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The Chandler Heights Basin system will mitigate flows in the EMF by storing flows from Queen Creek (shown in this picture) and
Sanokai Wash in a detention basin. The project also provides for potential for groundwater recharge. Recharge is occurring at
the present time; this photo shows water in the channel disappearing into the streambed.
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SUMMARY

The East Maricopa Floodway (EMF) is a regional
flood control channel located in eastern Maricopa
County and northern Pinal County. It serves as a pri-
mary outfall and flood conveyance for the City of
Mesa, Town of Gilbert, Town of Queen Creek, Gila
Indian Community, and for unincorporated areas of
Maricopa and Pinal Counties, as shown in the map in
Figure 1. The Flood Control District of Maricopa
County (FCDMC) has determined the need for two
large detention basins along the EMF to attenuate

peak flood flows; one located north of Chandler
\\ Heights Road and the other located north of Ritten-
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‘. In June 2001, the FCDMC contracted with Kirkham
Michael & Associates, Inc. (KM) to initiate the pre-
liminary design of the Chandler Heights and the Rit-
tenhouse Detention Basins and ultimately develop fi-
nal construction plans. This report presents proposals
for the Chandler Heights Basin, to be located north of
Chandler Heights Road. A companion report presents
similar information for the Rittenhouse Basin. Fur-
ther, this report presents the hydrologic and hydraulic
analyses that were used to develop alternatives and
evaluate them. All alternatives have as a goal meet-
ing specific target flow limits in the EMF as estab-
lished by FCDMC.
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presented here. The project presented here provides a
hydraulic solution to meet the project goals, but does
vcrerk ko not solve all of the design issues. Those will be han-
dled during project design. Expected costs and bene-
fits associated with the proposed plan are presented.
This report also presents a discussion and evaluation
of various trade-offs considered during analysis.
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PROJECT LOCATION

. The Chandler Heights Detention Basin is located in
. eastern Maricopa County within the Town of Gilbert
and in unincorporated Maricopa County. The site is
bounded by Higley Road to the east, Chandler
Heights Road to the south, and by the EMF to the
west. See Figure 1.

Figure 1. Map of the Chandler Heights Basin area.
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PROJECT GOALS

Based on previous studies, FCDMC has identified a
need to mitigate capacity deficiencies in the EMF
and subsequently acquired land for the Rittenhouse
Basin and the Chandler Heights Basin upon which
to construct detention storage basins and associated

Figure 2. This aerial photo of the Chandler Heights Basin area was taken

in June 2001. It shows the area where the Basin will be located as well
as surrounding features.

works. The concept is to temporarily store a portion
of the flood volume and release it after peak flows
in the EMF have subsided. Diversion of a portion
of the flow into storage will reduce the flow
downstream, so that capacity limitations are eased.
Stored flows should be released within 36 hours
after the end of the storm event so that the storage
basins do not become semi-permanent aquatic
environments.

Project design conditions

Two planning scenarios are managed by the
FCDMC: existing conditions and full-development.
In summary, flows in the full-development scenario
are expected to be less than with the existing case
as a result of development of the land and
construction of associated on-site detention or
retention facilities for each development. This
project is designed for full-development conditions.
This may result in higher flow conditions until
more development occurs and the facilities may not
reduce flows in the EMF to the extent provided by
the design until that happens.

Multi-use opportunities

The site for the Chandler Heights Basin comprises
approximately 250 acres—a very sizable area for
flood detention. By comparison, common detention

Figure 3. The East Maricopa Floodway is a 200-ft wide flood channel
running through eastern Maricopa County. It's function is to intercept
runoff and drainage from tributary systems and convey it to the Gila
River in Pinal County. This view shows the EMF looking downstream
from south of the Queen Creek Road bridge. The Chandler Heights Ba-
sin will be constructed to the left of the left embankment shown here.
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basins associated with specific developments are
usually on the order of 1-20 acres.

Because the detention basin will often remain dry,
the area is attractive for other compatible uses.
However, while the design of the flood control fa-
cilities provide for and take into consideration these
and possibly other uses, the resulting design and
construction will only provide the flood control fa-
cilities themselves. Other parties will be responsi-
ble for design and construction of the other facili-
ties consistent with design and operating criteria set
forth here and consistent with operating agreements
between those other parties. FCDMC funds will
only be used for flood control facilities.

The Town of Gilbert recognized the potential for
recreational development that could be built in and
around the flood control basin, and the District is
interested in working with the Town on this. The
District would construct the flood control facilities
and operate them. If a suitable interagency agree-
ment is reached, the Town would probably con-
struct any recreational facilities and operate them.
Each party would be responsible for the design of
their respective facilities.

The Roosevelt Water Conservancy District owns
the existing Queen Creek Channel and plans to
make improvements to it for groundwater recharge.

Figure 4. A typical view of the Queen Creek channel. It has a bottom
width of 50-70 feet, and much of it lies within raised levees, as the pic-
ture in Figure 5 shows.

The recharge project is compatible with the flood
control project, and portions of our design antici-
pate the possibility of blending the two. Queen
Creek is shown in Figures 4 and 5 below.

A regional trail system has been proposed that
would incorporate a portion of the EMF into the
system. The plan is to use the top of the east em-
bankment of the EMF channel as part of the San
Tan Regional Trail. This route covers approxi-
mately two miles in length between Chandler
Heights Road to the south and Queen Creek Road
to the north. The alternatives presented here include
provisions that such a trail can be developed.

PREVIOUS STUDIES

A number of previous studies have been conducted
in the study area and serve as a basis, either directly
or indirectly, for the development of hydrology and
hydraulic models utilized in this study. In addition,
several studies provide background information and
show the progression of development of alterna-
tives that have led to the concept of the Chandler
Heights and Rittenhouse Detention Basins.

East Maricopa Floodway Capacity Mitigation
and Multi-Use Corridor Study (Collins-Pina,
2000). This concept study evaluated alternatives
and recommended a preferred alternative to im-
prove the flood control capabilities of the EMF and

Figure 5. This view shows the Queen Creek levee on the west side of the
channel. The area to the left of the levee in this photo is in what will be
the Chandler Heights Basin.
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identified multi-use opportunities that would be
consistent with the proposed flood control recom-
mendations. The study criteria and proposed alter-
natives were based upon full development of the
watershed and construction of selected planned
flood control facilities as identified by FCDMC.
The study recommended construction of two EMF
detention basins; one in the vicinity of Rittenhouse
Road and the other in the vicinity of Chandler
Heights Road. This study and its hydrologic/
hydraulic models provided the basis for the prelimi-
nary design of Rittenhouse Basin in this project.

East Maricopa Floodway Capacity Mitigation
Study Report, (Huitt-Zollars, 2000). This con-
cept study developed and evaluated alternatives to
resolve EMF conveyance capacity deficiencies and
developed conceptual plans for a preferred alterna-
tive. The study recommended a series of five EMF
detention basins along with isolated channel im-
provements to the EMF to resolve EMF capacity
and flood control deficiencies. The study criteria
and preferred alternative were based upon existing
watershed conditions. This study also compiled
and developed hydrology models for the EMF wa-
tershed (downstream to Hunt Highway) for the fu-
ture watershed conditions from previous hydrologic
study models and updated hydrology developed
during the study. These future watershed condi-
tions models served as the basis for the East Mari-
copa Floodway Capacity Mitigation and Multi-Use
Corridor Study by Collins-Pina.

Queen Creek/Sanokai Wash Hydraulic Master
Plan (HMP) (Huitt-Zollars, 2000). This concept
study recommended and developed conceptual
plans for flood control improvements along Queen
Creek and Sanokai Wash that would serve as guide-
lines for use by local municipalities in planning for
future development. The study recommended
channel improvements along Queen Creek Wash to
incise the channel and minimize sediment transport
and lateral migration of the channel. The study also
recommended channel improvements to Main
Branch and East Branch of Sanokai Wash to better
channel overland flow. In addition, three detention
basins were proposed along Sanokai to attenuate
peak flood flows. Among the alternatives pre-

sented were options of splitting Queen Creek and
Sanokai Wash and rerouting them to the EMF. The
study criteria and proposed alternatives were based
upon the full development of the watershed accord-
ing to local municipality General Plans and existing
zoning boundaries. Future conditions hydrology
from this study was incorporated into the EMF Ca-
pacity Mitigation Study by Huitt-Zollars.

Sanokai Wash Floodplain Delineation Study
(FDS) (Entellus, 1999). This study developed the
existing condition hydrology for the Sanokai Wash
watershed and delineated the Sanokai Wash flood-
plain between Higley Road and Riggs Road. The
hydrology and hydraulic models from this study
were used as a basis to develop a future conditions
model for the Sanokai Wash watershed in the
Queen Creek/Sanokai Wash Hydraulic Master Plan.

East Maricopa Floodway Capacity Assessment
Study (HNTB, 1999). This study assessed the con-
veyance capacity of the entire EMF for the existing
conditions 100-yr discharge, the future conditions
100-yr discharge, and the Soil Conservation Ser-
vice (SCS) EMF design discharge. The study also
delineated the extent of flooding adjacent to the
EMF for all three conditions. The study also deter-
mined the conveyance capacity of the EMF under
bank-full conditions.

East Mesa Area Drainage Master Plan (ADMP)
(FCDMC and Dibble and Associates, 1998).
This study determined the existing and future con-
ditions hydrology for the East Mesa area for plan-
ning purposes. It identified drainage problems and
proposed improvements to provide flood protection
in the East Mesa Area.

Queen Creek Area Drainage Master Study
(Wood and Associates, 1991). This study identi-
fied stormwater problems in the Queen Creek and
provided a master drainage plan for resolution of
them. The existing conditions hydrologic model
from this study was updated and utilized as part of
the EMF Capacity Mitigation Study and the Queen
Creek/Sanokai Wash HMP.
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INTRODUCTION

FCDMC provided the hydrology models that serve
as the base hydrology for the design of the study
basins. The hydrology is developed in a series of
five HEC-1 models that represent the contributing
watershed to the EMF from the Princess Basin to
the Maricopa/Pinal County Line along the Hunt
Highway alignment. These models were the prod-
uct of several previous studies and have been fre-
quently modified and revised during the course of
these studies. The hydrology is for future condi-
tions, therefore it includes flood control, retention,
and drainage features that FCMDC envisions being
constructed upon the full development of the EMF
watershed.

PROJECT WATERSHED

The EMF serves as a primary outfall and flood con-
veyance for the City of Mesa, City of Chandler,
City of Apache Junction, Town of Gilbert, Town of
Queen Creek, Gila Indian Community and for unin-
corporated areas of Maricopa and Pinal County. It
intercepts runoff from three watersheds: Buckhorn-
Mesa, Apache Junction-Gilbert, and Williams-
Chandler.

SIGNIFICANT STRUCTURES

AND FEATURES

The EMF channel begins at the Princess Basin
(north of Brown Rd) and flows southerly approxi-
mately 27 miles before discharging into the Gila

Figure 6. The EMF as seen from within the channel itself.

River. The floodway is mostly constructed as a
compacted earthen trapezoidal channel, ranging
from 150 to 300 feet in width and 8 to 12 feet in
depth. A stretch of approximately one mile in
length located along Williams-Gateway Airport is
concrete lined, as is another approximately half-
mile section of the floodway located in Pinal
County.

Six major drainage channels discharge into the
EMF: the Broadway Channel, the Superstition
Freeway Channel, the Guadalupe Channel, the
Powerline Floodway, the Rittenhouse Channel, and
Queen Creek/Sanokai Wash (Figure 6).

Broadway Channel. The Broadway Channel col-
lects and conveys drainage from Mesa and unincor-
porated Maricopa County. It discharges into the
EMF south of Broadway Road.

Superstition Freeway Channel. The Superstition
Freeway Channel collects and conveys drainage
from Mesa and unincorporated Maricopa County.
It discharges into the EMF north of the Superstition
Freeway (US 60).

Guadalupe Channel. The Guadalupe Channel
collects and conveys drainage from Mesa and unin-
corporated Maricopa County. It discharges into the
EMF south of Guadalupe Road.

Powerline Floodway. The Powerline Floodway
collects and conveys drainage from Mesa, Williams
Gateway Airport, and unincorporated Maricopa
County and Pinal County. It discharges into the
EMEF near Ray Road.

Rittenhouse Road Channel. The Rittenhouse
Road Channel runs northwesterly along the north
side of the SPRR and Rittenhouse Road. It collects
and conveys drainage from Mesa, Gilbert, Queen
Creek, Williams Gateway Airport, and unincorpo-
rated Maricopa and Pinal County. It discharges
into the EMF north of Rittenhouse Road.

Queen Creek/Sanokai Wash.

Queen Creek and Sanokai Wash are ephemeral
streams and are dry except after significant rainfall
events. They are major conveyances for a large
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watershed that includes the Town of Queen Creek
and extend into northern Pinal County.

Queen Creek is a well-defined natural channel that
originates in the Superstition Mountains in northern
Pinal County and flows southwesterly, passing
through the Whitlow Reservoir and the Sanoqui
Detention Dike before continuing westerly through
Maricopa County and discharging into the EMF
just north of Chandler Heights Road.

Sanokai Wash consists of two branches, the Main
Branch and the East Branch. Both branches origi-
nate in the Santan Mountains in Northern Pinal
County and flow northwesterly before joining in
the proximity of Riggs Road and Hawes Road. The
combined Sanokai Wash continues northwesterly

COUNTY
PINAL COUNTY

MARICOP

Z
MARICOPA COUNTY Z
&

PINAL COUNTY _\

Figure 7. Map showing tributaries to the EMF in the Chandler Heights
Basin area.

through the Town of Queen Creek before draining
towards Queen Creek Wash in a poorly defined
manner, approximately along the Ocotillo Road
alignment. After their confluence, Queen Creek/
Sanokai Wash pass through a sedimentation basin
prior to discharging into the EMF.

Other significant structures that affect functions in
the EMF include:

Central Arizona Project (CAP) Aqueduct. A
CAP aqueduct component (the Salt-Gila Aqueduct)
interrupts the natural westerly drainage of the wa-
tershed. Pipe overchutes carry drainage past the
aqueduct at select locations. Discharge from a
large CAP overchute (4-72” pipes) conveys flow
released from the Sanoqui Detention Dike across
the CAP and continues as Queen Creek Wash.

Bureau of Reclamation Sanoqui Detention Dike.
The Sanoqui Detention Dike is a flood retarding
structure located in Pinal County, east of the CAP
aqueduct. The structure collects, detains and re-
leases flow into Queen Creek from a watershed up-
stream of the CAP aqueduct.

San Tan Freeway. Within the watershed, the
alignment of the proposed San Tan Freeway runs
easterly along the Knox Road alignment before
turning north approximately between Hawes Road
and Ellsworth Road. The proposed freeway will in-
terrupt the natural westerly drainage of the water-
shed and include a number of bridges, culverts,
drainage channels and detention basins. The free-
way is still in the planning and design stage and
drainage facilities have not been completely de-
fined or finalized.

Southern Pacific Railroad Line (SPRR). A
SPRR line runs northwesterly across eastern Mari-
copa County along the north side of Rittenhouse
Road. The SPRR line is on a raised embankment
that interrupts the natural westerly flow of the wa-
tershed. A few culverts convey flow across the
SPRR in select locations.

Open Aggregate Mining Pits. Active and aban-
doned aggregate mining pits located adjacent to or
within Queen Creek Wash, continue to alter flow
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paths, detain flow and contribute to the sediment
load of Queen Creek Wash. The pits are located
primarily in Pinal County, however, one pit is lies
within Maricopa County, just west of the county
line.

BASE HYDROLOGY

FCDMC provided the 100-yr, 24-hr future condi-
tions hydrology models that serves as the base hy-
drology for this project. Rittenhouse and Chandler
Heights Basins and their associated components
were not included in the base hydrology. The base
hydrology reflects the watershed conditions prior to
the development of the Rittenhouse and Chandler

Heights Basins. For the design hydrology, we
modified the base hydrology to include the pro-
posed Basin designs. Our work will define the
changes to be made for both areas, and the base hy-
drology will be revised under this project.

All the models were constructed according to the
methodologies presented in the “Drainage Design
Manual for Maricopa County, Volume I,
Hydrology™.

Changes to the base hydrology

After receiving the base hydrology models from
FCDMC, several revisions to the models were
made to include more accurate and additional hy-

Flow Hydrographs - Upstream of Chandler Heights Road
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Figure 8. Flow hydrographs for future conditions at Chandler Heights Basin, with the current arrangement. The Target Discharge value is the design

criterion for the EMF that applies to the Chandler Heights Basin system. The hydrograph for flow under the present conditions shows the situation in the

EMEF if nothing were done at either Rittenhouse Basin or Chandler Heights Basin. The hydrograph for the EMF above Chandler Heights Road with Rit-
tenhouse Basin in place shows the effect of the Rittenhouse Basin and its related components.
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Figure 9. Queen Creek flows into the project area from the left, crossing

at the Higley Road Bridge. Queen Creek appears to have some flow
most of the time, but it disappears into the stream bed within the first
mile.

drologic information. These are described in the
sections that follow.

Central Arizona Project (CAP) Aqueduct
Overchutes

The Salt-Gila CAP Aqueduct is a raised canal that
interrupts natural westerly drainage of the EMF wa-
tershed. At several locations, pipe overchutes carry
runoff across the aqueduct and contribute to flow in
the EMF. In the hydrology models, these over-
chutes are modeled using hard-coded hydrographs
that are generally based upon rough estimates of the
overchute pipe capacities. Two overchute locations
(CAP1A and CAPIB) were reevaluated by
FCDMC and subsequently revised. For a larger
overchute on Queen Creek Wash, and one that has
a significant impact on the design of the Chandler
Heights Basin (HY337), FCDMC initiated a study
to better determine the resulting hydrology. The
hydrology from this study was then incorporated
into the base hydrology. (Figure 8)

HYDRAULICS

Introduction

FCDMC provided the HEC-RAS hydraulic models
for the EMF, Rittenhouse Road Channel, Queen
Creek, and Sanokai Wash. These models were de-
veloped in previous studies and include selected
features that are being proposed for future construc-

tion but do not currently exist. These features in-
clude low flow channels, channel widening/
incising, changes in channel roughness (for aes-
thetic landscaping), and other items FCDMC has
decided will be realized in future capital improve-
ment projects.

FEQ vs. HEC-RAS 3.0 unsteady state
model

Rather than using peak flows only, all hydraulic
modeling considered time changes in flows for the
system elements. This allowed accounting for the
diversion of flow into the storage basin and the re-
turn of the stored volume back into the EMF. This

required using an unsteady state model, such as
HEC-RAS 3.0 or FEQ.

The HEC-RAS model was developed by the US
Army Corps of Engineers. It replaces the earlier
HEC-2 model. HEC-RAS can provide either steady
or unsteady modeling. FEQ (Full Equations
Model) was developed by the US Geological Sur-
vey and is an unsteady state model. FEQ runs in a
DOS environment and has similar capabilities to
HEC-RAS for unsteady flow.

Pilot studies were performed to compare the results
of the two models and to determine how easy it was
to prepare data and run the models. As reported in
Rittenhouse Basin Design Report, it was deter-
mined that the two modeling systems gave similar

Figure 10. Queen Creek Road bridge crosses the EMF.
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results. It was therefore decided to proceed using the
HEC-RAS 3.0 model due to the ease of data prepara-
tion.

DESIGN HYDROLOGY

Hydrologic Impact of Rittenhouse Ba-

sin

As previous indicated, the hydrologic impact of the
Rittenhouse Basin has a direct effect on the design of
the Chandler Heights Basin. Therefore, it is neces-
sary to determine, with a measure of assurance, the
impact of the Rittenhouse Basin design on the EMF
hydrology prior to initiating detailed alternative de-
velopment and evaluation. Preliminary basin designs
for the Rittenhouse Basin developed during the com-
parative modeling analysis (see FEQ vs. HEC-RAS
3.0) provided sufficient information to allow for pre-
liminary alternative development for the Chandler
Heights Basin. While the effectiveness and/or effi-
ciency of some alternatives could also be assessed at
this level, as the most efficient alternatives surfaced,
it was necessary to have more accurate information
on the hydrologic impact of the Rittenhouse Basin.

Development of design hydrology
models in conjunction with unsteady-
state hydraulic modeling

Generally, hydrologic and hydraulic modeling can be
separated into distinct models such as HEC-1 for hy-

Figure 11. Looking south from the northeast corner of what will be the
Chandler Heights Basin. Higley Road is to the left.

drology and HEC-2 and/or HEC/RAS for hydraulics.
With the development and use of unsteady state hy-
draulic modeling, however, the distinction between
hydraulic and hydrologic modeling is more difficult.
For the design of the Rittenhouse and Chandler
Heights Basins, the contributory EMF watershed is
modeled using HEC-1, however, the hydrologic im-
pact of the Rittenhouse and Chandler Heights Basins
are determined in the unsteady state hydraulic analy-
ses using HEC-RAS Version 3.0. The result is the
development of hydrographs in the HEC-RAS mod-
els representing the hydrologic impact of the basins
that are then imported or coded into the HEC-1 mod-
els in order to evaluate

To describe the process in more detail, HEC-1 hy-
drology models provided an input hydrograph, repre-
senting the EMF watershed upstream of the Ritten-
house Basin, for the Rittenhouse Basin HEC-RAS
unsteady state hydraulic model. The Rittenhouse Ba-
sin HEC-RAS unsteady state analysis provided an
output hydrograph representing the complete water-
shed upstream of the Rittenhouse Road including the
impact of the Rittenhouse Basin. The output hydro-
graph was then hardcoded into a HEC-1 model for
the EMF contributory watershed downstream of Rit-
tenhouse Road.

For the Chandler Heights Basin, a similar process
was performed. The hydrology for Queen Creek
Wash and Sanokai Wash was determined using an
HEC-1 model. The model provided hydrographs for
both Queen Creek Wash and Sanokai Wash upstream
of the Chandler Heights Basin that were then input
into the HEC-RAS hydraulic model. In addition, the
hydrograph from the HEC-1 model for the EMF up-
stream of the Chandler Heights Basin was input into
the HEC-RAS model. The HEC-RAS unsteady state
model used these hydrographs in the hydraulic analy-
sis of the Chandler Heights Basin design and pro-
vided two output hydrographs which are then hard-
coded into a HEC-1 model for the EMF contributory
watershed downstream of the Chandler Heights Ba-
sin.

KDY

HYDROLOGY AND HYDRAULICS Page 5

DESIGN HYDRAULICS

Development of design hydraulic
models

To investigate detention basin alternatives, unsteady
state analyses were performed to evaluate and size
basin components. Because unsteady state analyses
can easily become unstable in locations where the
water surface elevation changes quickly, such as
through bridges, culverts, weirs, and other hydraulic
structures, only portions of previous HEC-RAS study
models were used to develop the design hydraulic
models rather than the complete HEC-RAS models
for the EMF. The design hydraulic model boundary
conditions and components included:

e A short reach of the EMF channel from north of
Chandler Heights Road to south of Queen Creek
Road

e The Chandler Heights Basin along the EMF,
Queen Creek and Sanokai Wash

e A sideweir along the west bank of Queen Creek/
Sanokai Wash that is hydraulically connected
with the detention basin

e A short reach of Queen Creek/Sanokai Wash
from the EMF confluence to the Queen Creek/
Sanokai Wash confluence.

e A relocation of the drop structure in the EMF
from just north of Chandler Heights Road to just
north of the proposed Chandler Heights Basin
primary outlet.

« Opverflow spillways and basin outlets to the EMF

e The downstream boundary condition was set at
normal depth using a friction slope of 0.00031 ft/
ft. This initial slope was selected to have non-
erosive velocities of around 3 feet per second. We
will conduct further study during design phase to
determine “equilibrium slopes™ for sediment
transport in the channel.

Initial conditions

The hydrograph for the EMF at approximately Ocoti-
llo Road from the EMF HEC-1 analysis was used as
the initial flow data for the EMF in the HEC-RAS
analysis. A hydrograph for Queen Creek/Sanokai

Wash at their confluence was also used as initial flow
data in the HEC-RAS analysis. As an initial condi-
tion, it is also assumed that the Chandler Heights Ba-
sin is empty prior to the start of the rainfall event.
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DESIGN OBJECTIVES

FCDMC set forth several design objectives that we
are to meet:

e Minimize the volume of the basins

e Optimize the confluence of Queen Creek, Sano-
kai Wash, and Rittenhouse Channel to mini-
mize the volume of the basins

e Provide for multi-use opportunities for the ba-
sins to include recharge, recreation, and mitiga-
tion

e Maximize the basin configuration to use a grav-
ity outlet

» Balance basin volume versus channel capacity
(i.e.: inflows to the EMF) to minimize basin
size

e Minimize Operations and Maintenance (O&M)
requirements for sediment removal.

Optimizing basin volumes

Due to the large scale of the proposed detention ba-
sins, optimizing basin storage volume is important
to minimize construction costs while still meeting
the primary goal of flood attenuation and EMF ca-
pacity mitigation.

Provide for multiuse potential

Rather than provide a sterile detention basin solely
for the use of flood control, the FCDMC and the
Town of Gilbert desire a basin design that can pro-
vide multi-use opportunities such as recreational
and/or recharge facilities. The design effort, there-
fore, has been coordinated with the FCDMC, the
Town of Gilbert, the Roosevelt Water Conservation
District and other stakeholders. While multi-use
facilities are desirable, such facilities should not
supplant the primary purpose of flood control. In-
formation regarding coordination efforts are con-
tained in Appendix F - Multiuse Planning and are
described in the Alternatives Development section
of this report.

DESIGN CRITERIA

Design criteria established by the FCDMC or estab-
lished during the course of alternative development
and analysis are identified and explained below.

>

from the Chandler Heights Road bridge. The EMF flows from the upper
right to the lower left, and the riprapped zone in the lower right is used to
convey local runoff into the EMF.

Event size and frequency

The FCDMC established the 100-yr, 24-hr future
watershed conditions as the design hydrology for
the Rittenhouse and Chandler Heights Basins. The
future watershed conditions hydrology is based
upon the planned urban development of the water-
shed and includes capital improvement projects for
flood control, retention and drainage facilities that
FCMDC envisions being constructed upon the full
development of the watershed but may not cur-
rently exist.

Freeboard and water levels in deten-

tion basins

Freeboard is the distance above the water surface

level in an impoundment to the top of the contain-

ing embankment or structure. It is provided as a

factor of safety against overtopping that may re-

duce the structural stability of the embankment.

Freeboard compensates for:

o Settlement of the embankment

o Flood levels higher than design

e Malfunction of outlet works

o Surface waves being generated to a height
greater than the still water surface (see Provi-
sions for Wave Action)

FCDMC does not have specific criteria for deten-
tion basin freeboard. The FCDMC defers to the

DX

Figure 12. A drop structure in the EMF. This one is located just upstream
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standards of the community in which the basin is to
be built, which is one foot of freeboard for the
Town of Gilbert. That criterion may be suitable for
smaller detention basins associated with residential
and commercial developments, however, it was felt
that one foot of freeboard was not prudent for a de-
tention basin of this size.

It was decided to adopt the Arizona Department of

Transportation (ADOT) unofficial policy regarding

detention basin freeboard. ADOT uses the follow-

ing rule-of-thumb for the design of detention ba-
sins:

o If feasible, provide all detention storage below
the grade surrounding the basin site and provide
one foot of freeboard

o If detention storage cannot be provide below
the surrounding grade elevation, a minimum of
three feet of freeboard should be provided.

Provisions for wave action

Sufficient freeboard should be provided to prevent
erosion and overtopping of impoundment structures
by wave action, a particular concern for large de-
tention basins and dam structures. The provided
freeboard should be sufficient to compensate for
wave action, however, the freeboard need not be
added to freeboard provided for other purposes de-
scribed above. The most conservative estimate for
freeboard based upon either situation is considered
suitable.

The “Design of Small Dams™ (DOSD) (US Dept of
the Interior, Bureau of Reclamation, 1973) provides
some guidance on the freeboard required for wave
action. The height of waves generated by winds de-
pends on factors such as wind velocity, wind dura-
tion, the geometry of the basin shape, and the dis-
tance across the water surface over which the wind
can act (known as fetch), however; not just the
height of waves is important. As waves approach a
sloped face, water will run up the sloped face to a
height greater than the wave height (known as
uprush). Uprush is influenced by the depth of the
water below the surface, the slope of the face being
approached, and the roughness of the face material.

According to the DOSD, for a fetch of less than one
mile a “Normal Freeboard” (based on 100 mph
winds) of 4 feet and a “Minimum Free-
board” (based on 50 mph winds) of 3 feet is recom-
mended for riprapped earthfill dams. This free-
board provides both protection against overtopping
and protection against the effect of wave action.

For the Chandler Heights Basin, there are two
situations for which freeboard should be provided:

e 1) embankment (levee) separates the
basin from an adjacent channel (Figure 13)
e 2) the basin sideslope rises to natural

ground (Figure 14)

In the first case, there is concern of overtopping the
embankment, however, in the case of the Chandler
Heights Basin, failure of the embankment would
result in the impounded water being released to an
adjacent flood control channel. Therefore, it is as-
sumed that minimal factors of safety for freeboard
are sufficient for this case. In the second case,
there is no embankment to be weakened by over-
topping, therefore, there is no concern of possible
structural failure and, again, it is assumed that mini-
mal factors of safety are sufficient. Therefore, we
propose that a freeboard criteria of 3 feet be used
for the Chandler Heights Basin to compensate for
all factors. The actual provided freeboard is shown
on the concept plan and typical sections in the Pro-
posed Plan section of this report.

l POND
FREEBOARD _SZ

CHANNEL

Figure 13. Freeboard can be in the lower end of the range where a flood
control channel is on the other side of a pond embankment since over-
topping is less likely to affect surrounding lands.
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Figure 14. With adjacent ground levels at the same elevation as the pond
embankment top, there is little concern over the effects of overtopping,
so freeboard can be less.



East Maricopa Floodway: Chandler Heights Basin Design

Freeboard in channels

While the basis for the design of the Rittenhouse
and Chandler Heights Basins is to attenuate flow in
the EMF to meet target peak flow rates established
by the FCDMC (see next section), the goal is to at-
tenuate flow sufficiently that the EMF will meet
NRCS freeboard design standards from Rittenhouse
Road to the Maricopa County Line. These stan-
dards require channel freeboard to be:

e  Minimum of 1-foot of clearance between the
low chords of a bridge or top of culvert and the
water surface elevation

+ Freeboard > 0.20 (Y + V*/2g) for subcritical
flow

e Freeboard > 0.25d for supercritical flow

Where: Y = channel flow depth (ft)
V = channel velocity (ft/s)

g = acceleration due to gravity (ft/s%)
d = depth of flow (ft)

With the exception of areas through drop structures,
it is expected that flows in the EMF, Queen Creek
Wash and Sanokai Wash will be above critical
depth (subcritical flow).

Target peak flow rates
FCDMC established, as the basis for the Ritten-
house and Chandler Heights Detention Basin de-

Figure 15. Looking across the existing sedimentation basin for Queen
Creek and Sanokai Wash. The entrance to the basin is in the left back-
ground.

Figure 16. Looking west at the north end of the proposed Chandler
Heights Basin. Queen Creek Road is to the right.

signs, target instantaneous peak flow rates at three
locations along the EMF:

e 3329 cfs downstream of the EMF-Rittenhouse
Channel confluence

e 5667 cfs downstream of the EMF-Queen Creek/
Sanokai Wash confluence and north of the
Chandler Heights Road

e 8100 cfs just south of the Maricopa County
Line.

Sediment capture

Previous studies have estimated the sediment load
for the Queen Creek and Sanokai Wash systems,
and these were updated in this study to reflect the
current hydrologic modeling. This work is reported
in detail in Appendix A - Hydrology and Hydrau-
lics Report.

We analyzed the typical particle grain size found at
various points in the existing sediment basin to get
a better idea of what the system currently carries.
More details of this sampling are found in Appen-
dix B - Geotechnical Engineering Report. We
used a particle size of 0.01 mm for our design,
which means that the sediment basin should capture
particles of this size or larger. The design criteria
provide a volume of sufficient size and area that the
design particle will settle within the basin rather
than moving on through the outlet. We used a fall
distance of 4 feet to determine the basin length

DX
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needed. Our analysis showed that a basin must pro-
vide for at least 766,800 cubic feet of storage based
on the 100-year, 24-hour event. Using a 6 foot stor-
age depth, this results in a basin area of at least 2.9
acres. The resulting basin length will be approxi-
mately 600 feet.

Basin emptying

The detention basins should be drained as soon as
possible after the passage of the rainfall event.
Generally, the FCDMC requires that detention ba-
sins drain completely within 36 hours after the rain-
fall event to minimize standing water and vector
control problems. Due to the size of the basin, the
duration of flow released from the Rittenhouse Ba-
sin and the duration of flow in the EMF, Queen
Creek and Sanokai Wash after the passage of the
storm event, it may not be feasible to drain the
Chandler Heights Basin within 36 hours. However,
outlet facilities will be provided to drain the basin
as soon as possible.

Landscaping and erosion control

While the FCDMC will not directly provide land-
scaping or other facilities not associated with nec-
essary flood control features, the FCDMC will pro-
vide perimeter landscaping both to soften the visual
impact of the flood control facilities and to help
provide erosion control of slopes. However, it is in
the best interests of the FCDMC, the Town of Gil-
bert and other stakeholders, that such landscaping
and erosion control features be consistent with pos-
sible multi-use features. Details of planting criteria
are described in Appendix F - Landscaping and
Erosion Control, and are shown on the plans.

Basin side slopes

Based upon geotechnical investigations, the basin
side slopes should be a maximum of 4:1 (H:V)
(Appendix B - Geotechnical Engineering Report).
This ratio will provide stable slopes that won’t
likely be affected by changing water depths in the
basin. Flatter slopes may be desirable for landscap-
ing, maintenance, or aesthetic purposes. If side
slopes are to be grass or vegetated, the FCDMC
prefers 5:1 slopes to facilitate mowing and mainte-
nance. Maintenance access roads also require flat-
ter slopes for vehicular traffic. Details concerning

Figure 17. Looking along the top of an existing levee forming Queen
Creek. Levees should be avoided if at all possible because they present
a greater risk to flooding if they should fail. Our design will place stored
water below adjacent ground level to the greatest extent possible.

basin and embankment sideslopes and their uses are
provided in Appendix F - Landscaping and Ero-
sion Control.

Figure 18. This photo shows the fine-grained particles that have previ-
ously settled out in the existing sedimentation basin. These particles
were found about 300 feet from the basin inlet. Particles found closer to
the inlet were typical of a larger size.
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INTRODUCTION

While previous studies recommended conceptual
plans to attenuate flow in the EMF using detention
basins near Chandler Heights and Rittenhouse Road,
no design details had been explored. In further devel-
oping the conceptual plan of detention basins at Rit-
tenhouse Road and Chandler Heights Road, a number
of different alternatives were developed and evalu-
ated to identify a preferred alternative. In this section
we discus the alternative development process we
used and present an evaluation of various alternatives
considered for the Chandler Heights Basin.

ALTERNATIVES DEVELOPMENT

In developing approaches to meet the target peak
flows referred to under Design Criteria, we used both
the hydrologic and hydraulic models in the alterna-
tives development process.

Initial investigations

Prior to developing alternatives for the Rittenhouse
and Chandler Heights Basins, we reviewed the EMF
hydrology to identify critical hydrologic components
and to determine their impact on the EMF. We identi-
fied four significant hydrologic components that
could be altered through the design and construction
of the proposed Chandler Heights and Rittenhouse
Basins in an effort to attenuate flow in the EMF:

e the EMF

¢ Rittenhouse Channel
e Queen Creek

e Sanokai Wash.

During the initial phase of alternative development,
we evaluated a number of alternatives using the hy-
drology models to determine the effectiveness and
efficiency of different scenarios. Alternatives in-
cluded different basin designs (inline and offline),
various basin combinations and sizes (Rittenhouse
Basin and/or Chandler Heights Basin), and different
combinations of detention scenarios (detaining flow
from the EMF and/or Rittenhouse Channel, detaining
flow from the EMF and/or Queen Creek and/or Sano-
kai Wash)

From these initial analyses, we reached the following
conclusions relative to the Rittenhouse and Chandler
Heights Basins:

o Neither a Rittenhouse Basin nor a Chandler
Heights Basin alone can meet the target flows in
the EMF. Both basins, therefore, must be utilized.

o Because the Rittenhouse Channel peaks earlier
than the EMF at the confluence, storing flows
from the Rittenhouse Channel is relatively inef-
fective in reducing peak flow in the EMF. The
Rittenhouse Basin, therefore, should be dedicated
to detaining flow directly from the EMF (see Rit-
tenhouse Basin Predesign Study Report).

e The peak contributory flow from Queen Creek
plus Sanokai Wash exceeds the target flow rate
below Chandler Heights Road. Therefore, flow
from Queen Creek and/or Sanokai Wash must be
attenuated to meet the target flow rate down-
stream of Chandler Heights Road.

o While flow from Queen Creek and/or Sanokai
Wash must be attenuated, diverting flow directly
from the EMF into the Chandler Heights Basin is
not a viable alternative and is not necessary. A
Rittenhouse Basin will sufficiently reduce the
peak flow and water surface elevation in the
EMEF, that further attenuation of the EMF is not
necessary. Further, the low weir elevation needed
would significantly reduce the amount of basin

Figure 19. The Higley Road bridge crossing over Queen Creek was de-
signed for future roadway widening. The present lanes use the eastern
portion of the bridge, but room for a future lane is available to the west,
as shown here.
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storage, EMF capacity and the Chandler Heights
Basin would get wet during high frequency rain-
fall events. In addition, a Rittenhouse Basin
would also “flatten” the EMF hydrograph so that
while the peak flow is much lower, the duration
of the highest flow rates are extended for a much
longer period of time. Consequently, the amount
of storage required to attenuate flow would in-
crease due to the long duration of the peak flow
rates.

e By meeting the target flow rate at Rittenhouse
Road, there is sufficient capacity in the EMF
downstream of Chandler Heights Road that some
flow from Queen Creek and/or Sanokai Wash
could bypass detention storage and flow directly
into the EMF.

Chandler Heights Basin Alternatives
and preliminary evaluation

We investigated a number of preliminary alternatives
and revisions of alternatives prior to selecting our
preferred alternative. We developed alternatives to a
level in which a qualitative evaluation could be
made. The alternative was then either revised for fur-
ther development or dropped from consideration.

A primary component of most alternatives was the
concept of a detention basin “bypass” flow. We de-
fined bypass flow as the amount of flow that can by-
pass detention storage unattenuated and enter the
EMF without exceeding the target peak flow rate in
the EMF at Chandler Heights Road. We set the mini-
mum bypass flow equal to the difference between the
target peak flow rate in the EMF at Chandler Heights
Road and the peak flow rate in the EMF entering the
Chandler Heights Basin area. The magnitude of the
incoming EMF peak flow is dependent upon the Rit-
tenhouse Basin design. However, we estimated prior
to the final development of the Rittenhouse Basin al-
ternative that the bypass flow could be approximately
2300 cfs. Actually, the bypass flow rate can increase
as the incoming EMF flows decrease later in the
storm.

Another component common to the basin alternatives
is a sedimentation basin. We are concerned that in-
flows from Queen Creek and Sanokai Wash are

likely to have significant sediment loads, and want
to keep at least some of that load from entering the
EMF. A sedimentation basin now exists just ahead
of the confluence of the combined Queen Creek/
Sanokai Wash with the EMF.

Several of the preliminary alternatives are de-
scribed here and show the progression of develop-
ment of the preferred alternative. They are illus-
trated in figures on pages 9 and 10.

One factor that also entered into consideration of
the alternatives is whether flows from all storms
will enter the basin, or whether only flows from lar-
ger events will. In all cases except the recom-
mended alternative most or all storm flows will en-
ter some portion of the basin. This affects the avail-
ability of the basin for uses beyond flood control.

Queen Creek or Sanokai Wash Detention
Basin Alternative.

In these alternatives we considered whether dedi-
cating the Chandler Heights Basin to detaining flow
from either Queen Creek or Sanokai Wash was fea-
sible. Our initial investigations indicated such an
alternative could not attenuate flows sufficiently to
meet the EMF target flow rate at Chandler Heights
Road when combined with the flows already pre-
sent in the EMF. In addition, the volume of storage
required significantly exceeded that for other alter-
natives. This alternative demonstrated to us that
flows from both Queen Creek and Sanokai Wash
must be handled. This alternative is illustrated in
Figures 20 and 21.

Separate Queen Creek and Sanokai Wash
Detention Basins Alternative.

We also considered an alternative that subdivided
the Chandler Heights Basin into two separate ba-
sins, one handling Queen Creek flow and the other
handling Sanokai Wash. This alternative initially
appeared attractive in that it would eliminate the
Queen Creek channel between the Higley Road
bridge and the Sanokai Wash confluence. The ex-
pected future extension of Ocotillo Road would di-
vide the Chandler Heights Basin area into two
zones anyway. The arrangements are illustrated in
Figure 22. Upon development, however, this alter-
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EMF, from Rittenhouse Basin area
Q100 = 3329 cfs

EMF, from Rittenhouse Basin area
Q100 = 3329 cfs

Queen Creek
Q1oo = 3000 cfs

Queen Creek
Qmo = 3000 cfs

Do not detain
flows from
Queen Creek

Detain flows
from Queen
‘eek ;
Qtse - Eliminate
Queen Creek
channel

Eliminate
Queen Creek
channel

Sanokai Wash
Q1ao = 3000 cfs

Sanokai Wash
Q1og = 3000 cfs

Detain flows
from Sanokai

flows from
Sanokai Wash

Figure 20. Queen Creek Detention Basin Alternative. Figure 21. Sanokai Wash Detention Basin Alternative.
This figure shows detaining flows from Queen Creek but not Sanokai This figure shows detaining flows from Sanokai Wash but not Queen
Wash. Creek.

Our initial investigations indicated that detaining flows from either Queen Creek or Sanokai Wash alone could not aftenuate flows sufficiently to meet the
EMF target flow rate at Chandler Heights Road when combined with the flows already present in the EMF. In addition, the volume of storage required
significantly exceeded that for other alternatives. Further, in all of these alternatives even the smaller flows are sent to detention storage and thus the
basins are not available for multiuse benefits. The basins would be wet for almost any rainfall event. This alternative demonstrated to us that flows from
both Queen Creek and Sanokai Wash must be handled.
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EMF, from Rittenhouse Basin area
Q100 = 3329 cfs

Queen Creek
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Detain flows
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Creek
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Detain flows
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Figure 22. Separate Queen Creek and Sanokai Wash
Detention Basins Alternative.

The possible benefits were outweighed by higher expected costs associ-
ated with duplicate inlet and outlet structures for each basin, the hydrau-
lic inefficiency of detaining Queen Creek and Sanokai Wash separately,
and the negative impact on possible multi-use opportunities. This alter-
native demonstrated that it was more efficient to handle the combined
flow of Queen Creek and Sanokai Wash.

EMF, from Rittenhouse Basin area
Q100 = 3329 cfs

S| Queen Creek
Qmo = 3000 cfs

Detain flows
from Queen

Eliminate
Queen Creek
channel

Sanokai Wash
Q1oo = 3000 cfs

CBC outlet
and spillway
into EMF

Figure 23. Inline Chandler Heights Detention Basin
Alternative.

The simple concept and the expected costs savings made this an ap-
pealing alternative, however, an adequate basin and outlet configuration
proved difficult to achieve during the preliminary analyses. The inability
to effectively control the discharge from the outlet structure often resulted
in either excessive amounts of detention storage or an excessive release
of flow into the EMF that exceeded the target peak flow rate. Unable to
develop an effective basin/outlet configuration based upon preliminary
analyses, we dropped this alternative from further consideration.
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EMF, from Rittenhouse Basin area
Q1oo = 3329 cfs

Queen Creek
“ Qmo = 3000 cfs

Sanokai Wash
Qmo = 3000 cfs

Figure 24. Sedimentation Basin Weir Alternatives.

This alternative was further developed to better estimate the length and
size of the outlet/diversion structures. Upon further development, how-
ever, we found it difficult to control the amount of bypass flow through the
CBC outlet due to changes in head. To minimize the fluctuation of head
on the CBC outlet, we significantly increased the length of the diversion
weir. Ultimately, this alternative appeared to offer a marginal reduction in
weir length over a sideweir alternative.

EMF, from Rittenhouse Basin area
Q100 = 3329 cfs

Queen Creek
Q100 = 3000 cfs

\ Outlet &
J into EMF

Sanokai Wash
Q1oo = 3000 cfs

Route flows
from Sanokai i
Wash

into EMI

Figure 25. Sideweir Alternatives.

This alternative offered several advantages over other preliminary alter-
natives and was selected as the preferred alternative. Limiting the
amount of bypass flow using a sideweir, and having a CBC outlet into the
EMF, provides better control of the bypass flow. This decreases the like-
lihood that flow is not prematurely diverted into detention storage and
reduces the probability of exceeding the maximum allowable bypass
flow. A detailed description and discussion of this alternative is provided
in the Preferred Alternative Section.
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native was dropped from consideration. The possible
benefits were outweighed by higher expected costs
associated with duplicate inlet and outlet structures
for each basin, the hydraulic inefficiency of detaining
Queen Creek and Sanokai Wash separately, and the
negative impact on possible multi-use opportunities.
This alternative demonstrated that it was more effi-
cient to handle the combined flow of Queen Creek
and Sanokai Wash.

Inline Chandler Heights Detention Basin Al-
ternative.

We considered providing a large inline detention ba-
sin for Queen Creek/Sanokai Wash and a outlet/
spillway to the EMF, as shown in Figure 23, that
would continually discharge into the EMF until the
basin was completely drained. Unlike other alterna-
tives that restricted basin discharge to a maximum of
the “bypass™ flow (~2300 cfs), the inline concept was
to design a basin and outlet structure that would take
advantage of the “excess bypass capacity” in the
EMEF prior to, and after, the passing of the peak flows
in the EMF, thereby, minimizing basin storage and
maximizing the drainage of the basin. The basin and
outlet would essentially be configured to release as
much flow as possible throughout the storm event
provided the target peak flow rate was not exceeded.
The simple concept and the expected costs savings
made this an appealing alternative, however, an ade-
quate basin and outlet configuration proved difficult
to achieve during the preliminary analyses. The in-
ability to effectively control the discharge from the
outlet structure often resulted in either excessive
amounts of detention storage or an excessive release
of flow into the EMF that exceeded the target peak
flow rate. Unable to develop an effective basin/outlet
configuration based upon preliminary analyses, we
dropped this alternative from further consideration.

Sedimentation Basin Weir Alternatives.

We developed several variations of this alternative,
using different outlet/diversion structure configura-
tions and mechanisms. We wanted to take advantage
of the sedimentation basin to separate the “bypass
flow" from flow to be diverted into detention storage.
We expected this to minimize the detention diversion
weir length and to provide a sedimentation basin for
all Queen Creek and Sanokai Wash runoff. Several

inventive outlet structures were considered, however,
the most practical structure appeared to be a CBC
outlet to the EMF for the bypass flow and a weir in
the sedimentation basin to divert flow into detention
storage. This alternative, illustrated in Figure 24, was
further developed to better estimate the length and
size of the outlet/diversion structures. Upon further
development, however, we found it difficult to con-
trol the amount of bypass flow through the CBC out-
let due to changes in head. To minimize the fluctua-
tion of head on the CBC outlet, we significantly in-
creased the length of the diversion weir. Ultimately,
this alternative appeared to offer a marginal reduction
in weir length over a sideweir alternative.

In addition, investigation into several existing resi-
dential structures and a proposed development imme-
diately to the south of the Chandler Heights Basin re-
vealed the finish floor elevations to be lower than the
ground elevation around the existing sedimentation
basin embankment. It was decided that alternatives
that reduced the amount of flow and the water sur-
face elevation at the existing sedimentation basin lo-
cation would reduce the risk of potential flooding of
existing and proposed developments. Therefore, this
alternative was not developed further.

Sideweir Alternatives.

Variations of this alternative included separate
sideweirs for Queen Creek and Sanokai Wash and a
sideweir after the confluence of Queen Creek and
Sanokai Wash. Separate sideweirs were determined
to be inefficient and thus a single sideweir after the
confluence of Queen Creek and Sanokai Wash was
developed. The sideweir, as in the Rittenhouse Basin
design, is designed to allow the bypass flow to con-
tinue past the sideweir and the detention basin,
through the sedimentation basin and discharge unat-
tenuated into the EMF though a CBC outlet. The weir
elevation and length is set such that flow in excess of
the bypass flow would be diverted into detention
storage. This alternative offered several advantages
over other preliminary alternatives and was selected
as the preferred alternative. Limiting the amount of
bypass flow using a sideweir, and having a CBC out-
let into the EMF, provides better control of the by-
pass flow. This reduces the likelihood that flow is not
prematurely diverted into detention storage and re-
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duces the probability of exceeding the maximum
allowable bypass flow. A detailed description and
discussion of this alternative is provided in the Pre-
ferred Alternative Section, and the alternative is il-
lustrated in Figure 25.

PREFERRED ALTERNATIVE

Description of proposed project

The proposed project is based upon the develop-
ment of the sideweir alternative and consists of a
1647 acre-ft detention basin and a 1250 foot
sideweir. The Queen Creek channel will be im-
proved to contain the 100-yr event with freeboard
and will vary from 200 feet to 70 feet in width.
Four drop structures will allow the channel slope to

Flow Hydrographs
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be flattened so that velocities are lower in the chan-
nel. The two upper drop structures are likely to be
not needed should the Roosevelt WCD undertake
their planned changes to lower the Queen Creek
channel.

A 1250 foot long sideweir will divert flow from an
improved Queen Creek/Sanokai Wash channel into
the detention basin. Flows in the channel below the
sideweir will be conveyed into the sedimentation
basin, and then discharged directly into the EMF.
The height of the sideweir limits the amount of by-
passed flow to the difference between the target
flow at Chandler Heights Road bridge (5667 cfs)
and the flow coming down the EMF from the Rit-
tenhouse Basin area (3259 cfs). This approximately
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2300 cfs bypass flow will pass through the sedi-
mentation basin and be subject to sediment capture.
With this arrangement “first flush” flows will
probably be subject to sediment capture in the ba-
sin. Flows diverted into the detention basin will
also be subject to sediment capture in that im-
poundment. The bypass flow will reach the EMF
through thirteen 4°x4” box culverts. These will have
flap gates that will prevent water from passing from
the EMF into the sedimentation basin when water
levels on the EMF side are higher than in the basin.
These box culvert sizes are only preliminary, and
the sizes will be optimized during final design.

The basic proposed arrangement is shown in more
detail in Figures 34 through 46, at the end of this

Stage Hydrographs
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section. This provides a sideweir at elevation
1307.2, which is approximately eight feet above the
Queen Creek channel bottom. The weir length is
1250 feet. The Basin will contain approximately
1647 acre-feet of water stored below the peak water
surface elevation (1305.1 feet for the 100-year
event, as determined in the model). This elevation
is above the expected flow depth in Queen Creek
for the 10-year event. The analyses that led to this
conclusion are described in Appendix A - Hydrol-

ogy and Hydraulics and are illustrated in Figures 26
and 27.

Draining the Basin
FCDMC expressed a desire to avoid pumping for
draining the basin if at all possible. While lowering
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Figure 26. Flow hydrographs at Chandler Heights Basin . The hydrographs for the EMF at Queen Creek Road and for Queen Creek and Sanokai Wash
represent inflows to the system. The Target Discharge value is the design criterion for the EMF that applies to the Chandler Heights Basin system. The
hydrograph for the EMF near Chandler Heights Road includes the effect of the Chandler Heights Basin and its related components. Note: the sudden
Jjump in flows in the EMF at approximately 36 hours results from opening the outlet gates at the lower outlet.

Figure 27. Stage hydrographs at Chandler Heights Basin system. The hydrograph for the EMF at Queen Creek Road represents inflow to the system.
The hydrograph for downstream of the south basin outlet represents the results in the EMF due to the Chandler Heights Basin system. The hydrograph
for Chandler Heights Basin water level shows changes in time for the pond. A sharp increase in water levels in the EMF downstream of the south outlet
at around hour 36 is caused by opening those gates. The hydrograph for water levels within the Basin show it to be emptied before hour 60.
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the basin floor would increase the amount of stor-
age volume available below any water surface ele-
vation, a floor below the EMF channel bottom
could not be drained by gravity and would have to
be pumped. Pumping would not only increase ini-
tial construction cost, but would also increase main-
tenance and operations cost and complexity.

Some water can be removed from storage by perco-
lation into the ground at the basin bottom, and geo-
technical studies were directed to estimate the capa-
bility of existing soils at that elevation to provide
percolation capability. More information about per-
colation rates and other geotechnical topics can be
found in Appendix B — Geotechnical Engineering
Report.

We will design two outlets and the majority of
stored volumes will be released back into the EMF.
However, because the Basin bottom must be rela-
tively flat we are planning to use direct percolation
into the Basin bottom to remove the last foot or so
of stored water.

We decided on a gravity drain system for each out-
let that would be made up of multiple box culvert
sections. At the upstream outlet, flap gates on the
EMEF channel end of each box would restrict flow
to only move from the basin to the channel, and
would stay closed when the water elevation in the
channel is higher than in the basin, thus avoiding
flooding the basin except by over the sideweir. The
relative water levels in the EMF and storage will
not allow using flap gates for the downstream out-
let. These will have to have operated slide gates.

Our analysis showed that a system of thirteen 4°x4’
box culverts for the upstream outlet and twelve
4°x4’ box culverts for the downstream outlet would
provide enough capacity to drain the basin within
the desired 36 hours following the storm event.
This is illustrated in Figure 27. These box culvert
sizes are only preliminary, and the sizes will be op-
timized during final design.

Appendix A contains much more detailed descrip-
tions of how the basin outlets were modeled.

Sideweir seepage protection

In the area of the sideweir, we propose cutoff walls
as an integral part of the weir structure and a crack-
stopper barrier in other embankments. The cutoff
walls serve two functions: to help reduce seepage
effects, and to help protect against scour where the
edge of the sideweir meets the channel or the basin.
In the channel, there will be flows running parallel
with the sideweir and though velocities are not gen-
erally high, the cutoff wall will help guard against
local scour affecting the structure. And, on both
sides of the sideweir, flows over the weir will ter-
minate at the bottom and can cause erosion perpen-
dicular to the sideweir. Though we provide erosion
protection at the foot of the weir itself, the cutoff
wall helps to preserve the integrity of the weir
structure.

The crack-stopper barrier system for the embank-
ments outside of the sideweir will be designed dur-
ing final design. See Appendix B — Geotechnical
Engineering Report for more details.

Basin drainage

There are no areas immediately outside the pro-
posed basin that receive drainage from areas be-
yond, so no interception system is needed. Rainfall
on those areas at the top and sides of the embank-
ments will travel by sheetflow down the embank-
ment faces, and the surface treatment of the em-
bankments will be designed to control erosion from
these minor flows.

Rain that falls directly into the Basin area will add
to the volume stored in those instances where flows
have been diverted into the Chandler Heights Basin
from Queen Creek or Sanokai Wash and will sim-
ply add to the volume stored. No special provisions
need to be made for this added volume, since it will
simply be handled by the Basin itself. In the in-
stances where flows are not diverted into the Basin
from the EMF, the local rainfall will simply collect
in the Basin and be removed by the same means as
stored flows. If water levels are high enough the
outlet system will release the captured flows into
the EMF. For lower levels, any collected amounts
will percolate directly into the Basin bottom. De-

KDY

PROPOSED PROJECT Page 12

sign of any golf course or other recreation facilities
should take this into account in planning for local
drainage collection and disposal.

Embankment construction

The storage basin will be constructed by excavating
below existing grade throughout. Embankments
will therefore be created by excavation, including
those adjacent to the EMF and the Queen Creek
Channel.

Embankment slopes

Basin side slopes are set at 4:1 (H:V) to meet geo-
technical criteria as reported in the section on De-
sign Criteria. Maintenance access roads are placed
at strategic locations around the basin. These roads
lead from the upper ground surface to the basin bot-
tom and are used for foot, horse, and vehicle move-
ments to and from the basin area.

Subsidence and fissures

The preliminary analysis of the potential for fis-
sures and for general settlement is described in de-
tail in Appendix C - Subsidence and Fissures
Evaluation. In summary, we found that there are
not likely to be fissure action in the Chandler
Heights Basin area that would be of concern.

There is a potential for differential subsidence,
however. The subsidence is caused mostly be
changes in groundwater levels and subsequent col-
lapse of the soil structure. While in the past ground-
water levels have sharply dropped, with recent fo-
cus on groundwater recharge these levels are recov-
ering. For that reason, subsidence conditions that
might have been present in the past may now be
changing, making subsidence predictions difficult.

The evaluations completed for this report are not
detailed enough to make specific design recommen-
dations, but the report in Appendix C notes that a
differential settlement in the range of 4-6 feet might
be experienced over the length of the basin. The
subsidence at the northern end is likely to be
greater than subsidence in the southern end, hence
the differential. Since the basin is more than 1 1/2
miles long, this amount of settlement is not great.

However, for the EMF and the Basin, this amount
of differential settlement could cause hydraulic
problems. The total difference in elevation for the
EMF channel bottom for the length of the proposed
Chandler Heights Basin is approximately 4 feet, so
a differential settlement of 4-6 feet could totally
flatten or even reverse the EMF channel slope in
that area. Our recommendation is to design as part
of the basin project some monitoring points and
propose a schedule of subsidence monitoring to be
done by the Flood Control District in future.
FCDMC could then anticipate problems should
they begin to develop in time to be able to respond.
A monitoring program is outlined in Appendix
C — Subsidence and Fissures that has been rec-
ommended to FCDMC for other, similar structures.

Embankment seepage

A concern is with the possibility of piping action
through the embankments that are adjacent to chan-
nels. Piping is the result of water moving through
the soil and creating a small channel by shifting the
fine particles within the soil mass or by creating lo-
calized changes in the soil’s compaction. Once
started, piping usually progresses and can cause lo-
calized failures of the embankment. The edges of
structures are especially susceptible to piping action
because of the change in material along the face.
We provide anti-piping measures at the ends of the
sideweir structure that create a longer, less direct
flow path.

Another concern is along the embankments them-
selves. The existing material that will be excavated
is heterogeneous in nature and is different in vari-
ous locations. This material does not have the in-
herent characteristics that would discourage piping.
There is also the potential for burrowing animals to
create paths for water to enter the embankment
more quickly than by seepage.

Remedial measures to protect against piping in-
clude constructing an impervious core within the
natural embankments that border on channels. This
measure would be applied to the embankment
along the EMF except where the sideweir is lo-
cated, and the embankment along the Rittenhouse
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Figure 29. Flows in the Queen Creek channel below the sideweir crest level continue on downstream.
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Figure 30. Once flows in Queen Creek pass the sideweir crest the excess is diverted into the storage basin. The bypass flows below the sideweir level
continue down Queen Creek, through the sedimentation basin, and into the EMF.
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Figure 31. As flows in Queen Creek recede, stored water in the basin can initially pass back over the weir into Queen Creek.

Channel except next to the Kinder-Morgan prop-
erty. The core wall is not needed at the sideweir be-
cause we provided structural cutoff walls with that
structure. This core wall is described in more detail
in Appendix G - Geotechnical Engineering Re-
port.

Basin bottom

The basin bottom is to be left with a fairly uni-
formly sloped surface draining toward the basin
outlet. The slope is quite flat, however, in order to
maximize the basin volume. A slope of 6 inches in
1000 feet is proposed. While this will not drain the
basin completely, we expect that water at the lower
elevations will be absorbed into the ground by per-
colation.

Function of a sideweir

A sideweir is constructed along the embankment of
a channel, with its crest lower than the embankment
top. Once water levels in the channel reach the
sideweir crest, water is diverted into the storage ba-
sin on the other side of the sideweir. The higher the

water level is in the channel, the greater the di-
verted flow.

Once storage is filled the water level rises at
roughly the same rate in the channel and storage.
And, once water levels in the channel recede, water
from storage that is above the sideweir crest could
flow back into the channel. A separate outlet is
needed, however, to drain water stored below the
weir crest elevation, but this outlet will discharge to
the EMF rather than back to Queen Creek.

Several typical scenarios for the relative water lev-
els between channel and storage are shown in Fig-
ures 29 through 31.

Sideweir cross-section and materials
The sideweir shown in the concept plan is a linear
concrete structure with a flat top, several steps lead-
ing into the basin, and a sloped face leading into the
Queen Creek channel. The uppermost level is a flat
concrete slab 8 ft wide, which serves as the hydrau-
lic weir crest. One foot below that on the basin side
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is a 20 foot wide flat slab. The wider area is intended
for driving or walking on, and the step up to the 8
foot section helps to protect a vehicle from going
over the step side into Queen Creek.

On the Queen Creek side, a face sloped at 3:1 is pro-
vided to create a sloped drop into the Queen Creek
channel. Since the total height of the sideweir above
the channel bottom is 60 inches, having this sloped at
3:1 or flatter meets ADA guidelines to avoid placing
a handrail along the top of the weir. The limit on drop
would be 42 inches if a steeper slope were used, and
this would require an intermediate step on the Queen
Creek side.

On the basin side, two alternative arrangements are
provided. The drop can be stepped or sloped. Four
steps that drop one foot each will help to dissipate the
energy of the flow over the weir as well as to provide
steps that can be traversed on foot. While a sloped
face (at 4:1) does not dissipate energy directly, a rip
rapped area at the bottom helps to dissipate it. The
sloped face can also be traversed on foot.

Figure 32. This sketch shows an approach using curved lines for the
steps instead of straight edges.

Figure 33. Steps can also be done in an irregular fashion instead of hav-
ing continuous edges.

While the sideweir is 1250 feet long, it is only 4 feet
high when viewed from the west (5 feet high when
viewed from the Queen Creek side). From the basin
bottom it will appear as a long, low structure which
would probably be mostly screened with plantings
associated with multiuse development. Viewed from
normal ground elevations, such as along Higley
Road, the structure will be almost a half mile away
and would be hardly visible.

We feel the face along Queen Creek and the sideweir
crest and roadway areas should be poured concrete.
The face along the Queen Creek is subject to flow
along the face as well as over it, and concrete will be
more durable under those conditions.

The crest and roadway need the strength of poured
concrete to remain dimensionally stable over time.
We don't want the crest to settle in local spots be-
cause it would affect the hydraulic operation of the
sideweir.

Optional materials of construction for the basin face
include poured concrete and rock boxes for a stepped
face. For a sloped face poured concrete, gunite, rock
mattresses, and grouted riprap can be used. We ex-
pect velocities might be in the 5-10 fps range, so ero-
sion protection is required.

The two basic alternatives of stepped and sloped face
are shown in the typical details drawing in Figure 31.
Two optional treatments for a stepped face are also
shown in Figures 32 and 33.

Plunge pool

We plan to have a plunge pool or receiving basin at
the bottom of the basin side at the sideweir. This pro-
vides the final dissipation of energy from either the
stepped or sloped sideweir face and helps to avoid
erosion and scour at the point of transition between
weir and basin floor. The width can be less for a
stepped face because the velocities at the transition
will be less than for the sloped face. The plunge pool
should be formed using ungrouted riprap to avoid
having an actual pool of standing water that might
attract birds. With riprap, the water would be down
between the rocks. We expect the last amounts of wa-
ter in the plunge pool will percolate into the ground
below.
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Access roads

All access roads, whether along an embankment or
down the side of one, will have wearing surfaces
composed of decomposed granite.

Coordination for future uses

The Town of Gilbert is evaluating development of
recreational facilities that would coexist with the
flood control facilities at Chandler Heights Basin.
Our project team has worked with Gilbert officials to
develop some potential recreational concepts that are
compatible with flood control needs. An Illustrative
Plan sketch and a Site Analysis sketch are shown at
the end of this section.

QUEEN CREEK CHANNEL

The preferred plan provides for continued use of the
Queen Creek Channel to convey flows from Queen
Creek and Sanokai Wash into the system. While the
existing channel performs essentially this same func-
tion, the Channel would be modified extensively un-
der our plan.

Our hydraulic analyses show that the existing chan-
nel does not have the capacity to contain and convey
the design flows. Accordingly, we propose widening
the channel to a 100-foot bottom width from just
downstream of the Higley Road bridge to the Ocoti-
llo alignment. We also propose drop structures along
this channel so that bottom slopes can be managed to
keep flow velocities down. Our proposed bottom
slope 1s 0.0003 feet per foot, similar to the EMF.
Where Sanokai Wash flows join, the channel must
have a 200-foot bottom width to provide the needed
capacity. We proposed channel side slopes to be 4:1.

The existing Queen Creek channel is contained
within raised levees, as shown in several photos in
this report. We proposed to deepen the channel, and
the height of raised levee will be greatly reduced in
length and also in height. We expect that design
flows will actually be contained within the portion of
the channel that lies below adjacent grades. Thus lev-
ees where needed will only serve to extend freeboard.

The proposed sideweir will be built on the west side
of the channel, below the Ocotillo Road alignment.
The purpose of the sideweir, as explained earlier, is

to restrict the amount of flow that continues in the
channel to that permitted in bypass. The sideweir
does this by conveying water higher than its crest to
the side and into the detention basin. The depth of
flow at sideweir crest provides just the conveyance
needed for the bypass flow rate (approximately 2300
cfs). If the channel were to continue with the same
bottom width, the water surface would drop as flow
passed over the sideweir crest and the sideweir would
be less efficient further along unless we sloped the
sideweir crest along its length. Instead, we taper the
channel bottom width from 200 feet to 70 feet for the
length of the sideweir. Below the sideweir, the chan-
nel continues with a 70-foot bottom width and 4:1
side slopes until the entrance to the sedimentation ba-
sin.

In order to make Queen Creek channel wider than at
present, the east side outside toe of slope will be kept
within the property boundary. This will result in the
channel to be located further west than at present. See
the discussion below regarding the Roosevelt Water
Conservation District for further details on this topic.

SANOKAI WASH ALIGNMENT

At present, Sanokai Wash is a largely undefined wa-
tercourse upstream from the Queen Creek channel. It
has no defined bed, and is mostly defined by where it
crosses north-south streets. However, development
plans for the lands east and west of Higley Road call
for changes to Sanokai Wash.

We have been told by officials of the Town of Gilbert
that Sanokai Wash will be contained within a defined
channel in this area. Though Sanokai Wash is now
considered to run south of the Ocotillo Road align-
ment east and west of Higley Road, they plan to relo-
cate it to the north of future Ocotillo Road. We ex-
pect to have further definition of this alignment at the
confluence with Queen Creek so that we can incorpo-
rate it into our final design.

RECHARGE AND THE ROOSEVELT
WATER CONSERVATION DIS-

TRICT
The Roosevelt Water Conservation District (RWCD),
based in Higley AZ, owns the Queen Creek channel
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in its present configuration. Their ownership extends
both above and below the Higley Road bridge.
RWCD is already planning to improve the channel in
order to use it for intentional groundwater recharge.
They will acquire the sources of water and convey it
to their channel, where recharge would take place
within the channel. Their plans also provide that
storm waters will continue to be conveyed to the
EMF, but that none of the introduced water would
make its way to the EMF.

We have had preliminary discussions with RWCD
officials and consultants, and the consensus seems to
be that our proposed flood control improvements
would be very similar to, and compatible with, their
improvements. The intent is to try during final design
to provide a project that will jointly meet the needs of
both RWCD and FCDMC.

Some minor differences between the two plans is that
RWCD would construct temporary berms across the
channel to make small impoundments for recharge.
These berms would be washed away during larger
storm events and would be reconstructed after the
storm had passed in order to restore the recharge fa-

cility.

Our design calls for permanent drop structures in or-
der to manage channel bottom slopes. These perma-
nent structures can replace the RWCD temporary
berms providing that a different low-flow notch be
provided in permanent drop structures. The normal
notch would allow even the smallest flows to pass
through the structure, though perhaps in a throttled
manner. Having such a notch would not allow water
to be impounded above the structure for recharge
functions.

Our preliminary investigations on the feasibility of
groundwater recharge in the Chandler Heights Basin
area are reported in Appendix G - Groundwater Re-
charge Capabilities. The conclusions in that report
show that recharge seems to be feasible with the soils
present, and would not be impeded by groundwater
since levels are low. Further evaluation may be
needed during final design, depending upon whether
the recharge project for RWCD 1is used or FCDMC
does its own.

OCOTILLO ROAD

Ocotillo Road is not yet constructed in our project
area, though officials for the Town of Gilbert have
told us they plan to construct Ocotillo Road from
Higley Road west and across the proposed Chandler
Heights Basin. We have allowed for this by leaving
an embankment in the Ocotillo Road alignment upon
which the future road can be built. Our plans provide
for two openings in this embankment, however. One
opening will allow the Queen Creek channel to pass
through, the other will allow the upper and lower
parts of the detention basin to be connected. The
opening for the Queen Creek channel will have to
have a 200-foot bottom width if Sanokai Wash is to
be located north of Ocotillo Road, or 100-foot bottom
width if Sanokai Wash stays to the south. The open-
ing connecting the basins must have a 200-foot bot-
tom width to properly handle the flows between basin
segments.

The width of our proposed embankment allows for
the full right-of-way width needed by the Town of
Gilbert for Ocotillo Road (130 feet). We have added
top width to provide for constructing approach ramps
to the future bridges; our initial design allows for an
additional four feet of fill at these points, with 4:1
side slopes.

Bridges will be needed
Though not a part of the flood control project, several
long bridges will be needed to carry Ocotillo Road.

e The crossing of Queen Creek will span 200-foot
bottom width with Sanokai Wash to the north.
The top width will be approximately 325 feet if
the 4:1 side slopes are used.

e The crossing of the basin connection will also
span a 200-foot bottom width, with a top width of
approximately 300 feet using 4:1 side slopes.

e The crossing of the EMF will also span a 200-
foot bottom width, and the existing top width out-
side the access roads on each side is approxi-
mately 340 feet.

o Immediately west of the EMF is the RWCD ca-
nal. The apparent top width to be spanned will be
approximately 50 feet.
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Double section corner monument

The south quarter corner for Section 15, Township 2
South, Range 6 East, Gila and Salt River Meridian
lies within the EMF channel and on the Ocotillo
Road alignment. Our surveyors found a discrepancy
in that two different monument locations are de-
scribed in different surveys, and various parcels of
land have been defined in relation to one or the other
monument. As described in Appendix D - Survey
and Control, the difference in location of these two
monuments is around 75 feet. It will not be the func-
tion of this project to resolve this difference, but we
must account for it in planning the facilities. The
most significant impact would be on the future loca-
tion of Ocotillo Road, since the 75+ foot different is
in a north-south direction. FCDMC has proposed to
compensate for this by adding width to the Ocotillo
Road embankment to accommodate the offset.

EXPECTED COSTS

We have estimated likely construction costs, as
shown in the table on the next page. Our estimates
are very preliminary, however, because many deci-
sions have yet to be made. As our design process
moves forward and better definition is available for
all project components, our estimates will become
more precise.

PROPOSED PROJECT

PREDESIGN COST ESTIMATE
CHANDLER HEIGHTS BASIN

DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
EARTHWORK
Basin excavation (incl. haul and disposal) CY 6,003,500 $3.75 $22.513,125
Queen Creek channel excavation (incl. haul and disposal) CY 246,200 $3.75 $923,250
EMF channel - remove existing drop structure CY 1,000 $15.00| $15,000
EMF channel excavation (to new drop structure) CY 246,200 $3.75 $923,250|
Structural excavation (incl. haul and disposal) CY 18,300 $8.00 $146,400|
Structure backfill (placed and compacted) CY 14,200 $15.00] $213,000
EMBANKMENT
Reconstruct embankment southeast of sed basin CY 37,000 $15.00| $555,000
ICore walls LF 10,000 $265.00] $2.,650,000]
STRUCTURES
Sideweir
ISideweir (Queen Creek to storage) LE 1,250 $2,100 $2,625,000,
Wingwalls CY 35 $300 $10,500
[Toewall CcY 600 $300 $180,000
Outlets
ICBC, 13-4x4x105 (Bypass) LF 81 $1,650 $133,650|
ICBC, 13-4x4x110 (North pond outlet) LF 86 $1.650] $141,900]
ICBC, 12-4x4x100 (South pond outlet) LF 76 $1,500 $114,000|
Flap gates EA 26 $5,000] $130,000
Slide gates EA 12 $7.,500 $90,000
[Trash racks EA 51 $4,000| $204,000]|
Toewalls CY 80| $300 $24,000
Wingwalls CY 40 $300) $12,000
Spillway
Lower pond LF 1,000 $700] $700,000
Sediment basin LF 350 $700 $245,000
Drop structures
IQueen Creek channel SF 15,000 $15 $225,000
EMF channel (new drop structure) cY 1,000 $300 $300,000|
Inlet to sediment basin SY 180 $75 $13,500
Plunge pools
Rip rap (at sideweir, 12") CY 1,000 $35.00) $35,000
EMF at drop structure CY 10,000 $35.00] $350,000
Miscellaneous
|Decomposed granite maintenance road SY 58,100] $23.85 $1,385,685
RELOCATION AND REMOVALS
IClearing and grubbing AC 250 $150 $37,500
Miscellaneous removals LS 1 $50,000 $50,000
LANDSCAPING AND EROSION CONTROL
[Temporary erosion control LS 1 $750,000 $750,000
Hydroseeding AC 324 $2,000| $648,00
[Two-strand wire perimeter fence LF 21,000 $10 $210,000
Irrigation system LS 1 $485,000 $485,000
Trees (15 gal) EA 1,700 $150 $255,000
Shrubs EA 2,720 $20 $54,400
MISCELLANEOUS CONSTRUCTION ITEMS
Mobilization/demobilization LS 1 $300,000 $300,000
ISurvey and construction staking LS 1 $300,000 $300,000]
IConstruction, materials and quality control testing LS 1 $440,000 $440,000

[SUB-TOTAL CONSTRUCTION COSTS

[

$38,388,160|

ENGINEERING (5%) $1,919,408]
CONTINGENCY (30%) $11,516.448
[TOTAL ESTIMATED COST [ $51,824,016|
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1. DESIGN PARAMETERS AND BASIN MODELING APPROACH

1.1. Design Goals and Parameters

The objective of the hydraulic design is to limit the total flow in the East Maricopa
Floodway (EMF) to approximately 5670 cfs by intercepting flows from the combined
Queen Creek and Sanokai Wash in the Chandler Heights basin. The flow in the EMF
approaching from downstream of the Rittenhouse Channel is 3400 cfs. This limits the
flow from the Chandler Heights basin to approximately 2300 cfs when the EMF
approach flow peaks at 3400 cfs. This is accomplished by using a lateral weir in the
combined flow channel that is designed to limit the peak bypass flow to 2300 cfs. The
diverted flows are stored in the detention basin, which is to drain within 36 hours after
the end of the storm. A sediment basin is included downstream of the bypass flow
channel to capture sediment in excess of 0.01 mm.

1.2. HEC-RAS 3.0 Unsteady Flow Model

Due to the complex hydraulic interaction among the elements of the detention basin,
unsteady flow is the method used to analyze the basin behavior. This results in a final
hydrograph that describes the interaction between the EMF approach flow, the Queen
Creek/Sanokai Wash bypass flow, and the discharges from the north and south outlets
from the Chandler Heights basin.

The US Army Corps of Engineers computer program, HEC-RAS Version 3.0, is used to

calculate water surface profiles for both steady and unsteady flow. The program uses

an unsteady flow equation solver adapted from Dr. Robert L. Barlauu's UNET model.
The unsteady flow simulation can be used to model one-dimensional unsteady flow
through complicated open channel systems with split flow, in-line weirs, side weirs, and
other hydraulic structures. )

Modeling of flows through culverts with flap gates or manually operated gates and over
side weirs requires adjustment of the modeling methods used in HEC-RAS. Side weir
flow is modeled by HEC-RAS using the same equation as for regular weir flow. Only
one discharge coefficient is allowed for each weir used. The coefficient for side weir
flow used in the analysis is derived by application of an adjustment to the inline weir
flow coefficient. Flow through a culvert with flap gate or manual operated gate is not
available as an option in HEC-RAS; it is modeled as a sluice gate for which the opening
is varied over time to match the discharge through a culvert with a gate computed
external to HEC-RAS.

HEC-RAS does occasionally demonstrate instability when drop structures - are
encountered, affecting how the models are developed. Some special modeling
techniques were used to avoid the instability, which will be discussed in the following
sections.

2. HYDROLOGY MODEL

2.1. Base Model

A Year 2020 future conditions HEC-1 model for a 100-year, 24-hour storm event was
provided by the Flood Control District of Maricopa County (District) as the base model
for this project. This model consists of five sub-models and was updated by the District
based on models from East Mesa Area Drainage Master Plan Study prepared by Dibble
& Associates and Queen Creek/Sanokai Wash Hydraulic Master Plan & East Maricopa
Floodway Capacity Mitigation Study prepared by Huitt-Zollars.

In addition to the base model, three target peak flows were provided by the District for the
EMF at the following locations, which will meet the channel capacity requirements.

Peak Flow in EMF at Rittenhouse Road: 3329 cfs
Peak Flow in EMF at Chandler Heights Road: 5667 cfs
Peak Flow in EMF at Hunt Highway: 8100 cfs

2.2. Model Revisions

Revisions to the 100-year HEC-1 model by District, Kirkham-Michael and Primatech
during this study are listed below:

Revision of the flows from CAP over chutes, CAP1a and CAP1b.

Revision to incorporate revised hydrograph (Ql record) out of Sanokai Flood
Retarding Structure at Queen Creek. '

Replace the flow in the EMF downstream of the Rittenhouse basin with the
resultant hydrograph derived from the Rittenhouse basin HEC-RAS analysis
(using QI record).

Replace the flow in the EMF downstream of the Chandler Heights basin with the
resultant hydrograph derived from the Chandler Heights basin HEC-RAS
“analysis (using QI record).

Create HEC-1 models for the 2-yr. and 5-yr. events for computation of the
corresponding hydrographs in Queen Creek/Sanokai Wash. These hydrographs
are used for computation of sediment volumes.

The HEC-1 models and the resultant hydrographs for the proposed conditions (with
Rittenhouse Basin and Chandler Heights Basin) at Queen Creek Road, Chandler
Heights Road, and Hunt Highway are presented in the appendix. The hydrographs for
the existing conditions (without the detention basins) at the same locations will also
listed in the appendix.
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2.3. Input Hydrographs

Hydrographs were obtained for both Queen Creek and Sanokai Wash (HEC-1 Station
ID: CO508). The flow in the EMF upstream of the Chandler Heights basin is derived
from the Rittenhouse basin analysis. That analysis determined the flow downstream of
the Rittenhouse channel (Refer Hydraulic Report for Rittenhouse Basin). That
hydrograph was translated using HEC-1 downstream to the Chandler Heights basin
(HEC-1 Station ID: RQCS). Both Queen Creek/Sanokai Wash and the EMF
hydrographs have residual flows that exist for several days.

2.4. Resultant Hydrograph from the HEC-RAS Modeling

Resultant hydrograph from the Chandler Heights Basin HEC-RAS modeling was coded
into HEC-1 using QI Card. This hydrograph is input in the HEC-1 model to replace the
hydrograph generated in the basé HEC-1 model in the EMF at the same location (HEC-
1 ID: CHNBAS).

3. HYDRAULIC MODEL

3.1. Model Elements

The hydraulic structures at the Chandler Heights basin include a two level detention
basin, a sedimentation basin, an approach open channel, a side weir to divert excess
flows, and three outlet structures, one un-gated, one with a flap gate, and the third with
a manually operated gate. The embankment of the future Ocotillo Road separates the
two level basin. There is a 200-foot opening in the Ocotillo Road embankment to allow
the hydraulic interaction of the two basins. ‘

3.2. Channel

Two channel segments are simulated in the Chandler Heights Basin HEC-RAS model.
One is a section of EMF located along the west side of the Chandler Heights Basin.
The second is the combined Queen Creek/Sanokai Wash channel, which is located
along the east side of the Chandler Heights Basin downstream of the confluence of the
Queen Creek and Sanokai Wash.

3.2.1. EMF Channel

The geometry of the EMF Channel was modified based on the original base EMF HEC-
RAS model Reach 3 provided by District. The existing drop structure in- EMF at
approximately 200 feet upstream Chandler Heights Bridge was relocated 2350 feet
further upstream at Station 11.845. This results in sufficient drop at the outlet to enable
the detention basin to completely drain.

To overcome the program instability associated with the unsteady flow analysis, the low

flow channel in the cross-section at the top of the drop was blocked. Steady flow
analyses were performed to investigate the impact of the low flow channel blockage .on
the basin hydraulic modeling. The steady flow modeling was conducted with different
flow configurations occurred during the operation period of the north basin outlet. The
results show that the impacts are insignificant. Generally, with the blockage the water
surface elevation in EMF at the outlet is around 0.05 feet higher than that without the

blockage. |
3.2.2. The combined Queen Creek/Sanokai Wash Channel

The combined Queen Creek/Sanokai Wash channel is sized to maintain the flow below
the existing ground surface and allow connection of the Queen Creek and Sanokai
Wash channels. This criterion results in an invert elevation of 1300.0 at the entrance to
the sedimentation basin and a slope of 0.0003 ft/ft. The width was based on two
discharges: 6000 cfs downstream of the confluence of Queen Creek and Sanokai

Wash, and 2300 cfs downstream of the side weir diversion. A side weir of 1250 feet in

length is located at the west bank of the channel to divert excessive peak flow into the
detention basin. The low flow or bypass flow from a 100-year event will be conveyed by
the channel into a sediment basin. Since the storage volume of the sediment basin is
relatively small, it is not included in the HEC-RAS model. An outlet culvert was modeled
at the end of the channel. Physically, this culvert is proposed to discharge water from
the sediment basin into the EMF. The culvert was sized to allow discharging the bypass
flow.

To avoid the program instability, this culvert is not connected to the EMF channel. The
hydrograph obtained at the downstream end of the culvert was manually added into the
EMF channel at the location where the culvert should be connected. It is an iterative
modeling process to ensure the whole system being modeled properly.

3.3. Side Weir

The side weir is located downstream of the confluence of Sanokai Wash with Queen
Creek. As the two washes have differently shaped hydrographs, using the combined
hydrographs allows for maximum passage of the allowable flow (2300 cfs) and,
therefore, the minimum storage required. The side weir elevation is set to achieve the
bypass of 2300 cfs. The goal was to maximize the side weir discharge efficiency while
maintain a constant elevation for the weir, which results in a narrowing of the channel
as flow is diverted. A 1250-foot-long weir with the channel narrowing from 200 feet to
70 feet meets the desired hydraulic operation of bypassing 2300 cfs. Computation of
flow over the side weir was performed in the same manner as for the Rittenhouse

basin.

Side Weir Coefficient:

For broad crested side weir modeling with HEC-RAS, the discharge coefficient needs to
be input manually, and will not change with the flow condition in the channel. The
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equation used to calculate the side weir discharge coefficient is based on Willi H.
Hager's study published on the Joumal of Hydraulic Engineering (Hager, 1987).
According to Equation (17) from Hager's paper, for the case of a nearly horizontal,
prismatic side weir, the lateral outflow intensity over a side weir can be expressed as:

)}
3 y[ 1-w ]2
= 2e g (y-wyh| =W 1
q=ZCvaH (y-W) [3—2y—le M
Where, q = lateral outflow intensity over side weir (cfs/ft)

¢ = Weir shape correct factor.

For a vertical broad-crested weir with length B,

2 '_ H-w

Toi+ehy’ 7B

H = upstream energy head
w = height of side weir
h = water depth upstream side weir

yh
H
w
W=—
H
Reorganizing Equation (1) we obtain:
=0.42\2g¢c| — h-w -
q=0.4229 [3“ZY—W] (h-w) @)
The weir equation used in HEC-RAS 3.0 for side weir discharge is:
Q=CLH” 3)
Where,  H = the upstream water depth above the crest (in the side weir modeling,

- the water surface option was selected for the weir flow calculation.)
L = length of the weir
C = discharge coefficient

By comparing Equations (2) and (3), the discharge coefficient C can be calculated
using the following equation:

%
1-W
C= 0.42\/.2_g Cc [m} (4)

East Maricopa Floodway — Chandler Heights Basin Design 5
Hydraulic Report : . ~

Discharge coefficient was calculated for each time period. An average discharge
coefficient of 2.44 was determined for the overall discharge time (See appendix for the
detailed calculations and results).

3.4. Detention Basin Volume & Drain Operation

The final stage volume data for the two basins are:

Elevation North Basin, Ac-Ft. | South Basin, Ac-Ft. | Total Storage, Ac-Ft.
1307 1470 631 : 2101
1306 1282 ' 595 1877
1305 1096 525 1621
1304 910 456 1366
1303 726 388 1114
1302 543 320 863
1301 361 253 614
1300 180 187 367
1299 41 122 ) 163
1298 0 58 58
1297 0 10 10
1296 0 0 0

Low point of north basin, 1297.8. Low point of south basin, 1296.0.

The basin is to drain within 36 hours from the end of the 24-hour storm event. The goal
is to achieve this by a gravity system. The draining of the basins is accomplished using
two outlet structures. The north basin has flap-gates with the invert at 1301 .0; the south
basin utilizes manually operated gates with the invert at 1296.0.

The sizing of both outlet structures involves an iterative procedure. The HEC-RAS
program does not model the unsteady flow through a flap gate. It does allow for
modeling of a sluice gate for which one can vary the height of the opening at different
times. This is used to describe the flow condition. Using an Excel spreadsheet for flow
through a culvert, which includes the losses incurred by using a flap gate, a discharge
is calculated at a time step. This discharge is then used to determine the height of the
opening to be input into HEC-RAS at that time step. HEC-RAS uses this opening data
to calculate the discharge from the basin, the volume change in the basin, and the
stage in the basin at each time step. At the completion of the HEC-RAS run, a
comparison is made of the computed stage-time data for the current trial with the prior
trial. If the difference is too great, the most recent trial is used to compute new
openings, and re-entered into HEC-RAS. A solution has been achieved within 8 trials,
the maximum difference between the last two computed stage-time data is 0.04 feet.

East Maricopa Floodway — Chandler Heights Basin Design 6
Hydraulic Report




An Emergency Spillway was set in the HEC-RAS model at the west bank of the
detention basin as proposed in the basin plan to discharge excess water from basin to
the EMF for a super flood event, The elevation of the spillway is determined to be
1305.5, which is 0.4 feet above the maximum water surface elevation in the basin
computed for a 100-year event. Therefore, there is no flow over the emergency spillway
for a 100-year event modeled in this study. No modeling was performed for a super
flood event such as a 500-year flood at this time. '

3.5.» Flow Process

The flow process for the HEC-RAS model is described below:
A. The Queen Creek and Sanokai Wash hydrographs are summed.
B. The combined flow is entered into the 200-foot open channel.

C. Downstream of the junction, the flow is routed through a section of channel that
has a side weir and narrows to 70 feet. This allows the by-pass of flows less than
2300 cfs, and diversion into the south detention basin of excess flows.

D. The bypass flows are routed into a sedimentation basin which outlets to the EMF
through a group of unregulated box culverts.

E. The diverted flow is routed into the two detention basins. The south basin is
one-foot lower than the north basin. A 200-foot opening connects the two basins.

F. The north basin has a group of outlet culverts with flap gates. These are
modeled using a sluice gate that is computationally set at each time step to
match the discharge that is computed externally for a culvert with a flap gate
operating under varying head conditions. The sluice gate is opened when the
stage in the basins is higher than the stage in the EMF at the outlet location.

G.  The south basin has a group of outlet culverts with manually operated gates that
are opened when there is capacity for the discharge in the EMF. These outlets
are also modeled using a sluice gate that is computationally set at each time
step to match the discharge that is computed externally for a culvert operating
under varying head conditions.

H. The hydrograph from EMF is combined with hydrograph from the three group of
outlets described in D., F., and G. The combined hydrograph will be used in the
HEC-1 model to check if the peak flows meet the target flow requirements at
Chandler Heights Road and at Hunt Highway.
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- 3.6. Unsteady Flow Data

The combined Queen Creek/Sanokai Wash hydrograph is used as input into the model.
The derivation of the combined hydrograph is described in Section 2.3.

3.7. Boundary Conditions

The boundary conditions set are normal depth at the most downstream section. In the
model these occur: 1) at the most downstream cross-section of the EMF channel, and
2) downstream of the outlet from the sediment basin. For the EMF, since there is a
rather long and uniform channel section downstream of the most downstream cross-
section used in the unsteady flow model, it is reasonable to use the channel bottom
slope (0.0003) to estimate the energy slope for the boundary condition. For the outlet
form the sediment basin, analysis showed that inlet control would dominate over the
water level range in the EMF. Therefore, the accuracy of the boundary water surface
elevation is not important for the modeling. Initial Conditions

For the basin model, a starting water surface elevation in the basins is required. Since
the basins are dry at the beginning of the storm event, the water surface is set at the
bottom of the basins. :

3.8. Outlet Modeling Approach

Similar to other available unsteady flow modeling programs, there is no option in HEC-
RAS 3.0 to model a culvert with a flap gate. Additionally, we have experienced program
instability problems when modeling a culvert in the system. The option of a sluice gate
was used in the study to model the outlet culverts with a flap gate or a manually operated
gate.

A sluice gate is modeled in HEC-RAS with two variables, a discharge coefficient and the
gate opening. The height of opening can be varied as a function of time. However, only
one discharge coefficient can be set for each gate. The gate opening can be defined for
each time interval. The key issue in outlet modeling is how to define the gate opening for
each time interval to let the discharge flow from the sluice gate be equal to that from a
culvert with a flap gate under the same hydraulic conditions.

Two sets of equations were developed to model the culvert with flap gate under the
conditions of inlet control and outlet control.

Inlet Control Equation

For inlet control conditions, the capacity of the culvert is limited by the capacity of the
culvert opening, rather than by conditions farther downstream. The FHWA manual
“Hydraulic Design of Highway Culverts” (FHWA, 1985), HDS-5, Appendix A — Design
Methods and Equations, Table 9, Chart No. 10, Scale 3, provides the following two
equations for unsubmerged and submerged culvert design:
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Q-

M
) - Q
Unsubmerged: H, /D K[———A } | for A <35 (4

DO.S -

DO.S

: _[ a7 Q |
Submerged: H, /D—C[Kb—?} +Y-0.5S for /AD°~5 >4.0 (5)

0.

Where, H,, = headwater energy depth above the invert of the culvert inlet
D = interior height of the culvert barrel
Q = discharge through the culvert
A = full cross-sectional area of the culvert barrel
S = culvert barrel slope -
K, M, ¢, Y = Equation constants, which vary depending on culvert shape
and entrance condition. For this study, K=0.486, M=0.667, c=0.0252, and
Y=0.805.

Using a 4'x4’ box culvert as a unit outlet structure, AD™ =BD'* = (4)(4)"* =32, and the
unsubmerged condition is for Q< (32)(3.5)=112 cfs /per barrel, which is the case

experienced in the Chandler Heights basin outlet hydraulics for the inlet control flow
condition.

Rewriting Equation (4) with B=1’ (unit width), we obtained:
Q=295HY ) ' (6)

Outlet Control Equation

For outlet control flow, the calculation is energy based. The total head loss through the
culvert is calculated using the following formula:

H_=h,, +h, +h_ +hg 7
Where, h.,= entrance loss
h = friction loss
he,= exit loss
he= flap gate loss

a) Friction Loss

 The friction loss in the culvert is calculated using Manning’s equation, which is

expressed as follows: -
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2 ' .
Qn .
h =L —

f (1.486AR%] ' ©

Where, h; = friction loss
L = culvert length
Q = flow rate in the culvert
n = Manning’s roughness coefficient
A = area of flow
R'= hydraulic radius

b) Entrance Loss

Entrance loss is calculated as a function of the velocity head inside the culvert at the
upstream end as follows: .

v2
h = K en 9
en en 29 ( )
Where, h,= energy loss due to the entrz;nce

K.. = entrance loss coefficient (0.2 was used in this study)
Ven = velocity inside of culvert at entrance '
g = acceleration due to gravity, g=32.2

¢) Exit Loss

The exit loss is calculated with a simplified function, which is expressed as a function of _
the velocity head inside the culvert at the exit as follows:

2
hec = K(—"LV——] (10)
2g
Where, he, = energy loss due to the exit

Ken = exit loss coefficient (0.65 was used in this study)
V., = velocity inside of culvert at exit
aex = coefficient velocity weighting coefficient, using (., =1

d) Flap Gate Head Loss

A loss equation was created for a 4’x4’ flap gate based on the loss curve for a 48-inch
steel drainage gate (flap gate) from Waterman Industries, Inc., Catalog Drawing No.
0049. Through curve fitting, we developed an equation to represent the curve. The
equation is a function of flow through the culvert and has the following polynomial form:
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he = 0.000001Q°-0.00023Q%+0.0145Q-0.072 (11)

HEC-RAS Sluice Gate Equation

The equation used in HEC-RAS for a free flowing sluice gate is as follows:

Q=CWB,/2gH (12)
Where, H = upstream energy head above the spillway crest

C = coefficient of discharge

When the downstream tail water increases to form a submergence condition; that is,
when the tail water depth above the spillway divided by the energy headwater above
the spillway is greater than 0.67, the following form of equation is used in HEC-RAS:

Q = CWB,/2g3H (13)
Where, =~ H = difference between upstream energy head and downstream water
surface

When the submergence reaches 0.80, the HEC-RAS program will change to the fully
submerged Orifice equation: '

Q=CAy2gH ‘ | (14)
Where, A = area of the gate opening.
H = difference between upstream energy head and downstream water
surface

Outlet Modeling Procedure

As discussed previously, the methodology of the outlet modeling in this study is to define
the gate opening for each time interval to let the discharge flow calculated with the HEC-
RAS sluice gate equations be equal to that of the inlet or outlet control equation. Itis an
iterative process between manual calculations for gate openings and the HEC-RAS
modeling.

The following procedure expresses the general steps of the calculation and HEC-RAS
modeling:

Step 1. Run the HEC-RAS model of the detention basin system with the outlet gate
fully open. '
Step 2. Obtain the resultant stage hydrographs at EMF and in the basin starting

from the time when the water surface elevation in the basin is higher than
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the water surface elevation in EMF. Divide the hydrograph into sections.

Step 3. For each section of the hydrograph, calculate average discharge through
the outlet system as follows:

o Determine average water surface elevation in the basin;

» Determine the difference of the water surface elevation in the basin and
"~ in EMF;

o Calculate discharge using both inlet and outlet control equations:;

o Select the smaller one as calculated average discharge, Q. through
the outlet system for this section of the hydrograph.

Step 4. Select a constant gate discharge coefficient C.

Step 5. For each section of the hydrograph, determine gate opening using the gate
equation (12) or (13) according to the submergence condition, to let the
calculated resultant Q, be equal to the Q. obtained at Step 3.

Step 6. Enter gate-opening values determined in Steps 4 and 5 for each time
interval that corresponds to each section of the hydrograph into HEC-RAS.

Step 7. Run HEC-RAS with the discharge coefficient and the gate opening for
each time interval.

Step 8. Review the new resultant stage hydrograph in EMF from HEC-RAS to

check whether or not it is close enough to the previous ones.
If NO, go back to Step 3.
If YES, the outlet modeling is complete.

The discharge coefficient C selected in this anélysis for outlets with flap gate and
manually operated gate are 0.8 and 0.6 respectively.

The flap gate in the north basin was initially opened at 24 hours when the basin stage
rose above the EMF stage. It was closed-when the north basin stage dropped below
the outlet invert elevation of 1301.0. An evaluation was made for the time to open the
manually opened gate in the south basin. The gate can be opened whenever there is
capacity for some discharge into the EMF. Based on the hydrographs being used for
the 100-year event, an opening time of 36 hours was selected.

4. SEDIMENT BASIN

West Consultants, Inc. estimated the sediment transport capacities of Queen Creek
and Sanokai Wash as part of the East Maricopa Floodway Capacity Mitigation Study in
a Final Report for the sediment transport analysis (West Consultants, 2000). The
analysis provided estimates of the aggradation-degradation and armoring processes
along the two streams. The results are based on the sediment transport capacity of the
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downstream reaches in Queen Creek and Sanokai Wash upstream of the Chandler
Heights Basin. It is stated in the report that sedimentation basins would be required to
capture the sediment load corresponding to a 100-year, 24-hour storm event.

The West Consultants, Inc. study estimated specific bed material discharge, q, , specific
bulked sediment volume V, for both the 5-year, 24-hour and the 100-year, 24-hour
events, and overall bed load volume for the 100-year, 24-hour event. The specific
bulked sediment volume V, for the 2-year, 24-hour event was estimated in the present
study based on existing hydraulic and sediment parameters presented in the Final
Report, Sediment Transport Analysis by West Consultants. The overall bed load
volume for both the 2-year, 24-hour and the 5-year, 24-hour events were evaluated
further based on the corresponding specific bulked sediment volume. The 100-year, 24-
hour overall bed load volume was used for the design of the sediment basin at the end
of the combined Queen Creek/Sanokai Wash channel. The 2-year, 24-hour, and 5-
year, 24-hour overall bed load volumes are not used for the design of a sediment basin.
However, they are important in terms of the maintenance requnred for the sedimentation
basin.

The specific bulk sediment volume V, for the 2-year, 24-hour event was derived by
correlating sediment transport parameters (q,) with appropriate hydrographs. Table S1
presents the hydraulic parameters for Queen Creek and Sanokai Wash. The
parameters describe Reach 1 of Queen Creek and Reach 2 of Sanokai Wash. Table S2
presents the sedimentation parameters for Queen Creek and Sanokai Wash, for the
corresponding reaches. For the combined Queen Creek/Sanokai Wash, the 2-year, 5-
year and 100-year sediment volumes are 10,800 cy, 17400 cy and 71000 cy
respectively.

Table S1 — Hydraulic Parameters for Queen Creek and Sanokai Wash

. Manning's
Pe;l;z:ow V':lii;y Hgir::: ic Slope | Roughness | Top Width
Coefficient
Q- \' Yh S n B
(cfs) (ft/s) (ft) (fft) (ft)
Queen Creek
2-year 1055 3.52 2.572 0.00229 0.035 130.54
5-year 1459 4.52 3.102 0.00229 0.035 136.30
100-year 2934 5.29 4.000 0.00229 0.034 153.00
Sanokai Wash
2-year 302 2.36 1.543 | 0.003307 0.042 102.85
5-year 1254 3.3 1.950 | 0.003307 0.042 147.90
100-year 3141 4.69 3.320 |0.003307 0.042 199.00
East Maricopa Floodway — Chandler Heights Basin Design 13
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Table S2 - Sedimentation Parameters for Queen Creek and Sanokai Wash

. Bulked . Overall
BS?Smtg;a' Sediment De%”:gf‘hm“ Sediment
Volume Volume
gs Vi Depth
(cfs/ft) {cfs) (ft) (cy)

Queen Creek . :
2-year 0.0288 12.1 1.1 7400
S-year 0.0314 13.2 12 8000
100-year 0.0619 271 2.1 45000
Sanokai Wash
2-year 0.0028 0.1 0.0 3400
5-year 0.0076 0.4 0.0 9400
100-year 0.0347 1.5 0.1 26000

The sediment basin is sized to capture sediment larger than 0.01 mm when the flow is
2400 cfs. The process used is:

1) Determine the fall velocity of the 0.01 mm particle.

2) Determine the fall distance required from top of water surface to 4 feet below the
invert of outlet structure. Divide the fall distance by the sediment fall velomty to
determine the fall time.

. 3) Calculate the average flow velocity in the sediment basin.

4) Multiply the average flow velocity times the required fall time to calculate the length
of basin required.

The volume of sediment to be stored was based on the ratio of 2400 cfs to the total
peak discharge of 6000 cfs. The design volume of 766,800 cf, is 40% of the total
volume. The desired storage volume is provided by a depth of 6 feet below the outlet
invert.

The 2-year and 5-year volumes are 292,000 cf and 470,800 cf respectively. The
sediment basin should need cleaning at an interval greater than 5 years.

5. RESULTS

The combination of outlet structure sizes, weir length and elevation resulted in
achieving the design goals. The peak bypass flow is 2360 cfs, and the peak water
surface elevations are 1305.1 in the detention basins, and 1305.9 in the sediment
basin. The peak storage in the detention basin is 1647 AC-FT. The sediment basin will
capture particles larger than 0.01 mm and the peak discharge downstream of the
Chandler Heights basin is 5678 cfs. Below is a summary of the final geometry for those
designed elements:

East Maricopa Floodway — Chandler Heights Basin Design 14
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- South basin:

Side weir: Length = 1250 ft, Elevation 1307.2 ft
QC/SW Channel at side weir: - Beginning width = 200 ft, ending width70 ft
Max. water surface elevation at Sta. 4000 — 1308.3

Elevation at channel — 1300.0
Elevation at box culvert invert — 1298.0
Elevation at bottom of basin — 1292.0

Sediment Basin:

5.1. Outlet Sizing Results

The outlet culverts are sized to drain the basin within 36 hours from the end of the 24-
hour storm event. Based on the outlet modeling for the basin volume curve presented in
the previous section, using a 12-barrel 4’x4’ box culvert at the south basin, there will be
only about 1 inch water remaining in the basin at the time of the end of 36 hours.

The three outlet structures are determined to be:
13-4x4 box culvert

Invert Elevation: 1298.0
Slope 0.01

Sedimentation Basin:

North basin: 13-4x4 box culvert with flap gate
Invert Elevation: 1301.0
Slope 0.01,

12-4x4 box culvert
Invert Elevation: 1296.0
Slope 0.01

East Maricopa Floodway — Chandler Heights Basin Design 15
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East Maricopa Floodway: Chandler Heights Basin Design E@ M APPENDIX B

GEOTECHNICAL ENGINEERING REPORT

NINYO & MOORE

GEOTECHNICAL AND ENVIRONMENTAL SCIENCES CONSULTANTS
5035 SOUTH 33RD STREET

PHOENIX AZ 85040
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INITIAL GEOTECHNICAL EVALUATION
EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

PREPARED FOR:
Kirkham Michael Consulting Engineers
9210 North 25" Avenue, Suite 195
Phoenix, Arizona 85021

Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, Arizona 85009-6399

PREPARED BY:

Ninyo & Moore Geotechnical and Environmental Sciences Consultants
5035 South 33™ Street

Phoenix, Arizona 85040

(602) 243-1600

January 4, 2002
Project No. 600198001

‘ig@ & YF

Geotechnical and Environmental Sciences Consultants

January 4, 2002
Project No. 600198001

Mr. Barry Ling, P.E.

Kirkham Michael Consulting Engineers
9210 North 25™ Avenue, Suite 195
Phoenix, Arizona 85021

Subject: Initial Geotechnical Evaluation
East Maricopa Floodway
Chandler Heights Detention Basin
Maricopa County, Arizona

Dear Mr. Ling:

In accordance with our proposal dated May 7, 2001 and your authorization to proceed dated June
7, 2001, Ninyo & Moore has performed an Initial Geotechnical Evaluation for the above-
referenced site. The attached report represents our methodology, findings, conclusions, and pre-
liminary recommendations regarding the geotechnical conditions at the project site.

We appreciate the opportunity to be of service to you during this phase of the project. If you have
any questions or comments regarding this report, please call at your convenience.

L

Robert W. McMichael, P.E.
Manager/Chief Engineer

Sincerely,
NINYO & MOORE

Steven D. Nowaczyk, P.E.
Senior Project Engineer
SDN/MDE/RM/avv

Distribution: (2) Addressee

5035 South 33rd Street » Phoenix, Arizona 85040 = Phone (602) 243-1600 = Fax (602) 243-2699

Phoenix - Irvine = San Diego = Los Angeles = Oakland = LasVegas « Salt Lake City = Ontario
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