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. INTRODUCTION

Purpose

The purpose of this appendix is to document the hydrologic and hydraulic analyses
completed in support of the Rio Salado Oeste Feasibility Study. The goals of the
hydraulic analysis were to develop a one-dimensional model of the Salt River study
area and model the conditions associated with the Existing Condition, Future Without
Project Condition and the conditions associated with selected With Project
alternative.

Description of Study Area

The Rio Salado Oeste study area is located within Maricopa County in central
Arizona, the area has a general east to west orientation. The study area includes the
section of the Salt River that begins at 19™ Ave on the east side of the study area and
extends downstream to the west for a distance of approximately 9 miles, Figure 1.

The study area is within the jurisdiction of the City of Phoenix, Maricopa County,
Arizona.

The channel of the Salt River within the study area contains several active and

. historic sand and gravel mining pits. There are active and inactive landfills along the
north bank and there are storm drains and irrigation drains that discharge to the
channel

The Salt River was a perennial stream until the construction of upstream dams, with
associated reservoirs, regulated the flow. There are four dams on the Salt River and
two dams on the Verde River, a tributary to the Salt River. These structures have
changed the hydrologic condition of the Salt River below Granite Reef Dam into an
ephemeral river. Granite Reef Dam is a diversion structure, not a water storage or
flood control structure. This dam diverts the flow in the Salt River into two major
irrigation canals. The flood flows vary in duration, quantity and magnitude depending
on the nature of the flood
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Figure 1: Study Area

. DISCHARGE-FREQUENCY ANALYSIS

The Salt River is characterized by infrequent events, spilling over, on average, once
every three years. The maximum rate of flow for each event was determined based
upon a water control plan developed for the flood control pool at Modified Theodore
Roosevelt Dam. The analysis is described in Corps of Engineers report prepared by
the Los Angeles District, (USACE, 1996a). The following table shows the maximum
discharge simulated for historic flow events from 1914 to present.
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Table 1. Summary of Simulated Salt River Flows.

Period of Period of Flow Event Maximum
Flow Flow Daily Average Flow
Start Date End Date (cfs)
2/7/1914 7/2/1914 15,800
1/29/1915 8/18/1915 18,700
1/15/1916 5/15/1916 79,100
9/8/1916 2/4/1917 21,100
4/17/1917 5/15/1917 23,400
3/7/1918 3/26/2018 28,400
11/25/1919 13/14/1919 46,200
1/4/1920 4/25/1920 87,800
12/26/1921 1/9/1922 24,100
2/8/1922 2/18/1922 10,000
3/16/1922 4/10/1922 18,000
9/18/1923 9/22/1923 24,100
12/26/1923 1/8/1924 42,800
3/31/1926 4/16/1926 28,800
2/14/1927 3/19/1927 49,800
9/12/1927 9/20/1927 16,200
4/4/1929 4/19/1929 17,200
2/12/1931 2/20/1931 22,900
2/9/1932 3/29/1932 48,700
2/6/1937 3/25/1937 36,981
2/28/1939 3/17/1939 58,739
2/5/1941 5/25/1941 32,206
12/21/1965 1/12/1966 64,000
2/20/1973 6/5/1973 22,273
2/28/1978 4/11/1978 95,800
12/16/1978 4/19/1979 110,000
1/29/1980 6/3/1980 137,725
2/2/1983 6/17/1983 30,000
9/27/1983 10/24/1983 39,878
12/24/1983 1/24/1984 11,200
12/21/1984 6/1/1985 25,604
12/22/1991 6/21/1992 12,898
8/21/1992 9/8/19992 13,615
12/28/1992 6/4/1993 99,396
1/20/1995 5/2/1995 53,316

A flow frequency distribution information set was developed for the Salt River Rio
Salado Oeste study reach based on the dammed Modified Theodore Roosevelt
operating condition. The following Table 2 summarizes the discharges that were
analyzed for this study’s hydraulic models. Note, changes in flow between the two
river stations are due to storage effects within the effected floodplain.




Table 2. Flow Frequency for Salt River.

Return Period Upstream limit at River River Station
Station 211.52 205.52
(cfs) (cfs)

5 —Year 20200 20000

10 - Year 53000 87000
20 - Year 87000 84000
50 - Year 135000 132000
100 - Year 166000 164000
200 - Year 202000 200000
500 - Year 240000 237000

The average rainfall for the Phoenix area is summarized in the following Table. 3

The information for this rainfall data was extracted from rainfall recorded at the
Phoenix Sky Harbor Airport located seven miles east of the downstream section of
the study area. However, its important to note that summer thunderstorms can
produce local precipitation that exceeds the monthly average which can result in local
flooding of streets, drainage channels and washes. The intensity and duration of the
precipitation varies depending on the location of the individual storm cells. Therefore,
a maximum amount of rainfall at Sky Harbor from a storm may be greater or less than
the amount that occurs within the project area.

Table 3. Rainfall Pattern for the Phoenix Area

Month Rainfall in Inches
January 0.67
February 0.68
March 0.88
April 0.22
May 0.12
June 0.13
July 0.83
August ’ 0.96
September 0.86
October 0.65
November 0.66
December 1.00
Annual Total 7.66




RUNOFF DISCUSSION

The winter months are typically when large regional storms or series of storms occur.
These storms may include an accumulation and subsequent melt of the snow pack in
the Salt River and Verde River watersheds and result in the releases of water into the
Salt River system that can flow over Granite Reef Dam into the study area. While the
river stages may be high for an extended period, the quantity and intensity of
accompanying storm precipitation is generally reduced in the lower elevations,
including the study area.

During the middle to late summer months the monsoon storm pattern is typical. These
storms produce intense, short-duration thunderstorms with significant precipitation.
During these storms the river stages are low because the storms are localized and
because the upstream reservoirs usually have the capacity to store the local runoff
from the watershed.

Interior drainage is an assessment of the storm water runoff that accumulated on the
up gradient side of levees. But, since the Rio Salado Oeste study reach does not have
any significant levees or flood control structures, there are no interior drainage
conditions to address. However, there are side drains that outfall into the Salt River
within the study area. These drains were evaluated in terms of location and estimated
discharge quantity and a more detailed discussion of this topic is presented in the
Water Balance Section of these Appendixes.

Table 4 below illustrates an example of typical hydraulic flow conditions at selected
locations within the study reach. This pertinent hydraulic information was extracted
from the Baseline Without Project 100-Year flood frequency event condition.

Table 4: Selected Cross Section Pertinent Hydraulic Information Data for Baseline Without
Project 100-Year Frequency Event Condition

Location River Min.Channel |  Water Critical Slope Velocity
Description | Station Elevation Surface Water (ft/ft) Channel
In Miles (ft) Elevation | Surface (ft/s)
(f) (ft)
19™ Ave 211.51 1021.8 1043.8 1037.9 0.002129 15.6
27" Ave 210.44 1017.6 1040.7 1028.8 0.000521 7.4
35™ Ave 209.54 1019.6 1036.6 1035.9 0.003416 13.9
43" Ave 208.48 1007.6 10213 1017.8 0.001756 8.4
51° Ave 207.53 999.2 1012.6 1008.1 0.001041 75
59™ Ave 206.51 990.2 1002.1 999.9 0.002356 10.4
67tﬁ Ave 205.52 975.9 994.0 987.0 0.000516 5.7
75™ Ave 204.42 971.4 985.5 982.8 0.002884 9.6
83" Ave 203.48 962.1 975.8 972.0 0.001186 6.5




. STUDY METHODOLOGY
Analysis Tool

The HEC River Analysis System (HEC-RAS), Version 3.1.1, was used for the
modeling (USACE, 1998a). A series of eight flow profiles were developed for each
model based on the 5, 10, 20, 50, 100, 200 and 500 —Year Flood Frequency Events.

Determination of Manning’s Roughness Coefficient

The Existing Condition Manning’s roughness coefficients (“n”” values) were used for
the initial channel conditions in the models. The USACE calculated the “n” value of

the different environmental features by the procedure where “n” may be computed
by:

n=(np +n; +ny + n3 + ng)ms

Where ng is a basic “n” value for a straight, uniform, smooth channel in the natural
riverbed materials. Then n; is added to correct for the effect of the surface
irregularities, n; is added to account for variations in shape and size of the channel
cross-section, ns is added for channel obstructions and ny is a value added for

. vegetation and flow conditions. The ms value is to correct for the meandering of the

channel. In this study the Existing Condition Manning’s “n” value varied from 0.028
to as much as 0.2 (West, 2002).

Environmental Features

The Rio Salado Oeste study area has locations where there is existing vegetation
supported by precipitation, seepage, periodic flood flows, stormwater runoff. The
USACE project design developed three alternatives in support of the Feasibility
Study F4 Milestone. The goals of these three alternatives were to: 1) increase the
native riparian vegetation: 2) increase the vegetation connectivity; and 3) stabilize
bank sections where needed. A mixture of four environmental features were
incorporated into these With Project alternatives. These four principle environmental
features are classified and denoted as Cottonwood/Willow, Mesquite, Wetlands, and
River Bottom.

Cottonwood/Willow (CW). The existing CW stands are located near saturated soil
conditions near river overbank areas. CW a water table within 25 feet of the land
surface or supplemental irrigation will be required to support the vegetation. Initial
plantings will require irrigation to achieve a high survival rate. Once established, CW
areas will need drip irrigation or water from the Surface Braided Irrigation Network
(SBIN) to supply water. Uneven grading of the river bottom and overbank areas to

‘ create pockets to retain water will help maintain the CW. In the model, the CW areas
were assigned an “n” value of 0.098.




~ Mesquite (MS). The MS vegetation is commonly located about 5 to 20 feet above the
river channel. The water table must be within 30 feet of the surface to support
established MS. Irrigation will be needed to help the MS get established but then
flood irrigation or water from the SBIN will support the vegetation. In the model, MS
was assigned an “n” value of 0.073.

Wetlands (WT). The WT areas can include open water, submerged vegetation and
muddy shorelines. These features require a high water table at or near the surface or
may need to be lined to retain water from other sources. The WT features will require
excavation in the riverbed to construct the basins and this changes the configuration
of the channel bed. Some WT features may need both inflow and outflow channels.
The WT areas were assigned an “n” value of 0.048.

River Bottom (RB). RB will require some reshaping to fill in large depressions and to
create mounds to reduce flood flow impacts to the restoration features. The RB areas
may be hydro-seeded with native river bottom shrub and grass species but this
vegetation should not impact the hydraulic capacity of the river. The “n” value
assigned for RB was 0.035.




. Structural Features

There are several structural features within the study area that have been identified as
bridges, sand and gravel mining operation sites, and a grade control structure.

The principle bridges in the study area are identified at the River Mile stations shown
in Table 5 below. Also, there is a single buried grade control structure in the Salt

River immediately located downstream of the 91°" Avenue Road Bridge.

Table 5: Bridges with the Rio Salado Oeste Study Reach

Bridges Name River Station
19™ Avenue Bridge 211.52
Conveyor Bridge at 27" Avenue | 210.43
35™ Avenue Bridge 209.53
51% Avenue Bridge 207.48

Finally, there are a number of active sand and gravel mining operations within the
Salt River floodplain of the subject study reach. The locations of these operations are
largely between 51° and 35™ Avenues and are shown in Figure 2 below.

. HYDRAULIC ANALYSIS & RESULTS

A hydraulic analysis of the existing and future without project conditions were
developed using the HEC-RAS River Analysis System modeling process. The initial
hydraulic analyses were based on a digital terrain model generated from aerial
survey’s completed in December of 2001. But, since active mining has continued to
change the basic terrain along the Salt River floodplain after the December 2001 date,
the initial Baseline Without Project model did not reflect this revised condition.
However, to account for this ongoing projected mining condition, the Baseline
Without Project model was modified by adjusting the current and potential sand and
gravel impacted areas by assuming a final mined out “footprint” condition. Once the
Baseline model had been revised to reflect the future mined condition, then With
Project alternatives were subsequently developed. There were three environmental
alternative concepts that were developed by the study team and carried forward in the
evaluation process. These three alternatives were assessed in terms of their respective
level of habitat value and identified as Alternative “High”, Alternative “Medium”,
and Alternative “Low”. '

Without Project Modeling
Initially, West consultants completed a hydraulic analysis of the existing without

. project conditions using HEC-RAS (West, 2002). A 1-dimensional model of the
reach was created using HEC-RAS and the HEC-GeoRAS extension in ArcView 3.2a




(Environmental Systems Research Institute, Inc). The cross section geometry for this

~model was obtained from the TIN using the same cut lines utilized in the FEMA
Flood Insurance Study (FIS) model prepared originally by Michael Baker Jr., Inc.
However, The WEST hydraulic analysis was based on a digital terrain model
generated from updated aerial surveys completed in December of 2001. Finally, the
results generated from the West existing model is referred too as the Existing
Condition Baseline Model (again prior to WEST 2002 work).

Within the study reach, the Baseline Existing Condition HEC-RAS 100-year water
surface elevation results are generally lower than the corresponding elevations in the
FEMA Flood Insurance Study (FIS) model prepared by Michael Baker Jr., Inc. The
difference in the water surface elevation can be attributed to different geometric cross
section information. The FIS model geometry was reported to be based upon aerial
surveys flown in 1992 and 1993. In WEST’s Baseline Existing Condition model, the
cross section floodplain geometry was updated between River Mile Stations 211.51 to
216.53 with one-foot contour interval mapping developed from aerial information
flown in1998. In general, the comparative channel inverts for the updated cross
sections were on the order of three to four feet lower than those contained in the
Baker model.

Future Without Project Modeling
With Future Mining

The City of Phoenix has acquired a large portion of the section of river from 35™ to
51°" Avenues and will be leasing the area for sand and gravel extraction. The goal of
that plan is to allow mineral extraction while leaving the river cross section in a
suitable state for restoration. The cross-section in this reach for future conditions is
based upon the plans in development by the City. This area is approximately between
River Station 207.62 to 209.24 (about 500 feet downstream from the 35™ Avenue
Bridge) and is shown in Figure 2 below.
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Figure 2: Location of New Mining Operation

The updated revised Existing Condition Baseline model for the Salt River between
51% and 35™ Avenues reflects this future mining activity as of target year 2011.
These significant channel thalweg depressions can be seen in Figure 3 below.

The associated impact on the channel and overbank in terms of modeled Manning’s
roughness coefficients (“n” value) were established at 0.025 and 0.043 respectively.

The peak discharges presented in the Discharge Frequency Analysis section of this
appendix were used in both the Baseline Conditions and Without Project Condition
model simulations.

For the 100-year frequency discharge event, the Future Baseline Without Project
Condition water surface elevations were compared to the original Baseline Without
Project model results. The comparative resultant water surface profiles are shown in
Figure 3 below.
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Figure 3: Without Project 100-year Water Surface Profiles for With- and Without
Future Mining Operations Between River Mile Stations 209.04 to 209.88.

It was assumed that the channel Manning’s roughness coefficient and the ineffective
flow areas did not change from the Existing Without Project Baseline Condition or
Existing Future Without Project Baseline Condition throughout most of the study
area.

With Project Modeling
Determination of Manning’s Roughness Coefficient

The maximum Manning’s roughness coefficient (n value) that can be used in the
environmental restoration area without affecting the channel capacity was determined
and was correlated to plant density (or % obstruction across the cross-section). This
was accomplished by using normal depth calculations for typical cross-sections along
the study reach. Then the n value was varied horizontally across each cross-section;
i.e., the n value was set equal to 0.032 for the low flow channel segment while it was
varied for the vegetated area.

Discharge frequency values for with project condition

The 100-year discharge of 166,000 cfs was used to design the With Project Salt River
floodway through the study reach. Incorporated in this design phase was the need for
a low flow channel feature capable of conveying 20,200 cfs. Details on this latter

feature will be discussed under the “Low Flow Channel” section of this appendix. .
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. Structural Features

For the With Project Condition analyses, a number of structural features were
incorporated into each of the alternative evaluations. These structural features
included to some degree a low flow channel, a grade control structure, wetland
creation, and some type of surface braided irrigation network. The structural
descriptions provided are only preliminary and will be developed more thoroughly, if
necessary, during the Preliminary Engineering and Design Phase (PED).

Low Flow Channel

A low flow channel was included in the design along two segments of the Rio Salado
Oeste study reach. Specifically, a low flow channel was designed between River
Mile Station 203.39 to 207.43 and another segment between River Mile Station
209.53 to 211.52. Essentially, these two low flow segments extend downstream and
upstream to the study limits from 51% and 35™ Avenues respectively. Both
subreaches are shown in Figure 4 below.

Legend . N
T T T T T T T B8 Low flow channel
0 2700 5400 10800 Feet [ ] 100- year flood event

Figure 4: Low Flow Channels

. The primary purpose of the low flow channels are to restore the active river channel
to a more natural state based on hydraulics and geomorphology. This may include
grading and excavation to recreate the natural channel dimensions. Design of the

12




channel will be for ecosystem and hydraulic connectivity between upstream and .

_downstream reaches, lowering flood profile, and providing stable channel to
minimize erosion. That design will include a combination of single and braided
channels based upon site conditions to increase overall conveyance within the Salt
River floodway to offset the increased roughness caused by new vegetation being
proposed in the main channel and to collect excess irrigation water that could be used
to irrigate wetland habitat and river bottom areas. The low flow channel was
designed to convey 20,200 cfs (approximately a 5-year peak event). This target
discharge was incorporated into the design to match the low flow channel conveyance
associated with the Rio Salado Phoenix reach immediately upstream of this study.
Initial channel dimensions were based on the following general constraints: 1) an
average bottom width varying between 300 to 800 feet; 2) an average flow depth of 5
to 10 feet; 3) a design slope of 0.14%; 4) constructed side slope of 1 vertical for 3
horizontal; and 5) a channel n value of 0.032. The low flow channel was configured
to follow the existing river thalwag. Finally, the channel design does not incorporate
any lining or low flow guide or containment structures and as such, there will be
some expected lateral channel migration associated with this project feature.

Grade Control Structure

Current and projected mining along the Salt River within the study area has or will
create several large depressions. Evidence of a typical depression is identified in
Figure 5 below. As expected, these areas have significant flow conveyance and
sediment transport impacts within the floodplain. As a minimum, these large
depressions alter the hydraulic conditions that translate into riverbed scouring and/or
deposition upstream and downstream of their locations and can also potentially
induce bank instability concerns as well.

13
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Figure 6: Steep Vertical Drop at 35™ Avenue

As a direct result of the large depression downstream of 35™ Avenue, there is a 16 to
18 foot thalweg grade break differential. The vicinity of this grade break (future
gravel pit mining induced) location is shown in Figure 6 above. In the likelihood
that a head will propagate upstream and undermine the 35™ Avenue Bridge area, a
grade control structure is being recommended to prevent this particular scenario from
occurring.
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Figure 7: Proposed Location of Grade Control Structure

The proposed grade control structure would be located at approximate River Mile
Station 209.42, as shown in Figure 7 above. The proposed grade control structure
would extend across the full width of the floodway channel. Preliminary analyses
indicate that there would be a requirement for toe protection to extend approximately
27 feet below low flow channel invert.

While the low flow channel is designed to convey 20,200 cfs (approximately a 5-year
peak event), the grade control structure would be designed to withstand the 100-year
frequency flood peak event. Tentatively, the grade control structure would be
constructed out of roller compacted concrete (RCC) and would be similar in design
that the two structures that are currently incorporated in the Rio Salado Phoenix
project immediately upstream.

Project Features

Initially, the principle environmental project feature alternatives were developed by
the study manager in close coordination with the local sponsor. These project
features evolved into three distinct alternatives that were closely tied to the density
level and site specific location of vegetation patterns throughout the study reach.
These three unique vegetation alternatives were identified and classified as “High”,
“Medium”, and “Low”. As a further refinement and development of a final
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recommended alternative, the study team elected to proceed exclusively with the
“High” Alternative option with its associated project features.

As discussed earlier, a HEC-RAS model was developed to assess the “with project”
impacts on the Baseline Future Condition Without Project condition. The vegetation
layout plan associated with this “High Alternative” is displayed in Figure 8 below.
The vegetation types incorporated in this alternative included Cottonwood/Willow
(CW), Emergent Wetlands (WT), and Mesquite (MS).

Legend
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|| Emergent Wetlands ‘<%>
Mesquite

Figure 8: “High Alternative” Environmental Project Features

To properly simulate the with project conditions several changes had to be made to
Existing Future Without Project Baseline condition model. Essentially, these changes
involved modifications to the original model’s ineffective flow areas and adjusting
the n values where necessary. With respect to this latter item, n value in the channel
and overbank on the floodplain terrace were increased to 0.037 and 0.043
respectively. The increases were required to offset the additional roughness
associated with greater surface irregularities, channel cross section variation, and
more increased vegetation channel obstruction.
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With Project Results

Multiple Discharge Analysis

Since the With Project water surface profiles associated with the 5-, 10-, 20-, 50-,
200-, and 500-year frequency flood events are similar to that of the 100-year
frequency flood event with the exception of magnitude, only the 100-year With
Project model results were displayed in this document. Figure 9 below captures the
With- and Without Future Condition water surface profile for subject study reach.
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Figure 9: 100-Year Event Water Surface Profile




100-Year Event Discharge Analysis

| Corresponding Table 6 below shows pertinent hydraulic 100-year flood frequency
event peak discharge information for both With- and Without Project conditions.

Table 6: 100-Year Flood Frequency Event Peak Discharge Analysis for With- and Without
Project Conditions

River Q (cfs) Water Surface Elevation Minimum Channel Water Depth Average Velocity

Station (ft) Elevation (ft) (ft/s)
(ft)
W/0 w/ W/0 w/ W/O W/ W/0 w/

211.51 166000 1043.81 1040.23 1021.8 1021.82 22.01 18.41 15.62 22.47
211.41 166000 1043.58 1036.49 1018.3 1018.17 25.28 18.32 13.33 21.89
211.31 166000 1043.16 1038.2 1020.8 1016.88 22.36 21.32 12.14 12.84
211.21 166000 1043.01 1037.93 1021.1 1016.29 21.91 21.64 9.9 10.67

211.12 166000 1043.24 1038.37 1015.67 1015.71 27.57 22.66 7.03 6.28

211.02 166000 1042.41 1038.06 1019.35 1015.59 23.06 22.47 9.11 6.33

210.93 166000 1041.86 1037.97 1018.71 1015.56 23.15 22.41 9.58 5.58

210.83 166000 1041.55 1037.79 1019.14 1015.21 22.41 22.58 9.08 5.54

210.74 166000 1041.48 1037.59 1018.18 1015.01 23.3 22.58 7.75 5.22

210.64 166000 1041.32 1037.35 1017.72 1014.78 23.6 22.57 7.34 5.49

210.55 166000 1041.15 1037.14 1018.02 1013.99 23.13 23.15 6.99 4.9

210.46 166000 1041.05 1036.93 1016.27 1013.47 24.78 23.46 6.49 5.2

210.44 166000 1040.77 1036.6 1017.63 1013.53 23.14 23.07 7.4 71

210.43 166000 1040.6 1036.36 1017.52 1013.51 23.08 22.85 7.5 7.11

210.36 166000 1040.44 1035.67 1017.39 1013.92 23.05 21.75 6.74 8.23

210.26 166000 1040.37 1035.59 1016.87 1014.21 23.5 21.38 5.55 6.72

210.17 166000 1040.29 1035.41 1014.74 1013.98 25.55 21.43 4.85 6.21

210.07 166000 1040.28 1035.45 1018.47 1013.5 21.81 21.95 3.73 4.41

209.98 166000 1040.04 1035.11 1018.07 1013 21.97 22.11 4.65 5.54

209.88 166000 1039.78 1034.63 1014.72 1011.65 25.06 22.98 5.23 6.02

209.79 166000 1039.7 1034.34 1020 1007.14 19.7 27.2 4.74 5.28

209.69 166000 1039.49 1034 1019 1006.78 20.49 27.22 5.18 5.66

209.6 166000 1039.18 1033.23 1016.38 1006.68 22.8 26.55 6.42 7.85

209.54 166000 1036.67 1027.51 1019.64 1006.41 17.03 211 13.94 19.06

209.53 166000 1035.88 1025.83 1019.65 1005.91 16.23 19.92 15.43 20.41

209.42 166000 1033.54 1023.93 1019.56 1009.83 13.98 14.1 13.47 17.77
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209.33 166000 1031.92 1025.78 1019.07 996.09 12.85 29.69 12.55 8.72
209.24 166000 1029.65 1025.72 1017.41 996.09 12.24 29.63 14.08 8.75
209.14 166000 1028.58 1020.91 1014.45 1005.5 14.13 15.41 11.42 18.88
209.04 166000 1028.34 1016.84 1012.24 1004.31 16.1 12.53 8.72 19.42
208.95 166000 1027.44 1019.15 1013.05 1003.61 14.39 15.54 9.57 6.28
208.85 166000 1026.09 1018.42 1013.35 1002.9 12.74 15.52 9.79 8.12
208.75 166000 1025.17 1018.4 1011 1001.96 14.17 16.44 8.92 5.75
208.67 166000 1023.79 1018.2 1010 1001.5 13.79 16.7 10.06 5.2

208.57 166000 1021.83 1018.21 1010 1000 11.83 18.21 11.58 3.97
208.48 166000 1021.28 1017.83 1007.62 1000.1 13.66 17.73 8.44 5.59
208.39 166000 1020.35 1017.4 1005.57 999.4 14.78 18 8.58 6.84
208.29 166000 1019.47 1015.88 1004.7 998.7 14.77 17.18 8.13 10.81
208.19 166000 1018.78 1015.63 1004.66 998.1 14.12 17.83 7.4 9.11

208.1 166000 1017.96 1015.06 1001.33 997.5 16.63 17.56 7.23 8.18
207.99 166000 1016.85 1013.79 999.85 996.79 17 17 7.85 9.66
207.9 166000 1016.26 1013.29 1000.76 996.1 19.5 17.19 6.73 8.55
207.8 166000 1015.28 1012.01 999.08 995.4 16.2 16.61 7.69 9.67
207.71 166000 1014.31 1012.14 1000.34 994.6 13.97 17.54 8.15 5.48
207.62 166000 1012.94 1012.11 1000.23 993.89 12.71 18.22 9.61 4.06
207.53 166000 1012.59 1011.93 999.27 993.1 13.32 18.83 7.48 4.32
207.49 166000 1012.38 1011.58 999.41 992.49 12.97 19.09 7.48 4.85
207.48 166000 1012.05 1009.08 999.23 992 12.82 17.08 7.72 5.4

207.43 166000 1011.14 1008.14 999.03 994.37 12.11 13.77 9.33 8.87
207.34 166000 1010.29 1006.55 996.54 994.96 13.75 11.59 9.8 8.7

207.27 166000 1008.74 1005.33 993.27 994.04 15.47 11.29 11.1 9.04
207.16 166000 1007.7 1004.87 992.67 992.99 15.03 11.88 9.58 10.49
207.07 166000 1006.06 1004.52 992.78 991.22 13.28 13.3 11.78 11.74
206.97 166000 1005.79 1004.24 992.7 988.96 13.09 15.28 8.32 11.6
206.88 166000 1005.42 1004.24 992.6 987.06 12.82 17.18 7.69 9.2

206.79 166000 1004.38 1004.13 993 985.13 11.38 19 9.34 8.25

206.7 166000 1004.1 1003.52 991.2 . 985 12.9 18.52 72 7.01

206.6 166000 1003.43 1001.83 990.5 984 12.93 17.83 7.88 5.33

206.51 166000 1002.1 1002.53 990.2 983 11.8 19.53 10.43 4.94

206.41 166000 1001.2 1002.24 988.8 982 12.4 20.24 9.49 6.72

206.32 166000 1000.48 1002.13 987.4 981 13.08 21.13 8.09 10.19
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206.22 166000 999.54 999.3 986 980 13.54 19.3 8.06 4.35

206.13 166000 998.57 998.7 984.62 982.17 13.95 16.53 7.99 5.46

206.03 166000 996.94 996.4 984.67 981 12.27 15.4 9.84 4.41

205.94 166000 995.95 995.19 981.52 979.16 14.43 16.03 8.08 12.42

205.84 166000 995.38 994.95 979.54 979.43 15.84 15.52 6.8 9.62

205.75 166000 994.73 994.24 973.88 977.85 20.85 16.39 7.06 11.86

205.62 166000 994.28 993.77 975.97 977 18.31 16.77 6.18 7.69

205.52 164000 994.03 992.52 975.91 975.96 18.12 16.56 5.68 4.57

205.43 164000 993.74 992.42 976.08 974 17.66 18.42 5.99 6.4
205.4 164000 993.73 992.38 975.49 971.93 18.24 20.45 5.29 4.43
205.34 164000 993.37 991.92 972.7 971 20.67 20.92 6.53 7.6
205.25 164000 992.88 991.53 973.42 971 19.46 20.53 6.93 6.26
205.15 164000 | 991.15 989.72 973.07 971 18.08 18.72 10.75 5.36
205.06 164000 989.65 988.77 970.41 970 19.24 18.77 10.77 6.94

204.97 164000 990.01 989.18 967.59 969.5 22.42 19.68 5.62 6.87

204.87 164000 989.45 988.93 968.08 969 21.37 19.93 6.94 10.73

204.78 164000 989.39 988.71 967.6 968.5 21.79 20.21 5.08 10.63

204.68 164000 988.71 988.11 971.32 967.59 17.39 20.52 7.22 6.04

204.61 164000 987.92 986.75 972.56 968.03 15.36 18.72 8.55 5.94

204.53 164000 987.03 984.13 972.73 967.6 14.3 16.53 8.73 4.17

204.42 164000 985.49 982.18 971.4 965.54 14.09 16.64 9.64 5.99

204.34 164000 982.74 980.67 969.27 966.95 13.47 13.72 1219 7.82

204.25 164000 981.35 979.71 967.99 968 13.36 11.71 10.54 10.72

204.15 164000 981.23 979.47 965.87 965.98 15.36 13.49 7.14 11.42

204.05 164000 980.23 978.78 964.99 963.54 15.24 15.24 8.49 11.45

203.96 164000 977.57 977.29 964.14 963 13.43 14.29 11.99 10.24

203.86 164000 977.66 9771 962.22 962.49 15.44 14.61 6.92 7.39

203.77 164000 977.24 976.75 963.26 961.89 13.98 14.86 6.5 7.69

203.67 164000 976.81 976.46 962.27 961.6 14.54 14.86 6.47 9.81

203.58 164000 976.33 975.95 962.07 961.08 14.26 14.87 6.54 6.76

203.48 164000 975.83 975.68 962.18 961.08 13.65 14.6 6.48 6.15

203.39 164000 975.18 975.14 959.89 960.06 15.29 15.08 6.57 5.85

W/ -With Project condition
W/O -Without Project condition
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Minor Water Surface Anomalies

The only significant changes that occurred when introducing the With Project
features on the Existing Future Without Project Baseline conditions were observed
between River Mile Stations 206.13 to 206.32. The water surface profile through this
area is displayed in Figure 10 below while the corresponding water surface elevation
differentials are shown in Table 7.
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Figure 10: 100-Year Flood Frequency Event Water Surface Profile for River Station

between 206.13 and 206.32

Table 7: 100-Year Flood Frequency Event Comparative Water Surface Elevation

Differentials Between River Mile Station 206.32 to 206.13

River 100- year Project Minimum Water Difference in
Station event Condition Channel Surface Water
discharge Elevation Elevation Surface
(cfs) (ft) (ft) between W/
and W/O
(ft)
206.32 166000 W/O 987.40 1000.48
206.32 166000 W/ 981.00 1000.82 0.34
206.22 166000 W/O 986.00 999.54
206.22 166000 W/ 979.16 1000.34 0.80
206.13 166000 W/0 984.62 998.57
206.13 166000 W/ 979.43 998.70 0.13

W/ - With Project condition

W/O — Without Project condition
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A detailed assessment of the areas in which the With Project water surface elevations .
_are higher than the Without Project Baseline conditions is noted in the accompanying

effected River Mile cross sections. Upon a closer examination of Figures 11,12, and

13 below indicate that there would be minimal flood damages since the overbanks are

essentially higher in both the With- and Without Project condition.
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Figure 13: Cross Section at River Mile Station 206.13

However, if flood damages are in fact significantly increased, then further hydraulic
modifications will be made during the later feasibility phases to accommodate a more
acceptable pre-project condition.

Stations 203.39 to 207.48 and also from River Mile Stations 209.53 to 211.51 as a
direct result of the incorporation of a low flow channel feature. Finally, the water

Overall With Project water surface elevations were decreased from River Mile '
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. surface elevations were also decreased between River Mile Station 207.62 to 209.42
~as a direct consequence of channel mining activity.

SEDIMENTATION ANALYSIS

Without Project

A detailed Without Project sediment analysis was not performed for this study.
Instead, it was decided to take advantage (if possible) of existing sediment analyses
that had recently been performed by the Corps of Engineers on the Salt River for
several ongoing environmental restoration projects adjacent to the Rio Salado Oeste
study reach. Specifically, this involved the extrapolation of sediment information
from the immediate upstream Rio Salado Salt River, Arizona (Phoenix) Project (for
the City of Phoenix) and the immediate downstream Tres Rios, Arizona PED (also for
the City of Phoenix) Project (currently in the plans and specs phase of development).
In examining the respective without project sediment transport analyses for each of
these two bordering projects, they both indicated that their respective reaches were
reasonable stability in terms of sediment transport equilibrium (+/- 2 feet in bed
movement during the 100-Year Frequency Flood event). Therefore, it was intuitively
assumed that the middle Rio Salado Oeste reach would also be reasonably stable as
well.

‘ With Project

Due to time constraints a detailed sediment transport analysis was not completed for
the with project conditions phase of the study. The Without Project sedimentation
analysis and with project hydraulic results were used to assess the With Project
sedimentation trends.

Based on existing sediment transport information from the project described above,
the study reach appeared to be stable, i.e., non-deposition or aggradation mode.
Therefore, no design allowance was made at this time for sediment deposition or
aggradation in the channel. Normal depth was used to size the low flow channels.
Geometry data was taken from the topography supplied by Michael Baker Jr.
Engineers (reference ¢). The low flow channel alignment was designed to meander
across the existing channel bed in order to avoid the proposed channel access points.

The low flow channel velocity was limited to 6 to 8 fps to avoid the potential for bed
scour. Figure 14 shows the low flow channel velocities between With and Without
Project condition. Note, the hydraulic With Project design targeted a condition such
that there would be minimal velocity differentials for the study reach under With and
Without Project conditions.
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Figure 14: Comparison between With and Without Project condition for Low Flow
Channel Velocity

GEOMORPHOLOGY DISCUSSION

Historic records indicate an increase in human influences on the Salt River
exemplified by the encroachment of urban, commercial and gravel mining areas.
Long-term channel responses are entirely dependent on future development in and
around the channel. If there is no additional gravel mining, the channel will reach a
state of equilibrium but only after all the gravel pits have reached a sediment transport
balance through the natural migration of the river system or restoration activities have
been conducted (West, 2002).

A significant concern on the stability of the river is the influence of gravel mining on
the erosion and planform evolution of the channel. Gravel pits in the channel act as a
reach of zero slope and serve to trap sediment. Downstream of the gravel pits,
sediment supply to the channel is reduced due to the trapping of sediments within the
pits. In order to meet sediment transport capacity, the downstream channel may
erode its bed to reduce its slope and corresponding sediment transport capacity.
According to Lane (1957), as the slope is reduced the channel would transition form a
braided to intermediate planform condition

Erosion

Another important point is that due to the increase in the Rio Salado Watershed
storage capacity upstream of the Granite Reef Dam, because of current climate
conditions and increased reservoir storage, flows in the future have a lower probable
peak discharge than in the past. Thus, unless climate conditions change, i.e. more
precipitation, expected river flows will be less.
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. Scouring affects the stability of the channel (changes in lateral and vertically channel
geometry) and hydraulic conditions (changes in velocity and water surface
elevations).

RISK AND UNCERTAINTY ANALYSIS

Procedures outlined in EM 1110-2-1619, “Risk-Based Analysis for Flood Damage
Reduction Studies” (USACE, 1996b), were followed to determine the standard
deviation for computed water surface profiles at specific index locations.
Specifically, Section 5-4, “Uncertainty in Stage for Ungauged Stream Reaches,” and
Section 5-5, “Uncertainty in Stages for Computed Water Surface Profiles,” were
followed. Only the 100-Year event standard deviation was calculated using these
methods because the computer program HEC-FDA (HEC 1998) adjusts the standard
deviation for the other stage discharge values. For discharge values greater than the
100-Year event discharge, the standard deviation is assumed equal to the standard
deviation of the 100-year event discharge. For discharge values smaller than the 100-
Year event discharge, the standard deviation is the standard deviation of error
associated with the 100-Year event discharge multiplied by the ratio of the given
discharge to the 100-Year event discharge. A summary of the uncertainty analysis for
the different alternatives at the index locations is presented in Table 8. The standard
deviation for each alternative is tabulated under the column heading “Stotal.”

. Table 8. Risk Analysis Standard Deviation.
Reach and Index Frequency Q Stotal
Cross Section (cfs) (ft)
Rio Oeste

Reach 1 500-yr 240000 0.7
Cross-Section 200-yr 202000 0.7
211.52 to 205.62 100-yr 166000 0.7
50-yr 135000 0.6

20-yr 87000 0.4

10-yr 53000 0.2

5-yr 20200 0.1

Reach 2 500-yr 237000 0.7
Cross-Section 200-yr 200000 0.7
205.52 to 203.39 100-yr 164000 0.7
50-yr 132000 0.6

20-yr 84000 0.4

10-yr ' 51000 0.2

5-yr 20000 0.1
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OPERATION AND MAINTENANCE

The Baseline Without Project Condition and With Project hydraulic results and the
Without Project sedimentation results were used to assess the operation and
maintenance concerns for this project. During this F4 phase of the study, the With
Project sediment analysis was not undertaken. Instead, results from the With Project
hydraulic analysis and Without Project sediment analysis (West, 2002) were used to
estimate the frequency that environmental features are damaged in each alternative.
The method of analysis was to compare the Baseline Condition area of inundation for
the 5- and 10-Year events to the vegetated area. It was assumed that the Baseline
Condition 5 and 10-Year area of inundation represented the area of highest velocities.
Because the alternatives did not significantly alter the existing flow path, it was
assumed that the Baseline Condition area of inundation would be sufficient to
complete the With Project damage assessment. Damage due to duration of
inundation was not taken into account in this analysis. Note that the frequency of
vegetation replacement was not analyzed in this study.

Maintenance Considerations

As stated above, the With Project low flow channel was designed between River Mile
Stations 203.39 to 207.43 and River Mile Stations 209.53 to 211.52. Inherent in the
design objective to maintain the average channel velocities to a level as to not
significantly exceed a maximum permissible velocity. These target velocities were
tied to velocities associated with the 10-Year Frequency Event Peak Discharge. It
was assumed that velocities resulting from flows higher than this particular discharge
figure would disrupt the general channel equilibrium in terms of generating excessive
erosion and deposition quantities. Further, since the low flow channel does not
contain any bank stabilization features other than a grade control structure
downstream of 35™ Avenue, the same channel would most likely experience some
minor degree of laterally migration. However, this anticipated movement of the low
flow channel alignment would also be expected to stay within the historic channel
thalweg footprint. Therefore, it is highly possible that there would be a requirement
for some maintenance for flood events greater than the 20-Year Frequency event.

Vegetation Damage

The vegetation damage was evaluated using a similar method as was used for the
maintenance considerations. For the 5-Year event it was assumed that 50% of the
area inundated was damaged. For the 10-Year event, 70 % of the area inundated was
damaged. The area damaged for the 20 to 500-Year events corresponds to a
percentage of the vegetated area inundated by the 10-Year event. For the 5-Year
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event it was assumed that 50% of the area inundated was damaged. For the 10-Year
event, 70 percent of the area inundated was damaged. For the 20-Year event, 80% of
the area and 90 % for the 50 to 500-Year events. These assumptions are based on
engineering judgment applicable for the F4 phase of this investigation.

SUMMARY

Hydraulic

Existing Baseline, Future Existing Baseline (Without Project), and With Project
Future Baseline condition hydraulic and minimal sedimentation studies were
conducted for the Rio Salado Oeste study reach. The support analyses principally
relied on the use of HEC-RAS models and normal depth calculations.

Initially, the Existing Condition Baseline hydraulic model was first modified to
account for continuing and future mining activities within the study reach. This
updated model was subsequently identified as the Future Condition Baseline model.
Additional model simulations were then executed for With Project conditions, which
included such features as environmental habitat areas, lakes, grade control structure,
and a low flow channel design. The water surface elevations for the Existing Future
Without Project Baseline condition model simulations were less than the Existing
Without Project Baseline condition model as a direct consequence of have more
recent and updated mapping and incorporating the projected future impact of channel
mining activity. The comparative results of the 100-Year water surface elevations are
shown in Figure 14 below. The With Project condition was then developed and
compared against the Existing Future Without Project Baseline model for the 100-
Year Frequency Flood Event and the results are shown in Figure 15.
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Figure 14: 100-year Water Surface Profile Between Without and Future Without

Project Condition.
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Figure 15: 100-year Water Surface Profile Between Future With Project Condition
and Without Project Condition.

As indicated above, the With Project results show minimal water surface elevation
variation over the Without Project Baseline condition.

A grade control structure was included in the design to prevent head cutting in the
vicinity of 35™ Avenue. Finally, minimal sedimentation analyses were conducted in
lieu of maintaining non-erosive channel velocities and the preservation of a
reasonable equilibrium slope/discharge balance analysis. Also, it was assumed that
since the immediate upstream Rio Salado Phoenix Project reach and the immediate
downstream Tres Rios PED Study indicated reasonable stability in terms of sediment
transport equilibrium (+/- 2 feet in bed movement during the 100-Year Frequency
Flood event), it was intuitively assumed that the middle Rio Salado Oeste reach
would also be reasonably stable as well. At any rate, a more detailed sedimentation
study will be undertaken the PED phase.

Risk Assessment

As discussed in the text above, the features with the highest risk are associated with
those features located in the main channel area, or within the 10-Year area of
inundation. However not all vegetation found in this area was or should be assumed
to damages during flow events. Because of the complexity of risk assessment to
vegetation due to hydraulic and sedimentary conditions, it was assumed that a
percentage of vegetation within these limits would be at risk to damage, see
Operation and Maintenance, Vegetation Damage Section, for more info. Based on
those assumption the at risk area amounts were determined. Of that amount, only a
portion is located along the riverbed where the highest stresses are found. Wetlands
can be engineered to resist high shear stresses such that vegetation will reestablish
after larger flow events. Wetland design will be completed in the PED phase
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| 1. Introduction

1.1. Purpose

This without-project hydraulic and sedimentation analysis was conducted in
support of the Rio Salado Oeste Feasibility — F3 Phase Study.

1.2. Scope

This report documents the hydraulic and sedimentation analysis conducted on a
reach of approximately 9.5 miles of the Salt River, within the boundaries of the City of
Phoenix, Arizona. The focus of the study was the identification of baseline hydraulic and
sediment conditions, which will be used with later alternative condition studies to
identify the preferred project alternative(s).

A hydraulic model was created based on “existing conditions”, and the inundation
boundaries associated with different return periods were delineated. Next, a sediment
transport model was developed. Using a 50-year synthetic hydrology, the model was used
to simulate long term river processes with results analyzed at 10 year intervals.

1.3. Study Area

The study reach extended from the upstream limit of 19™ Avenue down to the
lower limit of 91* Avenue. The downstream boundary of the study reach was
approximately 2.5 miles upstream of the confluence of the Salt and Gila Rivers. Scattered
along the reach were several pits, the result of active and inactive sand and gravel mining
operations, both within the channel and in the overbank areas.
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2. Existing Conditions Hydraulic Analysis
2.1. General

The objectives of the analysis were to identify an existing conditions hydraulic
model, delineate flood inundation boundaries for the 5-, 10-, 20-, 50-, 100-, and 500-year
events, and provide the initial geometry for the sediment transport analysis.

2.2. Background

An existing Flood Insurance Study (FIS) HEC-RAS model from the confluence
with the Gila River (RM 199.82) to about 12™ Street (RM 214.14) was provided by the
Flood Control District of Maricopa County (FCD). This model will be referred to as the
FEMA model. The FCD also provided aerial photographs from 1993 and 1999, an
ArcInfo coverage with contours with a 4-ft interval developed for the Salt/Gila River
Master Plan (1992), an ArcInfo coverage with the cut lines of 100 of the FEMA model
cross sections, and an ArcInfo TIN (Triangular Irregular Network) of the study area
including raw data in point files and breakline format also created for the Salt/Gila River
Master Plan (1992). The line coverage included cross sections from RM 202.09 to RM
211.12. Cross section 202.09 is located approximately 1100 ft downstream of 91*
Avenue, while cross section 211.12 is about 2150 ft downstream of 19™ Avenue.

2.3. Existing Conditions Hydraulic Model

A 1-dimensional model of the reach was created using HEC-RAS and the HEC-
GeoRAS extension in ArcView 3.2a (Environmental Systems Research Institute, Inc.).

The cross section geometry for this model was obtained from the TIN using the same cut
lines utilized in the FEMA model.

First the TIN file, aerial photographs, contours coverage and cross sections
coverage (containing the cut lines from the FEMA model) were inspected in ArcView.
The cross sections coverage was converted into an ArcView shapefile to facilitate editing
the cross sections. Seven new cross section lines were added at the downstream end of
the reach (ID numbers 1 through 7). These new cross sections were inserted to prevent
the downstream boundary condition from affecting the hydraulics in the project area. In
addition, two more cut lines were inserted to model the conveyor bridge in the vicinity of
the 27™ Avenue alignment. These cross sections were located immediately downstream
and upstream of the conveyor bridge, and were identified as River Mile 210.43 and
210.44 respectively.

Using the TIN, the contour coverage and the aerial photographs as reference, new
shapefiles were created identifying the location of the bank stations, stream centerline,
and flow lines in the channel, left overbank and right overbank.

Using the HEC-GeoRAS extension, a HEC-RAS input data file was generated.
The data file contained the geo-referenced stream line and cross section lines, and the
cross section station/elevation data. In addition, it included flow lengths in the channel,
left overbank and right overbank. .
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. The data file was then imported into HEC-RAS and the cross sections IDs were
“modified to match those from the FEMA model. Next, cross sections 211.21 through

214.14 from the FEMA model were appended at the upstream end of the reach. Although
these cross sections were not geo-referenced they provided the geometry in the vicinity of
19™ Avenue (the project’s upstream end) and add a 2.5 mile segment at the upstream end
of the reach. This segment would not have any effect on the hydraulics of the project area
since a subcritical flow regime was expected throughout the reach, but were needed to
provide an equilibrium inflowing sediment concentration to the study reach in the
sediment transport model.

Next, the cross section geometry was reviewed to ensure proper location of
channel bank stations. Roughness coefficients in the FEMA model were evaluated and,
based on the field visit and the examination of the aerial photographs, deemed to be
acceptable for general use. Some of the n coefficients were adjusted based on inspection
of the aerial photographs. The appropriateness of these values for the sediment transport
model was further evaluated during a subsequent sensitivity analysis. Typical values used
in the model are shown in Table 2.1.

Bridge information and modeling procedures from the FEMA model were
reviewed and included with some changes into the current HEC-RAS model. There was a
new bridge in place at the 51°* Avenue crossing. Plans for this bridge were obtained from
the City of Phoenix Engineering Department and used to code the bridge geometry. Plans
for the bridges at 19™ Avenue and 35™ Avenue were also obtained to verify their
. geometry. Plans for the conveyor bridge near the 27™ Avenue alignment were obtained
from United Metro Materials.

Contraction/expansion loss coefficients were set to 0.3 and 0.5 respectively in the
cross sections near the bridges. The bridges in 35™ Avenue, 51* Avenue and 27" Avenue
were modeled using the “Multiple Opening Analysis” option in HEC-RAS, with the
overbanks modeled as conveyance areas. This selection prevented the use of the weir
equation to compute flow on the overbanks for the large flood events simulated.

Table 2-1 Manning’s n values used in the existing conditions hydraulic model.

LAND USE n VALUE

Sand/gravel mine 0.037

Open shrub 0.04 —0.043

Agricultural 0.025 - 0.037
Urban/industrial 0.043

Disturbed ~ 0.037 —0.043
Channel open vegetation 0.037

Channel sand/gravel 0.032 - 0.037

. Finally, all the cross sections were inspected to identify the location of ineffective

flow boundaries. The area occupied by sand and gravel pits was set ineffective for

3
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conveyance calculations or, where this was not possible, the pits were “filled”” using .
“blocked obstructions before computing the steady state profiles. This procedure

eliminates the excess conveyance in the pit and therefore results in higher water surface

elevation, which is a conservative approach for flooding studies. Consideration of in-

channel sand and gravel operations is more important in sediment transport studies. Pits

can act as sediment traps and induce headcutting in the upstream direction and/or

tailcutting downstream.

The discharges used in the hydraulic analysis were obtained from a report by the
U.S. Army Corps of Engineers (USACE, 1996), and are shown in Table 2-1. The
discharge at Central Avenue was assigned to cross section 214.14, and the discharge at
67™ Avenue was assigned to cross section 205.52.

Table 2-2. Discharge frequency values used in the existing conditions model.
RETURN PERIOD

5-yr 10-yr | 20-yr | 50-yr 100-yr | 500-yr
Peak Discharges (ft’/s) in the Salt River at:
Central Avenue | 20,200 | 53,000 | 87,000 | 135,000 | 166,000 | 240,000

67" Avenue 20,000 | 51,000 | 84,000 | 132,000 | 164,000 | 237,000

LOCATION

The model was run under this configuration and it was observed that several of
the cross sections were not able to contain the 500-year flood. In fact, some cross sections
could not contain even the 100-year flood. Under these circumstances HEC-RAS extends
vertically the end points of the cross section and carries out the flow calculations, but
clearly that does not yield the correct water surface elevation.

New elevation data points were needed to extend the terrain model so that the
cross sections would be able to contain all floods. The FCD provided additional contour
lines (2 ft interval) for the area south of the study reach, between 19" Avenue and 75
Avenue (from Laveen ADMP, 1989). Elevation data for other areas was obtained from
the USGS 30m resolution DEM (generated from digitized contours from 1/24,000 USGS
topographic maps). The area added through this process is primarily in the far overbank
areas of the model where the DEM vertical accuracy is not as critical.

The USGS DEM was converted first from grid format to TIN format to remove
points that did not add terrain information. The TIN was then converted into a point
shapefile which was then clipped to cover only the area that was not covered by the
original TIN or the additional contour map. Finally, a new TIN was generated using the
original point and breakline files, the additional contour coverage from the FCD, and the
new point shapefile obtained from the 30m DEM.

Using the new TIN as a reference, the cross section cut lines were extended in
ArcView and a new HEC-RAS input file was created using HEC-GeoRAS. The input file
was imported into HEC-RAS and manipulated in the same manner as before. Cross ‘
section plots are shown in Appendix A.
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The new model was then executed using the six flood events. The results show

~ that the 100-year flood is now contained in all the cross sections, and the 500-year flood
is contained in most of them. The majority of the cross sections that do not contain the
largest flow are located near the confluence with the Gila River. It was decided not to
extend these cross sections farther to the south because then they would become part of
the Gila River floodplain. In any case, the end points of the cross sections that do not
contain the 500-year flow are located far from the main channel in ineffective flow areas,
and therefore have no effect on the computed water surface elevation.

2.4. Floodplain Delineation

The model was executed for the 5-, 10-, 20-, 50-, 100- and 500-year flood events
with the discharges from the Corps report shown in Table 2-1 (for post Roosevelt Dam
modifications). Water surface elevation profiles are shown in Figure 2-1. Appendix A
shows the 10-, 100- and 500-year water surface elevation in the cross section plots. In
addition, Appendix B shows some other variables from the hydraulic model output file.

The model results were exported from HEC-RAS into ArcView to automatically
delineate the inundation boundaries using HEC-GeoRAS. The resulting inundation
boundaries were then inspected and edited to remove spurious polygons and to ensure
that all polygons contained other polygons with smaller return period. Existing conditions
floodplain delineations are shown in Appendix C.

The resulting 100-year profile from the Existing Conditions (EC) model was
compared to the FEMA model (Figure 2-2). Both profiles are practically identical from
the downstream end of the study reach up to river mile 204.25, where the cross sections
from the two models show some differences in their geometry. At this location the water
surface elevation in the EC model is 0.45 ft higher than in the FEMA model. Upstream of
this cross section, between river miles 204.34 and 205.15, the differences between the
two models increase, with the FEMA profile 0.6 to 2.54 ft higher than the EC profile. The
reason for this divergence is the different location of the ineffective flow limits in the two
models. The ineffective flow limits are located closer to the main channel in the FEMA
model, constricting the conveyance area resulting in a rise in the water surface elevation.
The location of the ineffective flow boundaries differs between the two models because
they were developed with different purposes. The FEMA model was developed to define
the floodplain only for the 100-year flow. On the other hand, the EC model was created
to map flow boundaries for flows with return periods between 5 and 500 years, and then
converted into a single sediment transport model driven by measured flows which varied
between 20 and 200000 cfs. Therefore, the existing conditions geometry needs to be valid
for a wide range of discharges.

From river mile 205.25 to 206.51 the differences between the profiles become
small again (0.4 ft or less). The reach between river miles 206.6 and 207.07 has mining
pits within the channel. The EC model blocked completely these pits, while the FEMA
model raised the bottom of the pits up to a lower elevation than the EC model blockage.
As a consequence, the profiles show some differences, with the EC profile being 0.53 to
2.07 ft higher than the FEMA profile.
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The cross section in river miles 207.34 shows a difference of 0.78 ft (EC higher
“than FEMA). The cause is a change in cross section geometry and the election of
different locations for the ineffective flow limits. The channel bed is lower for the bridge
cross sections (207.48 and 207.49) in the FEMA model, but that did not produce
significant difference in the profiles. However, at river mile 207.53 (immediately
upstream of the 51* Avenue Bridge) the EC profile is again 0.49 ft higher due once more
to the different location of the ineffective flow limits.

The disparity between the profiles is minimal between river miles 207.62 and
208.75. From river mile 208.85 to 209.24 there are again mining pits located within the
channel and in the overbank area. The geometry of the blocks used to fill the pits and the
location of ineffective flow boundaries are responsible once more for differences in water
surface elevation between 0.46 and 2.15 ft. The FEMA model does not block the pits in
the channel and blocks the pits in the overbanks to a higher elevation.

The remaining part of the study reach (from river mile 209.42 to 211.54) displays
a complete divergence of the two model profiles. The cause for this discrepancy can be
found after examination of the cross sections in the vicinity of the 35™ Avenue Bridge
(209.53 and 209.54). This is a bridge with a very narrow opening. At the same time, the
bed slope upstream of the bridge is nearly flat. Therefore, backwater due to the bridge
obstruction propagates all the way to the upstream end of the study reach. The bridge
cross sections in the FEMA model are much deeper (thalweg elevation = 993 ft) than in
the EC model (thalweg elevation = 1020 ft), increasing the conveyance through the
bridge opening and producing a lower water surface upstream of the bridge.

The origin of the 35™ Avenue Bridge cross section in the FEMA model is not
clear. The cross sections in the EC model were extracted from the TIN using the
procedure previously described. In general, all the EC cross sections matched well their
FEMA counterparts except those bounding the 35™ Avenue Bridge. These cross sections
are located in an area of the Salt River with permanent water, where no visual verification
was possible. Preliminary runs of the sediment transport model revealed that after 50
years of sediment transport the thalweg under the bridge becomes stable at a depth
between 1005 and 1010 ft regardless of the initial conditions,. When the sediment
transport model was run with river mile 209.54 from the FEMA model (a deep scour hole
under bridge), the cross section experienced deposition, and when it was run using river
mile 209.54 from the TIN (representing a shallow depth under bridge), the cross section
experienced erosion. It is possible that the TIN elevations represent the water surface
under the bridge when the mapping was performed but verification would require an on
site survey of the area near the bridge.

The TIN river mile 209.54 geometry was selected because it resulted in a more
conservative approach for the existing conditions hydraulic analysis but may be overly
conservative for a detailed FEMA study. The FEMA study is likely too optimistic in
regards to flow area under the bridge based on the sediment results obtained during this
study. The future without-project hydraulic analysis results were similar using both
geometries so the more conservative initial conditions were used as the basis for this

study. ‘
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Rio Salado Oeste
Existing Conditions Water Surface Elevation
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Rio Salado Oeste
Comparison of Existing Conditions and FEMA Models for the 100-Year Event
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3. Sediment Transport Analysis

3.1. General

The objective of the sediment transport analysis is to identify baseline sediment
conditions, which will be used with later alternative conditions studies to identify the
preferred project alternatives. A base conditions sediment transport model was created
using the geometry from the existing conditions hydraulic model described in the
previous chapter.

The computer program HEC-6T “Sedimentation in Stream Networks”, version
5.13.15 of May 24, 2001, was used to conduct the numerical sediment transport modeling
in this study. HEC-6T was developed by Mr. William A. Thomas of Mobile Boundary
Hydraulics, Clinton, Mississippi.

3.2. HEC-RAS Model Conversion
3.2.1. Model Geometry

The geometry of the hydraulic model was converted into a text file with the
format required by the HEC-6T program. Roughness coefficients in several cross sections
of the hydraulic model vary horizontally with distance in the cross section. HEC-6T does
not allow as much horizontal variation of Manning’s n, so an alternative method of
expressing the roughness coefficient was required. After running the 5-, 10-, 20-, 50-,
100- and 500-year flood events in HEC-RAS, the profile output tables were used to
request conveyance weighted Manning’s n values for the channel, left and right
overbanks for the different discharges. These data were then entered into the HEC-6T
input file using NV records. A default value of 0.04 was used to fill blanks when the
conveyance in an overbank area was zero. The result was a configuration of roughness
coefficients changing in the vertical by discharge rather than in the horizontal by
distance.

Conveyance limits defined in HEC-RAS using ineffective flow boundaries were
coded using XL records in HEC-6T. The advantage of using XL records is that they
allow deposition to occur in the ineffective flow areas. The effect of bridges crossing the
river in the study area was accounted for using a single cross section with the pier
geometry superimposed as recommended in the HEC-6T manual. Of the two bounding
cross sections used to define each bridge in HEC-RAS, only the upstream one was
retained in HEC-6T. The two bounding cross sections are very close to each other and
keeping both in HEC-6T could cause numerical instabilities.

a.22, Fixed Bed Simulation

An elevation-discharge rating curve was developed at the downstream boundary
(cross section 1) for starting water surface elevations. Water surface elevations were
computed at this location assuming normal depth and a slope of 0.0019 ft/ft, for discharge
values ranging from 7500 cfs to 285000 cfs, at 7500 cfs increments (Figure 3-1).

HEC-6T was then run with a fixed bed using the 5-, 10- and 100-year flood
events, and the resulting water surface elevations were compared to the HEC-RAS
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existing conditions model. In order to guarantee the quality of the sediment model, the
_water surface elevations computed by HEC-6T for each of the three events were .
examined at each cross section to ensure that they did not differ from the HEC-RAS
results by either 10% of the maximum depth or 1 foot, whichever was less. The results of
this analysis are shown in Appendix D.

3.3. Sediment Parameters

The Corps computer program SAMAID was used to select the most appropriate
sediment transport relationship. SAMAID results indicated that Madden’s 1985
modification of Laursen’s equation and Yang’s equation were respectively best and
second best sediment transport relations for the characteristics of the study reach.
Schoklitsch’s equation came out in third place. WEST has used Yang’s equation in the
past on the Salt River upstream and downstream of the project site. In general, this
equation performs well for mid sized rivers transporting large amounts of sand, which is
typical of many streams in Arizona. Therefore, the sediment transport equation selected
for this study was Yang’s unit stream power.

3.1, Bed Sediment Characteristics

Nineteen locations were identified for sediment sampling and development of
gradation curves. Sampling sites were located approximately 0.5 miles apart, from 19"
Avenue to 91* Avenue. Samples were collected from 0 to 2 feet, and laboratory grain-
size analyses were performed on the samples. In addition, an in-situ particle count
consisting of 100 particles spaced at 1 foot intervals was performed. Bed gradation data
were entered into the HEC-6T input file using PF records. Sediment gradations and
sample locations are shown in Appendix E.

3.3.2. Inflowing Sediment Rating Curve

Recorded information about sediment loads in the Salt River upstream of the
study reach is not available. There are however previous studies reporting sediment
transport simulations. One of these studies is the Low Flow Channel Design Analysis for
Rio Salado (2000) performed by WEST for the Corps. This study presented a sediment
transport model of the Salt River from approximately the I-10 Bridge to the 27" Avenue
alignment, based on the Toffaleti, Meyer-Peter and Muller combination transport method.
The model used an estimated sediment inflow at the upstream end of the reach based on
an equilibrium bed material load analysis performed on a 0.5 mile reach upstream of I-10.

The simulated loads from this previous study were not considered appropriate
inflow loads to our model because they were not developed using any of the sediment
transport equations identified as suitable for the current study (Yang’s equation or
Madden’s 1985 modification of Laursen’s equation). If a sediment inflow based on a
different equation was used in the current model, depending on the amount of the
sediment loads, there is a possibility that it could lead to either unrealistic erosion or
deposition in the upstream end of our study reach.

Since we were confronted with a lack of adequate data on inflowing sediment
loads into our study reach, an equilibrium bed material load was assumed. The inflowing .
load at the upstream end of the model was determined on a reach approximately 3 miles
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long at the upstream end of the study reach (from RM 211.21 to RM 214.14) with the

. gradation information from the two most upstream sediment sample locations.
Equilibrium sediment loads for this reach were determined for a range of discharges from
20 to 200000 cfs. To determine the equilibrium load, HEC-6T was run using clear water
inflow as the initial condition and the recirculation option on ($RE record). The
recirculation option instructs the program to use the sediment discharge at the
downstream end of the reach as the sediment inflow at the upstream end for the following
time step. When equilibrium is attained, sediment load entering the reach is about equal
to the load leaving the reach. For discharges between 20 and 50000 cfs, the simulations
were run typically for 10 to 100 days with time steps in the order of 0.01 to 0.1 days. For
larger discharges (100000 to 200000 cfs), typical durations were between 5 and 10 days
with time steps 0f 0.001 to 0.01 days.

The inflowing sediment loads defined with Yang and Laursen-Madden
relationships are shown in Figures 3-2 and 3-3. The gradation of the inflowing load from
the equilibrium analysis is shown in Figures 3-4 and 3-5. This information was entered
into the HEC-6T input files using LQ, LT and LF records.

3.3.3. Movable Bed Limits

In general, sediment dynamics tend to be more significant within the active
channel, where the bed can either degrade or aggrade in response to erosion or
deposition. The overbank areas tend to be more stable and normally are free of erosion,
but can experience deposition. HD records were used to specify a bed sediment depth of
20 feet for all cross sections but one. At river mile 211.54 the sediment depth was set to
zero to account for the grade control structure located immediately downstream of the
19™ Avenue Bridge. Movable bed limits were not identified in the HD records, implying
that deposition could occur anywhere in the wetted perimeter. In addition, HE records
were used to limit erosion within the channel bank stations.

In order to develop a sound hydraulic model, the mining pits, in particular those
located in the channel, were blocked to ensure a solution with a subcritical water profile
along the reach. However, when flooded, the mining pits will likely act as sediment traps.
For that reason, the sediment deposited on top of the blocked areas within or next to the
channel was removed from the system using the dredging options in HEC-6T. HI records
were used to identify the areas where sediment should be removed in the case that
deposition took place, and the SDREDGE record was used to instantaneously take away
the deposited sediment after each time step. In addition, when mining pits were located in
the channel, the HE limits were relocated to exclude the pit from the area of potential
erosion.

3.4. Hydrology

A continuous 50-year hydrograph consisting of historical flows between 1889 and
1938 was provided by the Corps. This flow series corresponds to the “worst case”
continuous 50-year period, in terms of both peak flows and storm volumes, within the
105 years of record, from 1889 to 1993. Discharges less than 20 cfs were removed from
the hydrology since no sediment was transported for flows of 20 cfs or less.
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Simulations were performed with the 50-year hydrograph, with simulation results
_requested by decade. Figure 3-6 shows the complete 50-year hydrologic input and .
identifies the end of each decade. The individual hydrographs used to compile the 50-
year long hydrograph are shown in Appendix F.

3.5. Results

The sediment transport analysis results are presented in terms of average bed
elevation by decade (Figure 3-7 and Appendix G). The average bed elevation
corresponding to a 10,000 cfs discharge of very short duration (0.00001 days) was
computed in HEC-6T at 10-year intervals. This discharge was selected to generate
average bed elevations because, in general, it provided coverage of the channel bottom
(HEC-6T computes average bed elevations only from “wetted” points of the cross
sections). The 10,000 cfs discharge is used only to generate output, and the short duration
minimizes sediment movement.

The results show two distinct areas with respect to sediment dynamics.
Downstream of 35™ Avenue the reach mainly experiences degradation, with deposition
limited to just a few cross sections. One of the depositional areas is defined by cross
sections 203.58 to 203.86, and corresponds to an abandoned mining operation. The end
result is a channel with a more homogenous bed slope. There are two areas downstream
of 35™ Avenue where the model predicts severe erosion:

. The first one is defined by cross sections 206.7 to 206.97. This is an area
with active mining pits in the channel and a small berm to prevent low flows into
the pit. The small flows (the majority in the hydrologic input) are then confined to
a channel just about 200 feet wide resulting in severe degradation. Due to the
limitations of the model (1-D steady state) it is not possible to simulate the
complex interaction that may occur between the mining pit and the channel. The
flows could very well breach the berm and enter the pit, limiting degradation in
the channel but creating a headcut that would progress upstream.

. The second area corresponds to cross sections 209.24 to 209.54. This is
another mined reach with pits on the right overbank and channel in cross sections
209.24 and 209.33. Cross section 209.54 represents the small bridge opening at
35th Avenue. Erosion in this case is associated with the cross sectional area
reduction and velocity increase caused by the bridge.

Upstream of the 35" Avenue Bridge the bed slope is milder. That, along with the
backwater effect of the bridge, creates the conditions for sediment deposition in most of
the cross sections.

In general, average bed elevation changes are more significant in regions of the
reach that are currently affected by mining operations in the channel. Where mining is
not an issue, average bed changes reach a maximum of 5.8 ft after 50 years of sediment
transport, with an average change of 1.9 ft.

During the simulations most of the bed changes took place in the first decade,
with minor adjustments occurring in the remaining time. The first decade contained the .
flow events with the two largest peaks. [n addition, it can be seen that the trend observed
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after the first decade is sometimes reversed after subsequent decades. This is a
~consequence of both changes in the cross section geometry with time, and changes in
sediment dynamics associated with flows of very different magnitudes.

Appendix H shows plots comparing the cross sections before and after the
sediment transport analysis.

3.6. Sensitivity Analysis

The purpose of the analysis was to explore the sensitivity of the sediment
transport model to variations in the parameters, in an attempt to determine the
appropriateness of the selected values. Sensitivity runs were performed on the base
conditions HEC-6T input file to determine the relative effect of changes to Manning’s n,
inflowing sediment load, and transport equation to the average bed elevation profiles.
Results in tabular and graphic format are provided in Appendix I.

3.6.1.  Hydraulic Roughness

The sensitivity of the sediment transport model to the hydraulic roughness
coefficients was examined. The base conditions sediment transport model results have
been compared to simulation outputs resulting from increasing and reducing all
Manning’s n coefficients in the input file by 25%.

After 50 years of simulating sediment dynamics, the high roughness profile is
generally higher than the base condition profile. This is the result of deposition or
reduced scour due to reduced flow velocities caused by the higher roughness coefficients.
On the other hand, the low roughness profile is generally lower than the base conditions
profile because of higher flow velocities. The average bed profile change was 0.7 ft for
high roughness and 1.2 ft for low roughness, implying that small errors in the roughness
coefficients selected for the base conditions model probably will not have a significant
effect on the results.

The largest differences occur in mined reaches, where a 25% increase in
Manning’s n can reduce erosion by as much as 3.7 ft, and a 25% decrease in Manning’s n
can augment erosion by as much as 5.9 ft.

3.6.2. Inflowing Sediment Load

The effect of the inflowing sediment load has been assessed by comparing the
base conditions sediment transport model with simulation results after increasing and
reducing the sediment discharge to twice and half the equilibrium load determined with
Yang’s equation.

The most important differences can be observed upstream of the 35" Avenue
Bridge. In the reach between cross sections 210.07 and 211.34 the double-inflow profile
elevation increases an average of 0.6 ft with respect to the base condition, while for the
half inflow profile it decreases an average of 0.5 ft. Downstream of 35" Avenue the
differences are reduced as the sediment load reaches equilibrium.
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3.6.3. Sediment Transport Equation .

Simulation results generated with Yang’s unit stream power equation have been
compared to the simulation results produced with Madden’s 1985 modification of
Laursen’s sediment transport equation.

The two equations yield bed profiles with the same trends in terms of
degradational and agradational areas, with slight differences in the depth of eroded or
deposited material. The main differences appear at the upstream end of the study reach.
The upstream end of the reach is a transition between a narrow segment with levees in
both banks and a wider segment severely disturbed by mining operations. It is not
surprising that the model results show some instability in this area, until a new
equilibrium is reached a little distance downstream. Laursen’s equation, as modifie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>