ADWR project currently under design with technical
assistance from the District. We have been directed by the District to include a
concentration point at the location of the dam, but not to model the dam itself. This is
in anticipation of it being removed in the near future. Therefore, the results of the
hydrologic analysis assume that the dam has been removed and flows are allowed to

pass through the impoundment area freely.

The Beardsley Canal has four-cross drainage structures within the study area;
however, the canal does not appear to have adequate storage or a collection system on
the upstream side to prevent it from being overtopped during a severe runoff event.
Aerial photos appear to confirm that the canal has been overtopped in the past.
Storage was modeled along the upstream side of the Beardsley Canal, although it is
not as significant as the storage behind the CAP Canal. Basin boundaries reflect the

impoundment areas and locations of the overchutes along the canal.

There are other minor facilities/structures such as small diversion ditches or dikes and
small culverts at numerous locations throughout the watershed. However, most of
these structures are small, old, not maintained, do not appear to meet current design
standards, and/or appear to be intended for only minor runoft events. Therefore,
these features were generally ignored and basin boundaries do not reflect their

presence.

Watershed Work Maps

The work maps for this study are essentially all the various GIS layers and mapping

provided by the District, as described earlier in this report under Section HY-3.

The parameters nsed in the models and the basin and routing information are depicted
in Plates HY-1 through HY-8. Eight sub-watersheds were identified and named after
the main wash or a prominent feature in the area as shown in Figure HY-1.2. The

subbasins were named with five 1o six alphanumeric characters. The first three
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characters identify the sub-watershed where the subbasin is located (See Section
. 4.2.1 for abbreviation), and the remaining characters are numeric values usually

starting at the downstream end of the sub-watershed and increasing in the upstream

direction. The subbasin identifier is preceded by a letter that represents the type of

operation being performed.

R Route

C Concentration Point
D Diversion

S Storage Route

For example, CWI505 is a concentration point of subbasin WI5035 in the Wittmann

sub-watershed.

Plates HY-1 (sheets A-D) show the schematic diagram of the hydrologic model. It is
noted that portions of the Padelford sub-watershed are not included in these plates.
This area was recently studied separately as part of the Padelford Wash Floodplain
Delineation Study (Reference 26), and its results were incorporated in this analysis.
. A copy of the Padelford Wash Floodplain Delineation Study schematic map was
reproduced and included in this report as Plate HY-1E. Plate HY-2 shows the time
of concentration paths, routed paths and concentration point locations. Plates HY-3
through HY -5 shows the distribution of soils and the existing and future land uses.
Plate HY-6 shows the topographic information used for this study, and Plates HY-7
and HY-8 show the generalized hydraulic parameters used to determine routing reach

response to runoff.

4.2.3 Gage Data

There are five stage gages in the study area. The first gage is located at the
McMicken Dam Principal Spillway, near the US 60 and 163™ Avenue. This gage has
data from the last 20 years. The second gage location is on the bank of the
McMicken Floodway (Outlet Channel), just downstream of the first gage. This gage
has data from the last ten years. The third gage is located in the Ford Canyon Wash,

in the White Tank Mountain Regional Park, one-quarter mile north of Ford Canyon
® ~ 45
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Road. This gage has records for the last two years. The fourth gage is located on the

. east slope of the White Tank Mountains, and this gage has data for the past fifteen
years. The last gage location is in the Upper Trilby Wash, two miles upstream of
Castle Hot Springs Road. This gage has records from the last three years. These
gages wére not used specifically in this project, but some of the gage data are
incorporated in the Flood Frequency Analysis of Stream Flow Stations (Reference
17), which was used in the verification of the results from this model as discussed in
Section 4.6. The gages at the McMicken Dam Spillway and the McMicken outlet
Channel are the only gages in the study area that have a long enough period of record
to be useful for calibration. Gage data for the McMicken Outlet Channel and the
McMicken Dam Spillway were obtained from the District’s website and are included
in Appendix D.1.3.

There are 13 precipitation gages scattered throughout the study area. However, the
majority of these gages have less than four years of record and their usefulness in

. calibrating the model is limited.

4.2.4 Statistical Parameters

Precipitation/runoff models were developed to evaluate the hydrologic response of
the study area. New statistical data were not developed as part of this study.
However, results of the runoff models were compared with gage data collected by the
District for the entire County, which is located in Flood Frequency Analysis of
Stream Flow Stations (Reference 17). The results appear to be within the range of
expectation for this type of terrain. Also, the results were compared with the results
from regional regression equations. These comparisons are presented later in Section
HY-4.6.

The stage gages located at the McMicken Dam and at the McMicken Qutlet Channel
have long enough periods of record to obtain meaningful stream data statistical
analysis using the Log-Pearson Type III analysis as described in Bulletin 17B -
Guidelines for Determining Flood Flow Frequency (Reference 41). However, both
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of these gages measure flows that have been significantly affected by the storage in
Q McMicken Dam and the procedures specified in Bulletin /7B are not applicable to

watersheds with significant storage.

4.2.5 Precipitation

4.2.5.1 100-year, 24-hour Rainfall Estimation

Precipitation totals for the 100-year, 24-hour event were obtained from the
isopluvial maps contained in the NOAA Atlas 2 Precipitation Frequency
Atlas of the Western United States — Volume VIII Arizona (Reference 18),
hereafter referred to as NOAA Atlas 2, and selected isopluvial maps for
Maricopa County located in the Hydrology Manual. The SCS Type II 24-
hour prectpitation distribution was used as encoded in the WMS software.
Areal reduction was performed using the JD record option of HEC-1 and

based on the curves provided in the Hydrology Manual.

. 42572 100-Year, 6-Hour Rainfall Estimation

Precipitation totals for the 100-year, 6-hour event were obtained from the
isopluvial maps contained in the NOAA Atlas 2 and selected isopluvial
maps for Maricopa County, which are located in the Hydrology Manual.
The Maricopa County 6-hour local distribution was used, as provided in
the Hydrology Manual. Areal reduction was performed using the JD
record option of HEC-1 and based on the curves provided in the

Hydrology Manual.

4.2.6 Physical Parameters

4.2.6.1 Basin Parameters

Soils: As previously noted, the District provided soils data within
Maricopa County in digital format. The soils map is a digital version of

the Soil Survey of Aguila-Carefree Area (Reference 6) and the Soil Survey
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of Maricopa County, Arizona-Central Part (Reference 5). Soils within
Yavapai County were obtained from the Soil Survey of Yavapai County,

Arizona, Western Part (Reference 7).

The District provided the hydraulic conductivity (XKSAT) values for the
portion of the watershed within Maricopa County in the form of a GIS
database table. The table was appended to include XKSAT values for the
soils in Yavapai County. The XKSAT values for soils in Yavapai County
were estimated based on the procedure outlined in the Hydrology Manual.
The procedure and calculations for soils in Yavapai County are included

in Appendix D.2.1.

Green and Ampt parameters were generated using the WMS software
(Reference 14) and were automatically estimated from the soil and fand
use data. During the development of the McMicken Dam hydrologic
model performed separately under this contract, several basins were tested
using the District’s Drainage Design Menu System (DDMS) program
(Reference 19) to verify WMS’s calculation of these parameters. The
Green and Ampt parameters generated from both programs were virtually
identical. Details of these comparisons and a summary table of the Green
and Ampt parameters used for these basins are documented in Volume

MD McMicken Dam Hydrology.

Land Use: Existing land use was estimated based on the analysis of aerial
photography provided by the District (Reference 8) and the County
Assessor’s maps (Reference 9). Areas with similar development
characteristics were identified, and a land use type designation was

assigned based on density and type of development.
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Future land use was provided by the District in digital format and reflects
the MAG General Plan development. As previously stated, existing land
use is generally undeveloped; therefore, there will be a significant
difference in land use as the area develops to its ultimate density. Other
differences would include improvements to the White Tank Mountain

Regional Park that is called for in the General Plan.

There are 38 different MAG land use categories. Table 4.2a from The
Hydrology Manual only lists seven categories. However, the District is in
the process of updating its manual, and the Draft Hydrology Manual
(Reference 37) was consulted because it includes additional categories for
a total of 17. Based on the values recommended in the Hydrology Manual
and the Draft Hydrology Manual, the land use parameters for all 38 MAG
land use categories were assigned. Appendix D.2.2 includes copies of
land use tables from both hydrology manuals and the modified table that

summarize the land use classifications and parameters used for this study.

The Hydrology Manual recommends adjusting the land use parameters in
order to represent typical development within the study area. The

parameters were adjusted in four different ways:

* Adjustments to four categories were made to reflect the difference
in density based on dwelling units per acre. For example, there is
only one LDR (Low Density Residential) category in Table 4.2 of
the Draft Hydrology Design Manual. LDR-1 and LDR-2 were
created in order to match the MAG land use plan. Because the
MAG plan lists different dwelling units per acre, the percent
impervious values were adjusted to reflect a value that fell between

the next higher and lower density category. Also vegetative cover
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was Increased from 30% to 50% since the lots are smaller and
. ' more likely to be landscaped.

* A 5% impervious value was used for three of the four open space
categories because the descriptions included some type of

development (parks, golf courses, and undetermined).

* For any developed area with grass, normal saturation conditions

were assumed, since the grass requires some watering.

¢ Adjustments to the percent vegetation cover were made in order to
reflect conditions observed in the existing developments within the
study area. The adjustments were made for specific use categories,
primarily industrial and open space. The values for vegetation
cover found in Table 4.2 of the Draft Hydrology Manual and Table
4.2a of the Hydrology Manual seemed extremely high compared to
. what has been observed in developed areas within the study area.
Most developments within the study area have maintained natural
desert or bare ground for their landscaping. In order to reflect
these conditions, the percent vegetation cover for the open space
categories were adjusted downward. The vegetation cover for
undefined and passive Open Space (natural desert) was adjusted
down from 90% to 30%. The ground cover was reduced from 90%
to 50% for active parks and to 75% for golf courses. For
commercial land vuse, the value was reduced from 75% to 60%

because the tendency in the area is towards natural landscaping

The City of Surprise, Town of Buckeye, and City of Peoria all have
developed their own general plans, which differ slightly from the MAG

general plan. The areas affected by this variation are few, and the

. ,Q% 4-10
Entellus’




4.2.6.2

®
f} Entellus

differences in land vse slight. Where differences occurred, the land use
classifications with the highest density were used. Graphics of various

General Plans are in Appendix D.2.2.

There are several subbasins where the calculated percent impervious for
existing conditions is greater than for future conditions. This is due to the
difference in the level of detail between the existing conditions and the
future conditions land use information. The existing conditions land use is
much more detailed than the MAG land use plan. An example of this
difference is at Circle City. For the existing conditions land use it was
determined that the area of Circle City was MDR-1: Medium Lot
Residential — Single Family (2-4 du per acre) which corresponds to a
percent impervious of 30%. The MAG land use plan, as used for the
future land use, shows Circle City, as well as a large surrounding area, as
being LDR-1: Estate Residential (1/5 to 1 du per acre), which corresponds
to a percent impervious of 10%. Thus the percent impervious for the
subbasin containing Circle City is greater for the existing conditions than
it 1s for the future conditions. The existing conditions land use is a site
specific land use condition, where the future land use is a general plan for
the entire area. Some areas within the I.DR-1 designation may be more or
less dense in the future, but the MAG land use plan for the entire LDR-1

area where Circle City is contained is approximately 1/5 to 1 du per acre.

Clark Unit Hydrograph

The Clark unit hydrograph was used to route excess runoff within a
subbasin to its concentration point, with the exception of subbasins
PD726B and PD)740. The area covered by these subbasins was modeled
using S-graphs as part of the Lake Bonita Dam breaching project currently
under development by ADWR. The results of this analysis are presented

in the Hydrologic Study for Bonita Dam — Maricopa County, Arizona
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(Reference 39). Per the District’s request, S-graphs were used for these

. two subbasins for consistency.

4,2.6.3 Time of Concentration

The slope and the hydraulic length of each subbasin were manually
estimated based on the topographic mapping and the procedures in the
Hydrology Manual. For subbasins with a slope greater than 200 ft/mile,
an adjusted slope was calculated based on Figure 5.4 from the Hydrology
Manual. A copy of this figure can be found in Appendix D.2.3.

The subbasin time of concentration and storage coefficient (R-values)
were estimated using WMS 7.0 and by following the procedures outlined
in the Hydrology Manual. The parameters used in the time of
concentration calculations and the results are listed in Table HY-D,2.3

located in Appendix D.2.3.

The Resistance coefficient Kb values used to estimate the time of
concentrations were estimated using the equation and parameters included
in Table 5.3 of the Hydrology Manual. Plate HHY-7 shows the four
different roughness classes used to estimate the Kb value. The same
roughness classes were use for both existing and future condition. This
was based on the assumption that most of the natural drainage network
would be maintained as the area develops. Development usually
decreases the Kb value since it tends to channelize the washes. However,
there is also an opposite effect occurring because the increased amount of
obstructions such as roadway crossings and structures. For this study it
was assumed that these two effects of development offset each other and

that there is not a significant difference in the resistance coefficient.
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The Tc and R values vary with the rainfall intensity and usually need to be
recalculated for each storm. The Tc and R values were calculated for both

the 24-hour and the 6-hour storms.

The times of concentration were checked for excessively long values
(larger than 90 minutes). WMS defaults to 90 minutes when the
calculated time of concentration is longer than 90 minutes. Entellus
reviewed all subbasins that had this default value. For these subbasins,
the time of concentration was manually computed using the procedure
outlined in the Hydrology Manual. As a result of this review, several
subbasins were further subdivided because a time of concentration longer
than 90 minutes usually indicates that the subbasin size is too large for the
assumptions on which the computational methods are based. Subbasins
PD726A, PD736, PD756, P1654 and PI687 in the 24-hour models and
PD736, PD756, PI634, PI687 and WI564 for the 6-hour models were the
only basins left with a defanlt Tc of 90 minutes. This value is very close
to the manually obtained Tc, and it appears that 90 minutes is a good
representation of the subbasin conditions. See Appendix D.2.3 for

detailed calculations,

The hydraulic length of subbasins along ponding areas such as the CAP
Canal, Beardsley Canal, and McMicken Dam is shown in Plate HY-2 as
the longest path to the concentration point. However, the actual length
used to estimate the subbasin slope was adjusted to exclude the portions of
this length that parallel the structure within the ponding area. The slope
along this portion of the path is either mild or reverse and including it

would reduce the average basin slope unrealisticafly.

Time-area relations were defined for all subbasins. Two time-area

relations were utilized: urban and natural. These Time-Area Relations
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were taken from the Hydrology Manual. For the existing conditions,

. aerial maps were examined for large areas of urban development. Any
subbasin found containing a significant portion of existing development
was deemed urban, The remaining subbasins were natural. For the future
conditions models, the future land use map was examined and subbasins
that were designated as future development were deemed urban, while
open space was considered natural. Subbasins where the majority of the
future planned development is residential, with a density of less than 1
dwelling unit per acre, were assigned natural Time-Area Relations.

Details are found in Table HY-D.2.3.

4.2.6.4  Reach Routing Parameters

The normal depth routing method was used to route flows from one

concentration point to the next

NSTEPS: The time steps (NSTEPS) used in the normal depth routing
. were estimated using an iterative process. The initial values for the
NSTEPS were estimated using an assumed wave celerity of 3 to 10 fps,

depending on the slope of the reach and using the following equation:

ReachLength
Velocity * TimeStep * 60

NSTEPS =

These initial time steps were entered in the model and the model was run.
Then a new set of NSTEPS was estimated based on the difference between
the time-to-peak of the inflow and outflow hydrographs using the

following equation:

NSTEPS = ATimeto peak

TimeStep
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This process was repeated until the NSTEPS value did not change
significantly. Finally, the wave celerity estimated from the HEC-1 output
was compared to the normal depth calculation to make sure the values

were reasonable,

Geometry: The channel cross-section geometry used for the routes was
extracted from the work map and from field observations. Several of the
routing reaches are very similar in geometry and hydrologic conditions.
For this reason, it was determined that typical cross-sections were
adequate to represent the channel characteristics of more that one routing
reach. A summary of typical cross section development and their

corresponding descriptions are included in Appendix D.3.2.

Slopes and “n” Values: Slopes and Manning’s “n” values for the routing
reaches were estimated based on the topographic mapping, aerial
photographs, and field observations. The normal depth routing is not very
sensitive to small “n” value changes. Many routing reaches within similar
areas appear to have similar hydrologic conditions. Therefore, typical “n”
values were developed that represent these similar areas. Figure HY-D.1
located in Appendix D.3.1 shows the typical “n” value areas used in the
models. The “n” values for the routing reaches were not varied between
the different storm durations or development conditions models because
the roughness for these well-defined channels does not change appreciably
with varying depths of flow. The cross-section sketches and tabulated

reach routing parameters are included in Appendix D.3.
Transmission losses were not estimated in this study. These losses are

difficult to estimate. Currently, there are not enough stage gages in the

watershed to quantify transmission losses. Because of the uncertainty, a
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conservative approach was taken and potential transmission losses were

. ignored.

4.2.6.5 Storage Routing Parameters

Under 100-year event conditions, the design capacity of the majority of
the roadway crossings would normally be exceeded, so they would not
have a significant effect on the flows downstream. Additionally, very few
of these crossings have a significant amount of storage, and most likely
the peak flow would overtop the culverts. For this reason, only the
culverts that have enough storage to affect flows were modeled using

storage routing.

The CAP Canal’s upstream embankment area appears to hold significant
runoff, which may have some effect on downstream flooding. Therefore,
the CAP Canal structures were modeled using level pool routing. There
are twenty-two structures along the CAP Canal: five open overchutes and
. seventeen pipe crossings. Stage/discharge relationships were developed
using the Federal Highway Administration (FHA) nomographs for
culverts with inlet control (Reference 25) for all pipe crossings. The
stage/discharge relationships for the overchutes were developed assuming
critical flow conditions through the structure. The calculations are

presented in Appendix D.4.1.

Several of the drainage structures that cross the CAP Canal are not
independent, but actually work as a system. In these systems, runoff from
several sources contributes to a common ponding area. The runoff could
move from one structure to another, depending on the relative capacity of
the cross drainage structures within the system. There are two such
systems in the project boundaries and both are located east of US 60. One
includes nine structures (CAP 060 [Sta. 36+12] to CAP 140 [Sta. 240+00]

. and the other includes five structures (CAP 150 [Sta. 253400] to CAP190
& 4-16
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[Sta. 315+00]). These two systems are separated by the embankment of
163" Avenue. A combined stage/discharge and stage/storage relationship
was developed for each system. These two systems work independently
until the ponding water surface reaches an elevation of 1554 (Top of road
elevation at 163 Avenue), and then work as a larger combined system.
Initial runs of HEC-1 showed that the first system diverted flow into the
second. The HEC-1 model reflects this phenomenon. Detailed
calculations, including exhibits showing the CAP Canal impoundment

areas, are included in Appendix D.4.1.

For lesser storm events (50-year or less), some of the cross drainage
structures within the identified system may be independent. For larger
storms (larger than 50-year) there is enough ponding to hydraulically

connect the structures and cause them to function as a system,

The CAP Canal does not appear to be overtopped during the 100-year
storm event. However, based on observed damage during several severe
local storms in the summer of 2003, it is possible that the dike protecting
the canal may not perform adequately. Analysis of potential failure of the
CAP dikes was not a part of this study; it was assumed that no failures
would occur along the CAP Canal. However, potential failure of the CAP
may have a significant effect on downstream flows and additional analysis
in the future may be required to better understand the performance of this

structure

Stage/discharge relationships were also calculated for the Beardsley
Canal. There are four major wash crossings with overchutes to convey
runoff. There is also some storage capability behind the canal
embankment. This storage was estimated using topographic data.

Subbasins where no cross drainage structure was present, such as PI1621,
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were analyzed to determine the direction of flow along the upstream
embankment of the canal. The storage area was then estimated jointly
with the adjacent subbasin based on topographic data. If overtopping
occurred, the flows were distributed to the different downstream basins

assuming weir flow over the entire embankment length.

Flow Splits and Diversions

Portions of the watershed are characterized by distributary and braided
flow and contain multiple split flow locations. Aerial photography and
topographic mapping were reviewed to identify potential flow splits.
Once these splits were identified, their downstream runoff was assessed

and insignificant splits were ignored.

There were several natural splits that were identified as significant and
methodology was developed to include them in the model. The relative
magnitude of the flows traveling in each direction was estimated using
normal depth flow. The relative slope, channel width, and flow resistance
were used to determine the magnitude of flow contributing to each branch
of the split. Detailed natural flow split calculations are included in
Appendix D.5.3. Some of the splits were too complex to be adequately
estimated using the aforementioned procedure. At these locations, a two-
dimensional analysis using the FLO-2D 2003.6.30 Dynamic Flood
Routing program (Reference 42) was used to estimate the split flows.
Four split flow locations were identified for two-dimensional modeling.

Details on the two-dimensional modeling are found in Appendix D.5.4.

Man-made structures also have the potential to create split flow conditions
(diversions). In particular, the BNSF Railroad and US 60 allow runoff to
cross the railroad through the cross drainage structure or flow along the
upstream side of the embankment to a downstream structure. The relative

capacity of the cross-drainage structures and the conveyance capacity of
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the upstream end of the embankment were analyzed to determine
. diversion along the structure. Detailed calculations of diversions along the

BNSF Railroad and US 60 are included in Appendix D.5.2.

Additional man-made split flows identified include those along the CAP
Canal during larger storms. As runoff ponds behind the CAP Canal, the
cross-drainage structures direct the flow to various downstream
concentration points. The amount of flow that is directed to each
concentration point was estimated using the capacities of the cross-
draining structures. Details of these split flow calculations are included in
Appendix D.5.1. These split flows will be discussed in more detail under

the Special Problems and Solutions section of this report.

The rating curves used for the diversions at the CAP Canal were
developed to reflect flow conditions during a large storm event (100-year).
However, this analysis assumed that there was no failure of the CAP

. Canal embankment during a 100-year storm event. The possibility of
failure in terms of potential location and/or mechanism of failure of the
CAP Canal embankment could not be determined from the data obtained

for this study and was not included in the scope of work.

4.3  Problems Encountered During the Study

4.3.1 Special Problems

The problems and solutions encountered during the study are presented below by sub-

watershed.

4.3.1.1 General Area

In order to make the HEC-1 model work properly with the complex split

flows and diversions in the watershed, it was necessary to create
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temporary flow diversions termed “Dummy Routes”. The Dummy Routes
were created by diverting 100% of the flow to one concentration point and
combining the remaining flow (0 %) with the next concentration point.
The diversion with 100% of the flow is then later retricved at the proper
location. This occurs at concentration points CIW302 and C600A, and is
documented by comment records in the models and on the HEC-1

schematic.

Picacho Wash Sub-Watershed

Runoff from this sub-watershed ponds upstream of the CAP Canal and
combines with flow from the Padelford Wash and Wittmann Wash sub-
watersheds. According to the model results, the CAP Canal would not be
overtopped during a 100-year, storm. Therefore, this impoundment area
acts as two storage systems that distribute flow among the CAP cross-
drainage structures. The flow distribution was estimated based on the
fourteen different structures’ capacities located in this impoundment area.
The outflow estimates contributing to the downstream concentration

points are included in Appendix D.5.1.

Padelford Wash Sub-Watershed

A significant flow split was identified and field checked north of the CAP
Canal. This split was modeled in the Padelford Wash Floodplain
Delineation Study (Reference 26). The model developed as part of the
above-mentioned study was recently approved by the District and was
therefore incorporated into the model. It was originally thought that the
HEC-1 model from the aforementioned project could be directly
incorporated into the current HEC-1 model. However, this model
included several items that would require modifications to the original
model such as a different computational interval and additional JD

records. HEC-1 is limited to nine JD records and it would have required
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twelve to accommodate the Padelford model. Therefore, it was opted to
. import the hydrographs from the Padelford model as a QI record. Details
on the QI records are found at the end of Appendices D.6.1-D.6.4.

Alternatively, the Data Storage System option of HEC-1 (DSS) was used
to transfer information from the Padelford Wash Study model. However,
because of limitations of DSS, it was decided to enter the results of the

Padelford Wash Study model as hydrograph inputs through the use of QI

cards instead of using DSS.

The Padelford Wash Study modeled the storage at the CAP canal.
However, the study did not include the entire watershed contributing to the
CAP impoundment; but included simplified assumptions to compensate.
Since this study is modeling the entire area, the CAP’s storage route used
in the Padelford Wash Study model was not used. Instead the inflow
hydrographs were taken prior to the storage modeling, The concentration
\‘. points CO400 and CO500 were imported from Padelford Wash Study by

means of a QI record in HEC-1.

The Padelford Wash Study only included existing conditions models for
24-hour and 6-hour storm events. Therefore, it was necessary to create the
future models based on these exiting conditions models. To do so, a shape
file was obtained from the District and a base WMS model was created.
WMS was utilized to create the Green and Ampt parameters found on the
LG record in HEC-1. The soils data and future land use data as shown in
the appendix were used. Once the LG records were created, the 24-hour
and 6-existing conditions models were altered to reflect the new Green

and Ampt parameters.
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During the development of the future conditions Padelford model, it was
discovered that the areas for two of the subbasins (226 and 230) in the
existing models did not match the area of the shape file that we received
from the District. The areas were corrected in the future models, but no
change was made to the existing models because the discrepancies are
unlikely to significantly affect downstream flows, and the Padelford model
had already been approved by the District. The District was notified of
this discrepancy. The HEC-1 models for all four Padelford models (24-hr
and 6-hr for existing and future conditions) are found in Appendices
D.6.1-D.6.4 following the Wittmann HEC-1 models.

There are many split flow conditions that were identified and modeled.
Figure HY-D.2 in Appendix D.5.3 shows the locations of the natural split
flows modeled and Figure HY-D.3 in Appendix D,5,2 shows the location
of diversions created by manmade structures such as the CAP Canal, US
60, and others. Along the project boundary, there are splits that appear to
leave the study area. They appear to be relatively minor, so the
conservative assumption was made to include the entire flow within the
study area watershed. Some other split flow locations occur near the
Sartval Avenue alignment, just east of US 60. At this location, a berm was
built around an old Air Force auxiliary strip. It appears that the berm
causes flows to divert around the strip. This berm does not appear to be
designed for a 100-year event; and most likely it would be breached early
during a storm and most of the runoff would continue on its natural path.
This split was not modeled because of the high probability that the

structure would fail.
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Wittmann Wash, Trilby Wash, and Iona Wash Sub-Watersheds

There were many split flow conditions that were identified in these three
sub-watersheds. The relevance of these splits on downstream flows was
estimated and only the splits that have a significant effect were modeied.

Refer to Figure D.5 in Appendix D for locations of the split flows.

Several diversions were identified along the BNSF Railroad and US 60.
These diversions were modeled as described under the Split Flow
Diversion section of this report. The crossings along the roadway appear
to have similar or larger capacities than the corresponding railroad
crossings. Therefore, for the majority of the split flows, the railroad was
determined to be the limiting factor and the US 60 culverts were assumed
to pass all flow. However, there were several exceptions found based on
as-built information and field observation. Details regarding the culvert

modeling can be found in Appendix D.5.2.

Sun Valley Parkway Sub-Watershed

The most distinguishing feature in this area is the Sun Valley Parkway,
which includes many culverts. However, most of these culverts do not
have significant storage to attenuate peak runoff and will not likely have a
significant effect on downstream flows. Several of the culverts appear to
have been designed to divert excess flows along the roadway to the next
culvert in order to address over capacity flows and they function as a
system. The basin boundaries in these cases were delineated to include all
culverts in the system. By doing this, the need for split flow modeling was

eliminated.

White Tanks Sub-Watershed

The southernmost portion of McMicken Dam was eliminated from this
model because the District is planning to isolate this portion of the dam as
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part of the McMicken Dam Fissure Risk Zone Remediation Project
(Reference 16). As a result of this project, runoff from this small area
(0.6 square miles) would no longer be contributing to the McMicken Dam

impoundment area.

Central Arizona Project Canal

There are twenty-two drainage structures crossing the CAP Canal within
the project area. There is considerable storage upstream of the CAP
Canal, created by embankments that were constructed to protect the canal
and route flows to the cross-drainage structures. Typically, one structure
drains a single impoundment area. However, in one instance fourteen
structures drain a single impoundment area. In this area, stage/discharge
relationships were estimated based on the combined effect of all structures
within this impoundment area. The outflow was divided among the
different structures, depending on their relative stage discharges. The
parameters used in developing the stage/storage and stage/discharge data

are included in Appendix D.4.1 and Appendix D.5.1.

One of the difficulties in establishing the storage volumes of impoundment
areas was mapping accuracy. In certain areas, 2-foot contours were
provided by the District, and in other areas only 4-foot contours were
provided. In yet another area, the only available topography was 10-foot
mapping. In this area, Entellus developed 2-foot contours using the ASCII
grid files provided by the District. This affected structures CAP 200 and
CAP 210. For the large impoundment system behind structures CAP 060
to CAP 190, contours and spot elevations show that water would overtop
the lateral embankment immediately east of structure CAP 190 prior to
overtopping thé CAP Canal embankment. However, the water surface
behind the lateral embankment would also be high. It was assumed that
cross flow along this lateral embankment would be negligible, so it was

ignored. Also, there is a berm of elevation [552 between Structures
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CAP140 and CAP150. This berm is four feet below the canal
embankment, but still separates the impoundment area at low flows. This

separation was not considered in the stage-storage calculations.

Another consideration was how the calculated storage and flow values
compared to those calculated by the US Bureau of Reclamation (BOR)
(Reference 26). In general, flows and storage volumes for the cross-
drainage structures west of US 60 closely matched the BOR design data.
In other areas, the data did not match very well. In the large impoundment
area east of US 60, the calculated storage volume was roughly double that
of the BOR for the same outflow discharge. For the three drainage
structures farthest east in the study area, the calculated storage volumes
were significantly less than those of the BOR. It is likely that these
differences could be better explained if the stage data from the BOR had
been available during this study. Unfortunately, the only BOR data
available were inflow and outflow discharge rates and total storage
volumes. The differences could also be related to the difference in

topographic mapping or the calculated flow rates for the structures.

Structure CAP 050 was a special case. At the time of the survey, this
overchute was completely covered with sediment. Hence, there were no
ground shots taken. The invert was estimated from the BOR’s structure

height and topographic data received from the District.

No spot elevations were available from the District’s mapping along the
embankment area of structure CAP 030. Therefore, the highest contour

elevation was used as the overtopping elevation.

The impoundment area for structure CAP 220 extends outside the project

boundary and combines with a 30-inch reinforced concrete pipe (RCP) at

4-25




43.1.8

station 459+30 before overtopping the berm into the canal. CAP 220isa
72" RCP, considerably larger than the 30” RCP. Additionally, the invert
of the 727 RCP is lower than the estimated 30” RCP invert. Therefore, the
discharge associated with the 30-inch culvert (outside the project area)
was ignored; but the impoundment storage volume outside of the project

area was included.

Beardsley Canal

There are four cross drainage structures along the canal east of US 60.
Basin boundaries were delineated to account for storage upstream of the
canal and stage/discharge was modeled at these four locations along the
canal. There is an existing berm north of the canal; however, there are no
records regarding its design or maintenance and there are signs that it has
failed at several different places in the past. Therefore, the berm was
assumed insignificant and not modeled. Topographic mapping provided
by the District was used to estimate the stage/storage relationships, the
overchute capacities, and the overtopping elevation of the canal. The
Maricopa County Municipal Water Conservation District was contacted in
an attempt to obtain as-built information regarding the structures, but no

response was received.

4.3.2 Modeling Warning and Error Messages

4321
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100-Year, 24-Hour Models

There were no error messages in the existing or future HEC-1 models.
Warning messages generated by HEC-1 were examined 1o ensure that the
models were not adversely affected. There were two warning messages
encountered for the 100-year, 24-hour HEC-1 models. The first was as
follows:

» WARNING EXCESS AT PONDING LESS THAN ZERO

FOR PERIOD. EXCESS SET TO ZERO
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This warning occurs five (5) times in the existing model and eleven (11)
times in the future model. This warning appears when a negative value for
ponding occurs, which happens when the soil infiltration is greater than
runoff. The model automatically corrects this by setting the negative

value to zero; therefore the warning was considered inconsequential.

The second warning was as follows:
s kkE WARNING *** MODIFIED PULS ROUTING MAY
BE NUMERICALLY UNSTABLE FOR OUTFLOWS
BETWEEN (Value) TO (Value).

This warning specified a range of flows where routing might be
numerically unstable. This warning occurred at sixty-nine (69) storage
routing records for the existing model and at seventy-seven (77) storage
routing records for the future model. In the existing model for fifty-eight
(58) of the warnings the flow was outside of the unstable range and in
these cases the warning is inconsequential. In the future model for sixty-
one (61) of the warnings the flow was outside of the unstable range, and

therefore the warning was inconsequential.

The remaining eleven (11) hydrograph flows for the existing, and sixteen
(16) hydrograph flows for the future were within the range of potential
instability, and were examined for oscillations. For the existing model the
hydrographs were RIW387, RWT150, SSR190, SSR310, SSR330,
SSR350, SSR540, SSR630, SSR830, SSR880 and SSR940. For the future
model the hydrographs were RDCP16, RWT150, SCP210, SCP220,
SPD704, SPD726, SSR103, SSR190, SSR310, SSR330, SSR350,
SSR540, SSR630, SSR830, SSR880 and SSR940.
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These hydrographs were plotted and examined for instabilities. No major
instabilities were evident and so the warnings were considered

inconsequential.

100-Year, 6-Hour Models

There were no error messages in the existing or future HEC-1 models.
Warning messages generated by HEC-1 were examined to ensure that the
models were not adversely affected. There were two warning messages
encountered for the 100-year, 24-hour HEC-1 models. The first was as
follows;
» WARNING EXCESS AT PONDING [LESS THAN ZERO
FOR PERIOD. EXCESS SET TO ZERO

'This warning occurs once in the existing model and twice in the future
model. This warning appears when a negative value for ponding occurs,
which happens when the soil infiltration is greater than runoff, The model
automatically corrects this by setting the negative value to zero; therefore

the warning was considered inconsequential.

The second warning was as follows:
v FEFWARNING *#*% MODIFIED PULS ROUTING MAY
BE NUMERICALLY UNSTABLE FOR QUTFLOWS
BETWEEN (Value) TO (Value).

This warning specified a range of flows where routing might be
numerically unstable. This warning occurred at eighty (80) storage
routing records for the existing model and at seventy-nine (79) storage
routing records for the future model. In the existing model for sixty-two
(62) of the warnings the flow was outside of the unstable range and in

these cases the warning is inconsequential. In the future model for sixty-
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two (62) of the warnings the flow was outside of the unstable range, and

. therefore the warning was inconsequential.

The remaining cighteen (18) hydrograph flows for the existing, and
seventeen (17) hydrograph flows for the future were within the range of

- potential instability, and were examined for oscillations. For the existing
model the hydrographs were RDCP16, RDCP19, RIW387, RPI636,
RSV276, SCP210, SCP220, SPD704, SPD726, SSR103, SSR190,
SSR310, SSR330, SSR540, SSR630, SSR830, SSR880 and SSR940. For
the future model the hydrographs were RDCP16, RDCP19, RIW387,
RPI636, RSV276, SCP210, SCP220, SPD704, SPD726, SSR190,
SSR310, SSR330, SSR540, SSR630, SSR830, SSR880 and SSR940.

These hydrographs were plotted and examined for instabilities. In the
future model, hydrograph SPD726 originally spiked towards the top of the
hydrograph. This was due to a transition of culvert to weir flow. An

.. additional data point was computed for this model at the elevation of
1344.1 ft. Once this was inserted the instability no longer existed. No
other major instabilities were evident and so the warnings were considered

inconsequential.

4.4 Calibration

There is inadequate stream gage data to accurately calibrate the model. However,
results were compared to previous studies. The results of the hydrologic models and
results from previous related studies are summarized in Table HY-4.4. Indirect
methods were also used to verify results. See Section 4.6 for a detailed discussion of

the various indirect methods used. The model results appear to compare well with the

limits of these other methods.

. & 4-29

Entellus’




The only gaging stations within the project area with sufficient record length to
provide meaningful calibration data are located at the McMicken Dam Spillway and
downstream in the McMicken Outlet Channel. Both of these gages record flow after
they are attenuated by the dam storage pool. Also, these stage gages only start

recording after the flow depth exceeds two feet. In the period of record available,

there are only a few times when the gages have registered flow. This, coupled with

insufficient rain gages through the watershed, makes calibration of this model using

gage data impractical.

Table HY-4.4 — Comparison of Results at Selected Concentration Points
EXISTING CONDITIONS PEAK DISCHARGE - 24-HOUR, 100-YEAR EVENT

Entellus WLB .
Bonita Dam | Trilby
Wittmann Group
Hydrologic Wash
ADMSU Wittmann
Location Study FIS
ADMS
Area Flow 2002 1991
CP 1989
{sq. mi.} (cfs) (cfs) (cfs)
. {cfs)
McMicken Outlet Wash inflow C802* 313.51 7,101 5,928 N/A N/A
McMicken Dam upstream of
) CWI500 222.82 21,372 20,431 N/A N/A
spillway
Lake Bonita Dam C726B 19.77 1,298 1,448 1,395 N/A
Trilby Wash Upstream of US 60 | CIW370 12.05 5,663 2,785 N/A 2,785
Trilby Wash Upstream of CAP | CIW334 22.85 5,156 3,851 N/A 3.851
Icna Wash Upstream from CAP | CIW314 29.09 7,496 5,309 N/A N/A
Confluence of Trilby and Iona
C410% 104.45 14,102 11,427 N/A N/A
Washes

4.5  Results of Hydrologic Analysis

Complete results of the hydrologic analysis including the HEC-1 input and output
files are presented in Appendix D.6. A summary of peak discharges is shown in
Appendix D.6.5. As expected, the 24-hour storm controls for the larger contributing

areas, and the 6-hour storm controls for smaller contributing areas. The 24-hour
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storm will utilized for the floodplain delineation. In general, the flows obtained were
. significantly higher than what has been obtained in previous studies. Table HY-4.4
shows a few examples of these increased flow changes. This can be attributed to

differences in methodologies as well as increased development in the area.

4.6 Verification of Results

The District has established a chart to describe the general relationship between peak
discharges and watershed size for Maricopa County (Reference 17). For this study,
the estimated peak discharges were plotted on the District’s chart for comparison
purposes. Figures HY-D.4 through D.7 contain the verification of results and are
found in Appendix D.6.5.

Figures HY-D.4 and D.5 utilize a flood frequency analysis by the District

(Reference 43). As shown by the figures, the bulk of the flows are slightly below

average. Since the data encompasses the gage data for the entire Maricopa County,
. and the Wittmann watershed has, in general, very sandy soil and flat slopes, peak

flows slightly below average are expected.

Figures HY-D.6 and D.7 utilize two indirect methods: LP3 Regression Curve and the
Region 12 Regression Equation. The LP3 Regression Curve, as taken from the
Hydrology Manual, is calculated as Qoo = 850 * A% The 75% Confidence Limits
are taken from the data used to generate this LP3 Regression Curve. This data
contains 314 continuous or partial record gaging stations throughout Arizona and is
contained in the Hydrology Manual. The Region 12 Regression Equation, as found in
the Hydrology Manual is LOG(Q o) = 6.55-3.17*AREA™"'-0.454*LOG(ELEV),
where ELEV is the mean basin elevation in feet divided by 1000. This value was
determined on a weighted basis for all subbasins in the watershed. 1.932 was the

value utilized.
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From Figures D.6 and D.7, there appear to be several points below the 75th

. percentile confidence line. Upon examination, all of these points were found to be
downstream of the CAP and/or downstream of the McMicken Dam Spillway.
Therefore, it can be concluded that the attenuation of peak flow caused by the CAP
Canal and McMicken Dam causes these points to fall below the 75th percentile
confidence limits. The remaining data fall between the 75th percentile confidence

limits.
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SECTION HY-5: HYDRAULICS

The contents of this section are located in: Volume HD — Floodplain Delineation (Section 5.

Hydraulics) of “Wittmann Area Drainage Master Study Update Report.”
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SECTION HY-6: EROSION AND SEDIMENT TRANSPORT

The contents of this section are not a part of this report.
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@  /rPENDIX A REFERENCES

A.l. Data Collection Summary

All the data collected to obtain the information in this report are identified in the Data
Collection Report. This report includes complete bibliographic information of the

documents and references used in this report.

A.2. Reference Documents

1 USGS DEM contour mapping composed ASCI Grid file for portions of the
study area, by Landata Inc., June 2002.

2 10t contour mapping composed ASCI Grid file for portions of the rstudy area,
by Landata Inc., June 2002.

3 4ft contour mapping composed ASCI Grid file for portions of the study area,
by Landata Inc., June 2002.
. 4 2ft contour mapping composed ASCI Grid file for portions of the study area,

by Landata Inc., June 2002

5 Soil Survey of Maricopa County, Arizona-Central Part, by U.S. Department of
Agriculture, April 1986.

6 Soil Survey of Aguila-Carefree Area, by U.S. Department of Agriculture, Soil
Conservation Service, April 1986.

7 Soil Survey of Yavapai County, Arizona, Western Part, by U.S. Department of
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. APPENDIX B. GENERAL DOCUMENTATION AND CORRESONDENCE

The entire content of this appendix is located in

Administrative Report - Volume AR
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. APPENDIX C. SURVEY FIELD NOTES

The entire content of this appendix is located in

Report of Survey - Volume SR
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. APPENDIX D. HYDROLOGY ANALYSIS SUPPORTING DOCUMENTATION

D.1. Precipitation Data
D.1.1. 100-yr 24-hr Data
D.1.2.  100-yr 6-hr Data, .
D.1.3. | Gage Data

D.2. Physical Parameter Calculations
D.2.1.  Soils
D.2.2, Land Use
D.2.3.  Time of Concentration
D.2.4.  Hydraulic Length and Slope
D.2.5.  S-Graphs

D.3. Hydrograph Routing Data

D.4. Storage Routing Data

D.4.2.  Beardsley Canal
D43. SR74

D.5. Flow Splits and Diversions Data
D.5.1.  CAP Split Data

D.5.2.  US 60 (Grand Ave) Diversion Data
D.5.3.  Natural Diversion Data

D.5.4.  2-Dimensional Modeling Diversion Data

D.6. Hydrologic Calculations
D.6.1.  100-yr, 24-hr Existing Conditions Model Qutput
D.6.2. 100-yr, 6-hr Existing Conditions Model Output
D.6.3.  100-yr, 24-hr Future Conditions Model Output
D.6.4.  100-yr, 6-hr Future Conditions Model Output
D.6.5.  Calibration Data
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. o " "D;l.' ‘Precipitation Data o
| - © DILL - 100-yr 24-hr Data
D12 100yr6hrData

D.13.  GageData .
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100-yr 24-hr Data




(-
' Floed Control District of Maricopa County ’
EXAMPLE2 - Single Storm, 24 Hr, Green Ampt, S-Graph, Normai Depth
Rainfall Data
Page 1 9022003
Primary Zone Number: 7 Latitude: 0.0 Elevation: V]
Short Duration Zone Number: 8 Longitude: 0;0 ¢
Point Values {in)
Duration 2-yr 5-yr 10-Yr  28Yr  50-Yr  100-Yr 5UC-yr
5MIN 0.39 0.48 0.54 0.63 0.70 0.77 0.43
10 MIN 0.58 0.72 0.82 0.96 1.07 1.18 Luy
15 MIN 0.71 0.80 1.03 1.22 1.37 1.52 1.8
30 MIN 0.94 1.20 1,39 1.65 1.86 2.06 253
1 HOUR 1.14 1.49 1.72 2.06 2.31 2.57 207 o
2 HOUR 1.23 1.62 1.89 2.27 2.58 2.85 2.55 o
3 HOUR 129 112 201 2.41 273 3.04 237 O
6 HOUR 1.40 1.89 222 268 304 3.40 Y2z L
12 HOUR 1.50 2,07 245 2.98 3.39 3.80 R (-
. 24 HOUR 150 2.25 268 328 374 420 5.2 S<
- R
—
-
b

9 »e 1?1.1

Sattt Swesting

{raindata}




.

. |
Wittmann ADMSU
Rainfall Depth vs Storm Duration
/l /',“ —— 2_yr
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Wittmann ADMSU McMicken Dam Hydrology
HEC-1 Data for 100-yr 24-hour Distribution

JD C a2 0.01

PC 0 0002 0005 0008 0011 0014 0017 002 0023 0026

PC 0028 0032 0035 0038 ° 0041 0044 0048 0052  0.056 0.06

PC 0064 0068 0072  0.076 008  0.085 009 0095 04 0105

PC 11 0415 042 0426  0.133 044 04147 0155  0.163  0.172

PC 0481 0491 0203 0218 0236 0257 0283 0387 0663  0.707

PC 0.735 0758 0776 0794 0804 0815 0825 0834 0842  0.849

PC 0.856 0863 0860 0875 0881 0887 0893 0898 0903  0.908

PC 0913 0918 0922 092 083 0034 0938 00942  0.946 0.95

PC 0953 0056 0059 0962 0965 0968 0971 0974 0977 0.98

pC 0083 0986 0089 0092 0995  0.998 1

D 3.048 . 10 x>

JD 3.78 30 o

D 3.612 60 o

JD . 3.553 a0 -

JD 3503 120 ?—é

0 3485 150 : C?

JD 336 300 )

JD 3276 500 o
=

Note: This data was generated using DDMSW version 1.8.
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. D.1.2.  100-yr 6-hr Data
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Wittmann ADMSU McMicken Dam Hydrology
HEC-1 Data for 100-yr 6-hour Distribution

°

JD ' 34 0.01
PC 0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074
PC 0.087 0.099 0.118 0.138 ©  0.216 0.377 0.834 0.911 0.931 0.95
PC 0.962 0.972 0.983 0.901 4
JD 3.378 0.5
JD 3.314 2.8 .
PC 0 0.00¢ 0.016 0.025 0.034 0.042 0.051 (.059 0.067 0.076
PC 0.087 0.1 0.12 0.163 0.252 0.451 0.694 0.837 08 0.938
PC 0.95 0.983 0.975 0.988 1
JD 3135 16 ~-
PC 0 0.008 0.02 0.03 0.048 0.063 0.076 0.09 0.105 0.118 -
PC 0.135 0.152 0.175 0.222 0.304 0.472 0.67 0.796 0.868 0.912 g
PC - 0.945 0.96 0.973 0.987 1 s
Jo 2.761 90 <o
PC 0 0.021 0.035 0.051 0.071 0.087 0.105 0.125 0.143 0.18 \>'<_
PC 0479 0.201 0.232 0.281 0.364 0.5 0.658 0.773 0.841 0.888 - I
PC 0.927 0.945 0.964 0.982 1 T
JD 1.938 500 . N
PC 0 0.024 0.043 0.059 0.078 0.098 0.119 0.144 0.162 0.186 -
"PC 0.212 0.239 0.271 0.321 0.408 0.515 0.827 0.735 0.814 0.864
PC 0.907 0.93 0.954 0.977 1
Note: This data was generated using DDMSW version 1.8
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