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2. The discharge of 175,000 cfs flowing unattenuated from Granite Reef Dam to 99th Avenue.

1. The original Baker model with the discharges they used.

To help determine what impacts channelization would have on the Salt-Gila River, the District's
Hydraulics Branch has been tasked with the following responsibilities.

)

DATE: May 16, 1996

MAG Salt-Gila Task Force

Felicia Terry

File:

Pedro Calza, Hydraulics Branch

FROM:

TO:

COPY TO:

All the District's Floodplain information is prepared by using the Corps' HEC-2 model. The model
analyzes backwater and therefore, does not show the effects of upstream improvements. Since most of
the improvements on the Salt-Gila are upstream on the Salt the downstream area does not show any
adverse affects on the delineated floodplain.

Use the latest Baker HEC-2 model for cross-sections at 91st Avenue and 99th Avenue to determine the
velocities, depth, water surface elevation and the floodplain limits for:

The Flood Control District has a contract with Michael Bak~ Inc. for a Flood Insurance Study of
the Salt-Gila River from Gillespie Dam to Granite Reef Dam. A floodplain model has been developed
but it has not been finalized. Final discharges are being determined by the Corps of Engineers, which
should be completed by February 1996. Baker Engineering will fmal the floodplain and floodway
delineation when the new discharges are received from the Corps.

What kind of hydraulic Information can the Flood Control District provide
to the MAG Task Force on land Uses?

3. An improved channel conveying 175,000 cfs at 91st and 99th Avenue. For the improved
channel the south bank will remain at it's location and the north bank will become a levee.
The City of Phoenix has contracted with Simons, Li and Associates to design a levee system
at 91st Avenue for their Waste Water Treatment Plant.. ~ location of their levee can be used
for the improved channel. This report is available for th~drauli6:-anch to use.

The unattenuated discharge of 175,000 cfs~ing used,because that iS~h oreliIDli!"flIY Q100 at
lP ( {5(! t~t""t<" S/nq·. ~

Granite Reef Dam fr.2p..ll!e Corps Study. flow aH-eaGy@w.g.relea ed ~m ~.::~'Imor to the
peak being released;rthecnannel bottom will already be saturated#tft8refere, flows will~no' be lost to
percolati0I)r. Also as the upstream becomes channelized overbank storage will be lost since the flow

'-1:\ rot-<-£.t~ i;:tJji~
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will all be contained within the channel. Historical stream gage information collected by the District
corroborates that flows that overtop Granite Reef are translated downstream to the Gila unattenuated.

The information collected from the three scenarios will be tabulated for comparison and the floodplain
limits delineated.

The Hydraulics Branch will use this information to determine the scour and any aggradation which
occurs immediately downstream of the cross-sections.
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MESSAGE DISPLAY FOR FELICIA TERRY

'

rom: Daniel Sagramoso:TALOS
ostmark: 02/28/95 02:34PM
tatus: Previously read

Host: TALOS
Delivered: 02/28/95 02:34PM

lIubject: Salt/Gila Study

essage:
Lou and I met today with George Britton and David Garcia at the City

I
f Phoenix. Having previously talked to Jim Matteson, this was the
econd round of "base touching" prior to Mary Rose Wilcox contacting
hoenix elected officials about increasing the scope and level of

effort in the MAG task force.

l oth Britton and Garcia agreed that the Salt/Gila Study needed to be
ompleted at something like the original scope, but at the current

flood control tax level of funding, other Phoenix projects were higher

I
riority. They couldn't see the wisdom of spending $9 million on the
tudy, right now or in the forseeable future.

Britton and Garcia were, however, agreeable to consideration of

I
'ncreasing the level of effort of the MAG task force, perhaps through

contract. They asked what, exactly, we wanted them to do that was
ot being done.

Iagreed that the District would make a specific proposal about that,
hich brings us to the action part of this message: Please prepare
uch a proposal (or alternative proposals) by close of business on

March 8. Include the cost of the incremental effort, with a cost

_ haring suggestion. '( p
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SUBJECT: Summary of 4/6/95 IPR - Hydraulic modeling for the MAG Salt-Gila Task Force

FLOOD CONTROL DISTRICT of Maricopa County

The third, and most likely future scenario, took the same Q100 at Granite Reef as is used in
the current Baker study (175,000 cfs) and modeled the results to the Agua Fria, again

DATE: 4/13/95

Interoffice Memorandum

MEMO TO: File: LSG(PS) 1.1.2

A new HEC-2 model for the Salt-Gila River is in the process of being finalized for the
District by Baker Engineers. Using this model, 3 different discharge scenarios were run. The
first scenario was the Baker run itself, which uses 100-year discharges that have been
developed, but not finalized, by the Corps of Engineers as a result of increased storage
capacity in Roosevelt Dam (New Roosevelt). These discharges take into account minor
attenuation in the river so that at Granite Reef dam the QlOO = 175,000 cfs and at 9lst
Avenue, before the Salt merges with the Gila, it is 150,000 cfs. The floodplain resulting from.
this scenario was then delineated on a map.

The District has assumed that, by using the HEC-2 modeling program, any changes to the
floodplain would be pointed out. As the District started investigating potential floodplain
encroachment scenarios, it was discovered that the modeling did not accurately reflect what
would be expected. The reason for this is that HEC-2 relies heavily on predetermined
discharges and the existing topography of the land (no bed or bank changes). Also, since it
models backwater, HEC-2 does not show the affects of upstream improvements.

The members of the MAG Salt-Gila Land Use Task Force are currently working under the
impression that the District will be capable of providing detailed information concerning the
hydraulic impacts of future land use improvements on property adjacent to the Salt-Gila. By
understanding the impacts (expanding floodplains, deeper flows, increased velocities, etc.) that
could be associated with certain land use changes, the Task Force members would be able to
adjust their plans accordingly to eliminate or minimize hydraulic impacts to their neighbors.

In the second scenario, it was assumed that the Salt River is improved and channelized so
that all the water is contained within the channel, and SRP slowly releases flows so that the
improved channel becomes saturated prior to the release of the peak discharge. The result is
a scenario in which none of the peak discharge at Granite Reef is attenuated as it flows
downstream, since channelization has eliminated overbank storage and previous saturation has
eliminated infiltration losses. To make this a worst case scenario, the QlOO used for the
model run was the existing, pre-New Roosevelt value of 245,000 cfs at Granite Reef Dam.
This Q100 is currently used by FEMA on its Flood Insurance Rate Maps. Using the Baker
model, 245,000 cfs was run all the way down the Salt to the Agua Fria River confluence and
then delineated on the same map as the current Baker study.
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assuming no attenuation of downstream flows. These results were also delineated on the
same map as the first two scenarios.

Due to the topography of the land, the floodplain limits only changed marginally between the
three scenarios. However, the depths and velocities did increase to some extent (see attached
table).

With this information known, what guidelines should we present to the MAG task force
to help in determining land uses along the river?

Even though the Floodplain limits do not increase, the depth and velocities do. It is also
reasonable to assume that with channelization, attenuation would be decreased or eliminated
altogether. Therefore, the Cities or jurisdictions should regulate the channelization
downstream of Granite Reef. At a minimum, any channelization should be designed to the
Corps of Engineers finalized 100-year discharge released from Granite Reef Dam (Q used in
the Baker Study, 175,000 cfs), until it merges with the Gila River. At the confluences of the
Gila, Agua Fria, Hassayampa, etc., the discharges may need to be increased to take into
account the merging flows. The COE study will need to be reviewed for these discharges.

Justification for this position relates to the construction of New Roosevelt Dam, which
reduces flows at Granite Reef Dam by 70,000 cfs. This benefit has already been paid for,
primarily, by the urbanized portion of Maricopa County through the flood control tax.

More difficult questions arise in the areas of sediment deposition and increased low flows.
Since increased floodplain encroachment can lead to increased velocities, more sediments may
be transported downstream and negatively impact communities downstream of the
channelization. The deposition of sediment could be monitored, and, if its found to be
substantial, a plan to manage the deposition could be developed by the upstream jurisdictions
and/or the District.

Another effect of channelization would be a possible increase in low flows downstream.
Instead of low flow releases from the dam meandering and infiltrating into the streambed, it
would have a more defined path which would increase the amount and reduce the travel time
of the flow to the downstream properties. This low flow would affect road crossings and
possibly increase vegetation. The former of these would be considered a detriment, while the
latter could be either a detriment or a benefit.

Should the District invest in a 2-D hydraulic modeling program that would be able to
account for upstream improvements and sediment transport?

This program would be beneficial not only for the Salt:-Gila River but for all District
sponsored channelization projects. However, the costs and time involved in developing a 2-D
model are not well defined.

Page 2 of 2
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Salt-Gila Management Task Force

A MAG task force was formed to help with determining land uses along the Salt-Gila River. With
MAG taking the lead role, the land uses could be planned such that compatible uses would be adjacent
to each other.

The MAG task force requested to know what information the Flood Control District would need to
know from them to help determine the hydraulic information for the river.

What kind of hydraulic information can we provide to the MAG Task Force?

Baker Engineering has provided a HEC-2 model for the salt-gila from Gillespie Dam to Granite Reef
Dam. They used preliminary discharges from the Corps of Engineers. The Corps should finalize their
study by February of 1996. Since these discharges are not final the Baker FIS study was put on hold
until the final q's are available. A floodway model has not been provided yet.

The HEC-2 model is a backwater program and does not model the affects of upstream development or
take into account sediment transport.

Therefore what information can we provide?

Discharge, Q. It is recommended that the Q that is released from Granite Reef should be the design
Q all the way down the Salt until it merges with the Gila River. From historical
information in ( ) it shows that the flows did not attenuate. Because of smaller
releases from Granite Reef the river bottom was saturated and flows were not lost
through perculation. These flows were contained in the channel and therefore, no
flows were lost in the overbank.

As the land adjacent to the river is developed not only should they be concerned with the flow in the
Salt-Gila but also offsite flows that may affect the site .

Can we determine the depth all the way along the river? Can we determine the bed elevation? The
water surface elevation. Velocities? Can we tell them how much to encroach?

Without a detailed study which would address most if not all of the effects of the river, such as
sediment transport, accurate info may not be available.

We can show existing flows and velocities. We could then model an improved channel and show the
difference in velocities and depth. The improved channel would just be an estimated

Could we say grade controls should be placed at every mile such that the degradation and lowering of
the river bottom could be prevented or decreased? Who would be responsible for constructing it?
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Baker's study Q =215,000 cfs (from section 199.82 to 200.30)
Q = 150,000 cfs (from section 200.39 to 204.42)

Baker's model with Q = 175,000 cfs for all the sections

Velocity in the channel

Q = 175,000 cfs with encroachment on north bank

Calculated water surface elevation

Depth of water in the channel

VCH:

Option I:

Option II:

Option III:

DEPTH:

CWSEL:

Section 201.24: At downstream of 99th Ave

Section 202.29: At 91st Ave

'\

HEC-2 Results for 91st Ave 7S /'
th Ave

CWSEL vc;l / DEPTH
Section

/'6pt.
!riJt.

No. Option Option Option Opt. Option Optio.n Option
I II ill ..v II I II ill

1s.~8) 6.44 ( Y-l~201.24 957.15 957.66 961.56 4.36 14.15 14.66 18.56

201.33 958.19 958.78 962.66 ~ 6.46 4.44 15.19 15.78 19.66

201.43 959.30 959.95 964.00 5.59 5.95 4.18 18.00 18.65 22.70

201.52 960.27 960.96 965.18 5.11 5.40 3.93 19.37 20.06 24.28

201.62 960.98 961.69 965.69 5.40 5.76 4.35 15.38 16.09 20.09

201.71 961.62 962.35 966.04 5.89 6.21 4.54 15.62 16.35 20.04

201.81 962.33 963.27 966.48 4.53 4.78 3.95 16.33 17.27 20.48

201.90 962.61 963.66 966.73 4.90 5.05 3.77 15.41 16.46 19.53

201.99 963.00 964.03 966.90 5.72 5.85 4.29 14.30 15.33 18.20

202.09 963.91 964.84 967.17 7.28 7.23 5.20 13.91 14.84 17.17

202.18 965.40 966.15 967.69 5.62 5.89 4.83 15.40 16.15 17.69

"---' 202.29 966.19 966.94 968.14 4.64 4.97 4.38 10.69 11.44 12.641
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EXECUTIVE SUM:M.ARY

Winter (1992)/Spring (1993) concurrent rainshowers and thunderstorms caused three distinct but
interrelated flooding problems at the 91st Avenue Wastewater Treatment Plant (WWTP).
Flooding from off-site drainage, on-site drainage, and the Salt River caused critical impacts and
constraints to treatment plant operations and administration services. Plant hydraulics were
impacted to such a point that emergency releases of wastewater were under consideration.

As a result of the flooding and flooding impacts at the 91st Avenue WWTP, the City of Phoenix
initiated a study to examine the sources and causes of flooding as well as measures to mitigate
flooding impacts at the WWTP. The City awarded the study contract in May 1993 which was
the first phase of a two phase approach. The fIrst phase (flood mitigation study) was to study
the flooding problems, identify mitigation, and provide a flood mitigation report. The second
phase will be to produce design plans and specifIcations to implement the recommended flood
mitigation measures.

The Concept Report for the "Flood Mitigation Study at the 9lst Avenue Wastewater Treatment
Plant" summarizes the approach, methodology, assumptions, results, conclusions, and
recommendations of a comprehensive flood mitigation study conducted to develop measures to
alleviate flooding impacts. An engineering alternatives analyses provided the framework for the
development of the recommended concept flood mitigation alternative. The alternatives analyses
were based on detailed hydrologic investigations of the on-site and off-site drainage, and on an
investigation of Salt River hydrology. The alternatives were also based on conducting a
hydraulic analyses of on-site and off-site drainage facilities, and a detailed three level analysis
of the Salt River.

The recommended concept alternative for flood mitigation consists ofbasic flood control elements
as well as creative approaches providing a dual flood control system for the 9lst Avenue
tailwater ditch. The basic flood control elements designated for on-site drainage improvements
consist of a new retention basin, masonry block floodwall, reconfIguration (regrading) plant
entrance facilities along 91st Avenue, installing watertight access doors and covers on at-grade
access manholes, and upgrading inlets to two retention basins. On-site drainage improvements
will prevent off-site flows from entering the plant and will provide a level of service for the 100­
year storm.

Recommended off-site drainage improvements include the installation of new multi-barrel
elliptical culverts in the 91st Avenue tailwater ditch at the plant entrances. The new culvert
headwalls are recommended to be integral within the new on-site floodwall. A supplementary
outfall to the Salt River consisting of a weir box, open channel, and new culvert will serve as
a backup system for the 91st Avenue tailwater ditch should the primary outfall prove insuffIcient
during constraining flow conditions.

A new multi-barrel pipe culvert and outfall is recommended for the 83rd Avenue tailwater ditch.
The new improvements will provide a level of service for the 50-year storm.

R 1M Simons, Li & Associates, Inc. iiiiiiiiiiiiiiiiiiiiiii.
Water Resources & elvtl Engineering Consultants



Recommended Flood Mitigation Concept Cost &timate.

A construction cost estimate was prepared to reflect the flood mitigation and treatment plant
outfall improvements. The total cost estimate for implementing the recommended flood
mitigation concept is provided in the following table.

The proposed lining of the effluent outfall channel should be constructed in conjunction with the
new leveelbank protection for the Salt River. The discharge from the chlorine contact chambers
will be diverted temporarily during construction of the Salt River levee and the lining of the
effluent outfall channel.

299,380

2,794,200TOTAL

1:.~:::::·:!::!!:·~:·:,·i!::~.:I:·:I!I.:·::1i·!i:·l.:1.:.::i:.:.!.!i·!i::·:':i:::.:i::IIJII·II!!§!i:::l!t§1111lil:·::.I.:·!·!1!111::IIII:··:!:I·!::·1!!.!.1:1:111!.11:1:!ii!.:I:l:!!!!·!J·::J.lil".li:i:i:liJ.i!I~I~t:·il~1)'1:.IJlli:l.·.1

On-Site Drainage 438,350

Off-Site Drainage 161,070

Salt River Bank Protection (CSA) 1,298,000

Waste Water Treatment Plant 272,000

Construction Total 2,169,420

Contingency (15 %) 325,400

Engineering &
Administration (12 %)

A new earth levee and cement stabilized alluvium (CSA) bank protection will be constructed for
the north bank of the Salt River adjacent to the treatment plant. The new bank protection will
begin, at a minimum, at 91st Avenue and continue along the existing bank alignment upstream
to 83rd Avenue. The length of bank protection is approximately 5,600 feet and will provide a
level of service for the l00-year flood with 3 feet of freeboard.

WWTP hydraulics were examined in relation to the high flood stages in the Salt River. Critical
elevations at plants llB and ITA were compared against the backwater water surface profiles. The
purpose of the WWTP hydraulics evaluation was to determine if some form of mitigation would
be required to aid the plant flow process during flood stages in the Salt River. The results of
the hydraulic investigation concluded that a pump station located at the terminal end of the
effluent outfall channel would not be required.

The construction of on-site and off-site drainage improvements may occur simultaneously. The
phasing of the dual flood control system of on-site and off-site improvements should be such to
reconfigure (regrade) the plant entrance facilities first, particularly the main plant access road.
A temporary main access road may be established at either Southern Avenue or the north road
access off 91st Avenue. Once the main plant access road and floodwall/culvert headwall system
have been completed, the other plant entrances may be constructed.
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I. INTRODUCTION

A. Authorization and Purpose

This Concept Report for the Flood Mitigation Study at the 91st Avenue Wastewater Treatment
Plant·(WWTP) was authorized by the City of Phoenix under Contract No. 64993. The City of
Phoenix retained Simons, Li & Associates, Inc. in association with Black & Veatch to conduct
the flood mitigation study.

The purpose of the flood mitigation study was to conduct an engineering alternatives analysis and
to recommend a preferred level of flood protection for the 91st Avenue WWfP. The
recommended level of flood protection will be based on costs, degree of protection,
constructability, and maintenance.

B. Scope of Work

The project scope of work was formulated to identify flood related problems at the treatment
plant and to develop flood control improvements associated with the level of protection required
for storm events having a return interval of2, 10,50 and 100 year. The scope of work included
examination ofoff-site drainage, on-site drainage, and Salt River hydrology and hydraulics. This
three pointed approach allows for a systems analysis to controlling flooding problems at the 91st
Avenue WWTP.

C. Problem Statement

Recent Winter (l992)/Spring (1993) concurrent rain showers caused three distinct but interrelated
flooding concerns at the 91st Avenue WWTP. The prolonged steady rain storms caused heavy
runoff on the Salt and Verde River watersheds upstream of the 91st Avenue WWTP. The heavy
runoff in conjunction with the Roosevelt Dam modifications and the already nearly full Salt River
Project reservoirs on the Verde River caused reservoir releases to occur into both the Salt and
Verde Rivers. The releases were made to make room for the anticipated heavy inflows into the
Verde River system.

The reservoir releases spilled over from the Granite Reef Dam just upstream from the Phoenix
area. The flood flows in the ordinarily dry Salt River presented flooding concerns from the
stability of the Salt River bank adjacent to the WWTP. The high river stages impeded proper
treatment plant operations to a point that plant hydraulics were being impaired.

In conjunction with the threatened stability of the Salt River bank adjacent to the plant and the
impaired hydraulic function of the plant, on-site and off-site flooding occurred to inundate
portions of the physical plant area and administration offices. Off-site storm flows generated
from up-basin agricultural fields were sufficient enough to cause overtopping of an SRP tailwater
ditch along 91st Avenue. The water that overtopped the ditch broke out and into the plant
entrance and proceeded to pond within low areas in the plant. The flooded areas included the
administration office parking lot and locally around plant rnA secondary sedimentation basins.
Figure 1 provides a map showing on-site flooding problems and ponding areas.
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Page 3

Rain storms and showers were sufficient enough to tax the on-site drainage network and storm
water management facilities. The on-site storm water management facilities mainly consist of
on-site retention basins and a system designed to direct captured storm flows into the treatment
plant process.

The combined effect of prolonged duration rain showers and flood flows in the Salt River
adjacent to the treatment plant presented a critical flooding and operations situation for the
treatment plant. Treatment plant personnel during the critical stages of flooding and high stages
in the river, constructed stop gap flood control measures to mitigate further impacts from
flooding. These measures included building up and extending the Salt River bank adjacent to the
effluent outfall channel at 91st Avenue, installing sand bag dikes around the plant IllA secondary
sedimentation basin headworks, sand bagging tunnel and manhole entrances, constructing an earth
berm at the plant entrance, and using portable pumps to dewater ponded areas within the plant.

Treatment plant personnel expressed concern regarding the potential of ponding around three
large on-sire transformers. The transformers are located adjacent to the upper end of plant IIA
and plant fiB secondary sedimentation basins. The transformer pad elevations appear to be lower
than the surrounding paving/grading. Ponding of relatively shallow depth could potentially
interrupt electrical service from these transformers. Figure 1 provides the location of the three
transformers.

Ponding of storm water runoff threatened to enter access hatches and/or covers to below ground
electrical tunnels, rooms, and raceways. Seepage of storm water into below ground facilities is
known to occur via access hatches adjacent to the administration building and at three access
hatches located in paving between the plant IlIA and plant 1m aeration basins. Figure 1 provides
the location of the three access hatches.

A small storm water pump station is located at the south end of a retention basin adjacent to the
east side of the plant IllA secondary sedimentation basin. This small sump pump lifts storm
water that is retained in the retention basin and cooling water from the chlorine building into the
secondary sedimentation basin. This storm water pump station was recently reconstructed to
provide a new sump and culvert headwall.

The 91st Avenue WWTP staff produced a video tape that recorded the flooding of the Salt River
adjacent to the effluent outfall channel. The high river stages were seen to begin to overtop the
south dike of the outfall channel. The video recorded City forces moving stockpiled fill onto the
dike to raise the elevation of the dike as well as extend it downstream. Equipment used to haul
the stockpiled fill were scrapers and dozers.

The video also recorded the banks of the SRP tailwater ditch at the plant entrance being
overtopPed. The flows extended into the plant facilities causing flooding of the administration
building parking lot. City forces were seen using portable pumps to pump the ponded area onto
918t Avenue. City forces were also sand bagging tunnel stairways, manhole entrances, and
around the plant IllA secondary sedimentation basins.

The video tape showed the water surface within the plant IlIA secondary sedimentation basins.
The water surface elevation appeared to submerge the basin weirs completely.

B I. Simons. Li & Associates. Inc.
Water Resources & Civil E'n~lnt"erln~ Consultants
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Page 4

Potential flooding from on-site and off-site drainage could cause severe disruption of normal plant
operations. Flooding impacts could result in the loss of electrical service (flooding transformers,
electrical rooms/vaults) which in tum affects the treatment flow process. Another critical impact
is loss of accessibility (ingress/egress) into and out of the plant. Flooding not only impacts the
main plant entrances but causes 83rd Avenue within the plant limits to become a muddy
quagmire. The 83rd Avenue corridor serves as one of the treatment plants emergency escape
routes. Should the 83rd Avenue roadway become impassable because of rainy/muddy conditions,
the treatment plant would temporarily lose the use of one of the emergency routes.

In summary the flooding problems experienced at the 9lst Avenue WWTP occurred due to a
combination of the following:

1. high river stages in the Salt River adjacent to
the treatment plant

2. off-site drainage entering the plant at 91st
Avenue and the plant entrance facilities

3. an on-site drainage system performance
insufficient to keep up with the combined
effects of items 1. and 2.

D. Report Organization

The Concept Report is formatted into seven main sections. Section II presents the methodology
and results of the hydrologic investigation conducted to determine peak discharges for off-site
drainage for the 2, 10, 50, and 100 year return intervals. An on-site hydrologic analysis of the
WWTP was conducted to estimate peak discharges for the same storm events. Salt River peak
discharges were obtained to develop a flow-frequency curve adjacent to the local study reach.

Section ill presents the methodology and results of the geomorphic and hydraulic analysis of the
Salt River in the study reach adjacent to the WWTP. The Salt River analysis was conducted
using a three level approach. This approach is explained further in Section ill.

Section ill also presents the results of a hydraulic analysis to establish flowrate capacities of off­
site drainage facilities. The analysis included an estimation of the channel capacity for the SRP
tailwater ditches along 91st Avenue and 83rd Avenue adjacent to the treatment plant.

Section IV discusses briefly the operation of the WWTP under normal conditions. This section
also presents the impacts on plant operations due to high flood stages in the Salt River. A
hydraulic analysis of plant performance versus high Salt River flood stages was conducted and
the results discussed.

III. Simons, Li & Associates, Inc.
. Wal('r Resources & Civil EnJi!:lnecrtnJ( Consultanls
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Section V summarizes flood alternatives formulated to mitigate flood problems from off-site
drainage, high river stages, and on-site drainage. Although these alternatives have been
presented in separate subsections, the flooding impacts are interrelated as to the causes of
flooding (Le., combined effects of off-site, on-site, and high river stages). The alternatives were
developed to relieve not only a specific cause but to lessen the impact of a second cause. For
instance, alternatives developed to mitigate off-site drainage (prevent off-site flows from entering
the plant), will mitigate some of the on-site flooding problems and concerns. The alternatives
were developed for each storm event analyzed in the hydrology and hydraulics sections (2, 10,
50, and 100 years).

Section VI evaluates the alternatives developed for each storm event based on costs,
constructability, level of protection, and maintenance. An evaluation is presented for all three
flooding concerns: Salt River protection, off-site drainage, and on-site flow and operation.

Section vn provides a recommended mitigation concept alternative. The selected alternative will
be based on an in-depth review of plant operations, level of protection provided (2, 10, 50, or
100 year), and suitability with future plant expansion. An implementation plan is presented
which documents the phasing and schedule recommended for construction of the proposed plan.

The appendices to the report provide the backup hydrologic and hydraulic computations,
computer results, and basic data used in the flood mitigation study. The appendices are referred
to in the text of the report and are cross-referenced where appropriate with the discussion.

"Ia Simons, Li & Associates, Inc.
.. Water Resources & CIVil En~tneertn~ Consullants



A. On-Site Hydrology

1. Watershed Location and Description

,iiiiiiiiiiiiiiiiiiiiiii al. Simons. Li & Associates. Inc.
• Water Resour('~s & Civil En~lneerlngConsullants

This section summarizes the methodologies and results of the hydrologic investigations conducted
to estimate peak discharges for on-site and off-site drainage, and the Salt River flood flows
adjacent to the 91st Avenue WWTP. The section is divided into three subsections: one for each
of the independent hydrologic investigations.

Page 6

HYDROWGY

The WWTP is approximately.460 acres in total area including the sludge dewatering lagoons.
At the present time the plant has an average daily treatment capacity of 200 million gallons per
day (mgd). Plant facilities include a central headworks, primary sedimentation basins, aeration
basins, secondary sedimentation basins, chlorine contact chambers, digesters, thickeners, and
sludge de-watering lagoons. Supporting facilities include an administration building, maintenance
and repair buildings, an SRP substation, and a fueling station for plant vehicles.

The 91st Avenue Wastewater Treatment Plant (WWTP) is located in Section 27 of Township 1
North and Range 1 East of the Gila and Salt River baseline. The WWTP is bordered by the Salt
River on the south, 91st Avenue on the west, extended Roeser Road on the north, and a gravel
mine on the east. Figure 2 provides a vicinity map showing the location of the plant within the
greater Phoenix metropolitan area. Figure 3 provides a location map showing the location of the
plant within a regional context.

The purpose of the hydrologic investigations was to estimate peak discharges for storm events
with return intervals of2, 10,50, and 100 years, to gain a better understanding of the capability
and capacity of the on-site storm water management system, and to develop parameters required
for the hydraulic investigation. The hydrology studies provided insight on drainage patterns and
the interrelationship between the on-site and off-site drainage.

ll.

Existing Drainage Facilities
The on-site treatment plant drainage facilities mainly consists of paved areas conveying storm
flows either to retention basins or directly into the treatment process flow stream. For example,
the primary sedimentation basins have 4-inch knockouts (orifices) located around the perimeter
of the basin at the interface with surface paving. Local grading around the sedimentation basin
is such that surface flows are directed to the orifices. Storm water runoff is then discharged
directly into the primary sedimentation basins after passing through the orifices. The storm water
is processed, treated with the sanitary wastewater, and eventually discharged to the Salt River.

Land Use
The WWTP is an industrial facility designed to treat sanitary wastewater generated by the
Southern Regional Operating Group (SROG) of municipalities. The treatment plant campus is
basically paved with asphaltic concrete between treatment plant process basins and parking areas.
Interspersed throughout the main campus are open areas and areas reserved for landscaping and
storm water retention. The retention basins are generally integrated within landscaped areas.
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Page 9

The storm water drainage system is not an extensive or complicated network. The only identified
storm water collection system consists of area inlets and storm drains located throughout the
digester area. The collected storm water is conveyed to a small storm water pump station. The
pump station then returns the storm water to Decant Pump Station No.1. The estimated capacity
of the storm water pump station is 600 gallons per minute (per discussion with treatment plant
staft).

The pump station was retrofitted into an existing junction structure that previously discharged
storm water directly to the Salt River. The pump station was installed to direct collected storm
water runoff into the treatment plant process flow stream and to preclude NPDES storm water
discharge requirements. Appendix D provides a summary of the elements of the digestor area
storm water collection network. Discussions with WWTP staff indicate that the pump station and
storm drain network were designed approximately for the I-year storm. No drainage reports or
calculations could be located or furnished to document this estimate. A second small pump
station was discussed previously.

There are other examples of knockouts in basin walls that allow surface drainage to enter the
basins and into the flow process stream. Knockouts are located in the basin walls in the aeration
and secondary sedimentation basins.

Several site visits of the 9lst Avenue WWTP were conducted with City staff from the Water
Services Department and the 918t Avenue WWTP. The site visits were conducted to field locate
flooding problems and ponding areas of concern within the plant site. Ponding problems occur
at the administration building and at the southwest comer of the plant IDA secondary
sedimentation basin. The ponding, when it occurs, impedes access to plant facilities and
potentially could enter below ground tunnels. Shallow ponding is known to occur in the paved
area north of chlorination building No.2, the west end of blower building No. I, and minor
ponding in the area located between the maintenance building, the Brown Bear repair building,
and a storage building to the north.

Numerous small storm water retention basins are located throughout the main campus but
primarily along the main access road in landscaped areas. The basins retain surface runoff
directed to them via roads and paved areas. The retention basins drain only by percolation of
storm water into the underlying soil and by evaporation. The landscaped areas have a
decomposed granite cover with desert landscaping. Treatment plant staff have indicated the
infiltration rate of the retention basins have diminished over time.

The main campus of the treatment plant has below ground tunnels, and open tunnels or depressed
corridors that contain electrical raceways, piping, and ancillary equipment. The open tunnels are
daylighted and can receive direct rainfall. The tunnels are furnished with a sump and drain lines.
The sumps usually have a small sump pump to pump rainwater out of the tunnel to the treatment
plant flow stream. Appendix A contains several figures illustrating the sump and drain lines for
plants I, IT, and IDA.

,iiiiiiiiiiiiiiiiiiiiiii "I. Simons, Li & Associates, Inc.
• ... Water ReSOUfrC's & Civil En~lneerlnJ!, Consultants



I
'I
I
I
I
I
I
I
I
I
II
rlt
I
I
I
I
I
I
I

Page 10

2. Methodology

The rational method was used to estimate peak discharges for the 2, 10, 50, and lOG-year storm
events for the WWTP. Volume I - Hydrology of the "Drainage Design Manual for Maricopa
County, Arizona", prepared by the Flood Control District of Maricopa County provided the
guidelines in the application of the rational method.

The rational method relates rainfall intensity, a runoff coefficient, and the watershed size to the
generated peak discharge. The following shows this relationship:

Q = CiA
where:

Q = the peak discharge (cfs) from a given area,
C = a coefficient relating the runoff to rainfall,
i = Average rainfall intensity (inches/hour), last for a Tc'

Tc = the time of concentration (hours),
A = drainage area (acres).

The rational equation is based on the concept that the application of a steady, uniform rainfall
intensity will produce a peak discharge at such a time when all points in the watershed (subbasin)
are contributing to the outflow at the point of design. Such a condition is met when the elapsed
time is equal to the time of concentration, Tc ' which is defined to be the floodwave travel time
from the most remote part of the watershed to the point of design.

The Flood Control District's computer program "Rational.Exe" was used to calculate the
generated peak discharges for each subbasin identified at the WWTP. The computer program
requires as input data the subbasin drainage area (acres), the watercourse length (feet), the
elevation difference of the subbasin (feet), Kb - a watershed resistance coefficient, the lO-year
6-hour rainfall, and the la-year runoff coefficient. The program output provides calculated peak
discharges for the 2, 5, 10, 25, 50 and lOO-year storm events, as well as the adjusted
rainfall/runoff coefficient, time of concentration, and rainfall intensity for each return interval.

3. Subbasin Delineation

The 91st Avenue WWTP area was divided into subbasins based on available aerial topography,
construction plans, and record drawings. Aerial topography was furnished by the City in
AutoCad format. The topographic mapping was developed for a previous WWTP project
conducted by Wilson and Company. The aerial topography furnished by the City covered only
the sludge lagoon areas and did not provide topographic mapping for the main plant campus.

Construction drawings were collected from the WWTP and reviewed to aid in subbasin
delineation for the main plant campus. Specifically, piecemeal grading plans were used to
estimate on-site retention basin volumes and to generalize the drainage flow paths within the main
plant. Estimated generalized flow paths were verified through field visits. It is recommended
that new aerial mapping be developed for the 9lst Avenue WWTP, in particular the main plant
campus. The new topography will be required in the design phase for development of drainage
improvement plans and to verify subbasin delineation._I. Simons, Li & Associates. Inc,

.. Water Resources & Civil Engineering Consultants
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On-site subbasins were delineated on the basis of land cover, subbasin shape, and hydrologic
interrelationship. Figure 4 presents a map depicting the subbasin delineation for the main campus
of the 91st Avenue WWTP. Appendix A presents a subbasin location map for the entire
treatment plant including the sludge lagoons. Subbasin designations are cross referenced with
Table 1.

The sludge lagoons located east and south of the main plant campus were subdivided into
"subbasins" as well. Although these lagoons have more than ample capacity to retain even the
l00-year rainfall, it was assumed for the purposes of this study (per direction from the City of
Phoenix) that the lagoons were filled with earth and sloped in the general direction of the overall
land slope. This assumption will provide a very conservative estimate of peak discharges
generated from the sludge lagoon areas.

4. Hydrologic Parameters and Assumptions

Application of the rational equation requires consideration of the following:

(i.) The peak discharge rate corresponding to a given intensity would occur only if the
rainfall duration is at least equal to the time of concentration.

(li.) The calculated runoff is direct!y proportional to the rainfall intensity.
(iii.) The frequency of occurrence for the peak discharge is the same as the frequency

for the rainfall producing that event.
(iv.) The runoff coefficient increases as storm frequency decreases.

a. Rainfall
Rainfall point values were derived from rainfall isopluvial maps provided in Volume I of the
county drainage design manual. The point rainfall values for the 2-year 6-hour, 2-year 24-hour,
1OO-year 6-hour, and 1oo-year 24-hour storms were input into the Bureau of Reclamation
precipitation program "PREFRE". PREFRE computes point rainfall values for various storm
frequencies and durations. A summary of the point values for the storm frequencies (6-hour
duration) investigated as part of this study are:

....
2 1.20

10 2.03

50 2.85

100 3.20

Appendix A provides the complete results of the PREFRE program for the 91st Avenue WWTP
site.

-Ia Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiii.
.. Water Resources &: Civil Engineering Consultante
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Table No.1 Summary of On-Site Hydrology (Continued).
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E-1 0.86 2.0 4.0 6.0 7.0 0.06 0.10 0.17 0.20
E-2 4.26 11.0 18.0 28.0 33.0 0.30 0.51 0.86 0~99

E-3 0.31 1.0 1.0 2.0 2.0 0.02 0.04 0.06 0.07
E-4 0.40 1.0 2.0 3.0 3.0 0.03 0.05 0.08 0.09
E-5 0.39 1.0 2.0 3.0 3.0 0.03 0.05 0.08 0.09
E-6 0.29 1.0 1.0 2.0 2.0 0.02 0.03 0.06 0.07
E-7 0.33 1.0 1.0 2.0 3.0 0.02 0.04 0.07 0.08
E-8 0.46 1.0 2.0 3.0 4.0 0.03 0.06 0.09 0.11
E-9 0.94 2.0 3.0 4.0 5.0 0.05 0.08 0.14 0.16
E-10 1.00 3.0 4.0 7.0 8.0 0.07 0.12 0.20 0.23
E-11 0.87 2.0 4.0 6.0 7.0 0.06 0.10 0.18 0.20
E-12 0.18 0.0 1.0 1.0 1.0 0.01 0.02 0.04 0.04
E-13 0.27 1.0 1.0 2.0 2.0 0.02 0.03 0.05 0.06
E-14 2.57 5.0 8.0 12.0 14.0 0.13 0.22 0.37 0.43
E-15 1.07 3.0 4.0 7.0 8.0 0.07 0.12 0.20 0.23
E-16 0.45 1.0 2.0 3.0 4.0 0.03 0.05 0.09 0.11
E-17 0.31 1.0 1.0 2.0 2.0 0.02 0.03 0.05 0.06
F-1 1.13 3.0 4.0 7.0 8.0 0.07 0.13 0.21 0.24
F-2 1.05 3.0 4.0 7.0 8.0 0.07 0.13 0.21 0.25
F-3 0.71 2.0 3.0 5.0 6.0 0.05 0.08 0.14 0.17

Open A 47.40 21.0 42.0 78.0 94.0 1.66 2.83 4.81 5.53
Open B 20.40 14.0 24.0 43.0 52.0 0.71 1.22 2.07 2.38
OpenC 13.22 9.0 15.0 27.0 33.0 0.46 0.79 1.34 1.54

G {store} 10.92 14.0 22.0 40.0 48.0 0.55 0.93 1.58 1.82
A1 {S Ign} 13.22 8.0 14.0 25.0 30.0
A2 {S Ign} 3.50 8.0 12.0 20.0 23.0
B{S Ign} 26.30 15.0 26.0 47.0 57.0

NE Ign 73.50 25.0 52.0 97.0 117.0
E Ign 63.50 27.0 53.0 97.0 116.0
A {FE 19n} 48.30 14.0 32.0 59.0 72.0
B {FE 19n} 32.90 18.0 32.0 57.0 70.0
Landfill 16.60 31.0 49.0 79.0 93.0 0.83 1.418 2.407 2.7667
CCC/EFC 4.40 16.0 25.0 33.0 37.0 0.418 0.714 1.01 1.1147
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5. Results

The results of the hydrologic investigation for on-site drainage is summarized in Table 1 for each
subbasin. The table provides a computed runoff discharge, and runoff volume for each storm
interval. The analysis also included a cursory evaluation of retention basin capacity based on
1986 site plans (Index No. S-852053). The retention capacity was compared against computed
runoff volumes in subbasins where retention basins are located. The comparison will identify
which storm event the retention basin may be capable of retaining. Appendix A provides
complete results for the on-site hydrology.

B. Off-Site Hydrology

1. Watershed Location and Description

The off-site watershed contributing storm water runoff along the perimeter of the 91st Avenue
WWTP is illustrated in Figure 5. Figure 5 shows the watershed boundary as well as the
subbasins delineated for the off-site hydrology models.

The off-site watershed boundary was determined to be 91st Avenue from Roeser Road to
Southern Pacific Railroad (one-half mile north of Buckeye Road) on the west, the Southern
Pacific Railroad and the Roosevelt Irrigation District canal on the north, 67th Avenue from
Broadway Road to the Roosevelt Irrigation District canal on the east, and Roeser Road from 91st
Avenue to 75th Avenue and Broadway Road from 75th Avenue to 67th Avenue on the south.

The off-site watershed was delineated as a result of examination and interpretation of United
States Geological Survey topographic maps; collection and review of City ofPhoenix storm drain
plans for 67th Avenue, 59th Avenue, and 51st Avenue; collection and review of design plans for
modification of the Roosevelt Irrigation District canal; and from extensive field and site visits.
The purpose of the field visits was to aid in the off-site watershed boundary delineation, subbasin
delineation, land use verification, and familiarization with basin drainage patterns.

The off-site drainage watershed is approximately 8.5 square miles in area. The watershed
generally slopes from northeast to southwest. The average basin land slope is 0.25 percent.
There is very little topographic relief within the basin.

a. Land Use
The watershed in which the 91st Avenue WWTP is located is predominately agricultural. Farm
fields are planted year round due to the favorable climatic conditions and available irrigation
water supply. The type of crops grown within the watershed include hay, alfalfa, onions,
carrots, and other vegetables. Other land uses include the small residential community of Santa
Maria, several cattle feed lots, and the Salt River. The Salt River serves as one of the major
drainageways within the Phoenix area.

Figure 6 illustrates the major land uses by category within the watershed. Agricultural land uses
account for approximately 80 percent of the basin. Industrial land uses are located in the
northern portion of the watershed.

BI. Simons. Li & Associates. Inc.
Water Resources fir: Civil Engineering Consultants
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b. TnmswrtationComdms
The major transportation elements within the project watershed include the following north-south
arterials: 91st Avenue, 83rd Avenue, 75th Avenue, and 67th Avenue; and the following east­
west arterials: Buckeye Road, Lower Buckeye Road, and Broadway Road.

c. Existing Drainage Facilities
Major storm drain trunk lines are located in 67th Avenue and 51st Avenue. The 67th Avenue
storm drain outfalls to the Salt River and is 96-inches in diameter from the Salt River to Buckeye
Road. The 51st Avenue storm drain is also 96-inches in diameter but lies outside the watershed
boundary. Both storm drains collect storm flows generated from areas outside the watershed
with a minor portion along 67th Avenue within the watershed.

A system of Salt River Project (SRP) delivery canals furnishes imgation water to the farm fields.
The network also consists of tailwater collection ditches and canals that collect and convey excess
irrigation water from the farm fields. The farm fields are imgated by a method known as flood
imgation. Water is delivered to the fields from the canals using plastic siphon tubes. The fields
are flooded· and water is ponded on the field. Excess imgation water is collected at the
downstream end of the fields. A portion of the SRP system is illustrated in Figure 5.

The tailwater collection ditches and canals were designed by SRP for the collection of excess
imgation water. The canals were not sized to accommodate storm water runoff generated from
the fields. The tailwater canals could convey storm water runoff when the canals have available
capacity.

The tailwater canals eventually become larger in size and capacity in the lower portions of the
watershed. Several tailwater canals are aligned along the perimeter of the treatment plant. These
larger canals convey collected imgation tailwater from upbasin to be discharged eventually to
the Salt River. Of particular concern to the City of Phoenix is the SRP imgation tailwater canal
adjacent to 91st Avenue. This canal has a tendency to overtop and flood portions of the plant
facilities when the canal experiences conveyance problems. Previous discussion regarding this
particular canal was presented in Section I.C. (problem Statement).

Field visits to the off-site watershed revealed no major drainage facilities within the basin. It was
noted that the farm fields typically have perimeter berms constructed of mounded earth. The
berms function to retain flood imgation water. Typically, berm heights nmge from 6 to 8
inches. Some berms that fronted roadways were as high as 9 to 12 inches. Other drainage
related facilities included very minor sections of curb and gutter at some roadway intersections.
There are also very small retention basins located off several major intersections. Examination
of City of Phoenix records revealed no other drainage facilities in the watershed.

The drainage pattern in the watershed is generally from the northeast to the southwest. Drainage
follows the major roadway alignments as do the tailwater ditches. Most roadways in the project
watershed do not have curb and/or gutter. Major roadway profiles between street intersections
are generally high in the middle and low at intersections. Roadway intersections become
locations where stonn water runoff combines, provided runoff can be released from storage in
the farm fields and from tailwater ditches that overtop. Combined storm water at roadway
intersections then splits, and at a majority of the intersections, the major portions of the split flow
appear to proceed south and west.

"Ia Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiii.
.. Water Resources 6: Civil Engtneertng Consultants
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2. Methodology

The methodology used to estimate peak discharges for the 2, 10, 50, and 100 year return
intervals is provided in Volume I - Hydrology of the "Drainage Design Manual for Maricopa
County, Arizona" prepared by the Flood Control District of Maricopa County. The manual
provides guidelines outlining the procedures to be followed with regard to flood hydrology
studies. The manual describes techniques to determine rainfall depths, duration, distribution
patterns, inf1ltration methodology, unit hydrographs, and channel routing.

The Maricopa County Unit Hydrograph Procedure 2 (MCUPH2) HEC-l preprocessor program
was used to develop a HEC-l flood hydrograph computer model for the project watershed. The
MCUPH2 generates a HEC-l input file by prompting the user for required watershed and
subbasin hydrologic data.

3. Subbasin Delineation

Subbasins were delineated based on examination and interpretation of USGS topographic maps,
land use, drainage patterns, and roadway and tailwater canal orientation. The purpose of
subdividing the project watershed into subbasins was to define areas of the watershed that are
fairly homogeneous in hydrologic characteristics. These characteristics include soil type,
drainage pattern, land use, and basin size.

Field visits to the project watershed revealed that the agricultural fields are based on the one­
square mile roadway grid. The pattern was confirmed after examination of the land use map.
The layout of the agricultural fields on a one-square mile grid provided a convenient delineation
for the subbasins. Figure 5 provides an illustration of the subbasin locations. Figures 6 and 7
provide illustrations of the land use type and soils type within the watershed, respectively.

The agricultural farm fields are tilled or furrowed to allow irrigation water to be conveyed to the
crops. Most of the fields observed were furrowed in a north!south orientation. The depths of
the furrows appeared to range from 4 to 6 inches.

4. Hydrologic Parameters and Assumptions

This discussion presents the hydrologic parameters used to develop the hydrologic computer
model of the off-site watershed. Data and information are presented that were utilized to derive
the hydrologic parameters. Several assumptions were developed to reflect the hydrologic
character of the project watershed and subbasins.

A major assumption used in the construction of the hydrologic models stems from the drainage
pattern assumed for the higher frequency storms (2 and 10 year storms) versus the lower
frequency storms (50 and 100 year storms). As stated previously, the farm fields are generally
furrowed in a north!south orientation. It was assumed for this investigation that the higher
frequency storms (2 and 10 year) produced drainage patterns that followed the orientation of the
field furrows. Once the runoff reaches the southern end of the field, the runoff is directed west
to follow the field perimeter berm. The runoff then was assumed to be combined at a
downstream roadway intersection._I. Simons. Li & Associates. Inc.

.. Water Resources &. Civil Engineering Consultants
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Point precipitation depths for the 2, 10,50 and 100 year 6-hour duration storms were developed
using the Bureau of Reclamation's computer program "PRERE-Computation of Precipitation­
Frequency-Duration Values in the Western United States" (August, 1988). The results of the
program provided point precipitation 6-hour duration depths for the project watershed as follows:

b. Rainfall Losses
Rainfall losses are generally considered to be the result of evaporation of water from the land
surface, interception of rainfall by vegetal cover, depression storage on the land surface, and
infl1tration of water into the soil matrix. Surface retention loss is the summation of all rainfall
losses other than infl1tration.

1.20

2.03

3.20

2.85

2

10

50

100

a. Rainfall
Precipitation within the project watershed and generally within Maricopa County is influenced
by variation -in climate. Mean annual precipitation ranges from about 7-inches in the Phoenix
area to more than.25-inches in the mountainous regions of northern Maricopa County. Storm
patterns are generally categorized into winter, summer, or local storms. Any combination of
these types of storms are possible. Average annual precipitation in the project watershed is 7
to 8-inches.

The lower frequency storms (50 and 100 year storms) were assumed to follow a slightly different
drainage path. The general land slope for the off-site watershed is oriented from the northeast
toward the southwest. The 50 and 100 year storms were assumed to follow the general land
slope rather than the circuitous path followed by the higher frequency storms. In other words,
the 50 and 100 year storms did not follow the north/south furrow orientation, but went diagonally
across a subbasin in the same direction as the general land slope.

The distinction between drainage paths between the lower and higher frequency storms was made
after consultation with staff from the Flood Control District ofMaricopa County. It was believed
that distinguishing different drainage patterns for subbasin runoff between the lower and higher
frequency storms produced hydrologic. results that would be compatible with conditions found
within the project watershed.

Rainfall losses were determined for each subbasin using the guidelines and methodology
presented in the County's drainage design manual. The manual provides surface retention loss
parameters for particular land uses and/or surface covers. The surface retention loss
recommended for agricultural land uses (tilled fields and irrigated pastures) is 0.5 inch.
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The Green-Ampt soil infiltration methodology was used to develop infiltration parameters for
each subbasin. The Green-Ampt parameters were developed using Soil Conservation Service
soils maps and the soils tables found in the District's hydrology manual. The District's soils
parameters spreadsheet was used to area-weight the Green-Ampt soil infiltration parameters for
each subbasin. These parameters include hydraulic conductivity, average capillary suction in the
wetted zone, and soil moisture deficit equal to effective soil porosity times the difference in final
and initial volumetric soil saturations. Appendix B provides the results of the development of
the Green-Ampt soil infiltration parameters for each subbasin.

c. Unit Hydrograph Procedure
The recommended procedures for routing rainfall excess in Maricopa County are either the Clark
Unit Hydrograph or application of selected S-graphs. The recommended procedure for routing
rainfall excess within the project watershed is application of the Phoenix Valley S-graph. This
recommendation is based on the characteristics of the project watershed (agricultural land use;
little topographic relief).

The application of an S-graph requires the estimation of the parameter, basin lag. A general
relationship for basin lag as a function of watershed characteristics is given by the following
equation:

Where Lag = basin lag in hours,
Lea = length along the watercourse to a point opposite the centroid in miles,
L = length of the longest watercourse in miles,
S = watercourse slope in feet per mile,
C = coefficient,

m&p = exponents.

Two values of basin lag were computed for each subbasin due to the assumption of drainage
patterns for the higher and lower frequency storm events. A summary of the basin lag
computations for each subbasin is provided in Appendix B.

d. Channel Routing
The selected channel routing routine used for this investigation is the normal depth routing
procedure. This method was selected based on the ability to define a channel section using an
eight-point cross section and the flat relief of the subbasins. Channel parameters were developed
using USGS topographic maps (to estimate slopes) and field observations for Manning's
roughness coefficients. A farm field eight-point channel cross-section was assumed for channel
routing. An illustration of the assumed cross-section is provided in Appendix B.

The Muskingham-Cunge channel routing routine was selected to route storm flows through the
SRP tailwater ditches along the perimeter of the treatment plant. The Muskingham-Cunge
method was selected because the parameters used in the methodology are physically based i.e.,
based on physical channel characteristics. A summary of channel routing parameters is provided
in Appendix B.
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e. Split Flows
It was assumed for the purposes of this study that split flows occur at the major street
intersections. This assumption is based on field trips to examine the drainage patterns occurring
at each of the major street intersections. The assumption is also based on the general land slope
of the watershed and on the I-mile grid network of the street system.

The percentage of split flow may be estimated using street longitudinal slopes, street cross
sections, and a broad-erested weir equation. Normally field surveys are conducted to gather the
necessary data to aid in the determination of splits. A rating curve is ultimately computed
relating the flowrate entering the intersection to the flowrate leaving the intersection.

It was assumed for this study that split flows occur at the major street intersections in a
percentage that 50 percent of the flow entering the intersection continues westerly from the
intersection and the other 50 percent of the flow entering the intersection continues in a southerly
direction away from the intersection. This assumption was made due to the lack of adequate
record drawings or as-builts of the major streets and because field surveys were not conducted.
The 50/50 splits are reasonable given the general watershed slope (from northeast to southwest).

f. Hydrologic Schematic
Figure 8 presents a hydrologic schematic diagram representing the interrelationships of the
drainage elements for the project watershed. The schematic illustrates in pictorial form the
drainage network of the subbasins as well as the construction of the hydrologic models.

The elements depicted in the hydrologic schematic correspond to the hydrologic groups used in
the HEC-I models. For example, the rectangle numbered 100 atBuckeye Road and 75th Avenue
represents channel routing routine Rl00 in the HEC-l models. The rectangle 100 represents the
elements used in the model to route storm flows south on 75th Avenue to Lower Buckeye.

5. Model Results

The U.S. Army Corps of Engineers Hydrologic Engineering Center HEC-I Flood Hydrograph
Package was used to construct the hydrologic models for the project watershed. The HEC-I
model is designed to simulate the surface runoff response of a basin to precipitation by
representing the basin as an interconnected system of hydrologic and hydraulic components.
Each component models an aspect of the precipitation-runoff process within a portion of the
basin, referred to as a subbasin. A component may represent a surface runoff entity, a stream
channel, or a reservoir. Representation of a component requires a set of parameters which
specify the particular characteristics of the component and mathematical relations which describe
the physical processes. The results of the modeling process is the computation of hydrographs
and peak discharges at desired locations in the basin.

III. Simons. Li & Associates. Inc.
Water Resources &; Civil Engineering Consultant.
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The HEC-1 program was developed under several assumptions and limitations. The assumption
was made that the hydrologic processes can be represented by model parameters which refl~t

average conditions within a subarea. If such averages are inappropriate for a subarea then it
would be necessary to consider smaller subareas (basins) within which the average parameters
do apply.

Simulations are limited to a single storm due to the fact that provision is not made for soil
moisture recovery during periods of no precipitation. The model results are based in terms of
discharge, not stage, although stages can be printed out by the program based on a user specified
rating curve.

Two HEC-1 models were constructed as part of this investigation. The first model depicts
conditions in the subbasins for the 2 and lO-year storms as explained previously (Model-1A.dat).
The second model was constructed for the 50 and lOO-year storm events (Model-2A.dat).

One of the objectives of the flood mitigation study was to estimate the off-site peak runoff
discharges along the 915t Avenue WWTP. Off-site peak discharges were estimated along the
perimeter of the treatment plant; namely to estimate discharges for treatment plant frontage along
91st Avenue, 83rd Avenue, and Roeser Road.

A summary of off-site peak discharges along the treatment plant frontage for the 2, 10, 50, and
100-year storms is provided in Table 2. These peak discharges will be used in Section V to
develop flood control alternatives for each storm event.

Table 2. Summary of Off-Site Peak Discharges Along the 9151 Avenue WWTP.

_I==if~=&ti'==
2 7 3 3
10 160 55 54
50 546 190 190
100 746 258 259

A summary printout of the computer model input and output files are included in Appendix B.
Appendix B also contains a computer disk with the HEC-1 input and output computer files

c. Salt and Gila River Hydrology

The Salt River has a contributing drainage area of approximately 1,450 square miles at the 91st
Avenue WWTP. This section provides a history and discussion of the Salt River hydrologic
issues which impact the WWTP.



1. Existing Water Resources Facilities

2. Streamflow-Gaging Stations
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09512070

09512170

09512405

Hayden Road

35th Street

Jointhead Dam

Roosevelt Dam, the most upstream dam on the Salt River, is undergoing major modifications to
increase the dam height and outlet capacity. The increased height of the dam is intended to
provide flood control storage for runoff from the Upper Salt River Basin. Operating procedures
for the modified Roosevelt Dam have not been finalized. Therefore, the modified Roosevelt
Dam's impact on downstream discharge-frequency relationships can only be estimated. A U.S.
Army Corps of Engineers study (1) indicates that the magnitude of the n-year flood at the 91st
Avenue WWTP is dependent upon the operation of the upstream reservoirs. However, high
frequency flood events are less impacted by reservoir operation than low frequency flood events
due to local uncontrolled runoff.

Six upstream water-supply and hydropower dams, owned and operated by the Salt River Project
(SRP) generally control the flows in the Salt River at the 91st Avenue WWTP. Horseshoe and
Bartlett Dams are located on the Verde River. Roosevelt, Horse Mesa, Mormon Flat, and
Stewart Mountain Dams are located on the Salt River. Currently, there is no flood control
storage allocated in these upstream reservoirs (1). Just below the confluence of the Verde and
Salt Rivers is Granite Reef Dam, a diversion structure which channels water into an extensive
network of SRP irrigation and water supply canals.

Table 3. Intermittent Gaging Stations on the Salt River

--

Historical streamflow data is not available near the project site. Five gaging stations were
identified along the Salt River upstream of the 91st Avenue WWTP' Table 3 identifies the
upstream intermittent streamflow-gaging stations on the Salt River.

The U.S. Geological Survey (USGS) did not recommend using the intermittent gage data due to
rating curve inaccuracies and the limited number of recorded events. Instead, the USGS
recommended reviewing the Granite Reef spill database maintained by the Salt River Project and
the Corps hydrologic studies of the Gila River and tributaries.
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3. Floods of Record

Hydrologic records indicate that on the Salt River the greatest floods have resulted from storms
of the general winter type, and studies of rainfall and runoff relationships indicate that the most
critical runoff quantities would probably occur from such storms. Historical accounts indicate
that general winter floods occurred in 1833, 1862, 1869, 1880, and 1884. Table 4 presents the
magnitude of major floods of record in the Salt River below the Verde River. The data
presented in Table 4 was collected from USGS Water Supply Papers, the Salt River Project, and
other historical records (7,8,9).

Reservoir construction began with Roosevelt Dam, built during the period 1905 through 1913,
and continued throughout the basin through 1945 when Horseshoe Dam was completed.
Therefore, it should be noted that discharges in Table 4 dated prior to 1945 do not represent
discharges which would occur with the existing SRP reservoir system.

4. Salt River Hydrology

In 1982, the Los Angeles District of the Corps finalized a hydrologic study for the Gila River
and tributaries, which includes the Salt River, as part of the Central Arizona Water Control
Study (CAWCS) (2). One of the purposes of this study was to develop discharge-frequency
relationships at various points along the Gila River and tributaries for existing conditions. To
develop existing conditions discharge-frequency relationships, the recorded streamflow for the
Salt and Gila Rivers had to be converted to a sequence of ..standardized" existing conditions
discharges. Standardization, converting all streamflow data to the same base existing conditions,
was required because the recorded data was published for a non-homogeneous period of record.
To standardize flow in the Salt River, SRP reservoirs were modeled using the HEC-5 computer
program to simulate SRP operation under existing conditions. The HEC-5 model was calibrated
using the December 1965 through January 1966 and March 1978 floods. Utilizing complex
analysis procedures, resulting annual maximum values for the peak: and various flow duration
discharges were ordered and plotted on log-probability frequency paper. The HEC-5 simulated
historical data and volume frequency plots for concentration points near the 91st Avenue WWTP
are provided in Appendix C. -

A second study was performed by the Corps (1) which quantified the impact of the modified
Roosevelt Dam on the discharge-frequency relationships at selected sites within the Gila River
Basin. The Corps studies cited provide the best current estimate of existing and future
hydrologic conditions (Le., pre-and post-Roosevelt modifications) at the 91st Avenue WWTP.

Table 5 presents the results of the Corps hydrologic analyses for the Salt River above the
confluence with the Gila River. Table 6 presents the results of the Corps hydrologic analyses
for the Gila River just below the confluence with the Salt River. The discharges presented in
Tables 5 and 6 were used to quantify the impact of the Gila River on the Salt River flood events.
The peak: discharge-frequency data presented in Tables 5 and 6 were developed from the Corps
HEC-5 analyses.



Table 4. Salt River Historical Floods of Record.
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1890

1891

1893

1895

1905

1906

1907

1908

1910

1911

1916

1919

1920

1927

1932

1938

1965

1966

1978

1978

1979

1980

1993

FEB

MAR

JAN

NOV

MAR

MAR

DEC

JAN

MAR

JAN

NOV

FEB

FEB

FEB

MAR

DEC

JAN

MAR

DEC

JAN

FEB

JAN

143,288

285,000

351,514

82,994

199,500

67,000

50,770

63,000

294,000

56,743

83,475

101,867

108,600

70,000

53,000

59,040

64,000

53,000

122,000

140,000

87,546

170,000

124,000
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Table 5. Salt River Discharge above Gila River Confluence.

5 36,000 40,000

10 85,000 75,000

20 125,000 100,000

50 145,000 125,000

100 185"000," :t50,000, ;;1
Dc,.":",,.>,,

200 250,000 185,000

500 310,000 240,000

Table 6. Gila River Discharge below Salt River Confluence.

5 40,000 40,000

10 95,000 85,000

20 135,000 110,000

50 200,000 180,000

100 250,000 215,000 XI

200 295,000 230,000

500 360,000 290,000

A loo-year flood hydrograph for this study was developed from the Corps balanced flood
hydrograph for the regulated l00-year flow routed through the existing SRP reservoir system.
The design hydrograph is based on the most recent Corps hydrologic analyses (1). Different
magnitude fl<X><i events utilized identical pattern scaled versions of the Corps hydrograph./The
designhydrograph, whic:h was utilized for the estimation of sediment transport volumes and time

;,depend~rlfYe'haJigest6' thS"'SaIf'Ri"er,is'illustrated" in Figur~ 9.

,iiiiiiiiiiiiiiiiiiiiiiiiiii "I. Simons. Li & Associates. Inc.
• .. Water Resources & Civil En~lnC'crinltConsultants
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In the most recent Corps study (1), the impact of local uncontrolled runoff was quantified. The
Corps concluded that local uncontrolled runoff has a significant impact on downstream runoff
in the Salt River for large, remotely located upstream flood control projects which attempt to
limit peak: runoff in the Salt River through the City of Phoenix to small quantities (i.e., less than
80,000 cfs). A discharge frequency curve for the Salt River above the Gila River confluence is
presented in Appendix C which approximates the quantity of local peak: runoff by assuming none
of the drainage area above Horseshoe and Roosevelt Dams contribute to Salt ttiver flows.

5. Regulatory Floodplain/Floodway Hydrology

In 1983-84, the Corps performed a Flood Insurance Study (3) encompassing 28 miles of the Salt
River from the confluence with the Gila River to Country Club Drive. The study was performed
for the Flood Control District of Maricopa County. The Corps Salt River FIS was adopted by
the Federal Emergency Management Agency (FEMA) and the mapping published as the
regulatory floodplain and floodway. The Salt River PIS used the peak flood discharges
developed by CAWCS (2). These discharges are presented as existing conditions in Tables 5 and
6. The FIS utilizes the same discharge adjacent to the WWTP then gradually changes the
discharge to reflect the combining flows from the Gila River. The converging flows of the Gila
and Salt Rivers occurs east of 115th Avenue over a distance of approximately one mile.

6. Additional Factors Affecting Flooding Risks

The 91st Avenue WWTP is located within a reach of the Salt River which has historically been
used as a source for construction materials. Mining operations within the study reach date back
to the 1950's. Af~Y.~,~(~~y(6)hasdocumented~textensive in-stream andfloodplain mining
operati()ns cansi~nifi&i1i1yiinpact the SaltRiv~tt,In response to the oombined,effect()f major
'{!~events,~hanne~ti()IliIIlProyements, and extensive mining activity; some reaches of the,
8altRiverhave exhibited significant degradation over a period of a couple of decades.

Mining companies typically create sorted stockpiles of material adjacent to the operation. Large
volumes of stockpiled material within the Salt River can impact the water quality and hydraulic
efficiency of the channel and locally raise flood water-surface elevations. Since the City of
Phoenix administers their own floodplain ordinances, the City will need to assess the impact of
future mining operations near the WWTP.

A majority of the Salt River study reach defines the border of the Gila River Indian Reservation
(GRIR). The GRIR boundary follows a historical low-flow channel of the Salt River. A large
portion of the Salt River channel and floodplain lies within the GRIR boundaries. As a sovereign
nation, the GRIR may enter into their own agreements regarding the use of the Salt River
channel and floodplain. The GRIR has the authority to lease their land for such uses as mining
operations. Therefore, the GRIR may influence the flooding risks at the 91st Avenue WWfP
and along most of the Salt River study reach.

_I. Simons, Li & Associates, Inc,
.. Waler Resources & Ctvll En~lneerinp;Consullants
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ID. HYDRAULICS

This section of the Concept Report presents the results of the hydraulic analyses of off-site
drainage facilities, on-site drainage facilities, and the geomorphic and hydraulic analyses of the
Salt River adjacent to the 91st Avenue WWTP. The objective of the hydraulic analyses is to
estimate the existing hydraulic capacities of off-site drainage facilities such as SRP irrigation
tailwater canals and pipe culverts along 91st Avenue. The hydraulic analyses estimates the
capacity of the storm drain pipe system located on-site within the digestor area. Finally, the in­
depth Salt River analyses is presented.

The results of the analyses of existing hydraulic conditions will aid in the formulation of
alternatives for drainage improvements. For example, estimated peak discharges for off-site
drainage will be compared against estimated hydraulic capacities of SRP irrigation tailwater
canals and pipe culverts. The impact of proposed drainage and flood control improvements will
be evaluated in the degree of protection over existing conditions.

A. On-Site Drainage Facilities

Section ll. A.l presented a discussion of the existing on-site drainage facilities at the WWTP.
These facilities include retention basins located throughout the plant and a storm drain system
located in the area around the digestors. The hydraulic analysis of on-site drainage facilities
included computing the estimated hydraulic capacity of the storm drain pipes around the digestor
area and a capacity analysis of retention basins. The capacity analysis of the basins was
conducted to compare estimated basin capacity versus runoff volume for each subbasin for each
design storm.

The storm drain system is located in subarea E as shown in Figure 10. The system consists of
storm drain pipes, area inlets, and a storm water pump station. Pipe sizes range from 18-inches
to 36-inches in diameter for reinforced concrete pipe (Rep) and 14-inches to 16-inches for
ductile iron pipe (DIP). Design plans for the storm drain network were used to estimate the
capacity of the storm drain network. Table 7 provides a summary of the estimated existing storm
drain pipe capacities with the stormwater discharge for each storm interval.

The results of the retention basin capacity analysis is presented in Table 8. Appendix D contains
the retention basin capacity computation. Table 8 also provides the volume of runoff for each
design storm and indicates the approximate design storm that each basin may be capable of
retaining.
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E-1 4.1 2 4 6 7 18" RCP

E-2 4.1 13 22 34 40 18" RCP

E-3 4.1 14 23 36 42 18" RCP

E-4 4.1 15 25 39 45 18" Rep

E-5 4.1 16 27 42 48 18" RCP

E-6 4.1 17 28 44 50 18" RCP

E-7 6.1 18 29 46 53 21" RCP

E-8 6.1 19 31 49 57 21" RCP

E-9 8.8 21 34 53 62 24" RCP

E-10 4.9 3 4 7 8 14" DIP

E-11 3.9 2 4 6 7 16" DIP

E-12 6.7 2 5 7 8 16" DIP

E-13 10.7 6 10 16 18 24" RCP

E-14 19.5 11 18 28 32 30" RCP

E-9/E-14 25.9 32 52 81 94 36" RCP
Pump
Station

* NOTE: Subbasin discharges are summed (totaled) in downstream direction (e.g. the pipe at
subbasin E-9 has an estimated capacity of 8.8 cfs while the total2-year discharge to
that pipe is 21 cfs).

Table 7. Storm Drain Pipe Capacities.
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Table 8. Summary of Retention Basin Analysis.

0.55

0.20

0.05

0.28

0.54

0.15

0.25

0.12

0.25

0.17

* 0.45

* 0.40

* 0.06

* 0.12

* 0.24

0.39

0.04

0.24

0.10

0.17

0.48

0.13

0.35

0.10

0.21

0.21

0.05

0.14

0.47

* 0.21

0.28

0.21

0.06

0.23

0.13

0.13

0.25

0.03

0.06

0.08

0.13

* 0.02

* 0.10

* 0.14

* 0.07

0.01

0.06

0.13

0.03

0.12
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0.16

0.08

0.08 * 0.13 0.23 0.26

0.07

0.04

0.02

0.05

0.07

0.07

apaClty.

* 0.17

* 0.04

B-2 0.19

B-2 0.13

B-4 0.23

B-6 0.49

B-8 -Q.02

B-6/B-8 0.49

C-1 0.21

C-2 0.20

C-5 0.23

D-l 0.04

D-2 0.10

D-9 0.11

B-17 0.07

F-l 0.48

F-2 0.05

F-3 0.02

1111•••1-
A-lI1.1 0.65 0.17 0.29 0.50 * 0.57

A-2/2.1 0.46 0.08 0.13 0.22 * 0.26

A-3/3.1 0.12 0.03 0.06 0.10 * 0.11

B-1 0.44 0.07 0.13 0.21 * 0.25
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B. Off-Site Drainage Facilities

As discussed in Section II. B. 1. the off-site drainage facilities are primarily Salt River Project
irrigation delivery and tailwater canals. These canals deliver irrigation water to farm fields and
collect excess irrigation water into tailwater ditches. The greatest impact to the 91st Avenue'
WWTP from off-site drainage stems from the SRP tailwater ditch and pipe culverts located
adjacent to the plant along 91st Avenue. This ditch has a history of overtopping causing water
to enter the treatment plant at several locations. The primary impact of the canal is at the plant
entrance facilities and administration building. Another location is the plant service road off of
91st Avenue at the SRP substation.

As -built drawings of the 91st Avenue canal were obtained from Salt River Project. The as-built
plans for this canal indicate a design cross-section that is trapezoidal in shape, 3 foot bottom
width, 1Y2 to 1 (H:V) side slopes, and a 14.5 foot top width. The design capacity ofthe canal
as stated on the as-built is 1040 miners inches (26 cfs or 11,670 gpm.).

The as-built cross-section shown on the SRP plans is in conflict of the existing cross-section of
the canal. Cursory field observations and tape measurements indicate a channel bottom width
of approximately 8 to 10 feet and an estimated channel side slope of almost vertical. The depth
of the canal was estimated at 4 to 6 feet and the canal is earth-lined.

A CADD generated cross-section of the canal was made from topographic map computer fIles
furnished by the City. The topographic maps were developed for a previous WWTP project.
The CADD generated cross-section is in agreement with the field measurements of the existing
canal cross-section.

The City of Phoenix conducted field surveys of the pipe culverts along the 91st Avenue tailwater
ditch from Roeser Road to the plant IIIA chlorine contact chamber. The field survey included
obtaining pipe diameters and pipe inverts. Figure 11 illustrates the location of several pipe
culverts surveyed by the City. Table 9 provides a summary of the hydraulic capacity analysis
of the pipe culverts.

Pipe culverts 1, 2, 3, and 5 are corrugated metal pipe. Pipe culverts 4, 6, and 7 are reinforced
concrete pipe. Pipe culvert 5 has invert elevations higher than upstream pipe culverts.
Discussions with City of Phoenix staff indicate this pipe culvert was replaced after the
construction of the Palo Verde Nuclear Generating Facility (ANPP) pipeline from the treatment
plant to the generating station. The pipe culvert was set to clear the top of the ANPP pipeline.

Examination of Table 9 reveals several hydraulic concerns. The diameter of pipe culverts range
from 2.42 feet to 3.42 feet. The smaller pipe culvert diameters are on the downstream side of
the tailwater canal/system (see Figures 11 and 12 to cross reference). Upstream pipe inverts for
pipe culverts 2, 3, and 5 are higher than the downstream pipe inverts from the next pipe culvert
upstream, respectively. This indicates that the canal slope might be adverse between pipe
culverts 1 and 2 and between pipe culverts 2 and 3. The field survey of pipe inverts for culvert
4 indicates a zero slope pipe culvert. The flowrate through this culvert will depend on the
downstream water surface elevation.
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The depth of removed sediment from the canal placed along the roadway varies. In several
locations the piled sediment was observed to be 12 to 15 inches. The depth of piled sediment
appears to be the result of a single clearing of the tailwater canal.

SRP Substation
Essentially 0 Slope

13.1 North Access Road

18.2

23.4 Crosses under 91st

16.9 Main Access Road

32.6 South of Admin.
Building

32.8 Contractor's
Entrance

1 3.0 966.17 966.04 90.7 0.0014

2 3.25 966.31 966.17 90.1 0.0016

3 3.42 966.19 965.82 84.0 0.0044

4 2.67 964.00 964.07 161.0 0.0

5 3.42 966.42 966.00 94.4 0.0045

6 2.42 965.08 964.69 47.1 0.0083

7 2.42 964.67 964.78 16.4 0.005

Field survey data for the pipe culverts was used to estimate the average tailwater canal slope.
The downstream invert of culvert 1 and the upstream invert of culvert 6 provided the elevation
difference (1.09 feet). The average canal slope was determined to be 0.00041 ftlft. This slope
was used to re-compute the canal hydraulic capacity. The results of the computation indicate that
with the 0.00041 ft/ft canal slope, the canal has an estimated maximum capacity of less than 150
cfs. Figure 12 presents a profile plot using the survey field data furnished by the City of
Phoenix.

Maintenance on the SRP tailwater canal is conducted by SRP forces. Field observations and
discussions with plant staff have shown that SRP removes deposited sediment from the canal on
a somewhat regular basis. Deposits in the canal are removed mechanically through the use of
a clam shell bucket. The sediment is deposited on the canal shoulder (top of bank) between 91st
Avenue and the canal. The existing canal section most likely can be attributed to the on-going
scraping of the canal via maintenance.

The sediment piles along the roadway shoulder may have contributed to the flooding problems
experienced at the plant entrance facilities. The stockpiled material, in a sense, built-up the
height of canal bank adjacent to 9Ist Avenue. When the tailwater canal experiences a volume
of flow greater than it's capacity, it overtops the eastern bank before the west bank (due to the
stockpiled sediment). The water that overtops the east bank then proceeds to enter the plant at
the entrance facilities. It is imperative that the City urge SRP to remove dredged sediment from
along the canal banks.

Table 9. Hydraulic Capacity of 91st Avenue Tailwater Canal Pipe Culverts.
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Another SRP irrigation tailwater canal is located on the east side of 83rd Avenue adjacent to the
far east sludge lagoons (see Figure 4). This earth-lined trapezoidal canal is approximately 5 feet
deep, has a 8 foot bottom width, and almost vertical sides. The canal slope is approximately
0.001 ftlft which was derived from USGS topographic mapping. The estimated hydraulic
(bankfull) capacity of the 83rd Avenue canal is 175 cfs based on a Manning's roughness
coefficient of 0.025.

Treatment plant staff have indicated there have been minor flooding problems with the 83rd
Avenue canal. The canal however has not impacted plant operations, access, or overtopped into
the adjacent sludge lagoons. The canal according to SRP irrigation facility maps outfalls via a
24 inch pipe to the Salt River. Attempts to locate the outfall pipe during field trips were not
successful. The outfall for this canal will be examined in the alternatives section of this report.
A flap gate may need to be installed on the new outfall to prevent river flows from entering the
pipe outfall. It is recommended that a thorough field survey of the terminal irrigation facilities
at 83rd Avenue be conducted in the design phase.

An SRP irrigation delivery canal is located north of the plant on the north side of Roeser Road.
This is a small, concrete lined, trapezoidal canal that is used to deliver irrigation water to the
farm fields. Discussion with plant staff indicate minor ponding problems on the north side of
Roeser Road after storm events. Plant staff have stated that the ponding has never entered the
plant or comes close to overtopping Roeser Road or the north access road. Therefore, further
examination of this minor ponding area will not be continued.

c. Salt River Hydraulics and Stability

1. Qualitative Geomorphic Analyses (Level I)

The Salt River stability analyses was conducted using a three level approach. The first level of
analysis was a qualitative geomorphic assessment of the existing Salt River conditions. A
summary of the Level I analyses is provided below.

The study reach is defmed as that portion of the Salt River between 67th and 115th Avenues.
The project reach is the portion of the Salt River of detailed interest between 75th and 99th
Avenues. The study reach was subdivided into 12 subreaches which are schematically illustrated
in Figure 13 for analyses and presentation purposes.

a. Sinuosity
Leopold, Wolman, and Miller (10) adopted the sinuosity ratio, which is defined as the thalweg
length divided by the valley length, as a criterion which could be used to classify river patterns.
Through the observation of several natural river systems, they concluded that systems with a
sinuosity ratio equal to or greater than 1.5 would be classified as meandering while those less
than 1.5 would be braided or straight. The average sinuosity ratio for the study reach was
calculated to be approximately 1.2.

B I. Simons, Li & Associates, Inc.
Water Resour('es & Civil En~lneerln~Consultants



Figure No. 13. Reach Subdivision Schematic
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The low sinuosity ratio indicates that this reach of the Salt River is straight or braided.
Additional analyses are provided below which confirms the study reach of the Salt River is a
braided channel.

b. Geomorphic Relationships

The dominant discharge and average channel slope were used to classify the channel pattern for
the Salt River study reach. The dominant discharge is defined as the discharge, if allowed to
flow constantly, would have the same overall channel shaping effect as the natural, fluctuation
discharges over the long-term. The dominant discharge for ephemeral channels is typically
defined as lying between a 5-year and lo-year flood event (11). For the study reach of the Salt
River, both the 5- and 10-year events were considered in the geomorphic relationships. Figure
14 graphically presents Lane's and Leopold & Wolman's relationships between channel slope,
discharge and channel pattern. For the 918t Avenue WWTP project, the average bed slope
through the study reach is 0.0014 ftIft. The 5-year and IO-year discharge determined by the
Corps is 36,000 and 85,000 cfs, respectively. Utilizing the 5-year and to-year discharge as the
dominant discharge, the Salt River study reach plots at positions A and B in Figure 14,'
respectively. Figure 14 shows that the study reach plots well into the braided region, using both
Leopold & Wolman's criteria as well as Lane's.

c. Historical Aerial Photographs

Seven sets of historical photos were collected for the study reach of the Salt River. These photos
were taken in 1941, 1958, 1964, 1971, 1983, 1990, and 1993. Examination of these photos
indicates a braided channel pattern has existed over the last half century. A summary of the
changes in land use, lateral migration, shifting low-flow channels, vegetation, and sediment
deposition is provided below.

Land Use Changes
The land use adjacent to the Salt River has generally remained constant over the photographic
period of record. The land adjacent to both sides of the Salt River is generally utilized for
agriculture. However, agricultural fields have encroached into the Sait River north of Baseline
Road and west of 91st Avenue.

Industrialization has occurred along the south side of the river at 75th Avenue. The construction
of the 91st Avenue WWTP and the Tolleson Landfill has changed the original land use at the
project site.

Mining has occurred adjacent to the project site and at other locations within the study reach.
Currently, two mining operations are visible upstream and downstream of the 91st Avenue
WWTP. Historically, the Salt River channel has been used as a materials source throughout the
study reach (Le. mining).

Lateral Migration
A comparison of approximate bank locations is presented in Figure 15 using the historical aerial
photographs. Along a majority of the project reach, from 75th to 99th Avenues, the bank lines
have remained generally constant since the late 50's. Agricultural fields encroached into the Salt
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Figure No. 15. Salt River Study
Reach Historical Banklines
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River along the south bank between 91st and 83rd Avenues in the 40's and 50's. The outfall
channel from the 91st Avenue WWTP has also encroached into the Salt River channel
approximately 300 feet.

Downstream of 99th Avenue the north bank of the Salt River has gradually moved north over
the photographic period of record. The reach of the Salt River from 115th to 99th Avenues is
the only location where evidence of lateral migration exists. Levees were constructed along the
north bank west of 113th Avenue to prevent further migration of the channel. No lateral
migration is evident along the Gila River in the study reach.

Shifting of Low-Flow Channels
The historical sequence of aerial photographs clearly indicates extensive shifting in the Salt
River's multiple low-flow channels. Figure 16 schematically illustrates the historical location of
low-flow channels in the Salt River study reach. The study reach of the Salt River can be
characterized as a braided stream consisting of multiple and interlacing channels. Multiple
island/bars separate the multiple low-flow channels. At flood stage, the islands and bars are not
visible but at lower controlled releases multiple low-flow channels are present.

The Gila River near the confluence with the Salt River appears to have a relatively stable
thalweg. The location of the Gila River thalweg did not appear to change over the photographic
period of record. The Gila River appears to be a less dynamic and more stable watercourse.
The floodplain is heavily vegetated contributing to the channel stability. In the vicinity of the
confluence with the Salt River, the Gila River thalweg appears sinuous with random variation
in width and does not appear to have meander tendencies.

Vegetation Changes
The Salt and Gila Rivers were perennial streams prior to construction of upstream water supply
dams. Historical records indicate the Salt River was a wide braided channel supporting
considerable vegetation. However, the Salt River also experienced annual flood events prior to
upstream dam construction which would have washed out major vegetation growth within the
main channel.

Upon completion of the six upstream water supply dams on the Salt and Verde Rivers,
considerable amounts of time passed without any flow events in the Salt River at the project site.
Prior to April 1965, the Salt River was virtually dry for more than twenty years (20). The
historical aerial photos indicate a relatively clear Salt River channel along the study reach prior
to completion of the 91st Avenue WWTP.

Construction of the 91st Avenue WWTP resulted in significant volumes of water released into
the Salt River just above the confluence with the Gila River. The 91st Avenue WWTP currently
discharges a greater volume of water into the Salt River than the estimated base flow of the Gila
River (20). As a result of Salt River streamflow losses, a reduction in groundwater pumpage due
to an abundance of surface water, and the 91st Avenue WWTP discharge, groundwater levels
have risen dramatically (20). Consequently, vegetation has increased within the Salt and Gila
Rivers downstream of the project site.

,iiiiiiiiiiiiiiiiiiiiii JJI. Simons, Li & Associates. Inc.
.WaterResources & Civil Engineering Consultants
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FIgUre No. 16. Salt River Reach
Historical Low-Flow Channels
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The Flood Control District (FCD) of Maricopa County obtained right-of-way and/or flowage
easements approximately 1000 feet wide within the Salt and Gila River channels from 9Ist
Avenue to Gillespie Dam. The FCD has cleared the vegetation within the 1000 foot-wide
channel for more than ten years. However, renewal of the 404 Permit is currently under review
by the Corps. The channel clearing project is intended to increase conveyance within the Salt
and Gila Rivers and reduce potential flood damage.

In addition to clearing the 1000 foot wide channel, the FCD has maintained a pilot channel along
a majority of the project length. As part of the yearly maintenance, the FCD cuts-off the low­
flow channel meanders with earthen berms opposite the entrance of existing low-flow channels
into the pilot channel.

Should the FCD permits not be renewed, increasing ground water and the constant surface water
supply from the 91st Avenue WWTP could significantly increase vegetation density downstream
of the project site. Increased vegetation could result in deeper flood flow depths that may impact
the 91st Avenue WWTP.

Sediment Deposition
Over the photographic period of record, evidence exists that significant sediment transport occurs
within the Salt River study reach. Historically, mining/borrow operations have been fIlled by
flood events. The most obvious examples are adjacent to the 91st Avenue WWTP where
borrow/mining occurred in the 50's and 60's. Today, there are no visible traces of these
borrow/mining operations.

d. Visual Geological Investigation
A field visit was made to the project site in order to identify any geologic formations that might
control either horizontal or vertical channel movement. The visit also provided an opportunity
for a ground level inspection of the natural channel geometry, channel pattern, and bed material
composition. No natural or artificial vertical bed controls were located within the study reach.
However, at the confluence of the Gila and Salt Rivers, a major rock outcrop defining the south
bank could potentially control both the horizontal and vertical movement of the Salt River.

Visual inspection of the channel revealed a wide, braided channel pattern with banks that were
approximately 10 feet in height. The channel bed was composed of primarily sand, gravel and
cobbles. Island and bar formations were evident throughout the study reach.

e. Channel Characteristics
All aspects of the Level I analysis confirm the existence of a braided channel pattern. Braided
channels are generally wide and consist of two or more main channels which cross one another
giving the riverbed a braided appearance at low-flow.

Braiding is believed to result primarily from random deposition of materials (sediment)
transported during high flows in quantities or sizes too great for continued transport during low­
flows. Accordingly, as the stream discharge is reduced, larger sediment particles begin to drop
to the bed as the stream "sorts" or leaves behind those sizes of the load which it is unable to
transport. The accumulation of these particles on the channel bed initiates the formation of a bar
which serves to trap even more sediment particles. Although the depth of flow over the growing_I. Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiiiiii.
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bar is gradually decreased, velocity over the bar tends to remain undiminished or even to
increase so that some particles moving along the bar are deposited beyond the downstream end
where a significant decrease in velocity is associated with the marked increase in depth of flow.
Thus, the bar grows by successive addition of sediment particles at its downstream end and some
additional growth along its sides. Additional bars will then be propagated through the same
process described above until the channel obtains its characteristic braided pattern. Growth of
the bars will eventually reach a size that will significantly alter the channel conveyance capacity,
at which time the channel will seek a new equilibrium condition.

Becausedeposition is essential to the formation of the braided pattern, it is obvious that sediment
transport is essential to braiding. Historical aerial photos indicate that the banks of the Salt River
have remained relatively stable along the project reach. In addition, some sections of the channel
in the project reach have flow widths that extend laterally over 3800 feet. Together, the channel
width and the stable banks indicates that the bars will eventually give way to provide the required
flow capacity. This conclusion is also evident in Figure 16 which indicates the varying low-flow
channel locations.

2. Quantitative Geomorphic Analyses (Level II)

The second level of the stability analyses utilizes an engineering geomorphic approach. In this
phase, the results from the first level of analyses were verified by application of one or more
rigorous theories. The Level II analyses also quantifies many of the responses that were
qualitatively assessed earlier.

a. Regulatory Floodplain/Floodway Mapping
The project study reach lies within flood insurance rate Zone A8 (4,5). Zone A8 was determined
using detailed hydraulic analysis methods which indicates special flood hazard areas inundated
by the lOO-year flood. The zone designation is assigned according to flood hazard factors. The
flood hazard factor is a function of the average difference in water-surface elevation between the
lQ-year and lOO-year flood profiles. Zone A8 indicates an average difference of 4 feet between
the 10-year and loo-year flood profiles.

The flood insurance rate maps provide loo-year base flood elevations (BFE) along the study
reach. The BFE's range from an elevation of 950 feet at 115th Avenue to 994 feet at 67th
Avenue. The regulatory floodway varies in width from a maximum of 5700 feet to a minimum
of 3000 feet. There is no difference in the regulatory water-surface elevation between the base
flood and floodway for the reach from the confluence with the Gila River to approximately 75th
Avenue. Upstream of 75th Avenue to 67th Avenue, the maximum difference in water-surface
elevation between the base flood elevation and the regulatory floodway is 0.8 feet. Federal and
State standards limit the increase in water-surface elevation between the base flood elevation and
the floodway to a maximum of one foot.

The FeD is currently restudying the Salt and Gila River. The study begins at Gillespie Dam on
the Gila River and proceeds up the Salt River to the Granite Reef Diversion Dam. Preliminary
1992 topographic mapping for the FIS study has been completed and the detailed hydraulic
analysis is currently being conducted. However, the January 1993 floods have changed the
channel geometry at a number of locations along the Salt and Gila Rivers. The FeD has

liiiiiiiiiiiiiiiiiiiiiiiii B1M e!~~~~;cc~~ ~v~~~?:~~gt;o~:u~~n~; iiiiiiiiiiiiiiiiiiiiiii.
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remapped several portions of the Salt and Gila Rivers and revised the 1992 mapping to reflect
the 1993 current conditions. The FCD estimates January 1994 as the completion date for the
preliminary floodplain and floodway mapping adjacent to the 91st Avenue WWTP.

b. Hydraulic Analysis
The U.S. Army Corp of Engineers computerprogram "HEC-2 Water Surface ProfIles" was used
to calculate the current hydraulic conditions for the Salt River along the study reach. Since no
structures are located within the study reach, no bridge routines have been included in the
hydraulic analyses.

Topographic Dataset
The 1992 topographic mapping used for the HEC-2 model was provided by the FCD. The 1992
topo mapping is preliminary and has not been field verified, but it is the most current mapping
available for the study reach. The FCD stated that the January, 1993 floods may have changed
the topography in the lower portions of the study reach. However, the project reach adjacent
to the WWTP does not appear to have changed based upon a review of the aerial photographs.

SLA developed the HEC-2 cross-section data from prints of the 1992 topographic maps. Every
attempt was made to orient the HEC-2 cross-sections perpendicular to the direction of flow.
Aerial photos of the January 1993 flood were used to assist in aligning the cross-sections. The
cross-sections were approximately spaced at 500 foot intervals with the horizontal station 10,000
representing the hydraulic baseline. The hydraulic baseline for the study was defined as the
hydraulic baseline defined by the Corps 1983-84 FIS. Consequently, it is possible to compare
thecross-section geometry and water-surface elevation at common cross-section locations between
the current FIS and the new HEC-2 analyses. Appendix F presents HEC-2 cross-section location
maps for the study reach.

Downstream Boundary Conditions
Starting water-surface elevations for the rigid boundary analyses are based on normal depth
calculations performed by HEC-2 assuming an energy slope of 0.001 ft/ft. The FCD's study
contractor has not completed the hydraulic analyses to the downstream limits of the WWTP study
reach. Therefore, the normal depth assumption was used for the downstream boundary
condition. The downstream boundary assumption does not impact the calculated water-surface
profIles adjacent to the WWTP.

Energy-Loss Coefficients
The roughness coefficients used in the HEC-2 analysis coincide with the 1983-84 FIS values of
0.033 and 0.045 for the main channel and overbanks, respectively. As part of the FCD's
maintenance program, a 1000 foot wide channel is cleared of vegetation between Gillespie Dam
and 91st Avenue on a yearly basis. A Corps study (1) estimated the impact of the FCD
maintenance project to reduce the main channel roughness coefficient to 0.030. However, the
Corps is in the process of reviewing the maintenance project 404 Permit and various agencies
are considering other uses for this reach of the Salt River. Therefore, a conservative main
channel roughness coefficient of 0.033 was used in the HEC-2 analysis.

"Ia Simons, Li & Associates. Inc.
.. Wa ter Resources &: Civil Engineering Consultants
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In the lower portion of the study reach, NH records were used to horizontally define the channel
roughness coefficients. Aerial photos of the January 1993 flood event combined with topographic
vegetation limits were used to assist in defining the horizontal variation in channel roughness.
Upstream of 107th Avenue, NC records were used to define channel roughness coefficients. NC
records were used since the horizontal variation in the roughness coefficients closely correspond
with the main channel bank locations.

Expansion and contraction coefficients were set at 0.3 and 0.1, respectively. Since no structures
or abrupt flow transitions occurred within the study reach, the expansion and contraction
coefficients were not modified throughout the HEC-2 analysis.

Ineffective Flow
Encroachment stations were inserted into the HEC-2 data set through the Salt and Gila River
confluence to conform with the program's one-dimensional flow limitations. These stations were
defined using the 4 to 1 expansion and 1 to 1 contraction rates recommended in the HEC-2 Users
Manual (18).

All cross-sections were reviewed and encroachment stations inserted to comply with HEC-2's
limitations and maintain reasonable section-to-section conveyance continuity. The ineffective
flow encroachments were determined for the loo-year flood event and were not modified for
greater frequency flood events.

Analysis Results
The HEC-2 analyses performed for the WWTP study considered two downstream conditions.
The first condition assumed no flow was contributed by the Gila River; and the second condition
assumed concurrent, as quantified by the Corps hydrologic analyses, Salt and Gila River flood
flows. The hydraulic analyses indicates that the Gila River flooding condition does not impact
the water-surface elevations adjacent to the WWTP. The project site is far enough upstream of
the confluence that the water-surface elevations are not influenced by the Gila River flood flows.

Water-surface profiles were developed for the 5, 10, 20, 50, and loo-year frequency flood events
from 115th Avenue to 67th Avenue. Figure 17 is a plot of the water-surface profiles for the
various frequency flood events for the study reach. Figures 18, 19, and 20 illustrate the
variation in channel lO-year and loo-year flood velocity, depth, and width variation,
respectively. Table 10 presents calculated hydraulic variables in the Salt River between 99th and
75th Avenues for the loo-year flood event. Tables 11 and 12 present the reach averaged
hydraulic conditions for the existing 10-year and lOO-year flood events, respectively. The 100­
year event analysis results indicate relatively consistent channel velocities between 7 and 8 fps
adjacent to the WWTP. The effective flood flows average approximately 3250 feet in width with
maximum depths ranging from 10 to 14 feet.

The Corps FIS HEC-2 results were found to be similar to the current HEC-2 analysis near the
WWTP outfall to the Salt River. A rating curve was developed at a common cross-section
between the FIS and the hydraulic analyses conducted for this study (cross-section 3.153).
Figure 21 presents the rating curves near the 91st Avenue WWTP Outfall to the Salt River. The
rating curves are almost identical at the WWTP outfall which indicates a relatively stable channel
at this location.
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Figure No. 19. Variation in Flow Depth along the Study Reach;
Existing Channel, 10- and 100-year Flood Conditions
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Table 10. Salt River 10o-Year Flood Calculated Hydraulic Variables.

:1
I

­[I
I
I

­
~

I'­
I
II
t

:1
~ .....

~

I
I
~

~
~.

~

2.110 957.5 13.5 5.3 9.7 4187

2.205 959.0 15.0 6.0 9.3 4018

2.299 960.2 16.2 6.6 8.6 4150

2.394 961.1 13.1 7.8 7.7 3661

2.489 961.8 13.8 7.0 7.9 3874

2.586 962.6 14.6 7.6 7.3 3943

2.679 963.2 15.2 9.1 6.1 3710

2.775 963.6 11.6 6.2 8.3 3849

2.869 964.9 12.9 5.3 8.8 4175

2.964 966.3 14.3 6.7 6.8 4301

3.059 967.0 15.0 8.5 5.4 4342

3.153 967.2 11.2 6.9 7.6 3787

3.248 968.1 12.1 7.5 7.1 3798

3.343 968.7 12.7 7.6 6.9 3890

3.438 969.2 13.2 7.4 7.5 3646

3.532 970.0 14.0 8.4 6.9 3519

3.627 970.6 10.6 8.8 6.3 3376

3.721 971.0 11.0 7.6 7.6 3246

3.813 971.9 11.9 7.4 7.8 3208

3.908 973.0 13.0 7.3 7.5 3390

4.001 973.9 13.9 7.6 7.2 3389

4.095 974.7 14.7 7.8 7.4 3227

4.189 975.5 14.0 8.3 7.7 2874

4.284 976.3 12.3 9.5 7.4 2621

4.379 977.0 13.0 10.5 7.1 2467

4.473 977.5 13.5 10.6 7.3 2400

4.568 978.1 14.1 11.7 7.1 2238

4.663 977.8 13.8 7.4 11.7 2141

4.758 980.0 12.0 9.2 9.6 2110

4.852 981.1 9.1 7.9 11.3 2065

4.947 982.5 14.5 9.1 10.8 2048

5.042 982.6 10.6 6.6 15.5 2036

5.136 985.6 13.6 8.0 12.8 2144

al. Simons. Li & Associates. Inc.
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Table 11. Salt River 10o-Year Flood Reach Averaged Hydraulic Variables•

••••••••1 248943 0.00086 13.3 12.0 6.7 8770 115th Avenue

2 223999 0.00122 14.6 10.4 6.9 6818

;I 3 190849 0.00167 15.8 11.0 9.0 3453 107th Avenue-• 4 184999 0.00100 14.9 9.7 6.4 5043
lEW
~ S' 5 184998 0.00218 14.1 8.8 8.8 3926 99th Avenue
"0
~ ::3
~ C/l 6 184999 0.00177 13.7 8.6 7.3 4036
~t""'

; ~ 7 184999 0.00128 12.6 9.2 7.1 3687 91st Avenue
~»

~ &l 8 185000 0.00185 12.9 7.6 7.5 3306
~ g
~ ~ 9 185000 0.00122 13.2 10.2 7.3 2511 83rd Avenue
0(1)

~ (J)

~ S' 10 185000 0.00348 12.0 10.0 11.9 2080 75th Avenue
:?on..

11 184999 0.00139 14.3 14.0 9.2 2549
,

12 184998 0.00104 17.6 15.1 8.6 3569 67th Avenue



Table 12. Salt River 10-Year Flood Reach Averaged Hydraulic Variables•

••••••••1 94836 0.00099 8.4 7.1 5.1 2892 115th Avenue

2 90999 0.00154 10.6 6.5 5.8 4337

3 85899 0.00196 12.2 7.5 7.5 3183 107th Avenue;I-• 4 84999 0.00110 11.4

5 84999 0.00215 11.2

6 84999 0.00182 10.6

7 84999 0.00121 9.4

8 85000 0.00199 9.8

9 85000 0.00096 9.9

10 85000 0.00321 8.5

11 84999 0.00143 10.0

12 84999 0.00102 13.0

6.2 5.0 3541

5.9 6.6 3183 99th Avenue

5.8 5.6 3073

6.0 5.2 3309 91st Avenue

4.9 5.8 3023

7.1 5.0 2449 83rd Avenue

6.9 8.6 1630 75th Avenue

9.7 6.9 2165

10.5 6.6 2201 67th Avenue
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c. Analysis of Bed and Bank Material
During a site reconnaissance, four materials samples were collected along the Salt River
consisting of three bed samples and one bank sample of the WWTP outfall levee. Laboratory
analyses of these samples consisted of dry sieve analyses for the bed material finer than 3 inches.
The results of the sieve analyses are provided in Appendix F. Appendix F also provides maps
which indicate the approximate sample locations.

Considering the quantity of material greater than 3 inches present along the bed of the Salt River,
a photograph of the surface material was taken at each sample location with a grid overlay. The
photo grid sample was analyzed using a procedure outlined by Kellerhals and Bray (12) to
develop a gradation for the larger surface material. Results from the mechanical sieve and photo
grid analyses were used to characterize the two very different surface and subsurface material
populations present in the Salt River. A plot of the sample gradations is presented in Figure 22.
Figure 22 also presents the design gradation used in the sediment transport analyses.

The design gradation for the Salt River bed material was determined by interpretive fitting of the
siev~ and photo grid gradations. Mathematically developed representative gradations were
determined to be too skewed towards the larger sizes. However, the design gradation is
considered biased on the fine side to provide conservative results from the sediment transport
analyses.

The Dso for the design gradation is 12.5 mm. The gradation coefficient, a parameter used to
describe the shape of the gradation curve, is 21. These gradation characteristics follow an
expected trend from previous work performed by SLA on upper reaches of the Lower Salt River.
As the Salt River nears the confluence with the Gila River, the Dso is decreasing and the
gradation coefficient is increasing. This is a common trend of alluvial bed material gradation
variation in the downstream direction.

The sieve analysis of the outfall channel levee indicates it is composed of very fine grained
material. The outfall channel levee also consists of construction debris (Le., concrete).
Discussions with City representatives indicated no compaction data is available for the outfall
channel levee.

d. Profile Analysis
Three sets of topographic data was collected for the study reach for the Salt River. A
comparison of the thalweg channel profJ1es is presented in Figure 23. The topographic data
covers a time period of approximately 40 years from 1952 to 1992. Two USGS 7.5-minute
series quad maps provided topographic information for the study reach on two separate maps.
The study reach is basically split at 91st Avenue between the two quad maps which have different
contour intervals (5 ft and 10 ft) and development dates (1952 & 1957). Therefore, the quad
map information is discontinuous around 9Ist Avenue.

The second set of topographic mapping was developed for the 1983-84 FIS with four-foot
contour intervals. The third set is the 1992 topographic mapping developed for the FCD update
of the Salt River FIS using four-foot contour intervals.

III. Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiii.
Water Resources &: Civil Engineering Consultants



Figure No. 22. Salt River Study Reach Sediment Gradation Analyses
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The profile analysis indicates aggradation occurred along the study reach of the Salt River
between 1952 and 1983. However, considering the topographic accuracy of the quad maps and
the shifting nature of the multiple low-flow channels, the reliability of this conclusion is
questionable. The historical aerial photographs indicate increased channel braiding which is an
indicator of sediment deposition. The 1983 and 1992 FIS mapping profile trends are considered
more reliable since they were developed to similar standards.

Over the last decade, a degradational trend is present in the reach downstream of 107th Avenue.
This observation is consistent with the lateral migration of the Salt River evident from the
historical aerial photographs.

Between 107th Avenue and approximately 87th Avenue, the profile of the Salt River has
remained stable over the last decade. This observation is consistent with the relatively stable
bank lines evident in Figure 14. Upstream of approximately 87th Avenue, a comparison of the
'83 and '92 profiles indicates the Salt River has degraded over the last decade. Historical aerial
photographs indicate ex.tensive mining operations in this reach which qualitatively confirms the
profile trend.

e. Armoring Potential
Armoring in river channels refers to the process of developing a surface layer of non-moving
coarser particles. Eventually, enough coarser particles accumulate to shield, or "armor," the
entire bed surface. An armor layer sufficient to protect the bed against moderate discharges can
be disrupted during high flow but may be restored as flows diminish. However, in a cobble-bed­
system the armoring condition is usually stable enough that the channel bed can be considered
rigid, Le., bed-form conditions will not develop.

The armoring analyses was performed utilizing procedures described in a Bureau of Reclamation
publication (13). The average armoring size for the study reach was determined to be
approximately three inches. Conservatively assuming ten percent of the bed material gradation
is finer that three inches, the computed depth to armoring was calculated to be approximately
2.25 feet. The armoring analysis indicates that hydraulic sorting of the Salt River bed material
should limit long-term degradation to a depth of approximately 2.25 feet for existing conditions.

f. Sediment Trans.port
The stability of the study reach was assessed through the evaluation of the variation in the
sediment transport capacity. Areas with relatively high sediment transport capacity have greater
potential to scour, and areas with relatively low ability to transport sediment will tend to aggrade.

A qualitative indicator of the sediment transport capacity of a given river section is provided by
the product of the velocity to the third power and the flow width (V3W). Figure 24 illustrates
the variation in this parameter along the study reach for both the 1O-year and 100-year flood
conditions. Maximum sediment transport capacity is indicated around 75th Avenue. Adjacent
to the WWTP, the sediment transport capacity appears somewhat balanced. Downstream of 91st
Avenue, Figure 24 indicates balanced transport capacities of greater magnitude.

BI. Simons, Li & Associates, Inc.
Water Resources &. Civil Engineering ConSUltants
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Sediment transport capacity calculations were performed using the results of the steady state
hydraulic analyses (averaged over each reach), and the design Salt River grain size distribution
presented in Figure 22. The steady state transport analysis used the Meyer-Peter, Muller bedload
equation and Einstein's procedure for integration of the suspended load to determine the bed
material sediment transport capacity of each reach over a range of flow conditions. A discharge­
vs-sedimenttransport relation was developed for each reach and was integrated over a lQ-day
hydrograph for a statistical series of flood events to obtain the n-year sediment transport capacity
volume. The results of the n-year events were probability weighted to obtain the reach-by-reach
transport capacity variation for an average annual event.

Figure 25 illustrates the variation in the steady state bed material transport capacity along the
study reach for both the lOO-year flood event and average annual estimate. These results confirm
those of the qualitative analysis, with Reach 10 showing much greater capacity for the transport
of sediment than the upstream or downstream reaches. The steady state analyses indicated that
the channel maintains relatively consistent sediment transport capacity adjacent to the 9lst
Avenue WWTP.

An approximation of the amount of scour or deposition that could potentially occur within a
given reach throughout the passage of a flood event may be determined through the application
of the sediment transport continuity concept. The change (scour or deposition) that may occur
within a given reach will depend on the difference between its sediment transport capacity and
the amount supplied by the upstream reach. Excessive supply in relation to the transport capacity
will result in deposition, whereas insufficient supply will result in scour. The scour or deposition
volume, spread over the length and width of the reach of concern, gives an indication of the
potential scour or deposition depth. The continuity concept was applied to the study·reach ofthe
Salt River, and the computed depths of potential change for the lOO-year flood event and average
annual estimate is presented in Figure 26.

Results from the sediment continuity analyses indicates that considerable scour potential exists
in the vicinity of 75th Avenue. Immediately downstream of 75th Avenue, the analyses indicates
high depositional tendencies. In addition, the reach downstream of 75th Avenue is actively
mined which intuitively verifies the trends predicated from the sediment continuity analysis. The
sediment continuity analysis indicates a relatively stable channel adjacent to the WWTP and
depositional tendencies at the Gila/Salt confluence if the Gila River is not flowing during a flood
event on the Salt River.

g. Lateral Migration
The erosion potential of the WWTP outfall levee was evaluated utilizing the permissible-shear­
stress approach, as outlined by the Federal Highway Administration (21). One grab sample was
obtained from the outfall levee and the sieve analysis results are presented in Figure 22.

The permissible-shear-stress (tractive-force) approach, normally used to determine if a channel
is stable, focuses on stresses which develop at the interface between flowing water and the
materials which constitute the channel boundary. The permissible shear stress is defined as the
maximum unit tractive force that will not cause serious erosion of the natural channel materials.
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The sieve analysis for the outfall levee sample did not include a plasticity index (PI) test.
Therefore, the cohesive nature of the outfall levee material is unknown. Utilizing the sieve
analysis results and assuming cohesive or non-cohesive material, the permissible shear stress for
the outfall levee material would lie between 0.8 and 0.05 lb/ff, respectively. The maximum
shear stress which will occur during a loo-year flood adjacent to the WWTP ranges from 1.2
to 1.6 lb/tf. The large difference between the permissible shear stress compared with the
calculated values indicates that the existing outfall levee material is highly susceptible to erosion
during a lOO-year flood event.

h. Mining Impacts
Excessive sand and gravel removal from a river channel (removal greater than supply in a given
reach) can endanger the stability of the river system by inducing general 'scour, headcutting, and
lateral migration.

Two mining operations are located within the project reach in the vicinity of the WWTP. An
inactive pit is located approximately one-quarter mile downstream of 91st Avenue. The second
active mining operation is located within the main channel of the Salt River between 83rd and
75th Avenues.

No mining plan was available for the abandoned mining operation west of the WWTP. Utilizing
the 1992 FeD topographic mapping, the length of the headcut upstream of the pit was
determined assuming the headcut longitudinal area would equal half the pit longitudinal area.
The headcut area was determined by trial and error pivoting on a brink point' of half the pit
depth. This method estimated the potential headcut length to be approximately one-quarter mile
upstream of the pit brink. This distance corresponds to approximately the 91st Avenue
alignment. The headcut impact for the upstream mining operation was not quantified since the
headcut would not impact the WWTP.

The results from a physical model study (22) were used to quantify the lateral migration and
general scour impact from the two mining operations within the project reach. The study
indicates that lateral migration from in-stream pits can influence channel stability for a lateral
distance of approximately 300 feet.

The mining operation at the east end of the project reach has a mining permit to excavate to a
maximum depth of 40 feet. The 1992 mapping indicates a depth of approximately 10 feet for
the pit west of 91st Avenue. The eastern mining operation may generate downstream general
scour. The western pit may be shallow enough that the downstream general scour would not be
significant.

3. Physical-Process Modeling (Level III)

The third level of analyses employed a physical-process mathematical model to predict the
general response of the Salt River to a lOO-year flood event. The SLA QUASED sediment
routing computer program was utilized to develop more accurate, refined results.
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The steady state analyses provides an approximation of the scour and deposition trends likely in
a given reach, but may overestimate or underestimate the actual channel change due to the
changes in hydraulics and bed material composition that occur as the channel adjusts during the
course of a flood event. The QUASED quasi-unsteady hydraulic and sediment routing computer
program was applied to the study reach to provide a more refined estimate of the extent of scour
and deposition likely during a 1oo-year flood event. The QUASED program uses the same
general procedures for computation of sediment transport and channel adjustment as used in the
steady state analyses, except that the channel geometry, hydraulics, and bed material is updated
after each time step of the hydrograph. A six-hour time step was used for this analysis requiring
40 time steps to model the entire 100-year, 10-day hydrograph.

The QUASED analyses was performed assuming two downstream conditions. This was done
to check the range of potential impacts at the WWfP by enveloping the potential Salt River
response to varying discharges in the Gila River. Figures 27 and 28 present results from the first
QUASED analysis which assumed no contributing flow from the Gila River during a 1oo-year
flood event on the Salt River. Figures 29 and 30 present the results from the second analysis
which assumed the Gila River would contribute significant discharges during a 100-year Salt
River flood event. The QUASED results indicate that the Gila River will not significantly impact
the sediment transport characteristics of the Salt River adjacent to the WWTP. The QUASED
analyses illustrate minor adjustments in bed elevation (± 2 feet) adjacent to the WWTP during
the design 100-year flood hydrograph. In general, the QUASED results confirm the general
tendencies indicated by the steady state analyses, with less extreme changes.

Utilizing the results from the QUASED analyses, Figure 31 illustrates a rating curve which was
developed for the Salt River adjacent to the WWTP outfall at 91st Avenue. The rating curve
from the QUASED model produces a flat looping curve which accounts for the channel
adjustments during the rising and falling limbs of the 100-year flood hydrograph. The rigid
boundary rating curves and the QUASED rating curve overlay almost exactly providing another
indication of a relatively stable channel adjacent to the WWTP.

_III Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiiiiii
.., Water Resources &: Civil Engineering Consultante
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IV. WASTEWATER TREATMENT PLANT OPERATION

This section of the Concept Report presents a brief discussion of the 91st Avenue Wastewater
Treatment Plant facilities and describes plant operations that may be affected by flooding
conditions from on-site sources or by high flood stages in the Salt River. A detailed discussion
of on-site stormwater management problems were identified and detailed in Section I.C. An in­
depth hydraulic analysis of the Salt River adjacent to the plant was conducted to determine flood
stages for different flood frequencies and was presented in Section III.C.

This section of the report primarily focuses on the impacts of high Salt River flood stages on the
operations of the WWTP. Specifically, a hydraulic analysis was conducted to evaluate the
backwater effects on the treatment trains for Plants IIB and IlIA under three different total plant
flows and river stages. The results of the backwater analysis will provide the basis for effluent
management alternatives.

A. Existing Facilities and Operation

1. Facility Layout and General Treatment Process

The 91st Avenue WWTP general facility layout is shown on Figure 32. The facilities comprise
three plants (I, II and III) with five treatment trains, designated lA, IB, IIA, IIB, and IlIA.
Space is available for future plant IIIB just west of plant IlIA.

Each treatment train includes facilities for primary settling, aeration, secondary clarifying, and
disinfection processes.

Raw wastewater enters the facility through headworks at the north part of site. In this area
wastewater is degritted and split among the five treatment trains. Each of the five trains includes
two primary settling basins, two sets of aeration basins, and one set of secondary sedimentation
basins.

From the secondary sedimentation basins, flow passes into a common effluent channel for each
major plant (e.g., flow from lA and mcombine to flow into the Plant I effluent channel). From
each of the three effluent channels, flow passes through a junction box connected with the
Arizona Nuclear Power Plant (ANPP) pipeline. These junction boxes are located in a berm that
currently protects upstream portions of the plant from 100 year flooding from the Salt River.

From the ANPP junctions boxes, effluent flows through flap gates into the chlorine contact
chambers. Chlorine is injected at the upstream end of the contact chambers, and sodium bisulfite
is injected to dechlorinate at the downstream end. The Plant I and Plant II chlorine contact
chambers discharge into the upstream end of the Combined Plant Outfall Channel, which flows
from east to west. Plant ill discharges into the Combined Plant Outfall Channel approximately~ .
200 ft east of 91st Avenue and approximately 20 ft upstream of the Combined Plant Outfall
Weir.
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2. Treatment Capacity

Table 13. Distribution of Plant Flow Among Treatment Trains.

13%
27%

20%

100%

30

20
40

150

I1A
1m

IlIA

60

30

150

Plant II

Plant ill

Total

The peak hydraulic capacity, or the maximum anticipated flow rate used for plant hydraulic
design is 300 mgd. The headworks are designed for 312 mgd. Parshall flumes are used to meter
flow to each of the 10 primary settling basins. The maximum flow each flume will record is 30
mgd. Flows above that rate are not measured.

~_11!A!11II'1!:!!!~
Plant I 60 IA 30 20%

IB 30 20%

Current nominal treatment capacity for the facility is 150 million gallons per day (mgd). Plant
records confirm this average flow over the past several years. Recent increases in the capacity
of the 23rd Avenue WWTP have reduced the average flow at the 91st Avenue facility to
approximately 135 mgd. Under normal operating conditions, the 150 mgd design flow is split
among the treatment trains in the approximate proportions shown in Table 13.

From discussions with plant personnel, the highest recorded instantaneous peak flow to the plant
is 270 mgd. The peak occurred on July 24, 1992, following an event in which 6 inches of rain
fell on Glendale in one hour. For ten consecutive hours, as a result of heavy infl1tration into the
collection system, the meters on nine of the ten primary basins recorded the maximum
measurable flow rate of 30 mgd each. The tenth primary basin was out of service at the time.
Plant personnel believe that the flow was significantly higher.

Hydraulic analyses for this study were completed for plant flows of 150, 200, and 300 mgd. An
estimated peak flow above 300 mgd was not used in the analysis for the following reasons:

• Plant operations personnel have noted a steady drop in the inflow peaks associated with
infl1tration during recent years. This trend is expected to continue as storm sewer
systems are further improved in communities served by the system.

• A six inch rainfall in one hour exceeds the loo-year return interval event by a large·­
margin.

It was assumed for the hydraulic analyses that plant flow rates are always distributed among the
five treatment trains according to the percentages listed in Table 13.
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3. ANPP Withdrawals

The Arizona Nuclear Power Plant (ANPP), also known as the Palo Verde Nuclear Generating
Station (pVNGS), is operated by Arizona Public Service Corporation (APS). APS has contracted
with the Subregional Operating Group (SROG) (City of Phoenix, Tempe, Glendale, Mesa,
Youngtown, and Scottsdale) to receive effluent for use in its Water Reclamation Facility. Water
flows by gravity from the 91st Avenue WWTP to the Hassayampa River Pump Station, where
it is lifted to reclaimed water storage facilities at PVNGS. Effluent flows from the three ANPP
junction boxes at the plant is controlled by APS from the PVNGS facility.

The ANPP pipeline is also connected with and receives flow from the Tolleson WWTP. The
PVNGS has contracted to receive 8.3 mgd effluent flow from Tolleson. During normal
operations, ANPP receives effluent first from the Tolleson WWTP discharge line. Typical
withdrawal rates from the 91st Avenue WWTP to the ANPP pipeline are 30 to 50 mgd.

In January, 1993 the City of Phoenix 91st Avenue Wastewater Treatment Plant contacted the
PVNGS Water Reclamation Facility (WRF) to discuss the possibility of the WRF taking more
of the WWTP effluent. Specifically, the 91st Avenue WWTP requested that the WRF look at
any options that might be available to take more effluent from the WWTP when the WWTP is
operating under severe hydraulic conditions (Le.; high flood on the Salt River).

The PVNGS WRF prepared an engineering evaluation request that outlines five options for taking
more water from the 91st Avenue WWTP. These options are as follows:

1. Isolate the Tolleson WWTP and take all WRF demand from 91st Avenue WWTP.
2. Increase the WRF demand from 40 kgpm to maximum plant flow of 60 kgpm (90

mgd).
3. Take effluent water from the 91st Avenue WWTP and release it to the

environment at the Buckeye Irrigation Company (BIC) structure.
4. Take effluent water from the 91st Avenue WWTP and release it to the

environment at the Hassayampa Pump Station.
5. Utilize any combination of the above four options.

The basic recommendations of the engineering evaluation request is to exercise and implement
options 1, 2, 3, and 4 in that order. Appendix G contains a copy of the detailed engineering
evaluation request by PVNGS.

4. Key Plant Locations and Elevations

The impacts of Salt River water surface elevations were examined for Plants lIB and IlIA. These
plants were identified by treatment plant operations staffas the plants most susceptible to flooding
impacts. During the Salt River floods, the Plant lIB and Plant IlIA secondary sedimentation
basin water surface elevations were perilously close to overtopping the top of the basin walls _
(particularly for Plant IlIA). _.
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6. Emergency Flood Response Plan

961.90 Figs. 33 & 34

958.00 Fig. 33958.00

963.11

958.00

963.11

968.25 968.25 973.50

969.00 968.00 968.00 Figs. 33, 34,
&35B

965.50 965.50 965.60 Fig. 34:IIB

A: 971.75 A: 971.00 969.50 Fig. 34:11B
B: 971.75 B: 969.00 Fig. 35B:IIIA

966.29 966.60 Fig. 34:IIB

Chlorine Contact Chamber Top of Bank

Aeration Basin Weir

Combined Plant Outfall Weir (top)

Aeration Basin Outlet Channel Curb

Chlorine Contact Chamber Discharge
Weir (top)

Secondary Sedimentation Basin Outlet
Channel Curb

Secondary Sedimentation Basin Weir

The key control elevations are utilized in the hydraulic analyses to investigate backwater impacts
from the Salt River on treatment plant operations. The objective of the hydraulic analyses is to
determine if the potential exists for the secondary sedimentation basins of Plants 1m and IIIA to
overflow from high flood stages in the Salt River.

Table 14. Elevation of Key Hydraulic Control Features.

The locations and elevations of key hydraulic control features in the Plant are listed in Table 14.
Table 14 cross-references figures that indicate where the key hydraulic control features were
taken from. It should be noted that the secondary sedimentation basin curb height on Plant I is
one foot higher than the curb heights on Plants II and III. This is the primary reason for
focusing on evaluating Plants lIB and IlIA.

5. Hydraulic Profiles

The design hydraulic profiles shown in Figures 34 and 35 are taken from construction drawings
for Plants lIB and IIIA. These figures show approximate water surface elevations under average
design flow and hydraulic capacity flow conditions.

High flows occurred in the Salt River in early January, 1993. At that time, above normal snow
pack remained in upper portions of the Salt River watershed. An Emergency Flood Response
Plan (Index No. S-905026) was prepared for the 9lst Avenue WWTP over concern that a rapid
spring melt could further increase flow rates and cause extensive damage to the facility.

A critical elevation in Plants lIB and IlIA is 968 ft. This is the elevation of the top of the
secondary sedimentation basins. Above this elevation, water will flow out of the secondary
clarifiers onto the plant grounds and possibly into the mechanical and electrical tunnels beneath
the plant.
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To protect the facility from extensive damage, the plan calls for diverting raw plant influent at
the headworks to a temporary storage area in the north part of the facility. Temporary
chlorination facilities would be set up to provide some degree of disinfection. Chlorinated
wastewater would be diverted along the west side of the plant and discharged into the Salt River
at 91st Avenue. The ANPP pipeline would be used to discharge as much effluent as possible to
the Hassayampa River.

The issue of whether the Environmental Protection Agency would consider such discharges a
violation of permit conditions was not resolved during response plan preparation. To
accommodate excess flows from the plant, discharge permits for the ANPP, Buckeye Irrigation
District, and Tolleson WWTP may also be violated during implementation of the emergency
plan.

APS is not required to take effluent from the 91st Avenue WWTP and the plant discharge permit
may be violated under some conditions if excess effluent is directed through the ANPP pipeline.
Consequently, the hydraulic analyses completed for this study assume that no flow is discharged
through the ANPP pipeline.

Emergency planning must take into account the annual cost of protection from extreme risks
when planning protective works. Should facility costs be excessive, contingency plans are
preferred. The Emergency Flood Response Plan appears to provide prudent measures under very
extreme conditions, and should be retained and reviewed periodically as part of planning for
extreme emergencies at the facility. Regulatory agencies should be contacted and the results of
this study discussed. A waiver of discharge limits under extreme conditions may be provided
on this basis.

B. Flood Impacts

1. Failure Conditions and Flooding Sources

Operation of the 91st Avenue Wastewater Treatment Plant can be affected to differing degrees
by all flooding sources identified previously. Failure conditions will stem from one or a
combination of the following categories commonly associated with severe weather and flooding:

• Power Failure
• Equipment Damage from Submergence
• Loss of Process Control Due to Flooded Basins

A general power failure refers to the situation in which the Salt River Project power grid is
disrupted (by lightning strike or similar event). A local power failure is caused by submergence
of facilities or controls at the site. Loss of power will result in the loss of both process and
hydraulic controls.

Backup generating systems are in-place to permit plant operations to continue during a general
power failure, assuming controls are not affected by surges. These backup systems should be
properly maintained and tested periodically to ensure operation during emergency conditions.
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Local power failure is more difficult to manage. Primary plant controls must be protected under
all conditions. Measures needed to provide adequate protection against local power failure are
described in Sections V.A and V.B (transformer protection).

Equipment failure from submergence can affect motors, controls, and electrical systems including
aerators, chemical feed systems, and others. This type of failure can occur as a result of site
flooding or high river stages. In either case, water would enter buildings or mechanical
equipment tunnels and flood those areas.

Sump systems are currently in place at the bottom of tunnels throughout the site. With regular
maintenance, these systems are capable of providing minimal protection from on-site drainage.
Flood mitigation measures presented in Sections V.A and V.B are needed to provide adequate
protection against equipment failure from offsite drainage sources and site grading problems.

Flooded basins (e.g. secondary sedimentation, aeration, chlorine contact chambers) cause a loss
of process control and potential violation of discharge permit conditions. Flooded basins may
result from high water in the Salt River.

The cost of protecting plant operations from high water in the Salt River could be extensive. All
of the plant's effluent would need to be pumped over or through a protective levee into the Salt
River. A hydraulic analysis was completed to estimate the frequency and extent of damage to
the plant from flooding due to high stages in the Salt River.

2. Hydraulic Analysis

Hydraulic calculations were completed for selected portions of the two key treatment trains,
Plants lIB and mAo Water surface elevations in the Salt River, coupled with preliminary
evaluation of head losses through the plant, indicated that damaging backwater effects are not
likely to propagate upstream of the secondary sedimentation basins. Consequently, the
calculations were completed only for those portions of the treatment trains shown in Figure 36.

a. Analysis Conditions
The water surface elevation was calculated for the lower portions of the key treatment trains
using several combinations of Salt River stages and plant flows. As noted previOUSly, the
analyses assume that no effluent passes through the ANPP pipeline.

Figure 36 shows key weir, channel, and conduit elevations at critical locations in Plants IDA and
lIB. Table 15 shows the flow rates used in analyses at different locations within the system for
different assumed total plant flows.

b. Calculation Procedures
Plant lIB was evaluated assuming subcritical flow. The beginning water surface elevation was
assumed to be the elevation provided by the hydraulic analysis of the Salt River presented in.. _
Section m.c. The location of the Salt River HEC-2 model cross section is at approximately the
same location as the combined plant outfall weir (just upstream of 91st Avenue). Hydraulic
losses across this weir are considered insignificant under high Salt River flood stages, as the
water surface is significantly.higher than the weir crest for all events being evaluated.
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Table 15. Flow Rates Used fot Hydraulic Analyses of Plants fiB and IDA.

40 (61.9)

60 (92.8)

30 (46.4)40 (61)

53 (81)

80 (124)

60 (93)

80 (124)

120 (186)240 (371)

120 (186)

160 (248)200 (310)

300 (465)

150 (233)

From the beginning location, standard HEC-2 open channel procedures were used for the
combined plant outfall channel upstream to just below the Plant I and II chlorine contact chamber
(CCC) discharge weir. Losses across the CCC discharge weir were evaluated using an empirical
relationship between the ratio of upstream depth to downstream depth and the ratio of actual flow
to flow that would occur under free discharge conditions to calculate the upstream water surface
elevation O'ennard & Street. ElementaIy Fluid Mechanics. Wiley & Sons. 1982: p 547). The
upstream water surface elevation from the weir were computed by adding the depth over the weir
to the weir elevation. Losses from the weir upstream through the chlorine contact chamber,
ANPP junction box,and connecting pipes to the secondary sedimentation basin outlet channel
were evaluated using HEC-2. Open channel flow in the chlorine contact chambers was evaluated
using standard subcritical open channel methods, and flow through connecting pipe was evaluated
using the special culvert routine.

Plant IlIA was evaluated assuming subcritical flow in all reaches except the plant discharge pipe
between the Plant IlIA chlorine contact chamber discharge weir and the combined plant outfall
weir. The beginning water surface elevation in the combined plant outfall discharge channel was
the same value assumed for plant lIB. The plant IlIA discharge pipe enters the combined plant
discharge channel just upstream of the combined plant outfall weir. This pipe lies on a
supercritical slope, and under normal conditions (i.e, low Salt River water surface elevations)
flow is controlled by upstream conditions. As the Salt River rises, the flow regime in the pipe
changes to subcritical. For this reason, computer program HY8 (Federal Highway
Administration. HY8 Version 3.2. 1990) was used to evaluate flow through the plant IlIA
discharge pipe under the different tailwater conditions.

Upstream of the plant IlIA discharge pipe entrance, all calculations were made with the same
techniques used for plant lIB. This included weir losses, open channel losses, and pipe losses
to the secondary sedimentation basin outlet channel.
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c. Results
Results of the hydraulic analyses for Plants 1m and IlIA are shown in Tables 16 and 17,
respectively. Elevation-probability curves are presented on Figures 37 through 40 for the
following locations: Plant lIB chlorine contact chamber and secondary sedimentation basin and
Plant IlIA chlorine contact chamber and secondary sedimentation basin. The elevation
probability curves indicate the estimated water surface elevations at each of the above plant
locations for the various plant and river flows analyzed. The curves provide for a given flood
frequency in the river (river stage and discharge) the predicted water surface elevation in the
respective plant process train (Le., either at Plant lIB or Plant IlIA chlorine contact chamber weir
or secondary outlet channel).

c. Projected Impacts of Flooding on Plant Operations

1. Consequences of January 1993 Floods

During the January 1993 flooding, the 91st Avenue WWTP experienced numerous operational
problems. These included apparently imminent destruction of the combined plant effluent
channel's outer bank, power loss, and loss of disinfection system control.

Videotapes taken by plant personnel during the event show the outer bank of the combined plant
effluent channel being overtopped by river flows. Plant crews began raising the top elevation
in an effort to keep the bank from failing. As a result, the top of the bank is now several feet
higher.

The SRP power supply was interrupted for several hours. Backup generating systems operated
briefly, but failed when the fuel supply to the generator was disrupted.

Flooding from offsite drainage entering the site caused the most concern. At-grade entrances to
equipment tunnels and doors to several process buildings were sandbagged to protect them from
damage. Water entering through the main facility entrance collected near the administration
building and entered the tunnel system through a telephone system manhole.

Plant personnel reported that water in the Plant lIB secondary sedimentation basin rose to within
8 inches of the top of the basin curb (top of curb = 968).

2. Projected Impacts on Plant Operation

a. Onsite!Offsite Flooding
Site drainage improvements are needed to prevent damage to facilities from onsite and offsite
drainage. The improvements presented in subsequent sections will keep offsite drainage from
entering the plant, and provide proper collection and routing for onsite drainage. The volume
of water introduced to the liquid flow stream from precipitation onto basins is small, and will not
affect plant operations.

b. Salt River Flooding
Analyses indicate that there will be some flooding of chlorine contact chambers and that
secondary sedimentation basin weirs will be submerged as a result of high flood stages on the
Salt River.



Table 16. Hydraulic Results for Plant lIB.

Table 17. Hydraulic Results for Plant IDA.
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961.76 61 964.13 964.25 964.31
961.81 81 964.34 964.62 964.71
961.90 124 964.72 965.36 964.51

964.13 61 964.46 964.42 964.47
964.14 81 964.62 964.73 964.81
964.16 124 964.95 964.43 965.57

965.55 61 965.62 965.60 965.63
965.55 81 965.69 965.65 965.70
965.57 124 965.86 965.76 965.89

966.14 61 966.19 966.17 966.20
966.14 81 966.24 966.20 966.25
966.16 124 966.35 966.58 966.67

967.22 61 967.25 967.31 967.33
967.23 81 967.28 967.39 967.42
967.23 124 967.35 967.60 967.67

46.4 961.90 962.54 962.71 962.74
61.9 961.95 962.67 962.95 963.00
92.8 962.08 962.92 963.46 963.54

46.4 964.17 964.19 964.27 964.28
61.9 964.20 964.24 964.38 964.40
92.8 964.31 964.40 964.69 964.74

46.4 965.59 965.60 965.67 965.68
61.9 965.62 965.64 965.76 965.78
92.8 965.73 965.76 966.04 966.07

46.4 966.18 966.19 966.26 966.27
61.9 966.21 966.22 966.34 966.36
92.8 966.32 966.35 966.63 966.66

46.4 967.27 967.27 967.34 967.35
61.9 967.30 967.31 967.44 967.45
92.8 967.41 967.43 967.72 967.74

H III ~~l~~'~'~:<'.~~ ~<'I~~~~~~~~t;~:U~I~~~

965.54
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Chlorine contact chambers will be affected by all but the 5-yearevent. Chemical feed systems
and other facilities will not be damaged by submergence. However, as water surface elevations
in the chambers rise with the Salt River backwater, weirs will be drowned and the automatic flow
measuring equipment will no longer function properly. Accurate registration of plant flows will
be needed for automatic metering of the chlorine and sodium bisulfite. The contact chamber for
Plant IllA will be affected first, as its discharge weir is approximately 1.2 feet lower than the
discharge weirs for Plants I and II.

Physical damage to chlorine contact chambers would be minimal as long as the north bank of the
Salt River is stable. The chlorine contact chambers lie outside the flood protection levee, and
would sustain significant damage if the outer bank of the combined plant outfall discharge
channel were to be washed away.

The hydraulic analyses conducted to evaluate high flood stages from the Salt River on Plants IIB
and IllA indicate that, under the given analysis assumptions, there will be a potential that the
secondary sedimentation basins may be overtopped or that there will be a substantial loss of
available freeboard. The potential for loss of freeboard or basin overtopping exists under 100­
year conditions in the river with 200 mgd total plant flow and for the 10, 20, 50, and l00-year
conditions in the river with 300 mgd total plant flows.

The results of this analyses were confirmed by using the 91st Avenue WWTP Flood Conditions
Hydraulics Calculations Model. The model was developed to determine the water surface
elevations in the WWTP process trains at various key plant locations given plant flows, ANPPP
diversions, and Salt River stage. The model was run assuming no ANPPP diversions. The
results of the hydraulic calculations are given in Appendix G.

D. Operations Management.

1. Chlorine Contact Chambers

Several alternatives are available to maintain contact chamber operations under flood conditions
on the Salt River. Operations could be adjusted somewhat for flood conditions, or physical
measures could be taken to assure full operational control under and up to the l00-year flood.
These alternatives are:

a. Alternative I - Effluent Pump Station
The frrst alternative is a physical measure that would ensure continuous, full capacity plant
operations. An effluent pump station could be constructed at the downstream end of the
combined plant discharge channel just upstream of 91st Avenue. Flap gates would be
incorporated to keep water from the Salt River out of the channel.

The facility's capacity would need to be approximately 250 mgd, ensuring that normal demand
as well as collection system infIltration/inflow could be discharged. The cost of similar pumping. _
stations constructed recently has been between $2.5 and 3.0 million. The system would be
designed for the l00-year Salt River flood, and would be called into service any time weirs
would otherwise be drowned.
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Advantages include the following:
• Protection of the chlorine contact chambers and other plant facilities under extreme

flooding conditions.
• Maintains the ability to use automated disinfection processes.
• Potential for other uses, e.g., to transfer effluent to other locations as part of water

reclamation.

Disadvantages include the following:
• High initial cost.
• High maintenance costs.
• Damages likely to be sustained without the facility are nominal.

b. Alternative IT - Manual Chlorine Feed
The second alternative is currently implemented by plant staff during Salt River flood conditions.
When chlorine contact basin weirs are drowned and the flow measurements are outside the
control system's operating range, a manual mode is used to slightly overfeed both chlorine and
sodium bisulfite. To date this method of operation has been effective in avoiding discharge
permit violations.

Advantages include the following:
• No capital cost.
• No maintenance costs.
• Plant staff is familiar with operating requirements under these conditions.

Disadvantages include the following:
• Possible slight overuse of chemicals.
• Possible discharge permit violation.
• No formal operating requirements under manual mode for flood conditions have been

established.

c. Recommendation - Chlorine Contact Chambers
Alternative II is the recommended option for managing flood condition operation of the chlorine
contact chambers. As there is no substantial damage and permit violations have been avoided
to date, incurring several million dollars in pump station construction costs without providing
protection against damage to some kind of physical facilities would not be financially responsible.
To ensure continued conformance with discharge permit limits, formal operating procedures in
manual feed mode should be established.

There remains a potential for incorporating protection for the chlorine contact chambers as an
incidental part of other work. A reclaimed water facility planning study currently in progress
has identified effluent pumping stations shown on Figure 41 to move treated effluent off site for
underground storage and recovery. With minor modifications, such facilities may be able to
provide flood condition protection to the chlorine contact chambers.
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2. Secondary Sedimentation Basins

Secondary sedimentation basins receive flow from the aeration basins, provide final clarification
by settling, and discharge to the secondary effluent channel. Sedimentation processes may be
disrupted to a minor extent by hydraulic short-circuiting across drowned weirs.

During the lOO-year event, the water surface is essentially at the top of the secondary basin wall
in both plant DB and plant llIA treatment trains. The risk of plant failure is highly dependent
on (1) the accuracy of projected Salt River water surface elevations and (2) plant hydraulic
controls such as sluice gates and flap gates being in the fully opened position.

The alternatives for the secondary sedimentation basins are as follows:

a. Alternative I - No Action
This alternative will continue current flood condition operational procedures.

Advantages include the following:
• No additional design, planning, capital or O&M costs.
• Significant damages are likely to occur only under the less frequent (loo-year) events.

Disadvantages include the following:
• The margin for failure is extremely small for flood events with 50-year and longer return

periods. Flooding into the mechanical/electrical tunnels or other locations on site could
cause extensive damage.

b. Alternative II - Basin Wall Modifications
The second alternative consists of raising the basin walls approximately one foot along the basin

perimeters and at any internal location where overflow could enter mechanical/electrical tunnels.
This would allow the plant to continue discharging through existing facilities, and provide one
foot of freeboard for the loo-year Salt River flood.

Typical construction details for such modifications are shown on Figure 42. A preliminary
estimate of the cost of these modifications is $272,000. The project scope would include
removing and salvaging handrail, raising the basin wall one foot (at 9 inches thick), and replacing
handrail. The total is based on the following:

• $5 per foot for handrail removal and salvage.
• $450 per cubic yard of concrete (installed).
• $35 per foot for handrail (installed).
• 3,600 linear feet of basin wall modification.

Advantages include the following:
• Protection from secondary basin overflow under extreme flood conditions.
• Construction costs much lower than the C()sts of other physical measures.
• No maintenance costs.
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Disadvantages include the following:
• Continuing potential for limited hydraulic short-circuiting during 2Q-year and greater Salt

River floods.
• Cost is higher than the No Action alternative.

c. Alternative ill - Effluent Pump Station
The third alternative is the same as Alternative I for chlorine contact chamber protection. This
measure would provide continuous, unmodified, full capacity plant operation under Salt River
floods up to the 1OO-year event. The effluent pump station would be constructed at the
downstream end of the combined plant discharge channel just upstream of 91st Avenue. Flap
gates would be incorporated into the structure to keep water in the Salt River from entering the
channel. During low or no flow conditions in the Salt River, water would flow through the flap
gates by gravity. The capacity of 250 mgd and cost of $2.5 to 3 million are the same as
projected for chlorine contact chamber protection Alternative I.

Advantages include the following:
• Protection ofthe secondary clarifier basins and other plant facilities (including disinfection

facilities) under extreme flooding conditions.
• Potential for other uses, e.g., transferring effluent to other locations for reclamation

purposes.

Disadvantages include the following:
• High initial cost.
• High maintenance costs.
• Damages likely to be sustained without the facility are nominal except for extreme

flooding events.

d. Alternative IV -Discharge Further Downstream
This alternative would involve design and construction of a large diameter pipe from the
approximate location of the combined plant outfall weir to a point downstream at which the pipe
energy grade line is above the energy grade line for the 100-year flood in the Salt River.

The average slope in the Salt River is 0.14% (0.0014 ft/ft). Preliminary hydraulic calculations
indicate that a 10 ft diameter pipe could discharge 250 mgd if placed on a slope of 0.06%
(0.0006 ftlft). For preliminary planning purposes, bend, entrance, and exit losses were assumed
negligible.

For these conditions, the pipe would need to extend approximately 7,500 ft downstream of the
plant outfall weir. The combined plant discharge channel would need to be isolated from the Salt
River by extending the channel's outer bank north into the Tolleson Landfill. At the discharge
point, an outlet structure would be required for protection against scour. Right-of-way would
also need to be purchased in agricultural and residential areas parallel to the river. The pipeline
route would need to be as near the channel as possible for hydraulic considerations but far,_
enough away from possibly migrating channel banks to avoid damage.
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The cost per linear foot of installed pipe in larger diameters is approximately $3 per diameter
inch, or $360. On this basis, the cost of pipe installation alone is $2.7 million. Inlet and outlet
structures and right-of-way considerations would raise the total project cost to well over $3
million.

Advantages include the following:
• Low operating and maintenance costs when compared with the Effluent Pump Station

alternative.

Disadvantages include the following:
• High initial costs.
• Potentially extensive time requirements for right-of-way acquisition.

e. Alternative V - Discharge Through the ANPP Pipeline
This alternative would involve arranging for the use of the ANPP pipeline to convey plant flows
downstream ·to the ANPP's Hassayampa River pump station for discharge or beyond.

The primary concerns regarding this option are potentially insufficient hydraulic capacity and the
possibility that discharge permit limits for ANPP and the Buckeye Irrigation District might be
violated.

An engineering evaluation of pipeline capacity and operational constraints was completed by
Arizona Public Service Company in January, 1993. The maximum amount of effluent they could
accept through the ANPP pipeline at the time was 162.2 mgd. Of this amount, approximately
90.5 mgd would be in excess of the planned capacity of the ANPP Water Reclamation Facility
(WRF). This excess would need to be discharged through ANPP rupture discs or at the Buckeye
Irrigation Company Interface.

If9lst Avenue WWTP inflows are less than the 162.2 mgd capacity of the ANPP facilities, this
option is considered physically feasible. However, since peak flows greater than this value (up
to 270 mgd) are known to occur with some regularity, additional measures would be required.

Though the option may be physically feasible with limited plant inflows, environmental permit
conditions are a concern. ANPP facilities are not designed to accept and treat all flows, and
much of the flow would need to be discharged to the Hassayampa River without final treatment.
The contingency plan developed in January 1993 notes often that the solution provided by ANPP
discharge would be considered a long-term option only with the proper approvals from ADEQ,
EPA, and the Buckeye Irrigation Company.

Because of potentially arduous permit negotiations among numerous dischargers and regulatory
agencies, and marginal capacity during flood conditions, this alternative is considered unfeasible.

f. Evaluation
Key aspects of Alternatives I through V are summarized below in Table 18.
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Table 18. Summary of Secondary Sedimentation Basin Alternatives.
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I Potential damage from 50 - 100+ year floods remains, cost estimate = $0

IT Protection of most facilities from secondary overflows, cost estimate = $272,000

ill Protection of all plant facilities, potential other uses, cost estimate = $2,500,000

IV Protection of all plant facilities, low operating costs, cost estimate = $3,000,000+

V Protection during more frequent events, much additional coordination required

Alternative I (no action) is feasible, but may result in heavy damage to the plant under high
flows. After the warning raised by the recent high Salt River flows, avoiding any action would
be seem improper.

Alternative IT (Basin Wall Modification) appears to have a reasonable combination of protection
from severe damage and low implementation cost. The chlorine contact chambers would require
operation in manual mode, but chemical feed rates can be calculated with reasonable accuracy
to avoid discharge permit violations.

Alternative ill (Effluent Pump Station) is desirable in that all plant facilities would be protected
from flooding. This would avoid the necessity of manual chemical feed in the disinfection
process, but would involve high implementation costs and would introduce additional plant
maintenance and operating costs.

Alternative IV (Discharge Further Downstream) is also desirable in that all plant facilities would
be protected from flooding for up to the loo-year event. Land. acquisition could require
significant time, and the implementation cost is estimated to be over $3 million. Operating costs
would be low, but regular inspection and maintenance of 1.5 miles of pipe would be required.

Alternative V (Discharge Through ANPPP Pipeline) has no construction cost, but (1) may
involve significant time negotiating with other permittees and regulatory agencies, and (2) does
not provide for the discharge of peak plant inflows. Detailed discussions with regulatory
agencies are required to determine if this option is feasible.

g. Recommendation - Secondary Sedimentation Basins
Alternative IT is recommended as the appropriate stand-alone measure to mitigate the risk of
catastrophic plant failure from flooding. Disinfection processes will not always function as
designed, but manual chemical feed has been shown by past operations to be feasible. The cost
of this alternative is approximately one tenth the cost of other structural improvements, and
requires no new operating or maintenance costs. The cost to provide protection for automated ­
chemical feed for disinfection under Alternatives III and IV would be approximately $2.2 million.
Alternative IT could also provide protection in a timely manner, without affecting any discharge
permits.
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Isolation of the chlorine contact chambers from the Salt River is operationally most desirable,
but not justifiable as a separate flood mitigation measure. As discussed previously in the chlorine
contact basin alternatives, it may be possible to modify plans for the effluent pumping stations
identified by the water reclamation study (see Figure 41) to accomplish this at minimal
incremental cost.

As a means of keeping the plant operating as efficiently as possible during flood events, a regular
flood facility maintenance program should be developed. This would be established to provide
regular inspection and operation to ensure that all controls, gates, and other components
necessary to maintain full discharge under Salt River backwater conditions function properly.
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SALT RIVER

Figure No. 32 91st Avenue lflYTP General Facility Layout
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Figure 33 Key Plant Hydraulic Control Features
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V. ALTERNATIVES

This section of the Concept Report presents the development of alternatives which were
formulated to mitigate flooding impacts from on-site and off-site facilities, and the Salt River.
Alternatives were developed considering the degree of protection required for each design storm
event (2, 10, 50 and 100-year). The evaluation of alternatives is presented in Section VI.

A. On-Site Drainage Facilities

The flood control alternatives or improvements identified for the on-site drainage incorporate
several elements designed·to keep on-site and off-site drainage problems as separate issues. In
other words, by preventing off-site flows from entering the plant the off-site flows do not become
an on-site issue. Separating on-site and off-site drainage issues was a major objective when
developing both the on-site and off-site drainage alternatives.

Two flood control elements identified for on-site drainage facilities were formulated to work in
conjunction with off-site flood control alternatives for the 91st Avenue tailwater irrigation ditch.
Improvements for both on-site and off-site drainage were conceived for the irrigation tailwater
ditch to provide dual flood control systems. A dual flood control approach was taken because
of the critical importance and stress placed upon providing flood mitigation measures to prevent
flooding from the tailwater canal. Off-site drainage alternatives for the 9Ist Avenue tailwater
ditch are presented in Subsection B.

Field observations conducted as part of this study revealed that 9Ist Avenue off-site flows enter
the treatment plant at several primary locations. The foremost location and the one impacting
the plant the most from a flooding aspect is at the main plant entrance. The plant entrance
roadway is relatively flat at it's intersection with 9Ist Avenue. The entrance road then slopes
away from 9Ist Avenue toward the east. Off-site flows (from the SRP tailwater ditch) first pond
at the plant entrance restricting vehicular access. Ponding continues until sufficient depth is
attained to overflow into the plant and down the main plant road. Flows then enter the
administration parking lot, ultimately flooding the lot.

One on-site flood control element proposed to mitigate off-site flows from entering the main plant
entrance is to reconfigure the plant entrance profl1e between the ditch and the plant access gate.
The new roadway profile would provide a high point or crest across the entrance to keep off-site
flows from entering the plant. An earth berm stabilized with grass or landscape gravel would
continue the crest elevation and tie into the WWTP perimeter wall and higher ground on the
north. Figure 43 illustrates the concept improvement for reconfiguring the main plant access
roadway entrance.

The new plant entrance profile and configuration would provide a vertical curve gentle enough
for delivery, construction, and employee vehicles. The new entrance concept will avoid the
"speed bump" type roadway crest.

III. Simons. Li & Associates. Inc.
Wattr Resources & Civil Engineering Consultants
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Three other locations where off-site (9lst Avenue tailwater ditch) flows have been reported to
-enter the plant are the entrances from 91st Avenue at Southern Avenue, at the SRP substation,
and at a gate north of the substation. All three entrance locations should have their roadway
profiles raised with minimum cost and effort to prevent off-site flows from entering the plant.

The second element of on-site drainage facilities identified for the dual approach system is the
construction of a masonry block floodwall. The floodwall would extend from the existing block
wall at the main entrance to just south of the downstream limit of the 91st Avenue tailwater
ditch. The floodwall would match both the elevation and architecture of the existing block wall
at the main plant entrance. The floodwall will prevent off-site flows from entering the main
campus of the plant along it's western perimeter. The floodwall could be integrated with
extended culvert headwalls, thus providing a continuous structure to deflect off-site flows away
from the plant perimeter. Figure 44 illustrates the concept of the block masonry floodwall.

The improved plant entrance configurations and masonry block floodwall form part of the dual
flood control system for the 91st Avenue tailwater ditch off-site flows. These on-site
improvements together with the off-site improvements for the tailwater ditch will prevent off-site
flows from inundating portions of the WWTP.

One new retention basin is proposed adjacent to the southwest corner of the plant IIIA secondary
sedimentation basin. The new basin and inlet configuration would alleviate ponding problems
experienced at the southwest corner of the sedimentation basin. Existing high water marks on
the exterior of the secondary sediment basin indicates a ponding depth of at least 18 inches.
Figure 45 shows the location of the new retention basin. This retention basin may need to be
replaced in the future with a stormwater pump station should the WWTP expand to include
Plant lIIB.

The inlets for two existing retention basins will need to be examined in further detail than given
in this Concept Report. The two basins in question are located adjacent to the administration
building. The first basin is located between the plant IIIA primary basins and the administration
parking lot, south of the main access road. The inlet configuration to this basin consists of a
concrete swale in the exitway from the administration parking lot. The-swale diverts storm water
from the parking lot to the retention basin. Field observations revealed that the swale and
surrounding grade may not be sufficient enough to quickly and efficiently divert water to the
basin.

The second basin is located south of the administration parking lot and is also serviced by a
concrete swale inlet. The same observations apply to this inlet swale as the swale discussion
presented above. This swale directs and outlets storm water from the parking lot to the basin.

The proposed concept for improving the function of the swales is to construct a widened spillway
from the parking lot to the two basins. The spillways would be 6 feet wide at a minimum and
concrete lined. Future expansion of the WWfP by construction of Plant lIIB will require
drainage improvements to mitigate the potential loss of the two retention basins.

alII Simons. Li & Associates. Inc.
Water Resources & Civil Engineering Consultants
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At grade access hatches located in paved areas to below ground tunnels and rooms may be
-'provided with watertight covers and doors. Manufacturers provide standard and custom fitting

watertight and waterproof manhole covers, doors, and hatches to prevent seepage into
underground facilities.

The alternative to watertight access hatches is to raise the access hatch frame and collar or
foundation above grade to 0.5 foot above ponding elevation. This alterative would require the
construction of a concrete collar for each at-grade access. Under this alternative a watertight
door would not be required. A third alternative is to regrade and repave parking areas and
roadways where access hatches are located. Regrading and repaving plus raising the hatch collar
would prevent flows from entering below ground facilities. Figure 46 illustrates the concept
alternatives for improving at grade access hatches.

The exact number, configuration, and location of at-grade access points requiring either
watertight covers or raised entryways was not determined in this study. The reason for not
collecting the data was the lack of sufficient, detailed on-site topographic mapping to determine
ponding limits and ponding depths. The identification of ponding limits for each design storm
would allow the determination of which at-grade access points could potentially be within the
limits of ponding.

Ponding depths could have been compared to critical top-of-eoncrete elevations for plant
facilities. For example, ponding depths for each design storm could have given an indication of
whether the plant IlIA secondary sedimentation basin would be in jeopardy of being overtopped
or not from on-site ponding. Ponding depths and the potential for inundation of below ground
tunnels would furnish the basis for the decision for raising tunnel access points and entryways.

A very conservative approach to the question of ponding depths and the potential impact to
inundation of below ground tunnels is that all access points could be raised a minimum of 1 foot.
This requires raising perimeter walls on primary process tanks and raising the access to below
ground tunnels. In some cases the threshold for below ground tunnels would require raising.

Six access hatches were positively identified as locations where storm water enters below ground
electrical conduits and vaults. Three hatches are located adjacent to the administration building.
It is recommended that the concrete collars to these hatches be raised above ponding depths.
From field observations the collars should be raised a minimum of one foot.

Three access hatches are located in paving between the plant IIB and plant IlIA aeration basins
(see Figure 1). Field observations of these hatches noted that the two northerly hatches were
warped due to traffic loading. Storm water readily enters these hatches. It is recommended that
watertight, HS2D-Ioading, access doors replace the existing hatches. Watertight doors are
recommended as the access ports are located in traffic areas (as opposed to raising the concrete
collar). Should watertight doors prove too costly, then site regrading/repaving will be required
in addition to raising the access point concrete collars.

B I. Simons, Li & Associates, Inc. iiiiiiiiiiiiiiiiiiiiiiii.
Water Resources &: Civil Englnee-rlng Consultants
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The storm drain system located in the digestor area appears to have a capacity for less than the
.. 2-year storm event. Discussions with treatment plant personnel indicate that the storm water

pump station was analyzed for the I-year storm. This storm drain system could be upgraded to
provide a greater degree of protection and service. A concept storm drain system for each design
storm was investigated.

Three large transformers are located adjacent to the upper end of the plant rnA and plant lIB
secondary sedimentation basins (see Figure 1). Field observations of the transformer pad heights
in relation to surrounding grade shows that the pads most likely will not prevent the transformer
bases from being inundated. It is recommended that the transformer pads be built up to an
elevation above potential ponding depths, or curbing be placed around each transformer and a
roof structure constructed to keep rainfall from ponding inside the curbed area. Figure 47
provides an illustration of the typical curb and roof structure for a transformer.

Ponding occurs at the west end of the blower building fronting the plant IB aeration basins. At
this location the pavement grading is such as to direct storm water at the doorway of this
building. It is recommended a stairwell be constructed with a concrete wall of sufficient
elevation to prevent inundation. A roof covering could be constructed over the proposed
stairwell to prevent direct rainfall into the well. Figure 48 provides a illustration of the concept
improvement for the west end of the blower building.

As stated previously, there are numerous on-site retention basins. These basins are primarily
located within landscaped areas and the bottoms are covered with a layer of decomposed granite.
The infIltration capacity, or drain time, of the retention basins are unknown. Treatment plant
staff have observed when the 91st Avenue tailwater flows enter the plant, the flow is laden with
fine sediment. The flows enter the retention basin located along the main access road adjacent
to the primary sedimentation basins. Over several inundation and drying periods, the fine
sediment may have reduced the retention basins's infIltration capacities.

Mitigation measures or improvements for retention basin rehabilitation could include removal of
the decomposed granite covers and scarifying the top 4 to 6-inches of the basin bottom, increase
basin volumes, and/or the installation of dry wells. The scarification of basin bottoms could
include the addition or mixing in of a substrate that would improve the soils infiltration capacity.
Such a substrate to mix into existing soil is medium clean sand. Figure 49 illustrates the concept
improvements for rehabilitation of existing retention basins.

83rd Avenue within plant limits exists as an unpaved road. The existing cover on the roadway
is soil and gravel. During rainfall, 83rd Avenue becomes muddy reducing the level of service
of the road. In the event of a plant emergency or evacuation, the reliability of 83rd Avenue as
a passable road during rain showers is questionable. It is recommended that an alternative paving
material be placed on 83rd Avenue within the plant limits, and alternative evacuation routes and
access points be investigated.

83rd Avenue is approximately 30 feet wide with a 24 foot driving surface. The length of
roadway within the plant is approximately one-half mile. Using a unit paving cost of $1.35 per
square foot of asphaltic concrete, the material cost of a paved surface for 83rd Avenue is
$86,000. _I. Simons. Li & Associates. Inc.

.. Water Resourcn & Civil EnglnccTlng Consultants
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Figure No. 49. Concept Improvement
for Existing Retention Basins
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A summary of the on-site drainage facilities improvements is presented in Table 19. The
.- reconfigured plant entrances and masonry block floodwall is common to all design storm events.

Table 19. Summary of On-Site Drainage Improvements.

1. Improved Plant Entrances (4)
2. Masonry Block Floodwall (western perimeter)
3. New Retention Basin Inlets
4. Rehabilitation of existing retention basins, install dry wells
5. New Retention Basin (plant IDA) secondary sedimentation basin
6. Watertight Doors/Hatches or Regrading/Repaving
7. Raise Top-of-Concrete
8. Upgraded Storm Drain System & Pump Station
9. Raise transformer pads.

10. Pave 83rd Avenue within plant limits.

B. Off-Site Drainage Facilities

Flood control improvements to off-site drainage facilities is primarily focused on the irrigation
tailwater ditches adjacent to 91st Avenue and 83rd Avenue. No improvements are required for
the irrigation delivery canal on the northern perimeter of the plant.

Three alternatives were formulated for the 9lst Avenue tailwater ditch. A "do-nothing"
alternative for the 91st Avenue ditch is not considered as a viable alternative. Two alternatives
are presented for the 83rd Avenue tailwater ditch. For each alternative for the 83rd Avenue
ditch, a new outfall may be required with a flap gate. The size of outfall will depend on the
design flow estimated for each storm event.

the three 91st Avenue tailwater ditch alternatives incorporate flood control improvements which
include replacement ofpipe culverts, channel widening, canal lining, ~d a supplementary outfall.
The control for ditch improvements is the location and pipe elevation of the ANPP pipeline. The
upstream pipe invert for culvert No.5 (see Figures 11 and 12) was held for all three alternatives.

As stated previously the "do-nothing" alternative for the 91st Avenue tailwater ditch is not viable.
The tailwater ditch, under existing conditions, will continue to flood the entrance area of the
WWTP when the ditch experiences conveyance problems. This flooding of the plant entrance
will continue regardless of improvements recommended foron-site drainage improvements (e.g.,
construction of floodwall, raising proflle of plant entrance). The "do-nothing" alternative does
not provide a measure of flood protection to prevent flooding of the plant entrance.

Flood Control Improvements
The following paragraphs define the concept of each flood control improvement. The
improvements were used to formulate alternatives.

ft18 Simons, Li & Associates, Inc. iiiiiiiiiiiiiiiiiiiiiiiiiiiiii.
Water Resources &. Civil Engineering Consultants



Table 20. 91st Avenue Tailwater Ditch Flood Control Alternatives.
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Table 20 provides a summary of the 91st Avenue ditch flood control alternatives. The table lists
which flood control elements comprise each alternative.

Channel Widening: This improvement consists of widening the ditch to provide for the estimated
flowrate for each design storm. The channel section will remain trapezoidal.
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Table 21. 83rd Avenue Tailwater Ditch Flood Control Alternatives.
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Canal Lining: This improvement provides for lining the canal with an impermeable, rigid canal
lining. The lining material used for the purposes of this study is concrete. The lining thickness
is a minimum of 2 inches. This flood control improvement includes setting the canal slope to
drain positively.

Supplementary Outfall: The 91st Avenue ditch outfalls to another irrigation ditch on the west
side of 91st Avenue through a 30 inch reinforced concrete pipe (culvert No.6). Figure 10
illustrates the location of culvert No.6. This improvement provides for a supplemental outfall
in addition to the ditch outfall.

The 83rd Avenue tailwater ditch flood control improvements include pipe culvert replacement,
channel widening, and outfall improvements. The outfall and outfall pipe will need to be
upgraded and provided with a flap gate. Table 21 provides a summary of the flood control
alternatives for the 83rd Avenue flood control alternatives. The evaluation of alternatives is
presented in Section VI.

Replacement of pipe culverts: This improvement provides for replacing existing pipe culverts
.. and setting culvert inverts to provide positive slope. New pipe culverts will consist of multiple
circular or elliptical reinforced concrete pipe.
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1. Concept Development Criteria

Channel Roughness: Manning's "n" = 0.035 for the channel; 0.040 for the overbanks

Based on 1" = 400' preliminary topographic maps (4-foot contour
interval) developed from aerial photographs taken in January of
1992. The mapping was provided by the Flood Control District of
Maricopa County.

Topography:

. .

'. .'. . ~
Design Hydrology: Peak Discharge = 18S,OOOpfs;l00-year flood

Toe-Down Depth: Based on preliminary estimates of the sum of long-term
degradation, general scour, low-flow incitement, and bed form
scour. A factor of safety of 1.3 was applied to this total potential
scour depth resulting in a preliminary standard toe-down depth of
approximately 10 feet.

Protection Height: Freebbatda110w:~c~±0f31y~t:$~s(ktj}:~~~t,t~fJH~'f.,1!;~?Ye.arflOW
dePth and.the .maxImum potenfia1':~HJ€J::ryear'flOOd aggradation depth.l

Sediment Gradation: Based on composite gradation curve developed from 3 samples
taken from the Salt River at sites located between 83rd and 107th
Avenues.

The proposed alignments and bank protection techniques for the Salt River were developed using
the hydraulic and sediment transport information presented in previous sections of this report.
The recommended bank protection alignments and techniques are preliminary, and some
modification may be required in the fmal design phase as topographic, sediment size, and right­
of-way information is updated.

""'~'-:, ' , . '. ' " ,... ..;1:
This section formulates and evaluates alternatives to providel1d9dconltot'aIid erosion protection'
from Salt River flood flows. Preliminary bank alignments were identified for a bank protection
system believed to be acceptable to regulatory agencies.

c. Salt River Protection

The key criteria used to develop the proposed alignments and bank protection techniques is
summarized as follows:

Bank protection alternatives were investigated for two segments of the north bank of the Salt
River to provide protection from the de-stabilizing effects of l00-year flood flows. The first
segment provides protection for the 91st Avenue WWTP while the second segment provides
protection to property for approximately one mile downstream of the WWTP. Figures 50A and
50B illustrate the alternative bank protection alignments developed for the concept study.
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2. Segment 1

Two alternative alignments were identified which provide different limits of protection for the
91st Avenue WWTP. Two alignments were defined because of the increased cost per linear foot
in the vicinity of an existing mining operation in the Salt River between 83rd and 75th Avenues.

Alignment 1 provides 100-year flood protection between 91st Avenue and 83rd Avenue. The
proposed alignment begins at the east side of 91st Avenue and parallels the existing earthen
levee. At 83rd Avenue the alignment ties back into high ground to prevent Salt River flood
flows from outflanking the bank protection and damaging the WWTP. The Alignment 1 bank
protection system is estimated to be approximately 5,600 feet in length.

Alignment 2 provides 100-year flood protection between 91st Avenue and 79th Avenue. The
proposed alignment is identical to Alignment 1 until approximately 1,800 feet west of 83rd
Avenue where Alignment 2 diverges to maintain a smooth bank line parallel to the existing bank
between 83rd and 79th Avenues. At 79th Avenue, the proposed alignment ties back into high
ground to prevent Salt River flood flows from outflanking the bank protection and damaging the
sludge ponds east of 83rd Avenue. The Alignment 2 bank protection is estimated to be
approximately 7,200 feet in length.

3. Segment 2

One alignment was defined downstream of the WWTP. Additional alignments were not
considered for this segment because information on several constraints (Le., right-of-way) were
not available during concept development. Segment 2 begins at approximately 99th Avenue and
parallels the existing Salt River north bank to 91st Avenue. Segment 2 ties back into high
ground along 91st Avenue to prevent flood flows from outflanking the bank protection. The
Segment 2 bank protection is estimated to be approximately 6,000 feet in length.

D. Outfall Channel

The concept of upgrading the combined plant effluent outfall channel was investigated as part of
this study. Locally heavy thunderstorms resulted in on-site flooding problems at the WWTP
during the last weekend in August, 1993. Runoff from the Tolleson Landfill eroded portions of
the landfJ11 cap. Gully erosion and settlement resulted in embankment cover failure along the
perimeter slopes of the landfill and sediment washed into outfall channel and chlorine contact
chambers.

Two issues were identified regarding the effluent outfall channel over the course of the project.
The first issue was the isolation of the landfill from the effluent. The City expressed concern
that leachates from the landfill may infiltrate the outfall channel and mix with the effluent causing
a violation of the City's EPA discharge permit. The second issue was to prevent eroded
sediments originating from the landfill from entering the outfall channel and chlorine contact
chambers.

B I. Simons. Li & Associates, Inc.
Water Rc-sourc('s & Civil En~Une'e'rln.'t.ConsullanlS
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The alternative identified to isolate the effluent from the TollesOn Landfill is lining the existing
- 'outfall channel with either concrete or shotcrete. Figure 51 illustrates a typical lined section for

the effluent outfall channel adjacent to the Tolleson Landfill. The recommended typical section
would provide maintenance access along the landfill and the top of the Salt River levee protecting
the WWTP. Sediment eroded from the landfill cap would be prevented from entering the outfall
channel with a berm along the channel side of the maintenance access road. After flood events,
City maintenance forces could remove sediment deposited on the access road. Additional erosion
protection berms could be graded along the base of the Tolleson Landfill to protect the chlorine
contact chambers from stormwater runoff and sediment inflow.

Enclosing the effluent outfall channel with multiple box or pipe culverts is another alternative
which isolates the effluent from the Tolleson Landfill. At the concept level it is assumed that
the existing hydraulic conditions must be maintained so as not to impact the WWTP's operation.
A preliminary HEC-2 analysis was performed on the combined plant outfall channel utilizing the
Salt River l00-year flood starting water-surface elevation. The hydraulic analysis indicated that
the water-surface profile in the outfall channel would be controlled by the backwater from the
Salt River. The maximum depth within the existing outfall channel was estimated to be 12.5 feet
during a l00-year flood. Therefore, to maintain the hydraulic conditions under which the
WWTP currently operates, a culvert would require a minimum 12 foot dimension without any
consideration for freeboard. A culvert of smaller dimension will generate backwater and impact
the treatment capacity of the WWTP.

If the culvert alternative were selected to isolate the Tolleson Landfill from the combined outfall
channel,other issues must be considered. The culvert alternative must consider the impact of
buoyant forces on the structure during a Salt River flood event. The limits of the Tolleson
Landfill have not been identified and there is potential for municipal solid waste beneath the
outfall channel. The design phase of the project would have to define the limits of the landfill
and the foundation requirements of the proposed culvert alternative. Additionally, the culvert
alternative would have to consider the impact of moving the EPA sample location or
incorporating the existing location into the design of the structure.
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VI. EVALUATION OF ALTERNATIVES

This section of the Concept Report evaluates the alternatives developed and presented in Section
V. The evaluation is based on construction costs, feasibility, maintenance, and degree of
protection provided. The incremental cost of construction for providing a level of protection for
one design storm versus providing flood protection for another design storm was evaluated. The
incremental construction cost will provide a measure from which to judge whether to recommend
one flood mitigation level (design storm) over another.

A. On-Site Drainage Facilities

On-site drainage facility alternatives were presented in Section V. The alternatives to be
evaluated on the basis of design storm include sizing a new retention basin and upgrading the
storm sewer system at the digestors.

The block masonry floodwall proposed between the 91st Avenue tailwater ditch and the plant is
recommended regardless of the design storm. The cost per lineal foot of providing a floodwall
to prevent the 2-year off-site runoff from entering the plant versus providing a wall to prevent
the 100-year off-site runoff from entering the plant is negligible. The main cost of a block wall
is the construction of the footing. The height of the floodwall should be a minimum of three feet
or match the existing block wall at the main plant entrance. The cost per lineal foot of a block
wall is approximately $10.00. The approximate length of a 3-foot high wall is 48Q-feet which
has an estimated construction cost of $4,800.00.

The main plant entrance road profile should be provided with a vertical curve with the crest
functioning to prevent off-site flows from entering the plant (see Figure 43). The cost difference
of reconfiguring the entrance for the 2-year storm versus the 100-year storm is the fJ.11 required
to raise the profJ.1e. The fill cost is minimal considering the manpower and equipment cost
required to clear out flood ponds, debris, and sediment. It is recommended that the plant
entrances along 91st Avenue be configured with vertical curves (main plant entrance) with built­
up asphalt or earth ramps to prevent the 100-year off-site flow from entering the plant.

A new retention basin should be provided to alleviate the ponding at the southwest comer of the
plant rnA secondary sedimentation basins. The retention basin will collect pavement runoff from
an area of approximately 0.52 acres. An area inlet will be placed at the low spot of the access
road. A 12-inch pipe culvert (or curb opening) will convey pavement flows captured by the inlet
to the retention basin. Retention basin volumes required for the 2, 10, 50 and 100-year storms
are 0.03, 0.04, 0.08, and 0.1 acre-feet, respectively. The basin would be located just off the
roadway adjacent to the secondary basin. Figure 7 and Figure 45 illustrate the location of the
new basin.

Construction excavation costs for retention basins are approximately $5.00 per cubic yard. Based
on this unit cost, the basin excavation costs for the 2, 10, 50, and 100-year storms are $240.00,
$325.00, $645.00, and $805.00, respectively. However, the actual costs for the basins will be
higher than indicated. The area where the basin is to be located is built up on fill. Additional
excavation and cost is required to remove the fill material. Field observations indicate that the

B I. Simons, Li & Associates, Inc.
Waler Resources &: Civil EnlOtlne'C'rinJit Consultants
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level of fill material above the ponding low spot is approximately 10 feet. The additional cost
.. to remove the fill is $1,205.00, $1,610.00, $3,225.00, and $4,030.00 for the 2, 10,50, and 100­
year storms. A summary of basin construction cost is provided in Table 22. The total cost
includes the area inlet, repaving, and culvert.

Table 22. Retention Basin Cost.

••••2 0.03 1,445 3,950

10 0.04 1,935 4,440

50 0.08 2,255 4,750

100 0.10 4,835 7,340

A cursory analysis of replacing the storm drain network in the digestor area was conducted to
provide parameters for cost estimating the replacement to provide a level of service for the 2,
10, 50, and lOO-year storms. The same storm drain layout was maintained but pipe sizes were
increased to convey the projected increased flows from the design storms. The minimum pipe
diameter used in the analysis was 18-inches. Pipe sizes were increased in 6-inch increments
depending on the anticipated flow rates. Table 23 summarizes the pipe size requirements by
subbasin for each design storm. The pipe sizes are based on the existing pipe slope of 0.002
ft/ft. Replacing the storm drain system may prove to be extremely difficult from a construction
viewpoint. The main plant campus and digestor area is riddled with underground utilities that
would make it most difficult to trench and to place larger sized storm drains.

As stated previously (Section II. A.) the digestor existing storm drairi system and pump station
collects stormwater in and about the digestor area and pumps the stormwater to Decant Pump
Station No.1. A major assumption in the development ofalternatives for drainage improvements
for the digestor area storm drain system was that the WWfP process has the capability of
handling the stormwater flows sent to it by the pumping station. At the present time, treatment
plant personnel state that the existing pumping station has a capacity for nearly the I-year storm.

In order not to overtax the WWfPprocess and not to pump more stormwater into the WWfP
system than it could handle, an off-line stormwater storage reservoir would be required in
conjunction with the new pump station. The stormwater reservoir would temporarily hold
collected stormwater from the digestor area storm drain system. The pump station would then
meter out stormwater from the reservoir to Decant Pump Station No.1. The size of the off-line
reservoir would depend on the volume of stormwater discharge for each storm event and
hydraulic performance and configuration of the pump station.

BI. Simons, Li & Associates, Inc.
Water Resourcu & Civil En~tneerin~Consullants
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Table 23. Summary of Storm Drain Pipe Sizes

--E-l 18 18 24 24

E-2 30 36 42 42

E-3 30 36 42 42

E-4 30 36 42 48

E-5 30 36 42 48

E-6 30 36 42 48

E-7 30 36 48 48

E-8 36 42 48 48

E-9 36 24 48 48

E-I0 12 18 18 18

E-ll 12 18 18 24

E-12 12 18 18 18

E-13 18 24 30 30

E-14 24 30 36 36

E-9/E-14 40 48 54 60

The alternative to an off-line stormwater reservoir and pump station is to discharge the digestor
area stormwater flows directly to the Salt River. This alternative would require replacing the
storm drain pipes to reflect the level of service desired and a new outfall to the Salt River.

Discharging directly to the Salt River would be less costly than providing a new pump station
and off-line storage reservoir. An NPDES industrial stormwater permit would be required to
discharge to the Salt River. Table 24 provides a cost estimate for replacing the storm drain
network for each design storm. The table includes the cost of a new outfall to the Salt River.

It is recommended that the infiltration rate of existing on-site retention basins be estimated
through geotechnical testing. The purpose of the infiltration tests would be to determine which
basins would require rehabilitation measures to restore or improve infiltration capacity. The
installation of dry wells into retention basins within landscaped areas may be feasible to improve
the drain times of basins.

,iiiiiiiiiiiiiiiiiiiiiii lila Simons, Li & Associates, Inc.
• Wal~r Resourct'S & Civil EnJ!lnr-erlnJl Consullan1S
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The total estimated cost for on-site flood control improvements are presented in Table 25.

Table 24. Cost Estimate for Replacement Storm Drain System.

RI. Simons, Li & Associates, Inc.
Wat~r ReSOUT('t'S & Civil Enlllnrerinji!, Consultanls

107,000 12,000 21,000

211,900 320,000 353,100

318,900 332,000 374,100

15,000

148,450

160,450Total

Outfall to Salt River

Storm Drain Pipe

Section ill A. presented an analysis that compared estimated existing retention basin capacity
against the estimated volume of runoff produced by the design storms. Basins with capacities
less than the 100-year volume were identified. These retention basins could be increased in
volume to handle the estimated 100-year on-site runoff volume. In order to firmly quantify
which basin to improve and by how much, it is recommended that a detailed topographic map
of the WWTP site be developed as part of the second phase of this project.

Six access hatches were identified as locations where storm water enters below ground electrical
facilities. Three hatches are within landscaped areas and the other three within pavement. The
cost of floodproofing the three access hatches adjacent to the administration building would
consist of raising the concrete collars and resetting the hatch and frame. The cost of
floodproofing the hatches within the paved area would consist of providing a watertight door and
frame designed for heavy traffic loading. A conservative price for raising three concrete collars
and resetting frames at the administration building is estimated at $f,5oo.oo. The watertight,
HS20 design loading, stainless steel access doors cost approximately $4,500.00 each. The total
installation cost for three 4 foot by 4 foot access doors is approximately $13,500.00.

The transformer pads for the on-site transformers where ponding occurs will need to be elevated
above potential ponding depths or curbing placed around the ponds with a roof structure over the
transformers. The transformer locations are shown in Figure 1. The minimum increase in pad
height is 6-inches. The final height should be determined from survey of pad or top-of-eoncrete
elevations of the plant llA and plant lIB aeration basins. Figure 47 provides an illustration of
the concept improvement for transformers.

On-site improvements for access hatches, retention basin rehabilitation, and protecting the
transformers are recommended regardless of the design storm. Basin volumes should be
upgraded to the 100-year event and basin infiltration capacities restored/upgraded. Transformer
improvement costs were not developed as part of this study. The cost of raising the transformer
requires specific connection configurations, the capacity of the transformers, and other detailed
information. A cost will be developed in the second phase of this project. These improvements,
as stated previously, are recommended as general on-site flood control improvements.
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Table 25. Estimated Total Cost for On-site Improvements.

Reconfigure Plant 78,300 78,300 78,300 78,300
Entrances

Floodwall 4,800 4,800 4,800 4,800

New Retention Basin 3,950 4A40 4,750 7,340

Replace Digestor Area 160A50 226,900 338,000
Storm Drain System 374,100

Retention Basin 20,000 20,000 20,000 20,000
Rehab (I)

Access Hatches 15,000 15,000 15,000 15,000

Pave 83rd Avenue 86,000 86,000 86,000 86,000

Transformer Pads (2)

Total 368,500 435,440 547,050 585,540

(1) Rehab approximately four retention basins
(2) To be determined in Phase 2

The recommended on-site drainage level of protection is to provide flood control improvements
for the 1OO-year design storm for reconfiguring the plant entrances, construction of the floodwall,
and construction of the new retention basin. The storm drain system if upgraded, should be
designed, and constructed to service at least the lO-year design storm.

New drainage facility maintenance concerns will be centered on the retention basin and storm
drain system. Since the majority of the subbasins for both the retention basin and storm drain
system are paved, little sediment deposition is anticipated. The storm water pump station pumps
will need to be exercised periodically and examined for wear.

Implementing the recommended on-site drainage improvements can be carried out with minimal
impact on the WWTP operations and administration, except for the upgrade of the storm drain
network. The floodwall can be constructed with minimal impact. The entrance facility
reconfiguration can be scheduled to complete the modification in a phased approach. The main
plant entrance could be modified while the Southern Avenue entrance or north access road
services as the temporary entrance. When the main plant entrance is complete, the other
entrances could then be modified. The new retention basin may be constructed anytime with
minimal impact.

i iiiiiiiiiiiiiiiiiiiiiiiiiiiii III. Simons, Li & Associates, Inc.
Water Resources & Civil EnlZ.lnf'f'rin~Consultants



1. 91st Avenue
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Table 26. 91st Avenue Tailwater Ditch Culvert Requirements.

2 7 8 1 Circ

10 160 12 2 Ellip

50 546 35 2 Box

100 746 45 2 Box

Existing
Hydraulic 150 12 2 Ellip
Capacity
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B. Off-Site Drainage Facilities

The off-site drainage facility alternatives were presented in Section V. In order to develop cost
estimates for the off-site flood control improvements, preliminary channel widths, culvert pipe
sizes, and outfall configurations had to be estimated for the flow rates for each design storm.

The existing channel bottom width ranges from approximately 8 to 10 feet. Channel widths
required for the 2, 10, 50, and 100-year design flows are 8, 10, 35, and 45-feet, respectively.
The channel bottom widths are based on a trapezoidal cross-section with 1: 1 (H:V) side slopes,
earth-lined channel, and an average longitudinal slope of 0.0004 ftlft.

Culvert data was developed using the Federal Highway Administration's culvert analysis program
HY8 (version 4.0). The required culvert size, shape, and type of material were determined for
each design storm and corresponding channel modification (channel bottom widening). Table
26 summarizes the approximate culvert requirements for each design storm. Final culvert sizes
will be determined in the design phase of this project.

Two common off-site drainage improvements were identified for all three flood control
alternatives for the 9lst Avenue tailwater ditch. These common improvements are pipe culvert
replacement and channel widening. They form part of the dual approach system for protection
of the plant from off-site flows.

Examination of Table 26 reveals that a channel bottom width of 35 feet and 45 feet are required
for the 50 and 100-year design storms, respectively. Due to right-of-way conflicts and site
constraints these two channel alternative widths are not feasible. Therefore, further evaluation
of improvements to the 9lst Avenue tailwater ditch for the 50 and loo-year design storms was
not continued. Figure 52 provides alternative cross-section widths for both 91st Avenue and
83rd Avenue tailwater ditches.
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Figure No. 52. 91st Avenue and 83rd Avenue
Tailwater Ditch Cross-Section Alternatives

A. gist Avenue Tailwater Ditch
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Table 26 provides the required pipe culvert sizes and number of barrels for the existing estimated
.. -hydraulic capacity of the ditch for a channel width of 12 feet. The existing hydraulic capacity

was estimated to be 150 cfs. For this flowrate, a twin elliptical 6O-inch span by 39-inch rise
culvert is required (12 foot bottom width). It should be noted that for a lo-year design storm
(Q= 160 cfs), and channel bottom of 12 feet, a twin elliptical 68-inch span by 43-inch rise culvert
is required.

The 2-year culvert configuration and channel width meet existing channel constraints, but would
not be capable of conveying the estimated existing channel hydraulic capacity. The design
flowrate for the 2-year design storm along 918t Avenue is 7 cfs. The estimated hydraulic
capacity of the ditch is 150 cfs. Overtopping of the ditch remains a potential for the 2-year
culvert configuration.

The remaining design storms to be evaluated for the 915t Avenue tailwater ditch are the 2 and
lO-year storms. The 50 and 100-year design storms were proven unfeasible.

Both alternatives 2 and 3 require a supplemental outfall for the 91st Avenue tailwater ditch. The
existing outfall discharges to another irrigation ditch on the west side of 91st Avenue (see Figure
31). Several field observations revealed that the discharge side of the outfall can become
submerged from high water in the west side irrigation ditch. This contributes to the conveyance
difficulties of the 91st Avenue tailwater ditch.

It is proposed to provide a supplemental outfall to the existing 91st Avenue tailwater ditch outfall.
This new outfall would consist of a overflow box at the end of the 91st Avenue ditch. The
overflow box would connect to a short stretch of open channel. The open channel would end
at a culvert headwall and the new culvert would pass beneath 91st Avenue to cross over to
discharge into the Tolleson WWTP discharge outfall.

The overflow box would essentially be a weir that would allow high tailwater in the 91st Avenue
ditch to overflow. The box and new length of open channel would direct the overtopped water
to the new culvert.

The proposed supplemental outfall configuration would alleviate backwater effects that the
primary outfall for the ditch currently experiences. The proposed outfall would provide the City
with a secondary system should the primary outfall be insufficient due to flow blockage or
backwater effects. Figure 53 illustrates the components of the supplementary outfall.

Table 27 summarizes the elements of the supplemental outfall for each design storm as well as
provides a cost estimate. This new outfall configuration assumes that right-of-way constraints
are minimal. In order to thoroughly analyze this system for the 91st Avenue tailwater ditch, it
is recommended that the ANPP be potholed for location and elevation.

B I. Simons. Li & Associates. Inc.
. Wa(~r Resources & Civil EnJtlnee-rtn~Consultants
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2. 83rd Avenue

Table 27. Supplemental Outfall Elements and Cost Estimate.

3 89,900 135,450

20,960

34,260

34,260

250

250

25048

48

36

350

350

350

8

12

12

7

150

160

2

10

Existing
Conditions
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Table 28. Total Estimated Cost for Flood Control Improvements
to 91st Avenue Tailwater Ditch.

2 69,010 110,760

•••••••

The estimated total cost for flood control improvements to the 91st Avenue tailwater ditch is
summarized in Table 28. All alternatives require pipe culvert replacement and channel
modifications (widening if necessary). Alternatives 2 and 3 incorporate the supplementary
outfall, while alternative 3 includes canal lining with concrete.

Alternative 3includes lining the 91st Avenue tailwater ditch with a 2-inch minimum thick
concrete lining. The total canal lining cost for a channel configuration required for the 2-year
and lO-year design storms is $20,890.00 and $24,690.00, respectively.

Two alternatives were formulated for the 83rd Avenue tailwater ditch. The fIrst alternative
provides for a new outfall to the Salt River. The second alternative provides for new pipe
culverts, channel widening, and a new outfall. Each alternative is evaluated for each storm
event.

A new outfall is required for the 83rd Avenue tailwater ditch and a flap gate provided to prevent
high Salt River flood stages from entering the ditch. The outfall would consist of a culvert
headwall, a pipe culvert, and outfall headwall or structure that incorporates a flap gate. Table
29 presents a summary of the elements of the new outfall and provides a cost estimate for
Alternative 1.
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Table 29. 83rd Avenue Tailwater Ditch Cost&timate for Alternative 1.

--Headwall 2,000 3,000 4,500 8,000

Pipe Culvert 6,240 8,710 19,500 20,352

Outfall/Flap Gate 3,160 3,460 7,110 12,640

Total 11,400 15,170 31,110 40,992

Table 30 provides a summary of the 83rd Avenue tailwater ditch channel bottom and culvert size
requirements for Alternative 2. The channel cross-section is trapezoidal in shape with side slopes
assumed to be 1:1 (H:V).

Table 30. 83rd Avenue Tailwater Ditch Culvert Requirements Alternative 2.

•••=====
2 3 8 1 Circ Concrete 2 2

10 55 8 1 Circ Concrete 3 3

50 190 8 2 Circ Concrete 4.5 4.5

100 258 12 1 Box Concrete 9.0 4.5

Existing 175 8 2 Circ Concrete 4.0 4.0
. Conditions

* Circ = Circular

Table 31 indicates the required culvert size for existing conditions for the 83rd Avenue tailwater
ditch. The existing conditions are defined as a hydraulic capacity of 175 cfs and a channel width
of 8 feet. Based on existing conditions, a twin circular 4-foot diameter culvert will convey the
estimated hydraulic capacity of the 83rd Avenue ditch. This culvert configuration would provide
a level of service of nearly the 50-year design storm. Increasing the diameter of the culvert to
4.5 feet will provide a level of service for the 50-year design storm.

The existing channel configuration for the 83rd Avenue ditch is sufficient in capacity to nearly
provide a level of service for the 50-year design storm. In order to provide a level of service
for the l00-year storm, the ditch will require widening to 12 foot bottom width and a single span
box culvert installed at the crossing of the access road to the far eastern sludge lagoons.

ala Simons. Li & Associates. Inc. iiiii••••••••••
Water Resources & Civil Engineering Consultants
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Given that the City has expressed a desire to minimize improvements to the 83rd Avenue ditch
.. 'and that the ditch very nearly provides a level of service for the 50-year design storm, it is

recommended that the existing pipe culvert at the access road to the sludge lagoons be replaced
with twin circular culverts with a diameter of 4.5 feet (to provide a level of service for 50-year
event).

The recommended concept for flood mitigation for the 83rd Avenue tailwater ditch is to provide
a new twin culvert and new canal outfall to the Salt River. The canal should be cleaned,
straightened, and aligned to provide capacity for the 50-year flowrate. Providing a level of
service for the l00-year design storm would require channel widening and the construction of
a single span box culvert in addition to a new outfall.

The implementation of the recommended concept for the 83rd Avenue tailwater ditch
improvements would have minimal operations impact on sludge dewatering access. While the
culverts are being installed, access to the lagoons would be from the south or north, providing
a temporary circuitous route for operation vehicles. The new outfall construction would require
coordination with the construction of the Salt River bank protection.

The estimated total cost for providing a level of service for the 50-year design storm is provided
in Table 31.

Table 31. Total Cost &timate for Flood Control Improvement
to 83rd Avenue Tailwater Ditch.

111Ii'Iiii'ii'iiiiilii:lllliili:iltll::.ii,,·I':::.:.''ii::··,::i:"lllii·:::III::·if.ll,i:,,'jj

Pipe Culvert 9,200

Outfall 31,110

Canal 10,000
Reshaping

Total 50,310

c. Salt River Protection

1. Mining Impacts

A physical model study of mining impacts on the Salt River (22) indicates that mining operations
can impact adjacent bank protection systems through processes known as lateral migration,
headcutting, and downstream long-term degradation. The study indicates that as long as the bank
is at least 300 feet away from a pit, lateral migration of the pit will not impact the bank. When
the pit is 150 to 300 feet from the bank protection, the study recommends the bank protection
toe-downs be extended to a depth of approximately one-quarter the depth of the pit below the
standard toe-down depths. If a pit is within 150 feet of proposed bank protection, it was
assumed that the pit could laterally migrate to the maximum excavation depth against the bank
protection. -I. Simons. Li & Associates. Inc. iiiiiiiiiiiiiiiiiiiiiiiiiiii.
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The active in-stream mining operation upstream of the WWTP between 83rd and 75th Avenues
will significantly impact adjacent bank protection toe-down depths. The mining permit indicates
the operator can excavate material to a maximum depth of 40 feet. The maximum excavation
depth is estimated to correspond to an elevation of approximatelY.l~~~'?f¢et. To maintain bank
stability, it was assumed that the bank protection toe-down would have to extend approximately
3-,,,~t,,~low the maximum excavation depth to an elevation ofT133::feet.

The physical model study (22) estimates that long-term downstream degradation could result in
a maximum of;~feetofSCQur atthedownstfearn pit brink over a distance of~PPI'o~mately300.
feet~ It was assumed for cost estimating purposes that the bank protection toe-down depths would
extended 6 feet below the standard toe-down depth adjacent to the downstream pit brink. The
bank protection toe-down depth was assumed to return to the standard toe-down depth 300 feet
downstream of the downstream pit brink.

Alignment 1 required a 10 foot increase in the standard toe-down depth near 83rd Avenue for
a distance of approximately 100 feet to protect against lateral pit migration. The long-term
downstream degradation component of 6 feet was also added to the standard toe-down depth over
a distance of 300 feet from the downstream pit brink.

Alignment 2 required an increase in the standard toe-down depth over a distance of
approximately 1700 feet to protect the proposed bank protection from lateral pit migration. Since
Alignment 2 is less than 150 feet from the active mining operation between 83rd and 75th
Avenues, a toe-down elevation of 1133 feet was used to estimate bank protection costs. The
long-term downstream degradation component of 6 feet was also added to the standard toe-down
depth over a distance of 300 feet from the downstream pit brink.

The available topographic mapping indicates that the abandoned mining operation downstream
of 91st Avenue is approximately 10 feet deep. The abandoned mining operation did not impact
the preliminary toe-down elevations since they are measured from the lowest adjacent point in
the channel. Therefore, no additional depth was included in the bank protection volume
calculations as a result of the abandoned mining operation. If new topographic mapping becomes
available which indicates that the downstream abandoned pit may be deeper than 10 feet, the
bank protection toe-down elevations will require revisions.

2. Preliminary Cost Estimates

Cost estimates were developed to allow quantitative comparisons between bank protection
techniques. The cost estimates do not account for the existing levee that has been placed adjacent
to the WWTP. Since no geotechnical data is available regarding levee compaction and
composition, it is unknown at this time whether it would have to be removed and replaced. In
addition, available topographic data is not of sufficient accuracy to determine excavation
quantities. Therefore, excavation costs associated with the proposed bank protection was not
considered in the cost analyses. It was assumed that the relative difference in excavation cost
between bank protection techniques is insignificant. Right-of-way costs were not considered
because this data was not available during concept development. The additional right-of-way
costs associated with the different bank protection techniques is considered incidental by
comparison to the cost associated with the construction of the bank protection.

B18 Simons, Li & Associates, Inc. iiiiiiiiiiiiiiiiiiiiiii.
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The four bank protection systems that were evaluated are: cement stabilized alluvium (CSA),
-gabion mattresses, dumped riprap, and articulated revetment units (ARU). Figure 54 illustrates
typical sections of the individual bank protection systems. The assumed in-place unit costs,
material thickness, and face slope for the four bank protection systems are presented in Table 32.
Salt River channel velocities average 7 to 8 fps for the lOO-year flood event adjacent to the
proposed bank protection alignments. Therefore, the unit cost for CSA was derived assuming
a 500 psi design compressive strength. The other unit costs were derived from similar projects
along the Salt River. The costs estimated for all three alignments assume a standard toe-down
depth of 10 feet for the portions of the alignments outside the influence of existing mining
operations.

Table 32. Bank Protection Unit Costs_1__Ir_I~
CSA2 cu. yd. 21.00 4.45 1.5:1

Gabions cu. yd. 50.00 1.50 2.0: 1

Riprap cu. yd. 20.00 3.00 2.5: 1

ARU3 sq. ft. 5.00 0.75 2.0:1

Notes:
~Material thickness measured perpendicular to the slope.

2 Cement Stabilized Alluvium.
3 Articulated Revetment Units.

Cost estimates for the four bank protection techniques and three alignments are presented in
Table 33. Volume calculations supporting the cost estimates are provided in Appendix G.

Table 33. Bank Protection Cost Estimates.

_ •••••
CSA 47,200 991,000 69,300 1,455,000 47,900 1,006,000

Gabions 19,700 985,000 29,000 1,450,000 20,000 1,000,000

Riprap 47,500 950,000 69,800 1,396,000 48,200 964,000

ARU 355,300 1,777,000 521,500 2,608,000 360,200 1,801,000
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Figure No. 54. Typical Sections of Alternative Bank Protection Systems
for the Salt River
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D. Outfall Channel

1. Open Channel Alternative

The cost estimates for lining the effluent outfall channel assumed that the channel would be
protected to the 100-year Salt River water-surface elevation with one foot of freeboard. The
channel was assumed to have a 35 foot bottom width with 12 foot high banks on a slope of 2 to
1 (horizontal to vertical). Approximately 1,300 feet of the outfall channel requires lining along
the Tolleson Landfill. Utilizing unit costs of $24.00 and $20.00 per square yard for concrete
and shotcrete, respectively, the outfall channel lining costs would range between $260,000. and
$307,000. Supporting quantity and cost estimate calculations for the channel lining alternatives
are provided in Appendix H.

2. Culvert Alternative

It is not possible to quantify a number of costs associated with the culvert alternative due to data
limitations at the concept design level. Some major cost items which cannot be quantified at this
time include the culvert structural design/foundation costs and landfill remediation costs. These
cost items could significantly impact the total cost of the culvert alternative. Reinforced concrete
pipe of the size required for the outfall channel ranges in the vicinity of $400.00 to $500.00 per
linear foot. Assuming a minimum of three pipe culverts to convey the WWTP flow during a
100-year flood, the cost for 1300 feet of triple barrel pipe culvert would cost in the range of $1.5
to $2 million.

B 1M Simons. Li & Associates. Inc.
Water Rcsourcu & Civil Engln~crlngConsultants
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A. Description

1. On-Site Drainage Facilities

Off-Site Drainage Facilities

Two retention spillways in the administration parking lot should be widened to accommodate
storm flows generated from the parking area. Widening the spillways would allow parking lot
runoff to drain in a more efficient manner to the respective retention basins.

The recommended concept for drainage improvements for on-site facilities should provide a level
of service for the 100-year storm and includes the construction of a new retention basin, a block
masonry floodwal1 adjacent to the administration building, and reconfiguration of the plant access
roads along 91st Avenue. The final consideration to upgrade the on-site storm collection system
in the vicinity of the digestor area must be decided by the City. Plant staff have indicated that
the system has been functioning satisfactorily. Should it be decided to upgrade the system, it is
recommended that a level of service be provided for the lO-year design storm and to outfall to
the Salt River.

Ponded access hatches and manhole covers located in paved areas are recommended to be
provided with, at a minimum, watertight doors. The watertight hatches designed for HS20
loading is recommended for below ground vaults, rooms, and access tunnels. Where watertight
hatches are infeasible, raising the access above grade is recommended. The access threshold
should be raised a minimum of I-foot.

General on-site flood improvements include curbing transformer pads, process basin walls,
curbing access thresholds to below ground tunnels, and rehabilitation of existing retention basins.
It is recommended that 83rd Avenue be paved within plant limits to provide all-weather access.

2.
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The recommended concept for drainage improvements for off-site facilities includes the
installation of culverts in the 91st Avenue and 83rd Avenue tailwater ditches that have at least
a hydraulic capacity that matches each canal, respectively.

It is recommended that the 91st Avenue tailwater ditch be improved to provide a level of service
for the lO-year design storm by implementing Alternative 2. Alternative 2 requires new pipe
culverts, channel widening, and a new (supplemental) ditch outfall. It is recommended that the
ANPP pipeline location and elevation be confirmed by potholing prior to design of the
improvements for the 91st Avenue ditch.

The proposed improvements for the 91st Avenue tailwater ditch are part of a dual flood control
system approach. Both on-site and off-site improvements are recommended that in combination
will provide a high degree of protection for access to the plant and to prevent off-site flows from
entering the plant and causing ponding.

B 1M Simons. Li & Associates. Inc.
Wat~r Resour~es &: Civil Engineering Consultanls
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The 83rd Avenue tailwater ditch concept improvement alternative consists of installing a new
pipe culvert to match the existing capacity of the canal. A new outfall is required that will
penetrate the proposed l00-year bank protection for the Salt River.

3. Salt River

Alignment 1 is the recommended bank protection alignment because it provides the most cost
effective protection to the WWTP. Alignment 2 provides approximately 30% more bank
protection in length while increasing costs by approximately 50%.

The preliminary cost analyses indicates cement stabilized alluvium (CSA) is the most cost
effective bank protection method. Following CSA in cost effectiveness is riprap, gabions, and
ARU's respectively. However, there may not be an economical source of rock riprap with
sufficient quantities of angular 12 inch (Dso) material available near the project site. Composite
bank protection sections (Le., CSA/Gabions) were investigated for potential cost savings but were
dismissed because the difference in depth between the 10- and l00-year flood event water-surface
elevations was relatively small.

Initial capital costs presented in previous sections do not account for the total costs incurred by
the City over the design life of the project. Riprap, gabions, and ARU's may require
considerable maintenance following major flood events. CSA requires little if any maintenance
once constructed and is considered a more reliable method of protection, especially in the vicinity
of existing mining operations. CSA also requires less right-of-way than the other techniques
because it can be constructed on steeper slopes. Therefore, CSA is the recommended bank
protection technique for this project.

4. Outfall Channel

The estimated cost of the culvert alternative for the combined plant outfall does not appear
economically feasible when compared with the open channel alternative. Additional major costs
may be incurred by the City which cannot be quantified at the concept level (see Section VI.D).

Shotcrete is the least expensive of the channel lining alternatives but may result in considerable
maintenance. Since the Tolleson Landfill defines the northern limit of the outfall channel, the
embankment supporting the lining on the landfill could settle over time and cause the shotcrete
to fail. Therefore, concrete is the recommended material for lining the outfall channel since
concrete can be designed to be less susceptible to settlement failures.

The City expressed concern about outfall channel lining construction sequencing. SLA contacted
several contractors regarding the construction sequencing of the outfall channel lining. The
contractors confirmed that the outfall channel lining could be constructed without disrupting plant
operations. However, it would be unlikely that the EPA discharge sampling point could be
maintained during construction without expensive pumping costs. It is recommended that the
special provisions for the outfall channel lining construction require the contractor to submit a
construction sequencing plan for approval by the Engineer. The City could also request that the
contractors submit a construction sequencing plan with their bid documents. These requirements

B la Simons, Li & Associates. Inc.
Water ResourC'u &. Civil Englneerlng Consultants
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would enable the City to select a qualified contractor familiar with the project conditions and
EPA requirements.

5. Secondary Sedimentation Basins

Section IV evaluated alternative measures to mitigate the potential for overtopping the secondary
sedimentation basin walls by high flood stages in the Salt River. The recommended mitigation
measure is to raise the Plant II and Plant III secondary sedimentation basin walls by one foot.

The City ofPhoenix is currently undertaking several studies at the treatment plant that potentially
could eliminate plant discharge to the Salt River. If these studies prove feasible, the concern
over high Salt River flood stages on plant hydraulics is eliminated and the basin walls would not
require raising due to backwater effects from the river.

B. Cost· Estimate

Table 34 provides a total cost summary for on-site and off-site drainage improvements, Salt River
protection, and treatment plant operations. A construction contingency of 15 percent is included
in this estimate.

C. Implementation

The construction of the recommended concept flood mitigation improvements will impact the
normal operations and administration of the 91st Avenue WWTP to various degrees. The off-site
drainage improvements will impact plant administration (accessibility) at a minimum level.
Minor inconvenience will be experienced as the 91st Avenue tailwater ditch improvements are
constructed.

The off-site drainage improvements recommended for the 9lst Avenue tailwater ditch should be
constructed prior to the reconfiguration (regrading) of the plant entrances and construction of the
masonry block floodwall. Construction of off-site improvements first will result in plant
entrances being out of service only once (Le.; install new pipe culverts, then regrade plant
entrance).

Implementing the 83rd Avenue tailwater ditch improvements will depend on the termination point
of the new Salt River leveelbank protection. If the new Salt River bank terminates upstream of
83rd Avenue, the tailwater ditch improvements (the new ditch outfall with flapgate) should be
constructed concurrently. Paving 83rd Avenue can be concurrent with the tailwater ditch
improvemerits.

On-site drainage improvements related to the 91st Avenue tailwater ditch (entrance regrading,
floodwall) should be constructed immediately or soon after the completion of the off-site
improvements to the ditch. The construction of the floodwall will require the removal of the
existing oleander hedge along the ditch. It is recommended that a replacement for the hedge be
installed after the construction of the floodwall.

JJ III Simons. L1 & Associates. Inc.
Water Resources &: Civil Englneerln~Consultants



Table 34. Total Cost Summary of Flood Mitigation Measures.

438,350

222,000

68,640
7,860

34,260
110,760

991,000

307,000

9,200
31,110
10,000
50,310

78,300
4,800
7,340

226,910
20,000
15,000
86,000

1,298,000

2,169,420
325,400

2,494,833
299,380

$2,794,200

Subtotal

Basin Wall Modification
Subtotal

Construction Total
Contingency (15 %)

Subtotal
Engineering and Administration

Grand Total
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New Culverts at Entrance
New Outfall to Salt River
Channel Rehab

Subtotal

Reconfigure Plant Entrances
Floodwall along 91st Avenue
New Retention Basin
Replace Digestor Area (l)
Storm Drain System
Rehab Retention Basins (4)
Access Hatch Modification
Pave 83rd Avenue (Y2 mile)
Transformer Pads (2)

Subtotal

Segment 1, Alignment 1
(Cement Stabilized Alluvium)
Effluent Outfall Channel
Concrete Lining

New Culverts at Entrances
Widen Channel to 12 feet
Supplementary Outfall

Subtotal

83rd Avenue

On Site Drainage

Off-Site Drainage:
91st Avenue

Waste Water
Treatment Plant

Salt River
Bank Protection
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The normal construction sequence for CSA bank protection is to construct the upstream
termination first and then continue downstream. This method of construction prevents flood
flows in the Salt River from outflanking the levee/bank protection construction.

At-grade access hatches and manholes that are directly impacted or potentially impacted from on­
site ponding should be prioritized according to which entryway should be addressed first.
Administration building tunnel accessways, doors, or hatches should be raised where the access
entry is located in landscaped areas.

An implementation schedule for the recommended flood mitigation concept is provided in Figure
55. The construction window assumes favorable Salt River flow and groundwater conditions.
Should Salt River or off-site flooding occur or high groundwater be encountered during
construction, the construction time frame will lengthen.

Section IV evaluated alternative measures to mitigate the potential for overtopping the secondary
sedimentation basin walls caused by high flood stages in the Salt River. The recommended
mitigation measure is to raise the Plant II and Plant III secondary sedimentation basin walls by
one foot. The impact of constructing the additional wall height will be disruptive to normal plant
operations due to tight site constraints.
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The westerly terminal length of the new levee/bank protection for the Salt River and the new
lining of the effluent outfall channel will require concurrent construction. The existing Salt River
levee fronting the effluent outfall channel will be removed. The method of diverting discharges
from the chlorine contact chambers should be developed by the contractor subject to the
engineer's approval. The new effluent outfall channel can then be constructed as well as the Salt
River levee and bank protection. Once construction is completed for the effluent outfall channel
the chlorine contact chambers may then be re-diverted into the channel.
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Phase I
i) Off-site improvements to

91 st Avenue tailwater ditch
ii) On-site improvements to

91 st Avenue tailwater ditch
iii) Remaining Onsite

Improvements
* Improve access hatches
* Rehab retention basins
* Pave 83rd Avenue
* New retention basin
* Basin Wall Modification

Phase II
Salt River Levee/Bank
Protection/Lining of Effluent
Outfall Channel
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