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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 as show on
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

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.




Figure 1: Study Area
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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)

(ft) (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 1021.3 1017.8 0.001756 8.4
51 Ave 207.53 999.2 1012.6 1008.1 0.001041 7.5
59" Ave 206.51 990.2 1002.1 999.9 0.002356 10.4
67" Ave 205.52 975.9 994.0 987.0 0.000516 3.7
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
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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 3.1, 5, 10, 20, 50, 100, 200 and 500 —Year Flood Frequency
Events.

Determination of Manning’s Roughness Coefficient

All “n” values were based on similar vegetation and channel conditions that were
used in Tres Rio (down stream), Rio Salado (upstream), and Va Shly’ay (upstream)
studies since they have similarities hydraulic “n” value characteristics.

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 was
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 0.03

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 19" 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
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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 [-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 are 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.

A normal depth stage discharge boundary analysis was preformed at cross section 1,
which is approximate 1.6 miles downstream of RM 203.29. Consequently, all water
surfaces are noralized and stable at the beginning of the study reach (RM 203.29).

New 35™ Avenue Bridge

The City of Phoenix has designed and is planning improvements to the 35th Avenue
Bridge crossing the Salt River within the study area. The purpose is to improve the
safety and operation of traffic along 35th Avenue between Broadway Road and
Lower Buckeye Road and to provide an all-weather crossing over the Salt River.
The existing 35th Avenue Bridge across the Salt River was built in 1983 as an
emergency repair project to replace a bridge that was washed out by flooding. It was
built as a half-bridge and designed to accommodate the 35-year flow event, and
planned to be widened and lengthened in the future.

The proposed work includes construction of a new 5-lane, 8-pier, 9-span precast
concrete I-girder bridge with cast-in-place concrete deck slab to replace the existing



two-lane bridge. The bridge will be constructed upstream of the current bridge, which
will be demolished after traffic is rerouted onto the new bridge. Old fill material on
the north and south sides of the river will be excavated and replaced by the new
bridge abutments. Rock protection will be placed at the bridge abutments to protect
the new bridge. Additional fill will be removed from the river bed to allow the new
bridge to convey the 100-year discharge.

Modifications to this bridge have been considered as part of the future without and
future with project conditions in planning for the Rio Salado Oeste project. The new
structure will be in place prior to construction of any proposal resulting from this
feasibility study.

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 for 5-year peak events with capable of conveying 20,200
cfs. Details on this latter feature will be discussed under the “Low Flow Channel”
section of this appendix.

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, new 35" Avenue Bridge, 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

Maintenance or restoration of physical aquatic habitat in streams during critical
periods can often be accommodated with the development of low flow channels,




designed to concentrate flows and increase channel velocity and depth during low
flow periods.

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.

The primary purpose of the low flow channels are 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). 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, which
performed reasonably well in terms of maintaining its current alignment and general
invert elevation after experiencing on approximate 40,000 cfs discharge during a
February 2005 storm event. Finally, the channel design does not incorporate any lining
or low flow guide or containment structures. However, based on the performance of the
study reach to date, there is no evidence of any significant lateral channel migration
concerns that would carry over into the with project condition.

With Future Mining

The City of Phoenix purchased approximately 250 acres of riverbed between 35th and
51st Avenues. The City has been working on a plan to lease the property for removal
of aggregate in a manner that will leave the river cross section suitable for restoration.
Future with project conditions assume that modifications to this reach of the river will
occur prior to the project.

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 0.035 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 With 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.

- 11-




Rio Salado Oeste

Legend

| WS 100-yr With Project Condition
‘WS 100-yr Without Project Condition
With Project Condition Ground

. Without Project Condition Ground

Elevation (ft)

T

e
41000 42000

43000 44000 45000 46000
River Mile Stationing
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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
Future With Project Baseline Condition throughout most of the study area.

= 12=



23

_ Low flow channel

Legend

Figu

r

ed

L

ow Flow Channel

- 13-

year flood event

| 100-

|

800 Feet

10

5,400

2,700

0




Grade Control Structure

Current and projected mining along the Salt River within the study area has 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.

e
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Figure S: Large Depression Area Immediately Downstream of 35™ Avenue
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As a direct result of the large depression and future mining (proposed modification)
operation between 35" Avenue and 51" Avenue of downstream of 35" Avenue, there
is a 10 to 12 feet thalweg grade break differential. The vicinity of this grade break
(future gravel pit mining induced) location is shown in Figure 6 above. And also
Figure 3 shows HEC-RAS water surface profile drop, between river stations 209.88
to 209.04, from 10 to 12 feet. 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.

The grade control structure was designed based on a similar structure used in the
upstream Rio Salado Phoenix Project.

Toe-Down Depths
The Veronese equation, as presented by Pemberton and Lara (1984), was used.

DS = 1.32 AHO.ZZS q 0.54_y2
Where Ds = depth of scour (ft)
g= unit discharge (cfs/ft)

y> = downstream(tailwater) depth(ft)
AH=difference in head from upstream reservoir to tailwater(ft)

Ds = 1.32 x 10 **x (166000/1250) ***— 10 =21.05 ft
Toe-down Depths = factor of safety x Ds = 1.3 x 21.05 = 27.36 ft

- 16-



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
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).
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To properly simulate the with project conditions, several changes had to be made to
the 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.

With Project Results
Multiple Discharge Analysis

Since the With Project water surface profiles associated with the 3.1-, 5-, 10-, 20-, 50,
100-, 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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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

Minimum Channel

River Water Surface Elevation Water Depth
Station Q (cfs) Elevation (ft) (ft) (ft) Average Velocity (ft/s)
W/0O W/ W/O W/ W/O W/ W/O W/
211.51 166000 1043.35 1040.29 1021.80 1021.90 21.55 18.39 15.98 22.46
211.41 166000 1043.08 1039.00 1018.30 1018.80 24.78 20.20 13.64 19.08
211.31 166000 1042.54 1037.64 1020.80 1022.20 21.74 15.44 12.61 16.87
211.21 166000 1042.33 1036.74 1021.10 1020.40 21.23 16.34 10.31 13.73
21112 166000 1042.59 1037.41 1015.67 1020.90 26.92 16.51 7.25 7.58
211.02 166000 1041.67 1036.93 1019.35 1018.90 22.32 18.03 9.46 7.33
210.93 166000 1041.02 1036.78 1018.71 1018.50 22.31 18.28 10.04 6.10
210.83 166000 1040.64 1036.52 1019.14 1017.30 21.50 19.22 9.53 6.14
210.74 166000 1040.56 1036.18 1018.18 1017.40 22.38 18.78 8.11 5.93
210.64 166000 1040.35 1035.84 1017.72 1015.90 22.63 19.94 7.69 6.19
210.55 166000 1040.15 1035.55 1018.02 1014.60 22.13 20.95 7.35 5.43
210.46 166000 1040.03 1035.27 1016.27 1014.30 23.76 20.97 6.80 5.75
210.44 166000 1039.70 1034.82 1017.63 1013.53 22.07 21.29 7.84 7.96
210.43 166000 1039.50 1034.54 1017.52 1013.51 21.98 21.03 7.96 8.00
210.36 166000 1039.29 1033.49 1017.39 1013.92 21.90 19.57 7.19 9.60
210.26 166000 1039.19 1033.28 1016.87 1014.21 22.32 19.07 5.92 7.86
210.17 166000 1039.07 1032.88 1014.74 1013.98 24.33 18.90 5.23 7.54
210.07 166000 1039.05 1032.91 1018.47 1013.50 20.58 19.41 3.98 5.22
209.98 166000 1038.75 1032.31 1018.07 1013.00 20.68 19.31 5.02 6.81
209.88 166000 1038.41 1031.34 1014.72 1011.65 23.69 19.69 5.7 2 7t
209.79 166000 1038.28 1030.57 1020.00 1007.14 18.28 23.43 5.27 6.94
209.69 166000 1037.97 1029.71 1019.00 1006.78 18.97 22.93 5.89 7.79
209.6 166000 1037.51 1027.05 1016.38 1006.68 21.13 20.37 7.36 12.71
209.54 166000 1037.47 1027.26 1005.00 1006.00 32.47 21.26 5.27 8.56
209.53 166000 1036.69 1027.05 1005.00 1005.00 31.69 22.05 5.42 8.39
209.42 166000 1033.54 1021.71 1019.56 1005.50 13.98 16.21 13.47 17.49
209.33 166000 1031.92 1017.29 1019.07 1004.80 12.85 12.49 12.55 19.38
209.24 166000 1029.65 1019.51 1017.41 1004.10 12.24 15.41 14.08 6.18
209.14 166000 1028.58 1018.60 1014.45 1004.20 14.13 14.40 11.42 8.61
209.04 166000 1028.34 1018.52 1012.24 1003.80 16.10 14.72 8.72 6.00
208.95 166000 1027.44 1018.35 1013.05 1001.70 14.39 16.65 9.57 5.18
208.85 166000 1026.09 1018.31 1013.35 1002.50 12.74 15.81 9.79 4.25
208.75 166000 1025.17 1017.93 1011.00 1000.70 14.17 17.23 8.92 5.70
208.67 166000 1023.79 1017.37 1010.00 1000.80 13.79 16.57 10.06 7.38
208.57 166000 1021.83 1015.95 1010.00 998.70 11.83 17.25 11.58 10.76
208.48 166000 1021.28 | 1015.72 1007.62 998.10 13.66 17.62 8.44 9.01
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River Water Surface Minimum Channel
Station Q (cfs) Elevation (ft) Elevation (ft) Water Depth (ft) Average Velocity (ft/s)
W/0O W/ W/O W/ W/O W/ W/O W/
208.39 166000 1020.35 1015.17 1005.57 997.50 14.78 17.67 8.58 8.09
208.29 166000 1019.47 1013.97 1004.70 996.79 14.77 17.18 8.13 9.45
208.19 166000 1018.78 1013.55 1004.66 996.10 14.12 17.45 7.40 8.23
208.1 166000 1017.96 1012.33 1001.33 995.80 16.63 16.53 123 9.38
207.99 166000 1016.85 1012.39 999.85 995.70 17.00 16.69 7.85 5.55
207.9 166000 1016.26 1012.15 1000.76 998.10 15.50 14.05 6.73 5.04
207.8 166000 1015.28 1011.96 999.08 994.60 16.20 17.36 7.69 4.62
207.71 166000 1014.31 1011.55 1000.34 993.70 13.97 17.85 8.15 5.12
207.62 166000 1012.94 1011.28 1000.23 992.00 12.71 19.28 9.61 5.40
207.53 166000 1012.59 1010.23 999.27 994.37 13.32 15.86 7.48 8.88
207.49 166000 1012.38 1009.97 999.41 994.96 12.97 15.01 7.48 8.70
207.48 166000 1012.05 1009.08 999.23 994.04 12.82 15.04 742 9.05
207.43 166000 1011.14 1008.14 999.03 992.99 1211 15.16 9:33 10.50
207.34 166000 1010.29 1006.54 996.54 991.22 13.756 15.32 9.80 11.75
207.27 166000 1008.74 1005.31 993.27 988.96 15.47 16.35 11.10 11.64
207.16 166000 1007.70 1004.84 992.67 987.06 15.03 17.78 9.58 9.23
207.07 166000 1006.06 1004.22 992.78 985.20 13.28 19.02 11.78 9.07
206.97 166000 1005.79 1003.89 992.70 986.80 13.09 17.09 8.32 7.5
206.88 166000 1005.42 1003.76 992.60 987.00 12.82 16.76 7.69 6.26
206.79 166000 1004.38 1003.53 993.00 986.30 11.38 17.23 9.34 5.89
206.7 166000 1004.10 1002.72 991.20 983.50 12.90 19.22 7.20 7.64
206.6 166000 1003.43 1000.44 990.50 982.10 12.93 18.34 7.88 11.95
206.51 166000 1002.10 1001.39 990.20 982.00 11.90 19.39 10.43 5.04
206.41 166000 1001.20 1001.05 988.80 982.20 12.40 18.85 9.49 6.00
206.32 166000 1000.48 1000.83 987.40 981.00 13.08 19.83 8.09 6.25
206.22 166000 999.54 1000.35 986.00 979.16 13.54 21.19 8.06 6.82
206.13 166000 998.57 998.72 984.62 979.43 13.95 19.29 7.99 9.61
206.03 166000 996.94 996.48 984.67 977.85 12.27 18.63 9.84 11.73
205.94 166000 995.95 995.37 981.52 977.00 14.43 18.37 8.08 7.50
205.84 166000 995.38 995.14 979.54 975.96 15.84 19.18 6.80 4.47
205.75 166000 994.73 994.44 973.88 974.50 20.85 19.94 7.06 6.34
205.62 166000 994.28 993.94 975.97 973.60 18.31 20.34 6.18 4.43
205.52 164000 994.03 992.62 975.91 972.20 18.12 20.42 5.68 7.76
205.43 164000 993.74 992.52 976.08 972.20 17.66 20.32 5.99 6.25
2054 164000 993.73 992.47 975.49 971.80 18.24 20.67 5.29 5.39
205.34 164000 993.37 992.02 972.70 970.70 20.67 21.32 6.53 6.96
205.25 164000 992.88 991.63 97342 969.90 19.46 21.73 6.93 6.84
205.15 164000 991.15 989.89 973.07 969.00 18.08 20.89 10.75 10.58
205.06 164000 989.65 989.02 970.41 968.50 19.24 20.52 10.77 10.39
204.97 164000 990.01 989.22 967.59 970.30 22.42 18.92 5.62 6.59
204.87 164000 989.45 988.96 968.08 968.90 21.37 20.06 6.94 6.04
204.78 164000 989.39 988.75 967.60 967.90 21.79 20.85 5.08 4.16
204.68 164000 988.71 988.16 971.32 965.54 17.39 22.62 7.22 5.96
204.61 164000 987.92 986.83 972.56 966.95 15.36 19.88 8.55 7.71
204.53 164000 987.03 984.42 972.73 968.00 14.30 16.42 8.73 10.40
204.42 164000 985.49 982.89 971.40 965.98 14.09 16.91 9.64 10.54
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River Water Surface Minimum Channel
Station Q (cfs) Elevation (ft) Elevation (ft) Water Depth (ft) Average Velocity (ft/s)
W/0 W/ W/0 W/ W/O W/ W/0O W/

204.34 164000 982.74 981.44 969.27 964.50 13.47 16.94 12.19 10.94
204.25 164000 981.35 980.52 967.99 964.10 13.36 16.42 10.54 9.76
204.15 164000 981.23 980.14 965.87 964.70 15.36 15.44 7.14 7.41
204.05 164000 980.23 979.29 964.99 964.10 15.24 15.19 8.49 7.90
203.96 164000 977.57 977.80 964.14 963.20 13.43 14.60 11.99 9.69
203.86 164000 977.66 977.41 962.22 963.40 15.44 14.01 6.92 7.21
203.77 164000 977.24 976.94 963.26 963.70 13.98 13.24 6.50 6.60
203.67 164000 976.81 976.66 962.27 961.40 14.54 15.26 6.47 5.85
203.58 164000 976.33 976.08 962.07 962.10 14.26 13.98 6.54 7.06
203.48 164000 975.83 975.76 962.18 961.30 13.65 14.46 6.48 5.99
203.39 164000 975.18 975.24 959.89 960.60 15.29 14.64 6.57 6.04

W/ -With Project condition
W/O -Without Project condition

Minor Water Surface Anomalies

The only significant changes that occurred when introducing the With Project
features on the 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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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 Surface Difference in
Station event Condition Channel Elevation Water Surface
discharge Elevation (ft) between W/ and
(cfs) (ft) W/O
(0
206.32 166000 W/0 987.40 1000.48
206.32 166000 W/ 981.00 1000.83 0.35
206.22 166000 W/O 986.00 999.54
206.22 166000 W/ 979.16 1000.35 0.81
206.13 166000 W/O 984.62 998.57
206.13 166000 W/ 979.43 998.72 0.15

W/ - With Project condition
W/O — Without Project condition

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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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.

Overall With Project water surface elevations were decreased from River Mile
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
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 transport analysis was performed for this study
and the results are contained in the F3 Without Project Final Hydraulic Analysis
Report. Specifically, the report titled Rio Salado Oeste Study Without Project Final
Hydraulic Analysis Report (June 2002) was prepared under contract by WEST
Consultants, Inc.

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.
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.

HEC-RAS Model Conversion

Model Geometry
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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.

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 7,500 cfs to 285,000 cfs, at 7,500 cfs increments
(Figure 14).

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 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.

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,
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which is typical of many streams in Arizona. Therefore, the sediment transport
equation selected for this study was Yang’s unit stream power.

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.

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 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 200,000 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
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order of 0.01 to 0.1 days. For larger discharges (100,000 to 200,000 cfs), typical
durations were between 5 and 10 days with time steps of 0.001 to 0.01 days.

The inflowing sediment loads defined with Yang and Laursen-Madden relationships
are shown in Figures 15 and 16. The gradation of the inflowing load from the
equilibrium analysis is shown in Figures 17 and 18. This information was entered into
the HEC-6T input files using LQ, LT and LF records.

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.

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.
Simulations were performed with the 50-year hydrograph, with simulation results
requested by decade. Figure 19 shows the complete 50-year hydrologic input and
identifies the end of each decade.

Results

The sediment transport analysis results are presented in terms of average bed
elevation by decade (Figure 20). The average bed elevation corresponding to a 10,000
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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.
e 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. In addition, it can be seen that the trend
observed 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.
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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.

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.

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.

30



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 modified
by Madden, seems more susceptible to this effect than Yang’s equation.
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Elevation-Discharge Rating Used in HEC-6T at Downstream Boundary
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Figure 14: Rating curve at downstream end of sediment transport model.
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Figure 15: Equilibrium sediment load with Yang’s equation.
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Figure 16: Equilibrium sediment load with Laursen-Madden’s relation.
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Figure 17: Sediment inflow gradations with Yang’s equation.
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Figure 18: Sediment inflow gradations with Laursen-Madden’s relation.
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50-Year Hydrograph
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Figure 20: Simulated average bed elevation for selected decades.
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Rio Salado Oeste
Average Bed Elevation After 10, 30 and 50 Years of Simulated Sediment Transport
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Figure 20: Continued.
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Rio Salado Oeste
Average Bed Elevation After 10, 30 and 50 Years of Simulated Sediment Transport
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Without Project (w/ Proposed 35th Avenue Bridge)

Since the 35th Avenue Bridge will be replaced in the near future by the City of
Phoenix Street Transportation Department, the without project sediment transport
analysis was modified by replacing the existing 35th Avenue Bridge. The bridge
replacement will consist of removing the existing bridge and abutments, widening
and deepening the existing channel in the immediate vicinity, and constructing a
wider bridge. The existing bridge is approximately 500-ft wide with three groups of
5- to 6-ft wide cylindrical piers. The proposed bridge would be approximately 1100-
ft wide with eight groups of 6-ft wide cylindrical piers. It would be expected that this
new bridge and widened channel combination would decrease the backwater
upstream and consequently affect the sediment routing.

Model Geometry

The without project sediment transport analysis numerical models were modified to
reflect the proposed 35th Avenue Bridge by changing cross-section 209.54 in the
model. The numerical models were then calibrated with the fixed bed (HEC-RAS)
numerical models. Finally, the numerical models were rerun to simulate 50 years of
sediment transport.

Results

The sediment transport analysis results are presented in terms of thalweg bed
elevation by decade show on Figure 21 and Tables 8 to 10). The existing conditions
(with existing 35th Avenue Bridge) results are also presented in Figure 22 and Tables
11 to 13 for comparison. In general, the results of the without project (with the
proposed 35th Avenue Bridge) simulation are similar to the without project (with the
existing 35th Avenue Bridge) simulation. The main differences are the following.

. A scour hole would develop downstream of the 35th Avenue Bridge. The
most probable cause of this scour hole is the initial hole from the proposed bridge
construction. During the simulation, this latter hole would fill in, and the

resulting clearer water would scour out the channel bed immediately downstream.

. Upstream of the 35th Avenue Bridge, the deposition would be less than if
the existing bridge is still in place. This is a result of the wider bridge causing
less backwater, and therefore, less deposition upstream.

o Finally, more sediment would leave the study area. After 50 years of
simulated sediment transport, approximately 615,000 additional tons of sediment
(4 ac-ft/year) would leave the study area with the proposed bridge in place. This
indicates that the study area, with the proposed bridge in place, would be more
efficient in transporting sediment.
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Figure 21: Average bed elevation profiles for existing condition with proposed 35"
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Table 8: Average bed elevation profiles for existing condition with proposed 35" Avenue

Bridge.
Avg.Bed | Avg.Bed | Avg.Bed | Avg.Bed | Avg.Bed
River Initial Elev. Elev. Elev. Elev. Elev.
Avg. Bed After 10 After 20 After 30 After 40 After 50
Station Elev. Years Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (ft) (ft)

202.1 949.9 947.8 947.8 947.7 947.6 947 .5
202.2 949.8 948.1 948.0 947.9 947.9 947.8
202.3 955.5 955.4 955.3 954.2 954.2 954 .2
202.4 954.6 954.6 954.5 954.2 954 .1 954 1
2025 952.5 952.8 952.5 952.5 952.5 952.5
202.6 953.7 953.6 953.5 953.5 953.5 953.5
202.7 953.7 953.8 953.7 953.7 953.7 953.7
202.8 956.4 956.5 956.6 956.5 956.5 956.5
202.9 956.5 956.6 956.7 956.7 956.6 956.6
203.0 959.2 959.2 959.3 959.2 959.2 959.2
203.1 958.7 958.2 958.2 958.2 958.2 958.2
203.2 956.7 956.4 956.4 956.3 956.3 956.3
203.3 960.8 960.5 960.5 960.4 960.4 960.5
203.4 959.9 959.6 959.6 959.4 959.4 959.1
203.5 962.2 962.0 962.0 962.0 962.0 962.0
203.6 962.1 962.3 962.4 962.4 962.5 962.5
203.7 962.3 962.7 962.9 963.1 963.1 963.2
203.8 963.3 964.5 965.0 965.0 965.1 965.1
203.9 962.2 965.0 965.2 965.2 965.3 965.3
204.0 964.1 962.4 962.3 962.5 962.6 962.6
204 .1 965.0 964.6 964 .6 964.6 964.7 964.7
204 .1 965.9 967.0 966.9 966.7 966.6 966.5
204.3 968.0 968.0 968.0 967.6 967.4 967 .4
204.3 969.3 966.8 966.3 966.5 966.3 966.3
204 .4 971.4 968.3 968.1 967.8 967.6 967.6
204.5 972.7 969.5 969.4 969.2 969.0 969.0
204.6 972.6 968.5 968.2 967.9 967.7 967.7
204.7 971.3 969.9 969.8 969.5 969.2 969.2
204.8 967.6 967.8 967.7 967.8 967.9 967.9
204.9 968.1 968.9 968.7 969.0 969.1 969.0
205.0 967.6 971.2 971.2 971.4 971.4 971.4
205.1 970.4 970.3 970.3 970.3 970.4 970.3
205.1 973.1 968.7 969.4 969.4 969.8 969.8
205.3 973.4 972.5 972.8 973.0 972.9 972.9
205.3 972.7 972.7 972.9 973.0 972.9 972.9
205.4 975.5 976.2 976.6 976.6 976.7 976.7
205.4 976.1 976.5 976.6 976.6 976.7 976.7
205.5 975.9 976.0 976.0 976.2 976.5 976.5
205.6 976.0 976.7 976.9 977.2 977.5 977.6
205.8 973.9 975.2 975.4 975.6 975.9 975.9
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205.8 979.5 979.6 979.5 979.5 979.5 979.4
205.9 981.5 981.2 981.3 981.0 981.0 980.9
206.0 984.0 982.8 982.9 982.7 982.3 982.3
206.1 984.6 983.4 983.3 983.2 983.0 983.0
206.2 986.0 984.3 984.1 983.9 983.9 983.9
206.3 987.4 985.8 985.7 985.5 985.3 985.2
206.4 988.8 987.2 987.1 986.8 986.5 986.2
206.5 990.2 987.4 987.8 987.9 987 .1 986.7
206.6 991.8 990.0 989.4 989.3 989.2 988.7
206.7 991.3 990.5 989.8 989.3 989.7 989.3
206.8 993.0 991.3 991.2 991.0 990.7 990.6
206.9 992.7 991.1 987.9 987.1 986.3 987 .4
207.0 992.8 994.0 991.8 990.9 990.5 991.2
207.1 992.8 992.3 991.8 991.5 991.6 991.6
207.2 992.7 993.7 992.7 992.5 992.4 992.5
207.3 993.3 991 .1 990.9 990.2 990.0 990.0
207.3 995.9 993.6 993.6 992.8 992.2 9921
207 .4 999.0 997.5 997.5 997.3 996.9 996.9
207.5 999 4 998.7 998.7 998 .4 998.2 998.2
207.5 999.3 998 .4 998.4 998.2 998.0 998.0
207.6 1000.2 997.9 997.9 997.5 997.3 997 4
207.7 1000.3 998.3 998.3 998.3 998.2 998.3
207.8 999.1 997.5 997.0 997.2 997 1 997.2
207.9 1000.8 1000.2 1000.0 999.5 999 .4 999 .4
208.0 999.8 998.9 998.9 999.1 999.0 999.1
208.1 1001.3 999.8 999.5 998.0 998.0 998.0
208.2 1004.7 1004.8 1004.7 1004.6 1004 .4 1004.3
208.3 1004.7 1004.9 1004.8 1004 .4 1003.5 1003.4
208.4 1005.6 1005.8 1005.8 1005.7 1005.7 1005.1
208.5 1007.6 1007.8 1007.9 1007.8 1007.8 1007.7
208.6 1010.0 1009.2 1009.4 1009.6 1009.7 1009.7
208.7 1010.0 1009.1 1009.4 1009.6 1009.7 1009.7
208.8 1011.0 1010.9 1010.9 1010.3 1010.0 1009.9
208.9 1013.3 1010.3 1010.3 1010.4 1010.5 1010.5
208.9 1013.0 1011.0 1010.9 1011.0 1010.8 1010.8
209.0 1012.2 1011.8 1011.8 1012.1 10121 1012.1
209.1 1014.5 1011.8 1011.7 1011.8 1011.3 1011.3
209.2 1017.4 1011.4 1010.8 1011.6 1012.6 1012.7
209.3 1019.7 1007.2 1006.6 1006.4 1005.6 1005.3
209.4 1019.6 1014.9 1015.0 1015.0 1014.8 1014.6
209.5 1005.0 1005.4 1007.3 1008.6 1012.6 1012.3
209.6 1016.9 1015.9 1015.3 1014.8 1013.3 1013.2
209.7 1019.0 1015.7 1014.4 1013.1 1013.7 1013.6
209.8 1020.0 1020.0 1020.0 1020.0 1020.0 1019.6
209.9 1014.7 1014.5 1014.2 1013.8 1013.7 1013.6
210.0 1018.1 1019.0 1018.9 1018.4 1018.3 1018.2
210.1 1018.5 1021.2 1021.0 1020.7 1020.7 1020.7
210.2 1014.7 1016.6 1016.7 1016.7 1016.7 1016.8
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210.3 1016.9 1017.7 1018.2 1019.1 1019.2 1019.3
2104 1017.4 1018.4 1019.0 1020.1 1020.2 1020.4
2104 1017.6 1018.5 1019.9 1020.6 1020.5 1020.7
210.5 1018.0 1020.7 1021.3 1021.8 1021.4 1021.5
210.6 1018.0 1022.1 1022.4 1022.4 1022.5 1022.6
210.6 1017.7 1020.6 1020.7 1021.8 1021.8 1021.9
210.7 1018.2 1022.1 1022.3 1022.8 1023.0 1023.1
210.8 1019.1 1020.6 1020.7 1021.5 1021.7 1021.7
210.9 1018.7 1019.8 1020.1 1020.9 1021.2 1021.3
211.0 1019.3 1021.5 1021.6 1022.3 1022.6 1022.7
2111 1015.7 1020.6 1020.7 1021.8 1021.9 1021.8
211.2 1021.1 1022.7 1022.9 1023.5 1023.9 1023.9
211.3 1020.8 1023.1 1023.3 1024 .4 1024.5 1024.5
211.4 1018.3 1021.9 1022.5 1023.4 1023.4 1023.4
211.5 1021.9 1024.3 1024.7 1025.5 1025.6 1025.5
211.6 1022.6 1024.3 1025.2 1026.1 1026.2 1026.2
211.7 1023.2 1025.8 1026.4 1026.9 1027.0 1026.9
211.8 1023.8 1025.9 1026.6 1027.5 1027.6 1027.5
2119 1024.2 1026.7 1027.2 1027.7 1027.8 1027.7
212.0 1025.4 1027.7 1028.3 1028.9 1029.1 1029.0
2121 1025.9 1028.1 1028.5 1028.9 1028.9 1028.9
212.2 1030.8 1030.0 1030.3 1030.5 1030.5 1030.4
212.3 1035.1 1030.4 1030.9 1031.0 1031.0 1031.0
212.4 1036.6 1032.5 1032.8 1032.7 1032.6 1032.6
212.5 1037.2 1031.5 1031.7 1031.6 1031.5 1031.6
212.6 1039.3 1034.1 1034.2 1033.8 1033.3 1033.5
212.7 1036.9 1034.1 1033.8 1033.4 1032.7 1032.7
212.7 1041.6 1038.0 1037.5 1037.0 1036.6 1036.6
212.8 1043.1 1037.0 1036.7 1036.0 1035.8 1035.8
212.9 1045.4 1040.8 1039.8 1039.1 1038.8 1038.6
213.0 1046.7 1041.3 1040.5 1039.9 1039.9 1039.8
2131 1047.6 1043.7 1043.2 1042.6 1042.3 1042.2
213.2 1044.9 1043.8 1043.3 1042.7 1042.5 1042.4
213.3 1040.4 1042.5 1041.3 1040.4 1040.0 1039.9
213:3 1045.4 1045.0 1044.2 1043.2 1042.9 1042.8
2134 1045.4 1044.7 1043.8 1042.8 1042.2 1042.2
2135 1045.8 1044.0 1043.2 1042.1 1041.5 1041.4
213.6 1046.7 1044.5 1043.6 1042.7 1042.0 1042.0
213.7 1047.6 1045.3 1044.4 1043.3 1042.5 1042.5
213.8 1044.6 1044.6 1044.1 1043.0 1042.2 1042.3
213.9 1048.1 1045.6 1044.9 1043.8 1042.9 1043.0
213.9 1049.3 1047.8 1046.8 1045.5 1044.9 1044.8
214.0 1048.8 1049.2 1048.1 10471 1046.4 1046.1
2141 1048.7 1048.5 1048.4 1046.6 1046.6 1046.5

44




Table 9: Change in average bed elevation with proposed 35™ Avenue Bridge.

Change in Change in Change in Change in Change in
Avg. Bed Avg. Bed Avg. Bed Avg. Bed Avg. Bed
River Elev. Elev. Elev. Elev. Elev.
After 10 After 20 After 30 After 40 After 50
Station Years Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (t)
202.1 -2.0 -2.1 2.2 -2.3 -2.3
202.2 -1.7 -1.8 -1.9 -1.9 -2.0
202.3 -0.1 -0.2 -1.3 -1.3 -1.3
202.4 0.0 0.0 -0.3 -04 -0.4
202.5 0.4 0.1 0.0 0.0 0.0
202.6 -0.1 -0.2 -0.2 -0.2 -0.2
202.7 0.1 0.0 0.0 0.0 0.0
202.8 0.1 0.2 0.1 0.1 0.1
202.9 0.2 0.3 0.2 0.2 0.2
203.0 0.0 0.1 0.1 0.1 0.1
203.1 -0.5 -0.5 -0.5 -0.5 -0.4
203.2 -0.3 -0.3 -0.5 -04 -0.3
203.3 -0.3 -0.3 -0.3 -0.3 -0.3
203.4 -0.3 -0.4 -0.5 -0.5 -0.8
203.5 -0.2 -0.2 -0.2 -0.2 -0.2
203.6 0.2 0.4 0.3 0.4 0.5
203.7 0.4 0.7 0.8 0.9 1.0
203.8 1.3 1.8 1.8 1.9 1.9
203.9 2.8 3.0 3.0 3.1 3.2
204.0 -1.6 -1.7 -1.6 -1.5 -1.4
204 .1 -0.4 -0.4 -0.4 -04 -0.3
204 .1 1.1 1.0 0.8 0.7 0.7
204.3 0.0 0.0 -0.5 -0.7 -0.7
204.3 -2.5 -2.9 -2.9 -2.9 -2.9
204.4 -3.1 -3.2 -3.7 -3.9 -3.9
204.5 -3.2 -3.4 -3.6 -3.7 -3.7
204.6 -4.0 -4.4 -4.8 -4.9 -4.9
204.7 -1.5 -1.6 -1.9 -2.1 -2.1
204.8 0.2 0.2 0.2 0.3 0.3
204.9 0.9 0.6 0.9 1.0 0.9
205.0 35 3.5 3.7 3.9 3.8
205.1 -0.1 -0.2 -0.1 0.0 -0.1
205.1 -4.4 -3.8 -3.8 -3.2 -3.3
205.3 -0.9 -0.7 -0.5 -0.6 -0.6
205.3 0.0 0.2 0.2 0.2 0.2
205.4 0.7 1.4 1:1 1.2 1.1
205.4 0.5 0.5 0.5 0.6 0.6
205.5 0.1 0.1 0.3 0.5 0.5
205.6 0.7 0.9 1.2 1.5 1.6
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205.8 1.3 1.5 1.8 2.0 2.0
205.8 0.1 0.0 0.0 0.0 -0.1
205.9 -0.3 -0.3 -0.5 -0.5 -0.6
206.0 -1.2 -1.2 -1.5 -1.9 -1.9
206.1 -1.3 -1.4 -1.5 -1.7 -1.7
206.2 -1.5 -1.9 -2.0 -2.1 -2.2
206.3 -1.6 -1.7 -2.0 -2.1 -2.2
206.4 -1.6 -2.1 -2.3 -2.6 -3.0
206.5 2.7 -2.3 -2.8 -3.3 -3.6
206.6 -2.1 -2.7 -2.9 -2.9 -3.3
206.7 -0.6 -1.5 -2.3 -1.8 -1.9
206.8 -1.8 -1.8 -2.4 -2.5 -2.7
206.9 -2.0 -4.9 -4.9 -5.0 -4.5
207.0 1.1 -1.8 -2.4 -1.6 -1.7
2071 -0.6 -1.41 -1.5 -1.2 -1.2
207.2 0.5 -0.9 -0.7 -0.7 -0.6
207.3 -2.0 -2.1 2.7 -2.9 -3.0
207.3 -2.7 -2.7 -3.8 -4.0 -4.2
207.4 -1.5 -1.5 -1.6 -2.1 -2.2
207.5 -0.9 -0.9 -1.6 -1.8 -1.9
207.5 -1.0 -0.9 -1.1 -1.4 -1.4
207.6 -2.6 -2.6 -3.2 -3.3 -3.3
207.7 -2.1 -2.0 -2.0 -2.1 -2.0
207.8 -1.6 -2.2 -2.1 -2.2 -2.2
207.9 -0.6 -0.9 -1.4 -1.4 -1.5
208.0 -1.0 -1.0 -1.0 -1.0 -1.0
2081 -1.7 -2.1 -3.3 -3.3 -3.3
208.2 0.1 0.0 -0.7 -0.7 -0.7
208.3 0.2 0.1 -0.6 -14 -1.5
208.4 0.2 0.2 0.1 -0.6 -1.6
208.5 0.2 0.2 0.2 0.1 0.1
208.6 -0.9 -0.6 -0.5 -0.4 -0.5
208.7 -1.0 -0.7 -0.6 -0.4 -0.5
208.8 -0.2 -0.2 -0.9 -1.1 -1.2
208.9 -3.0 -3.0 -3.1 -3.1 -3.1
208.9 -1.9 -1.9 -1.9 -1.8 -1.9
209.0 -0.9 -0.8 -0.9 -0.9 -0.9
209.1 -2.1 -1.9 -2.0 -2.0 -2.0
209.2 -7.9 -8.1 -8.5 -8.5 -8.5
209.3 -8.3 -8.7 -9.0 -9.1 -9.1
2094 -6.3 -6.6 -7.1 -7.1 -7.2
209.5 -5.8 -6.3 -6.4 -5.5 -5.5
209.6 -5.1 -5.1 -5.2 -5.2 -5.1
209.7 -2.2 -2.3 -3.0 -3.8 -4.0
209.8 0.0 0.0 -0.1 -0.2 -0.5
209.9 0.1 0.2 1.6 1.4 1.4
210.0 0.7 0.6 1.6 0.7 0.5
21041 2.8 2.8 4.1 3.7 3.3
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210.2 3.1 3.0 3.1 3.0 3.0
210.3 1.9 1.9 2.9 2.5 2.8
2104 1.9 2.6 4.0 4.0 4.1
2104 1.3 3.3 4.1 3.7 3.9
210.5 3.5 4.1 4.2 3.9 4.1
210.6 4.7 4.5 5.9 5.8 5.8
210.6 3.2 3.8 4.5 4.2 4.3
210.7 4.5 4.5 5.6 59 5.9
210.8 2.1 2.3 3.2 3.1 3.2
210.9 1.7 1.8 2.8 3.0 3.0
211.0 2.8 2.8 4.2 4.5 4.6
21141 4.9 5.1 5.8 6.1 6.1
211.2 24 2.5 3.6 4.2 4.2
211.3 2.5 25 3.7 3.8 3.8
2114 4.4 4.9 6.1 6.1 6.2
2115 26 2.8 3.9 3.7 3.7
211.6 2.5 3.2 4.1 4.4 4.3
211.7 2.8 3.2 3.9 4.0 4.0
211.8 2.5 3.2 4.0 4.3 4.3
211.9 2.6 3.1 3.7 3.9 3.8
212.0 2.6 3.2 3.9 3.9 3.9
2121 24 2.7 3.1 3.3 3.3
212.2 -0.6 -04 -0.1 -0.1 -0.1
212.3 -4.5 -4.1 -3.9 -3.8 -3.9
212.4 -4.0 -3.6 -3.7 -3.8 -3.8
212.5 -5.5 -5.3 -5.4 -5.5 -5.4
212.6 -5.1 -5.0 -5.4 -5.8 -5.6
212.7 -2.7 -3.0 -3.4 -4.0 -4.0
212.7 -3.5 -4.0 -4.5 -4.8 -4.8
212.8 -6.1 -6.4 -6.9 -7.1 -71
2129 -4.6 -5.5 -6.1 -6.5 -6.6
213.0 -5.5 -6.2 -6.6 -6.6 -6.6
2131 -3.7 -4.3 -4.9 -5.1 -5.3
213.2 -0.8 -1.5 -2.1 2.2 -2.3
213.3 21 1.0 0.1 -04 -04
218.3 -0.5 -1.2 -2.0 -2.3 -2.4
2134 -0.6 -1.5 -2.6 -3.1 -3.1
213.5 -1.8 -2.7 -3.6 -4.2 -4.2
213.6 -2.2 -3.0 -3.9 -4.6 -4.6
213.7 -2.3 -3.1 -4.2 -5.0 -5.0
213.8 0.0 -0.4 -1.5 -2.3 -2.2
213.9 -2.5 -3.2 -4.3 -5.1 -5.1
213.9 -1.5 -2.4 -3.8 4.4 -4.4
214.0 0.4 -0.6 -1.7 -2.3 -2.6
2141 -0.2 -0.3 -2.0 -2.1 -2.1
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Table 10: Accumulated sand delivery for with proposed 35™ Avenue Bridge.

River | Accumulated | Accumulated | Accumulated | Accumulated
Sand Sand Sand Sand
Station Delivery Delivery Delivery Delivery
(miles) (tons) (tons/year) (cylyear) (ac-ft/year)
2021 15037569 300751 186020 115.3
202.2 14967304 299346 185151 114.8
202.3 14944806 298896 184873 114.6
202.4 14946462 298929 184893 114.6
202.5 14951205 299024 184952 114.6
202.6 14943625 298873 184858 114.6
202.7 14909069 298181 184431 114.3
202.8 14905746 298115 184390 114.3
202.9 14953643 299073 184982 1147
203.0 15003490 300070 185599 115.0
203.1 15015896 300318 185752 115.1
203.2 14978741 299575 185293 114.9
203.3 14936465 298729 184770 114.5
203.4 14924907 298498 184627 114.4
203.5 14906192 298124 184395 114.3
203.6 14915493 298310 184510 114 .4
203.7 14945329 298907 184879 114.6
203.8 15029182 300584 185917 116.2
203.9 15144626 302893 187345 116.1
204.0 15285842 305717 189092 117.2
204 .1 15222140 304443 188304 116.7
204 .1 15225308 304506 188343 116.7
204.3 15296343 305927 189221 117.3
204.3 15272909 305458 188932 1171
204 4 15193313 303866 187947 116.5
204.5 15096844 301937 186754 115.8
204.6 15019508 300390 185797 115.2
204.7 14932123 298642 184716 114.5
204.8 14896353 297927 184273 114.2
204.9 14930478 298610 184696 114.5
205.0 14973850 299477 185232 114.8
205.1 15071792 301436 186444 115.6
205.1 15061388 301228 186315 115.5
205.3 15048621 300972 186157 115.4
205.3 15088853 301777 186655 115.7
205.4 15107140 302143 186881 115.8
205.4 15167595 303352 187629 116.3
205.5 15205258 304105 188095 116.6
205.6 15259522 305190 188766 117.0
205.8 15355878 307118 189958 117.7
205.8 15451985 309040 191147 118.5
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205.9 15553847 311077 192407 119.3
206.0 15629758 312595 193346 119.8
2061 15621629 312433 193245 119.8
206.2 15623828 312477 193273 119.8
206.3 15626949 312539 193311 119.8
206.4 15620117 312402 193227 119.8
206.5 15557389 311148 192451 119.3
206.6 15511074 310221 191878 118.9
206.7 15549149 310983 192349 119.2
206.8 15711058 314221 194352 120.5
206.9 15884286 317686 196495 121.8
207.0 16281333 325627 201406 124.8
2071 16656015 333120 206041 127.7
207.2 16635213 332704 205784 127.6
207.3 16587300 331746 205191 127.2
207.3 16506229 330125 204188 126.6
2074 16449965 328999 203492 126.1
207.5 16421358 328427 203138 125.9
207.5 16420542 328411 203128 125.9
207.6 16427266 328545 203211 126.0
207.7 16335306 326706 202074 125.3
207.8 16233476 324670 200814 124.5
207.9 16148249 322965 199760 123.8
208.0 16121743 322435 199432 123.6
208.1 16109035 322181 199275 123.5
208.2 16100372 322007 199168 123.5
208.3 16153297 323066 199822 123.9
208.4 16166333 323327 199984 124.0
208.5 16233848 324677 200819 124.5
208.6 16297963 325959 201612 125.0
208.7 16327028 326541 201971 125.2
208.8 16364057 327281 202429 125.5
208.9 16393665 327873 202796 125.7
208.9 16370831 327417 202513 125.5
209.0 16398309 327966 202853 125.7
2091 16547624 330952 204700 126.9
209.2 16629587 332592 205714 127.5
209.3 16698455 333969 206566 128.0
209.4 16736727 334735 207040 128.3
209.54 16708192 334164 206687 128.1
209.6 16920108 338402 209308 129.7
209.69 16917886 338358 209281 129.7
209.79 16929810 338596 209428 129.8
209.88 17110826 342217 211667 131.2
209.98 17120436 342409 211786 131.3
210.07 17273856 345477 213684 132.4
210.17 17559752 351195 217221 134.6
210.26 17779852 355597 219943 136.3
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210.36 17942596 358852 221957 137.6
210.44 18049232 360985 223276 138.4
210.46 18115474 362309 224095 138.9
210.55 18264508 365290 225939 140.0
210.64 18715186 374304 231514 143.5
210.74 19110600 382212 236405 146.5
210.83 19540114 390802 241718 149.8
210.93 19837184 396744 245393 152.1
211.02 20197370 403947 249849 154.9
211.12 20580582 411612 254589 157.8
211.21 20923114 418462 258827 160.4
211.31 20996336 419927 259732 161.0
211.41 21043660 420873 260318 161.4
211.54 21114384 422288 261193 161.9
211.64 21206044 424121 262327 162.6
211.71 21254220 425084 262923 163.0
21179 21298988 425980 263476 163.3
211.89 21366950 427339 264317 163.8
211.99 21433396 428668 265139 164.3
212.08 21649204 432984 267809 166.0
212.18 21943948 438879 271455 168.3
212.27 22131948 442639 273780 169.7
212.37 22442508 448850 277622 1721
212.46 22686196 453724 280637 173.9
212.56 22704850 454097 280867 1741
212.68 22643656 452873 280110 173.6
212.74 22594456 451889 279502 173.2
212.84 22540922 450818 278840 172.8
212.93 22435342 448707 277533 172.0
213.03 22326774 446535 276190 171.2
213.11 22205016 444100 274684 170.3
213.21 22102780 442056 273420 169.5
213.26 22075462 441509 273082 169.3
213.33 22069956 441399 273014 169.2
213.38 22044334 440887 272697 169.0
213.47 22004646 440093 272206 168.7
213.57 21940752 438815 271415 168.2
213.66 21870748 437415 270549 167.7
213.75 21807436 436149 269766 167.2
213.85 21772134 435443 269329 166.9
213.95 21750404 435008 269061 166.8
214.04 21696148 433923 268389 166.4
214.14 21660388 433208 267947 166.1

Note: weight of sand = 120 pcf, 1 ton = 16.7 cubic feet

This is a table of the total weight of sand and larger transported past
each cross section in the model plotted versus channel station.
Sediment inflow = 166 ac-ft/year
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Figure 22: Average bed elevation profiles for with existing 35th Avenue Bridge.
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Figure 22: continued
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Table 11: Average bed elevation profiles for with existing 35th Avenue Bridge.

Avg. Bed Avg. Bed Avg. Bed Avg. Bed Avg. Bed
River Initial Elev. Elev. Elev. Elev. Elev.
Avg. Bed After 10 After After 30 After 40 After 50
Station Elev. Years 20 Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (ft) (ft)
2021 949.9 947.9 947.8 947.7 947.6 947.6
202.2 949.8 948.2 948.0 947.9 947.9 947.8
202.3 955.5 955.4 955.4 954.3 954.3 954.3
202.4 954 .6 954.6 954.5 954.3 954 .2 954 .1
202.5 952.5 952.8 952.6 952.5 952.5 952.5
202.6 953.7 953.6 953.5 953.5 953.5 953.5
202.7 953.7 953.8 953.8 953.7 953.7 953.7
202.8 956.4 956.5 956.6 956.5 956.5 956.5
202.9 956.5 956.6 956.7 956.7 956.6 956.6
203.0 959.2 959.2 959.3 959.2 959.2 959.2
203.1 958.7 958.2 958.2 958.2 958.2 958.3
203.2 956.7 956.4 956.4 956.3 956.3 956.4
203.3 960.8 960.5 960.5 960.4 960.4 960.5
203.4 959.9 959.6 959.5 959.4 959 .4 959.1
203.5 962.2 962.0 962.0 962.0 962.0 962.0
203.6 962.1 962.3 962.5 962.4 962.5 962.5
203.7 962.3 962.7 963.0 963.1 963.2 963.2
203.8 963.3 964.6 965.1 965.0 965.1 965.1
203.9 962.2 965.0 965.2 965.2 965.3 965.4
204.0 964 .1 962.5 962.4 962.5 962.6 962.7
204 .1 965.0 964.6 964.6 964.6 964 .6 964.7
204 .1 965.9 966.9 966.9 966.6 966.6 966.6
204.3 968.0 968.0 968.0 967.5 967.3 967.3
204.3 969.3 966.8 966.4 966.4 966.4 966.4
204 .4 971.4 968.3 968.2 967.7 967.5 967.5
204.5 972.7 969.5 969.4 969.1 969.0 969.0
204.6 972.6 968.6 968.1 967.8 967.7 967.7
204.7 971.3 969.8 969.7 969.4 969.2 969.2
204.8 967.6 967.8 967.8 967.8 967.9 967.9
204.9 968.1 969.0 968.7 968.9 969.1 969.0
205.0 967.6 971.1 9711 971.3 971.4 971.4
205.1 970.4 970.3 970.3 970.3 970.4 970.4
205.1 973.1 968.7 969.3 969.3 969.9 969.8
205.3 973.4 972.5 972.8 972.9 972.9 972.8
205.3 972.7 972.7 972.9 972.9 972.9 972.9
205.4 9755 976.2 976.5 976.6 976.7 976.6
205.4 976.1 976.5 976.6 976.6 976.7 976.7
205.5 975.9 976.0 976.0 976.2 976.4 976.4
205.6 976.0 976.7 976.9 977.2 977.5 977.6
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205.8 973.9 975.2 975.4 975.7 975.9 975.9
205.8 979.5 979.6 979.5 979.5 979.5 979.4
205.9 981.5 981.2 981.3 981.0 981.0 980.9
206.0 984.0 982.9 982.9 982.6 982.2 982.2
206.1 984.6 983.3 983.2 983.1 982.9 982.9
206.2 986.0 984.5 984.1 984.0 983.9 983.8
206.3 987.4 985.8 985.7 985.4 985.3 985.2
206.4 988.8 987.2 986.7 986.5 986.2 985.8
206.5 990.2 987.5 987.9 987.4 986.9 986.6
206.6 991.8 989.8 989.1 988.9 989.0 988.6
206.7 991.3 990.7 989.7 989.0 989.5 989.3
206.8 993.0 991.3 991.3 990.6 990.5 990.4
206.9 992.7 990.6 987.7 987.8 987.6 988.1
207.0 992.8 993.8 991.0 990.4 991.2 9911
2071 992.8 992.2 991.7 991.3 991.6 991.6
207.2 992.7 993.2 991.7 991.9 992.0 992.1
207.3 993.3 991.3 991.1 990.6 990.3 990.3
207.3 995.9 993.2 993.2 992.2 991.9 991.8
2074 999.0 997.5 997.6 997.4 996.9 996.8
207.5 999.4 998.5 998.5 997.8 997.6 997.5
207.5 999.3 998.3 998.4 998.2 997.9 997.9
207.6 1000.2 997.7 997.6 997.0 996.9 996.9
207.7 1000.3 998.2 998.3 998.3 998.2 998.3
207.8 999.1 997.4 996.8 996.9 996.9 996.9
207.9 1000.8 1000.2 999.9 999.4 999.3 999.3
208.0 999.8 998.8 998.8 998.9 998.8 998.9
2081 1001.3 999.6 999.2 998.0 998.0 998.0
208.2 1004.7 1004.8 1004.6 1004.0 1004.0 1004.0
208.3 1004.7 1004.9 1004.8 1004.1 1003.3 1003.2
208.4 1005.6 1005.8 1005.7 1005.6 1005.0 1004.0
208.5 1007.6 1007.8 1007.8 1007.8 1007.7 1007.7
208.6 1010.0 1009.1 1009.4 1009.5 1009.6 1009.5
208.7 1010.0 1009.0 1009.3 1009.4 1009.6 1009.5
208.8 1011.0 1010.8 1010.8 1010.1 1009.9 1009.8
208.9 1013.3 1010.3 1010.3 1010.3 1010.3 1010.3
208.9 1013.0 1011.1 1011.2 1011.2 1011.3 1011.2
209.0 1012.2 1011.4 1011.4 1011.4 1011.3 1011.3
209.1 1014.5 1012.4 1012.5 1012.4 1012.5 1012.4
209.2 1017.4 1009.5 1009.3 1008.9 1008.9 1008.9
209.3 1019.7 1011.4 1011.0 1010.7 1010.5 1010.6
209.4 1019.6 1013.3 1013.0 1012.4 1012.5 1012.4
209.5 1019.6 1013.8 1013.3 1013.2 1014.2 10141
209.6 1016.9 1011.8 1011.8 1011.8 1011.8 1011.8
209.7 1019.0 1016.8 1016.7 1016.0 1015.2 1015.0
209.8 1020.0 1020.0 1020.0 1019.9 1019.8 1019.5
209.9 1014.7 1014.8 1014.9 1016.3 1016.2 1016.1
210.0 1018.1 1018.7 1018.7 1019.6 1018.7 1018.6
210.1 1018.5 1021.3 1021.3 1022.6 1022.2 1021.8
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210.2 1014.7 1017.8 1017.7 1017.8 1017.7 1017.8
210.3 1016.9 1018.7 1018.8 1019.7 1019.4 1019.7
210.4 1017.4 1019.3 1020.0 1021.4 1021.4 1021.5
2104 1017.6 1018.9 1020.9 1021.7 1021.3 1021.6
210.5 1018.0 1021.5 1022.1 1022.2 1021.9 1022.1
210.6 1018.0 1022.7 1022.6 1023.9 1023.8 1023.8
210.6 1017.7 1020.9 1021.5 1022.2 1021.9 1022.0
210.7 1018.2 1022.7 1022.6 1023.8 1024.1 1024.1
210.8 1019.1 1021.2 1021.4 1022.3 1022.2 1022.3
210.9 1018.7 1020.4 1020.5 1021.5 1021.7 1021.7
211.0 1019.3 1022.1 1022.2 1023.5 1023.9 1023.9
21141 1015.7 1020.6 1020.8 1021.5 1021.8 1021.8
211.2 1021.1 1023.5 1023.6 1024.7 1025.3 1025.3
211.3 1020.8 1023.3 1023.3 1024.5 1024.6 1024.6
2114 1018.3 1022.7 1023.2 1024.4 1024.4 1024.5
211.5 1021.9 1024.5 1024.7 1025.8 1025.6 1025.6
211.6 1022.6 1025.1 1025.8 1026.7 1026.9 1026.9
211.7 1023.2 1026.0 1026.4 1027.1 1027.2 1027.2
211.8 1023.8 1026.3 10271 1027.8 1028.1 1028.1
211.9 1024.2 1026.8 1027.3 1027.9 1028.1 1028.0
212.0 1025.4 1028.0 1028.6 1029.3 1029.3 1029.3
2121 1025.9 1028.3 1028.6 1029.0 1029.2 1029.2
212.2 1030.8 1030.2 1030.4 1030.7 1030.7 1030.7
212.3 1035.1 1030.6 1031.0 1031.2 1031.3 1031.2
2124 1036.6 1032.6 1033.0 1032.9 1032.8 1032.8
212.5 1037.2 1031.7 1031.9 1031.8 1031.7 1031.8
212.6 1039.3 1034.2 1034.3 1033.9 1033.5 1033.7
21270 1036.9 1034.2 1033.9 1033.5 1032.9 1032.9
2127 1041.6 1038.1 1037.6 1037.1 1036.8 1036.8
212.8 1043.1 1037.0 1036.7 1036.2 1036.0 1036.0
212.9 10454 1040.8 1039.9 1039.3 1038.9 1038.8
213.0 1046.7 1041.2 1040.5 1040.1 1040.1 1040.1
2131 1047.6 1043.9 1043.3 1042.7 1042.5 1042.3
213.2 1044.9 1044.1 1043.4 1042.8 1042.7 1042.6
213.3 1040.4 1042.5 1041.4 1040.5 1040.0 1040.0
213.3 1045.4 1044.9 1044.2 1043.4 1043.1 1043.0
2134 1045.4 1044.8 1043.9 1042.8 1042.3 1042.3
213.5 1045.8 1044.0 10431 1042.2 1041.6 1041.6
213.6 1046.7 1044.5 1043.7 1042.8 10421 1042.1
213.7 1047.6 1045.3 1044.5 1043.4 1042.6 1042.6
213.8 1044.6 1044.6 1044.2 1043.1 1042.3 1042.4
213.9 1048.1 1045.6 1044.9 1043.8 1043.0 1043.0
213.9 1049.3 1047.8 1046.9 1045.5 1044.9 1044.9
214.0 1048.8 1049.2 1048.2 10471 1046.5 1046.2
2141 1048.7 1048.5 1048.4 1046.7 1046.6 1046.6
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Table 12: Change in average bed elevation for with existing 35" Avenue Bridge.

Change in Change in Change in Change in Change in
Avg. Bed Avg. Bed Avg. Bed Avg. Bed Avg. Bed
River Elev. Elev. Elev. Elev. Elev.
After 10 After 20 After 30 After 40 After 50
Station Years Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (ft)
2021 -2.0 -2.1 -2.2 -2.3 -2.3
202.2 -1.7 -1.8 -1.9 -1.9 -2.0
202.3 -0.1 -0.2 -1.3 -1.3 -1.3
202.4 0.0 0.0 -0.3 -04 -0.4
202.5 0.4 0.1 0.0 0.0 0.0
202.6 -0.1 -0.2 -0.2 -0.2 -0.2
202.7 0.1 0.0 0.0 0.0 0.0
202.8 0.1 0.2 0.1 0.1 0.1
202.9 0.2 0.3 0.2 0.2 0.2
203.0 0.0 0.1 0.1 0.1 0.1
203.1 -0.5 -0.5 -0.5 -0.5 -0.4
203.2 -0.3 -0.3 -0.5 -04 -0.3
203.3 -0.3 -0.3 -0.3 -0.3 -0.3
203.4 -0.3 -0.4 -0.5 -0.5 -0.8
203.5 -0.2 -0.2 -0.2 -0.2 -0.2
203.6 0.2 0.4 0.3 04 0.5
203.7 0.4 0.7 0.8 0.9 1.0
203.8 1.3 1.8 1.8 1.9 1.9
203.9 2.8 3.0 3.0 3.1 3.2
204.0 -1.6 -1.7 -1.6 -1.5 -1.4
204 .1 -0.4 -0.4 -0.4 -0.4 -0.3
204.1 1.1 1.0 0.8 0.7 0.7
204.3 0.0 0.0 -0.5 -0.7 -0.7
204.3 -2.5 -2.9 -2.9 -2.9 -2.9
204 .4 -3.1 -3.2 -3.7 -3.9 -3.9
204.5 -3.2 -3.4 -3.6 -3.7 -3.7
204.6 -4.0 -4.4 -4.8 -4.9 -4.9
204.7 -1.5 -1.6 -1.9 -2.1 -2.1
204.8 0.2 0.2 0.2 0.3 0.3
204.9 0.9 0.6 0.9 1.0 0.9
205.0 3.5 3.5 3.7 3.9 3.8
205.1 -0.1 -0.2 -0.1 0.0 -0.1
205.1 -4.4 -3.8 -3.8 -3.2 -3.3
205.3 -0.9 -0.7 -0.5 -0.6 -0.6
205.3 0.0 0.2 0.2 0.2 0.2
205.4 0.7 1.1 1.1 1.2 1.1
205.4 0.5 0.5 0.5 0.6 0.6
205.5 0.1 0.1 0.3 0.5 0.5
205.6 0.7 0.9 1.2 1.5 1.6
205.8 13 1.5 1.8 2.0 2.0
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205.8 0.1 0.0 0.0 0.0 -0.1
205.9 -0.3 -0.3 -0.5 -0.5 -0.6
206.0 -1.2 -1.2 -1.5 -1.9 -1.9
206.1 -1.3 -14 -1.5 1.7 -1.7
206.2 -1.5 -1.9 -2.0 -2.1 -2.2
206.3 -1.6 -1.7 -2.0 -2.1 -2.2
206.4 -1.6 -2.1 -2.3 -2.6 -3.0
206.5 2.7 -2.3 -2.8 -3.3 -3.6
206.6 -2.1 -2.7 -2.9 -2.9 -3.3
206.7 -0.6 -1.5 -2.3 -1.8 -1.9
206.8 -1.8 -1.8 -2.4 -2.5 -2.7
206.9 -2.0 -4.9 -4.9 -5.0 -4.5
207.0 1.1 -1.8 -2.4 -1.6 -1.7
2071 -0.6 -1.1 -1.5 -1.2 -1.2
207.2 0.5 -0.9 -0.7 -0.7 -0.6
207.3 -2.0 -2.1 -2.7 -2.9 -3.0
207.3 2.7 -2.7 -3.8 -4.0 -4.2
207.4 -1.5 -1.5 -1.6 -2.1 -2.2
207.5 -0.9 -0.9 -1.6 -1.8 -1.9
207.5 -1.0 -0.9 -1.41 -1.4 -1.4
207.6 -2.6 -2.6 -3.2 -3.3 -3.3
207.7 -2.1 -2.0 -2.0 -2.1 -2.0
207.8 -1.6 -2.2 -2.1 2.2 -2.2
207.9 -0.6 -0.9 -1.4 -1.4 -1.5
208.0 -1.0 -1.0 -1.0 -1.0 -1.0
208.1 -1.7 -2.1 -3.3 -3.3 -3.3
208.2 0.1 0.0 -0.7 -0.7 -0.7
208.3 0.2 0.1 -0.6 -1.4 -1.5
208.4 0.2 0.2 0.1 -0.6 -1.6
208.5 0.2 0.2 0.2 0.1 0.1
208.6 -0.9 -0.6 -0.5 -0.4 -0.5
208.7 -1.0 -0.7 -0.6 -04 -0.5
208.8 -0.2 -0.2 -0.9 -1.1 -1.2
208.9 -3.0 -3.0 -3.1 -3.1 -3.1
208.9 -1.9 -1.9 -1.9 -1.8 -1.9
209.0 -0.9 -0.8 -0.9 -0.9 -0.9
2091 -2.1 -1.9 -2.0 -2.0 -2.0
209.2 -7.9 -8.1 -8.5 -8.5 -8.5
209.3 -8.3 -8.7 -9.0 -9.1 -9.1
209.4 -6.3 -6.6 -7.1 -7.1 -7.2
209.5 -5.8 -6.3 -6.4 -5.5 -5.5
209.6 -5.1 -5.1 -5.2 -5.2 -5.1
209.7 2.2 -2.3 -3.0 -3.8 -4.0
209.8 0.0 0.0 -0.1 -0.2 -0.5
209.9 0.1 0.2 1.6 14 1.4
210.0 0.7 0.6 1.6 0.7 0.5
2101 2.8 2.8 4.1 3.7 3.3
210.2 3.1 3.0 3.1 3.0 3.0
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210.3 1.9 1.9 2.9 2.5 2.8
2104 1.9 2.6 4.0 4.0 4.1
2104 1.3 3.3 4.1 37 3.9
210.5 3.5 4.1 4.2 3.9 41
210.6 4.7 4.5 5.9 5.8 5.8
210.6 3.2 3.8 4.5 4.2 4.3
210.7 4.5 4.5 5.6 59 5.9
210.8 2.1 2.3 3.2 3.1 3.2
210.9 1.7 1.8 2.8 3.0 3.0
211.0 2.8 2.8 4.2 4.5 4.6
2111 4.9 5.1 5.8 6.1 6.1
211.2 24 25 3.6 4.2 4.2
211.3 2.5 25 3.7 3.8 3.8
2114 4.4 4.9 6.1 6.1 6.2
211.5 2.6 2.8 3.9 3.7 3.7
211.6 2.5 3.2 41 4.4 4.3
211.7 2.8 3.2 3.9 4.0 4.0
211.8 2.5 3.2 4.0 4.3 4.3
211.9 2.6 3.1 3.7 3.9 3.8
212.0 2.6 3.2 3.9 3.9 3.9
2121 24 2.7 3.1 3.3 3.3
212.2 -0.6 -0.4 -0.1 -0.1 -0.1
212.3 -4.5 -4.1 -3.9 -3.8 -3.9
2124 -4.0 -3.6 -3.7 -3.8 -3.8
212.5 -5.5 -5.3 -5.4 -5.5 -5.4
212.6 -5.1 -5.0 -5.4 -5.8 -5.6
212.7 2.7 -3.0 -3.4 -4.0 -4.0
212.7 -3.5 -4.0 -4.5 -4.8 -4.8
212.8 -6.1 -6.4 -6.9 -7.1 -7.1
212.9 -4.6 -5.5 -6.1 -6.5 -6.6
213.0 -5.5 -6.2 -6.6 -6.6 -6.6
213.1 -3.7 -4.3 -4.9 -5.1 -5.3
213.2 -0.8 -1.5 -2.1 -2.2 -2.3
213.3 2.1 1.0 0.1 -04 -04
213.3 -0.5 -1.2 -2.0 -2.3 -2.4
2134 -0.6 -1.5 -2.6 -3.1 -3.1
213.5 -1.8 2.7 -3.6 -4.2 -4.2
213.6 -2.2 -3.0 -3.9 -4.6 -4.6
213.7 -2.3 -3.1 -4.2 -5.0 -5.0
213.8 0.0 -0.4 -1.5 -2.3 -2.2
213.9 -2.5 -3.2 -4.3 -5.1 -5.1
213.9 -1.5 -2.4 -3.8 -4.4 -4.4
214.0 04 -0.6 -1.7 -2.3 -2.6
2141 -0.2 -0.3 -2.0 -2.1 -2.1
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Table 13: Accumulated sand delivery for with existing 35™ Ave Bridge.

River | Accumulated | Accumulated | Accumulated | Accumulated
Sand Sand Sand Sand
Station Delivery Delivery Delivery Delivery
(miles) (tons) (tons/year) (cylyear) (ac-ft/year)
2021 14422208 288444 178408 110.6
202.2 14352047 287041 177540 110.0
202.3 14329823 286596 177265 109.9
202.4 14333327 286667 177309 109.9
202.5 14339765 286795 177388 110.0
202.6 14331662 286633 177288 109.9
202.7 14295841 285917 176845 109.6
202.8 14291759 285835 176794 109.6
202.9 14340572 286811 177398 110.0
203.0 14390974 287819 178022 110.3
203.1 14404236 288085 178186 110.4
203.2 14368498 287370 177744 110.2
203.3 14325232 286505 177208 109.8
203.4 14312941 286259 177056 109.7
203.5 14293714 285874 176819 109.6
203.6 14302732 286055 176930 109.7
203.7 14333628 286673 177312 109.9
203.8 14416945 288339 178343 110.5
203.9 14533425 290669 179784 111.4
204.0 14675276 293506 181539 112.5
204 1 14611829 292237 180754 112.0
204 1 14612501 292250 180762 112.0
204.3 14685253 293705 181662 112.6
204.3 14658035 293161 181325 112.4
204 .4 14572993 291460 180273 111.7
204.5 14469595 289392 178994 110.9
204.6 14385128 287703 177949 110.3
204.7 14293674 285873 176818 109.6
204.8 14252748 285055 176312 109.3
204.9 14285831 285717 176721 109.5
205.0 14328664 286573 177251 109.9
205.1 14426900 288538 178466 110.6
205.1 14417327 288347 178348 110.5
205.3 14394932 287899 178071 110.4
205.3 14432187 288644 178531 110.7
205.4 14446262 288925 178706 110.8
205.4 14498503 289970 179352 111.2
205.5 14531543 290631 179761 1114
205.6 14579293 291586 180351 111.8
205.8 14668813 293376 181459 1125
205.8 14758751 295175 182571 113.2
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205.9 14857138 297143 183788 113.9
206.0 14929605 298592 184685 114.5
206.1 14909628 298193 184438 114.3
206.2 14911000 298220 184455 114.3
206.3 14905861 298117 184391 114.3
206.4 14898132 297963 184295 114.2
206.5 14824492 296490 183384 113.7
206.6 14777841 295557 182807 113.3
206.7 14810993 296220 183217 113.6
206.8 14957615 299152 185031 114.7
206.9 15118055 302361 187016 115.9
207.0 15454313 309086 191176 118.5
2071 15757776 315156 194930 120.8
207.2 15722182 314444 194489 120.6
207.3 15661582 313232 193740 120.1
207.3 15573266 311465 192647 119.4
207.4 15491502 309830 191636 118.8
207.5 15453835 309077 191170 118.5
207.5 15438854 308777 190984 118.4
207.6 15428208 308564 190853 118.3
207.7 15327505 306550 189607 117.5
207.8 15229600 304592 188396 116.8
207.9 15132987 302660 187201 116.0
208.0 15103263 302065 186833 115.8
2081 15077987 301560 186520 115.6
208.2 15064528 301291 186354 1156.5
208.3 15111648 302233 186937 115.9
208.4 15121992 302440 187065 115.9
208.5 15172666 303453 187691 116.3
208.6 15229482 304590 188394 116.8
208.7 15257794 305156 188745 117.0
208.8 15278637 305573 189002 117.2
208.9 15305602 306112 189336 117.4
208.9 15263395 305268 188814 117.0
209.0 15296104 305922 189218 117.3
2091 15410151 308203 190629 118.2
209.2 15534060 310681 192162 119.1
209.3 15550754 311015 192369 119.2
2094 15549481 310990 192353 119.2
209.54 15322105 306442 189540 1175
209.6 15296562 305931 189224 117.3
209.69 15262057 305241 188797 117.0
209.79 15561085 311222 192496 119.3
209.88 15868319 317366 196297 121.7
209.98 16038306 320766 198400 123.0
210.07 16310772 326215 201770 1251
21017 16749400 334988 207196 128.4
210.26 17124292 342486 211834 131.3
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210.36 17352282 347046 214654 133.1
210.44 17525652 350513 216799 134.4
210.46 17593666 351873 217640 134.9
210.55 17748626 354973 219557 136.1
210.64 18237946 364759 225610 139.8
210.74 18689042 373781 231190 143.3
210.83 19202294 384046 237539 147.2
210.93 19585068 391701 242275 150.2
211.02 19995070 399901 247346 153.3
211.12 20396388 407928 252311 156.4
211.21 20760274 415205 256812 159.2
211.31 20863642 417273 258091 160.0
211.41 20913878 418278 258712 160.4
211.54 20998620 419972 259761 161.0
211.64 21089320 421786 260883 161.7
211.71 21147284 422946 261600 162.1
211.79 21213886 424278 262424 162.7
211.89 21289324 425786 263357 163.2
211.99 21363218 427264 264271 163.8
212.08 21587200 431744 267042 165.5
212.18 21911450 438229 271053 168.0
212.27 22148280 442966 273982 169.8
212.37 22396204 447924 277049 171.7
212.46 22641114 452822 280079 173.6
212.56 22660454 453209 280318 173.8
212.68 22603146 452063 279609 173.3
212.74 22555978 451120 279026 172.9
212.84 22504458 450089 278388 172.6
212.93 22401770 448035 277118 171.8
213.03 22296008 445920 275810 171.0
213.11 22178918 443578 274361 170.1
213.21 22079558 441591 273132 169.3
213.26 22059252 441185 272881 169.1
213.33 22055918 441118 272840 169.1
213.38 22033092 440662 272558 168.9
213.47 21993772 439875 272071 168.6
213.57 21931304 438626 271298 168.2
213.66 21863528 437271 270460 167.6
213.75 21801168 436023 269689 167.2
213.85 21767034 435341 269266 166.9
213.95 21747616 434952 269026 166.8
214.04 21694544 433891 268370 166.3
214.14 21659744 433195 267939 166.1

Note: weight of sand = 120 pcf, 1 ton = 16.7 cubic feet

This is a table of the total weight of sand and larger transported past
each cross section in the model plotted versus channel station.
Sediment inflow = 166 ac-ft/year
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With Project

The without project sediment transport analysis numerical models were modified to
reflect the with project conditions. The proposed project would consist of a
trapezoidal low flow channel approximately 300- to 800-ft wide and up to 15-ft deep.
The low flow channel excavation would extend from approximately River Mile 203.5
to 211.5.

Model Geometry

The without project sediment transport analysis numerical models were modified to
reflect the proposed geometry changes. The modification consisted mainly of
excavating the low flow channel within the existing channel bed. The numerical
models were then calibrated with the fixed bed (HEC-RAS) numerical models.
Finally, the numerical models were rerun to simulate 50 years of sediment transport.

Results

The sediment transport analysis results are presented in terms of thalweg bed
elevation by decade show on Figure 23 and Tables 14 to 16. The significant results
are discussed below.

° In general, the end result of the simulation is a channel with a more
homogeneous bed slope. The bed slope tends to parallel the proposed bed slope
of the low flow channel.

e The channel reach between the 19th to the 27th Avenue Bridges would
experience up to 5 ft of deposition. This is similar to what would occur for
without project conditions.

. An area from the 27th to the 35th Avenue Bridges would have up to 6 ft of
scour. This is most likely due to the deposition that occurred upstream and from
the channel bed trying to obtain a stable slope.

J Downstream of the 35th Avenue Bridge up to River Mile 208, the channel
would be generally stable with scattered areas of minor erosion and deposition.

o From River Mile 208 to the 51st Avenue Bridge, up to 5 ft of deposition
would occur. Downstream from the bridge to River Mile 207, up to 8 ft of scour

would occur.

o Downstream of River Mile 206, the channel would be generally stable
with scattered areas of minor erosion and deposition.
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. More sediment would leave the study area. After 50 years of simulated
sediment transport, approximately 2,591,000 additional tons of sediment (20 ac-
ft/year) would leave the study area, as compared to the without project conditions.
This indicates that the study area, with the proposed low flow channel in place,
would be more efficient in transporting sediment.

o 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. In addition, it can be seen that
the trend observed 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.

Rio Oeste Feasibility Study
Average Bed Elevation Profiles
With-Project Conditions
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Figure 23: Average bed elevation profiles for with project condition.
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Figure 23: continued
Table 14: Average bed elevation profiles for with project condition.
Avg. Bed Avg. Bed Avg. Bed Avg. Bed Avg. Bed
River Initial Elev. Elev. Elev. Elev. Elev.
Avg. Bed After 10 After 20 After 30 After 40 After 50
Station Elev. Years Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (ft) (ft)
202.1 949.9 947.6 947.5 947.5 947 .4 947 .4
202.2 949.8 948.4 948.3 948.1 948.0 948.0
202.3 955.5 955.4 955.3 954 .2 954 .2 954 .1
202.4 954.6 954 .5 954.5 954.4 954.3 954.3
202.5 952.5 952.6 952.6 952.5 952.5 952.5
202.6 953.7 953.5 953.5 953.5 953.6 953.6
202.7 953.7 953.7 953.8 953.8 953.8 953.8
202.8 956.4 956.5 956.6 956.5 956.5 956.5
202.9 956.5 956.6 956.7 956.6 956.6 956.5
203.0 959.2 959.1 959.1 959.1 959.1 959.1
203.1 958.7 957.9 958.0 958.1 958.1 958.2
203.2 956.7 955.3 955.3 955.6 955.6 955.6
203.3 960.8 960.1 960.1 960.1 960.1 960.1
203.4 958.4 959.9 960.2 960.8 960.8 960.6
203.5 959.0 960.5 960.9 961.5 961.5 961.3
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203.6 959.8 961.3 961.9 962.2 962.2 962.1
203.7 960.1 960.3 961.3 961.6 961.6 961.4
203.8 961.1 963.3 963.6 963.8 963.7 963.7
203.9 961.1 962.2 963.1 963.4 963.3 963.4
204.0 961.6 962.4 962.5 963.2 962.9 963.2
204 .1 961.9 962.5 963.3 963.9 964.0 964.1
2041 962.5 964.2 964.3 964.7 964.6 964.7
204.3 963.0 963.4 963.7 963.9 963.8 964.1
204.3 963.5 963.2 963.6 964.5 964.2 964.5
204.4 966.0 963.8 964.3 964.8 964.7 964.9
204.5 968.0 963.9 964.1 964.6 964.7 964.8
204.6 967.0 963.3 965.2 966.3 965.7 965.8
204.7 965.5 964.8 965.0 965.2 965.2 965.4
204.8 967.6 967.8 967.9 967.9 968.0 967.9
204.9 968.0 968.7 968.8 968.9 969.0 968.9
205.0 967.6 970.0 970.1 970.2 970.5 970.3
2051 968.5 966.5 966.4 966.5 966.6 966.4
2051 969.0 967.6 967.5 968.3 969.1 968.9
205.3 969.5 969.0 969.2 969.9 970.2 969.9
205.3 970.0 969.6 970.0 970.4 970.9 970.7
205.4 971.0 971.3 971.6 971.8 972.0 971.8
205.4 971.0 971.5 971.9 972.0 972.4 972.2
205.5 971.0 971.5 971.7 972.0 972.4 972.2
205.6 971.9 9731 973.8 973.5 973.6 973.6
205.8 974.0 974.8 974.7 974.6 974.6 974.5
205.8 976.0 974.8 973.8 973.4 973.7 973.6
205.9 977.0 976.6 976.2 976.0 975.9 975.8
206.0 977.8 974.8 975.1 975.2 976.0 975.9
206.1 979.4 976.9 976.8 976.6 976.5 976.4
206.2 979.2 975.9 976.4 976.4 976.9 976.9
206.3 980.7 976.7 976.8 976.8 976.9 976.9
206.4 982.2 982.5 982.4 982.0 982.3 982.2
206.5 980.0 981.7 982.0 982.0 982.1 982.0
206.6 981.0 981.7 981.4 981.5 982.0 982.1
206.7 982.0 983.6 983.7 983.5 983.4 983.5
206.8 983.1 985.7 985.8 986.1 986.3 986.3
206.9 984.0 986.7 987.0 986.9 987.0 987.0
207.0 985.0 987.0 986.9 986.8 986.8 986.8
2071 985.1 985.3 985.1 985.1 985.1 985.2
207.2 987.1 986.3 986.1 986.0 986.0 986.2
207.3 989.0 986.8 986.3 986.3 986.4 986.7
207.3 991.2 986.5 985.9 985.9 986.2 986.6
207.4 993.0 987.4 987.3 987.4 987.5 988.0
207.5 995.0 987.3 986.8 986.8 987.0 987.5
207.5 994.4 987.8 987.1 987.5 987.4 987.8
207.6 992.0 989.7 9911 990.5 990.5 990.5
207.7 992.5 994.5 992.6 993.3 993.7 993.7
207.8 993.1 995.4 995.5 995.9 994.7 994.6
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207.9 993.9 998.1 998.2 998.2 998.1 998.1
208.0 994.6 996.5 996.5 996.0 995.7 995.7
208.1 995.4 994.1 995.3 996.0 995.4 995.8
208.2 996.1 996.3 995.5 995.4 995.7 995.8
208.3 996.8 996.8 996.3 996.7 996.2 996.5
208.4 997.5 997.0 996.1 996.7 996.6 996.9
208.5 998.1 997.8 997.5 997.6 997 .4 997.8
208.6 998.7 997.3 997.0 997.0 997.0 997.3
208.7 999.4 999.6 999.8 1001.2 1001.0 1000.8
208.8 1000.1 1000.2 1000.2 1000.3 1000.7 1000.7
208.9 1000.0 1001.8 1001.8 1002.2 1002.5 1002.5
208.9 1001.5 1002.2 1002.1 1002.1 1001.7 1001.7
209.0 1001.9 1003.8 1003.7 1003.8 1003.8 1003.8
2091 1002.9 1004.3 1004.4 1004.6 1004.3 1004.2
209.2 1003.6 1004.4 1004.5 1004.4 1004 .1 1004 .1
209.3 1004.3 1004.7 1004.3 1005.2 1005.0 1004.8
209.4 1005.5 1003.9 1003.3 1003.2 1002.7 1003.3
209.5 1005.0 1005.7 1005.7 1006.2 1006.2 1006.0
209.6 1006.7 1004.5 1004.2 1004.2 1003.9 1004.0
209.7 1006.8 1006.1 1006.3 1006.4 1006.2 1006.1
209.8 1007.1 1005.0 1005.0 1005.2 1005.2 1005.2
209.9 1011.7 1006.5 1006.5 1006.2 1005.9 1005.9
210.0 1013.0 1009.7 1009.9 1009.7 1009.4 1009.3
2101 1013.5 1012.9 1011.5 1011.1 1011.0 1010.8
210.2 1013.9 1012.9 1011.7 1011.0 1010.4 1010.3
210.3 1014.2 1012.9 1012.4 1011.3 1011.3 1011.2
2104 1013.9 1014.1 1013.2 1012.9 1013.0 1013.0
2104 1013.5 1011.7 1011.1 1011.3 1011.8 1011.8
210.5 1013.5 1015.0 1014.5 1014.1 1014.3 1014.3
210.6 1013.9 1014.3 1014.2 1014.4 1014.7 1014.6
210.6 1014.8 1015.7 1015.5 1015.6 1016.0 1015.9
210.7 1015.0 1016.2 1016.3 1017.0 1017.4 1017.4
210.8 1015.2 1016.5 1016.3 1016.9 1017.3 1017.3
210.9 1015.6 1016.9 1017.2 1018.2 1018.5 1018.5
211.0 1015.6 1017.8 1018.2 1018.6 1018.9 1018.9
21141 1015.7 1020.4 1020.6 1020.8 1021.0 1020.9
211.2 1016.2 1018.1 1018.9 1019.7 1020.4 1020.4
211.3 1016.8 1021.2 1021.8 1022.1 1022.2 1022.2
2114 1018.2 1014.3 1017.1 1018.1 1018.5 1018.8
211.5 1021.9 1022.6 1022.7 1022.8 1022.5 1022.6
211.6 1022.6 1021.2 1021.6 1022.3 1022.3 1022.3
211.7 1023.2 1024.7 1025.0 1025.1 1025.0 1024.9
211.8 1023.8 1024.1 1024.2 1024.5 1024.3 1024.3
211.9 1024.2 1025.8 1026.1 1026.1 1025.9 1025.9
212.0 1025.4 1026.7 1026.8 1026.6 1026.2 1026.2
2121 1025.9 1027.5 1027.6 1027.7 1027.4 1027.4
212.2 1030.8 1029.2 1029.2 1028.7 1028.5 1028.4
212.3 1035.1 1029.9 1030.2 1030.0 1029.9 1029.9
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212.4 1036.6 1032.1 1032.0 1031.5 1031.1 1031.1
212.5 1037.2 1031.0 1031.2 1030.6 1030.2 1030.3
212.6 1039.3 1033.8 1033.7 1032.9 1032.2 1032.2
212.7 1036.9 1033.8 1033.3 1032.5 1031.8 1031.8
212.7 1041.6 1037.8 1037.1 1036.2 1035.6 1035.5
212.8 1043.1 1036.6 1036.2 1035.2 1034.9 1034.8
212.9 1045.4 1040.8 1039.6 1038.5 1037.8 1037.7
213.0 1046.7 1041.2 1040.0 1039.1 1038.9 1038.8
2131 1047.6 1043.6 1042.9 1041.9 1041.4 1041.2
213.2 1044.9 1043.7 1043.0 1042.0 1041.6 1041.5
213.3 1040.4 1042.5 1041.1 1039.8 1039.0 1038.9
213.3 1045.4 1044.7 1043.9 1042.7 1042 .1 1042.0
213.4 1045.4 1044.8 1043.7 1042.3 1041 .4 1041.4
213.5 1045.8 1043.9 1042.9 1041.7 1040.8 1040.8
213.6 1046.7 1044.5 1043.6 1042.3 1041.3 1041.3
213.7 1047.6 1045.2 1044.3 1042.9 1041.8 1041.9
213.8 1044 .6 1044 .5 1044.0 1042.6 1041.7 1041.7
213.9 1048.1 1045.4 1044.8 1043.4 1042.2 1042.2
213.9 1049.3 1047.8 1046.8 1045.3 1044 .3 1044.2
214.0 1048.8 1049.2 1048.0 1046.6 1045.8 1045.5
214 1 1048.7 1048.5 1048.3 1046.3 1046.0 1045.7
Table 15: Change in average bed elevation profiles for with project condition.
Change in Change in Change in Change in Change in
Avg. Bed Avg. Bed Avg. Bed Avg. Bed Avg. Bed
River Elev. Elev. Elev. Elev. Elev.
After 10 After 20 After 30 After 40 After 50
Station Years Years Years Years Years
(miles) (ft) (ft) (ft) (ft) (ft)
2021 -2.0 -2.1 -2.2 -2.3 -2.3
202.2 -1.7 -1.8 -1.9 -1.9 -2.0
202.3 -0.1 -0.2 -1.3 -1.3 -1.3
202.4 0.0 0.0 -0.3 -0.4 -0.4
202.5 04 0.1 0.0 0.0 0.0
202.6 -0.1 -0.2 -0.2 -0.2 -0.2
202.7 0.1 0.0 0.0 0.0 0.0
202.8 0.1 0.2 0.1 0.1 0.1
202.9 0.2 0.3 0.2 0.2 0.2
203.0 0.0 0.1 0.1 0.1 0.1
203.1 -0.5 -0.5 -0.5 -0.5 -0.4
203.2 -0.3 -0.3 -0.5 -0.4 -0.3
203.3 -0.3 -0.3 -0.3 -0.3 -0.3
203.4 -0.3 -0.4 -0.5 -0.5 -0.8
203.5 -0.2 -0.2 -0.2 -0.2 -0.2
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203.6 0.2 0.4 0.3 0.4 0.5
203.7 0.4 0.7 0.8 0.9 1.0
203.8 1.3 1.8 1.8 1.9 1.9
203.9 2.8 3.0 3.0 3.1 3.2
204.0 -1.6 -1.7 -1.6 -1.5 -14
2041 -0.4 -0.4 -0.4 -04 -0.3
2041 11 1.0 0.8 0.7 0.7
204.3 0.0 0.0 -0.5 -0.7 -0.7
204.3 -2.5 -2.9 -2.9 -2.9 -2.9
204.4 -3.1 -3.2 -3.7 -3.9 -3.9
204.5 -3.2 -3.4 -3.6 -3.7 -3.7
204.6 -4.0 -4.4 -4.8 -4.9 -4.9
204.7 -1.5 -1.6 -1.9 -2.1 -2.1
204.8 0.2 0.2 0.2 0.3 0.3
204.9 0.9 0.6 0.9 1.0 0.9
205.0 3.5 35 3.7 3.9 3.8
2051 -0.1 -0.2 -0.1 0.0 -0.1
2051 -4.4 -3.8 -3.8 -3.2 -3.3
205.3 -0.9 -0.7 -0.5 -0.6 -0.6
205.3 0.0 0.2 0.2 0.2 0.2
205.4 0.7 1.1 1.1 1.2 1.1
205.4 0.5 0.5 0.5 0.6 0.6
205.5 0.1 0.1 0.3 0.5 0.5
205.6 0.7 0.9 1.2 1.5 1.6
205.8 1.3 1.5 1.8 2.0 2.0
205.8 0.1 0.0 0.0 0.0 -0.1
205.9 -0.3 -0.3 -0.5 -0.5 -0.6
206.0 -1.2 -1.2 -1.5 -1.9 -1.9
206.1 -1.3 -14 -1.5 -1.7 -1.7
206.2 -1.5 -1.9 -2.0 -2.1 -2.2
206.3 -1.6 -1.7 -2.0 -2.1 -2.2
206.4 -1.6 -2.1 -2.3 -2.6 -3.0
206.5 -2.7 -2.3 -2.8 -3.3 -3.6
206.6 -2.1 2.7 -2.9 -2.9 -3.3
206.7 -0.6 -1.5 -2.3 -1.8 -1.9
206.8 -1.8 -1.8 -2.4 -2.5 2.7
206.9 -2.0 -4.9 -4.9 -5.0 -4.5
207.0 1.1 -1.8 -2.4 -1.6 -1.7
2071 -0.6 -1.1 -1.5 -1.2 -1.2
207.2 0.5 -0.9 -0.7 -0.7 -0.6
207.3 -2.0 -2.1 -2.7 -2.9 -3.0
207.3 -2.7 -2.7 -3.8 -4.0 -4.2
207.4 -1.5 -1.5 -1.6 -2.1 -2.2
207.5 -0.9 -0.9 -1.6 -1.8 -1.9
207.5 -1.0 -0.9 -1.1 -1.4 -1.4
207.6 -2.6 -2.6 -3.2 -3.3 -3.3
207.7 -2.1 -2.0 -2.0 -2.1 -2.0
207.8 -1.6 -2.2 -2.1 2.2 -2.2
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207.9 -0.6 -0.9 -1.4 -14 -1.5
208.0 -1.0 -1.0 -1.0 -1.0 -1.0
208.1 -1.7 -2.1 -3.3 -3.3 -3.3
208.2 0.1 0.0 -0.7 -0.7 -0.7
208.3 0.2 0.1 -0.6 -1.4 -1.5
208.4 0.2 0.2 0.1 -0.6 -1.6
208.5 0.2 0.2 0.2 0.1 0.1
208.6 -0.9 -0.6 -0.5 -0.4 -0.5
208.7 -1.0 -0.7 -0.6 -04 -0.5
208.8 -0.2 -0.2 -0.9 -1.1 -1.2
208.9 -3.0 -3.0 -3.1 -3.1 -3.1
208.9 -1.9 -1.9 -1.9 -1.8 -1.9
209.0 -0.9 -0.8 -0.9 -0.9 -0.9
209.1 -2.1 -1.9 -2.0 -2.0 -2.0
209.2 -7.9 -8.1 -8.5 -8.5 -8.5
209.3 -8.3 -8.7 -9.0 -9.1 -9.1
209.4 -6.3 -6.6 -7.1 -7.1 -7.2
209.5 -5.8 -6.3 -6.4 -5.5 -5.5
209.6 -5.1 -5.1 -5.2 -5.2 -5.1
209.7 -2.2 -2.3 -3.0 -3.8 -4.0
209.8 0.0 0.0 -0.1 -0.2 -0.5
209.9 0.1 0.2 1.6 1.4 14
210.0 0.7 0.6 1.6 0.7 0.5
2101 2.8 2.8 4.1 3.7 3.3
210.2 3.1 3.0 3.1 3.0 3.0
210.3 1.9 1.9 2.9 25 2.8
210.4 1.9 2.6 4.0 4.0 41
2104 1.3 3.3 41 3.7 3.9
210.5 3.5 4.1 4.2 3.9 4.1
210.6 4.7 4.5 5.9 5.8 5.8
210.6 3.2 3.8 4.5 4.2 4.3
210.7 4.5 4.5 5.6 5.9 5.9
210.8 2.1 23 3.2 3.1 3.2
210.9 1.7 1.8 2.8 3.0 3.0
211.0 2.8 2.8 4.2 4.5 4.6
21141 4.9 5.1 5.8 6.1 6.1
211.2 2.4 2.5 3.6 4.2 4.2
211.3 2.5 2.5 3.7 3.8 3.8
211.4 4.4 4.9 6.1 6.1 6.2
211.5 2.6 2.8 3.9 3.7 3.7
211.6 2.5 3.2 4.1 4.4 4.3
211.7 2.8 3.2 3.9 4.0 4.0
211.8 2.5 3.2 4.0 4.3 4.3
211.9 2.6 3.1 3.7 3.9 3.8
212.0 2.6 3.2 3.9 3.9 3.9
2121 24 2.7 3.1 3.3 3.3
212.2 -0.6 -0.4 -0.1 -0.1 -0.1
2123 -4.5 -4.1 -3.9 -3.8 -3.9

68




212.4 -4.0 -3.6 -3.7 -3.8 -3.8
2125 -5.5 -5.3 -5.4 -5.5 -5.4
212.6 -5.1 -5.0 -5.4 -5.8 -5.6
212.7 -2.7 -3.0 -3.4 -4.0 -4.0
212.7 -3.5 -4.0 -4.5 -4.8 -4.8
212.8 -6.1 -6.4 -6.9 -7.1 -7.1
212.9 -4.6 -5.5 -6.1 -6.5 -6.6
213.0 -5.5 -6.2 -6.6 -6.6 -6.6
213.1 -3.7 -4.3 -4.9 -5.1 -5.3
213.2 -0.8 -1.5 -2.1 -2.2 -2.3
213.3 2.1 1.0 0.1 -0.4 -0.4
213.3 -0.5 -1.2 -2.0 -2.3 -2.4
2134 -0.6 1.5 -2.6 -3.1 -3.1
213.5 -1.8 -2.7 -3.6 -4.2 -4.2
213.6 -2.2 -3.0 -3.9 -4.6 -4.6
213.7 -2.3 -3.1 -4.2 -5.0 -5.0
213.8 0.0 -0.4 -1.5 -2.3 -2.2
213.9 -2.5 -3.2 -4.3 -5.1 -5.1
213.9 -1.5 -2.4 -3.8 -4.4 -4.4
214.0 0.4 -0.6 -1.7 -2.3 -2.6
2141 -0.2 -0.3 -2.0 -2.1 -2.1

Table 16: Accumulated sand delivery for with project condition.

River | Accumulated | Accumulated | Accumulated | Accumulated

Station | Sand Delivery | Sand Delivery | Sand Delivery | Sand Delivery

(miles) (tons) (tons/year) (cy/year) (ac-ft/year)
202.1 17628630 352573 218073 135.2
202.2 17566704 351334 217307 134.7
202.3 17578326 351567 217450 134.8
202.4 17616204 352324 217919 ].35.1
202.5 17641616 352832 218233 135.3
202.6 17647478 352950 218306 135.3
202.7 17618552 352371 217948 135.1
202.8 17627956 352559 218064 135.2
202.9 17697854 353957 218929 135.7
203.0 17759152 355183 219687 136.2
203.1 17770982 355420 219834 136.3
203.2 17728772 354575 219311 135.9
203.3 17656010 353120 218411 135.4
203.4 17634948 352699 218151 135.2
203.5 17634116 352682 218141 135.2
203.6 17660976 353220 218473 135.4
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203.7 17725830 354517 219275 135.9
203.8 17802298 356046 220221 136.5
203.9 17930276 358606 221804 137.5
204.0 17992160 359843 222570 138.0
204.1 17961880 359238 222195 1377
204.1 18007294 360146 222757 138.1
204.3 18089458 361789 223773 138.7
204.3 18094522 361890 223836 138.7
204.4 18063454 361269 223452 138.5
204.5 18012190 360244 222817 138.1
204.6 17959644 359193 222167 137.7
204.7 17943648 358873 221970 137.6
204.8 17952666 359053 222081 137.7
204.9 18016020 360320 222865 138.1
205.0 18068326 361367 223512 138.5
205.1 18166800 363336 224730 139.3
205.1 18115050 362301 224090 138.9
205.3 18132840 362657 224310 139.0
205.3 18123232 362465 224191 139.0
205.4 18133152 362663 224314 139.0
205.4 18173510 363470 224813 139.3
205.5 18221230 364425 225403 139.7
205.6 18251780 365036 225781 139.9
205.8 18358150 367163 227097 140.8
205.8 18409544 368191 227733 141.2
205.9 18495754 369915 228799 141.8
206.0 18502134 370043 228878 141.9
206.1 18574610 371492 228773 142.4
206.2 18522596 370452 229151 142.0
206.3 18488262 369765 228707 141.8
206.4 18405322 368106 227681 141.1
206.5 18466258 369325 228434 141.6
206.6 18592264 371845 229993 142.6
206.7 18609980 372200 230212 142.7
206.8 18645066 372901 230646 143.0
206.9 18768976 375380 232179 143.9
207.0 18877108 377542 233517 144.7
207.1 18929182 378584 234161 145.1
207.2 18928294 378566 234150 145.1
207.3 18889876 377798 233675 144.8
207.3 18824338 376487 232864 144.3
207.4 18693176 373864 231242 143.3
207.3 18588570 371771 229947 142.5
207.5 18503374 370067 228894 141.9
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207.6 18391202 367824 227506 141.0
207.7 18369146 367383 227233 140.8
207.8 18444202 368884 228162 141.4
207.9 18537142 370743 229311 142.1
208.0 18759652 375193 232064 143.8
208.1 18802348 376047 232592 144.2
208.2 18735716 374714 231768 143.7
208.3 18647152 372943 230672 143.0
208.4 18573832 371477 229765 142.4
208.5 18527040 370541 229186 142.1
208.6 18469774 369395 228478 141.6
208.7 18428648 368573 227969 141.3
208.8 18478280 369566 228583 141.7
208.9 18626658 372333 230419 142.8
208.9 18951092 379022 234432 145.3
209.0 19214994 384300 237697 147.3
209.1 19456122 389122 240679 149.2
209.2 19632624 392652 242863 150.5
209.3 19849070 396981 245540 152.2
209.4 19925544 398511 246486 152.8
209.54 19873520 397470 245843 152.4
209.6 19874018 397480 245849 152.4
209.69 19833710 396674 245350 152.1
20979 19794046 395881 244860 151.8
209.88 19752222 395044 244342 151.5
209.98 19622552 392451 242738 150.5
210.07 19571026 391421 242101 150.1
210.17 19576600 391532 242170 150.1
210.26 19531080 390622 241607 149.8
210.36 19448810 388976 240589 149.1
210.44 19405058 388101 240048 148.8
210.46 19420082 388402 240234 148.9
210.55 19501814 390036 241245 149.5
210.64 19809372 396187 245049 151.9
210.74 20186708 403734 249717 154.8
210.83 20518542 410371 253822 157.3
210.93 20779750 415595 257053 159.3
211.02 21083192 421664 260807 161.7
211.12 21352598 427052 264140 163.7
211.21 21617646 432353 267418 165.8
211.31 21699780 433996 268434 166.4
211.41 21768300 435366 269282 166.9
211.54 21772100 435442 269329 166.9
211.64 21826002 436520 269996 167.4
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211.71 21832558 436651 270077 167.4
211.79 21856348 437127 270371 167.6
211.89 21872180 437444 270567 167.7
211.99 21908828 438177 271020 168.0
212.08 22045154 440903 272707 169.0
212.18 22282030 445641 275637 170.8
212.27 22356534 447131 276559 171.4
212.37 22673536 453471 280480 173.9
212.46 22922546 458451 283560 175.8
212.56 22917512 458350 283498 1757
212.68 22838462 456769 282520 175.1
212.74 22778198 455564 281775 174.7
212.84 22713836 454277 280979 174.2
212.93 22593486 451870 279490 173.2
213.03 22468946 449379 277949 172.3
21311 22329284 446586 276222 171.2
213.21 22206750 444135 274706 170.3
213.26 22170514 443410 274257 170.0
213.33 22156638 443133 274086 169.9
213.38 22122092 442442 273658 169.6
213.47 22071350 441427 273031 169.2
213.57 21995908 439918 272098 168.7
213.66 21919336 438387 271150 168.1
213.73 21848124 436962 270269 167.5
213.85 21804714 436094 269732 167.2
213.95 21773480 435470 269346 167.0
214.04 21710996 434220 268573 166.5
214.14 21666602 433332 268024 166.1

Note: weight of sand = 120 pcf, | ton = 16.7 cubic feet

This is a table of the total weight of sand and larger transported past
each cross section in the model plotted versus channel station.
Sediment inflow = 166 ac-ft/year

72



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

Existing vegetation

No detail analysis was performed for any significant vegetation impacts on flood
flows. As in the immediate upstream Rio Salado Phoenix and Va Shly’ay studies,
major floods are expected to remove almost all the vegetation from the floodplain.

Erosion

Because of the complexity of estimating erosion and future erosion conditions it was
decided that another approach would be to compare flow conditions at Rio Salado to
the entire study reach for thel00-Year event. Baseline Conditions average channel
velocity in this area ranges from 6 to 10 ft/s for the 100-Year event. This range is
comparable to the other areas along the Salt River.

For the Future Without Project condition the average channel velocity remains
relatively the same. With project conditions shows equal or lower channel velocity
conditions, refer to alternative model results. Thus, for the Rio Salado area bank

erosion was not a concern based on the feasibility analysis and no bank stabilization
was proposed for this area.

RISK AND UNCERTAINTY ANALYSIS

Selection of index points
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Reaches were developed through coordination with Econ to account primarily for
differences in channel hydrology and hydraulics. A representative index location for
each reach was selected. Table 17 is summarizes the different hydraulically similar
reaches within the study area.

Table 17: Summarizes the different hydraulically similar reaches within the study area.

Reach Index Station Station Limits
1 203.29 202.09 to 204.25
2 204.78 204.34 to 205.34
3 205.75 205.40 to 207.07
4 207.90 207.16 to 208.29
5 209.14 208.39 to 209.42
6 209.88 209.53 to 210.36
7 210.64 210.43 to 211.02

Risk and Uncertainty Analysis

Procedures outlined in EM 1110-2-1619 “The determination of stage-discharge
uncertainty requires accounting for the uncertainty associated with factors affecting
the stage-discharge relationship. These factors include bed forms, water temperature,
debris or other obstructions, unsteady flow effects, variation in hydraulic roughness
with season, sediment transport, channel scour or deposition, changes in channel
shape during or as a result of flood events, as well as other factors.” The HEC-RAS
program should be run with variations in roughness, bed forms if applicable, bridge
scour, debris on piers, gravel mining, etc. to estimate the stage uncertainty.

For each modeled subset, two HEC-RAS models were developed for 500-, 200-, 100-
, 50-, 20-, 10-, 5- and 3.1-year events, a “Lower Bound”” model and an “Upper
Bound” model. The range between the water surface elevations for the models is
used to estimate standard deviation of stage uncertainty. In accordance with EM
1110-2-1619, the standard deviation is calculated as:

STDDEV =F mean /4

Where:
E nean=mean stage difference between the “Upper Bound” and “Lower
Bound” models.

Sensitivity to Manning’s Roughness Coefficient

The selection of the roughness coefficients has been detail in previous sections. The
selections are based on published data, calculation, and field observations, all
subjective to engineering judgment. In the risk and uncertainty analysis, the “Lower
Bound” models were developed using Manning’s roughness values that were 20-
percent lower than those contained in the base model. The “Lower Bound” model
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was configured with no debris loading on the bridges piers but incorporated the
effects of long term bed scour conditions. However, the “Upper Bound” model was
constructed using a Manning’s roughness values that were approximate 20-percent
higher than the value in the base model. The “Upper Bound” model also incorporated
debris loading on the bridges and long term bed aggradations in the channel. Finally,
since the standard deviation for all reaches was determined to be 0.5 or less, (from
Table 18 and Figure 9) the results were considered to be reasonable based on the
designs guidance criteria found in EM1110-1619 Table 5-2 Minimum Standard
Deviation of Error in Stage.

Figure 24 shows the results of this portion of the sensitivity analysis. Averages
values and standard deviation values have been calculated by sub-reach.

A summary of the uncertainty analysis for the different alternatives at the index
locations is presented in Table 18. The standard deviation for each alternative is
tabulated under the column heading “Standard Deviation”

Table 18: Risk Analysis Standard Deviation

High Bound Low Bound Standard
Reach Frequency | Q (cfs) Model Model E mean | Deviation
500 237000 977.10 975.24 1.86 0.5
Reach 1 200 200000 975.99 974.35 1.64 0.4
Cross Section 203.29 100 164000 974.92 973.38 1.54 0.4
202.09 to 204.25 50 132000 973.87 972.45 142 0.4
20 84000 971.99 970.72 1.27 0.3
10 51000 970.16 969.07 1.09 0.3
5 20000 967.51 966.68 0.83 0.2
3.1 1 960.81 960.81 0.00 0.0
500 237000 991.42 990.33 1.09 0.3
Reach 2 200 200000 990.44 989.40 1.04 0.3
Cross Section 204.78 100 164000 989.25 988.20 1.05 0.3
204.34 to 205.34 50 132000 987.80 986.72 1.08 0.3
20 84000 984.76 983.65 1.1 0.3
10 51000 981.29 980.41 0.88 0.2
5 20000 976.48 975.84 0.64 0.2
3.1 1 968.03 968.03 0.00 0.0
500 240000 997.64 996.17 1.47 04
Reach 3 200 202000 996.43 994.99 1.44 0.4
Cross Section 205.75 100 166000 995.12 993.57 1.55 0.4
205.40 to 207.07 50 135000 993.57 991.85 1.72 0.4
20 87000 990.24 988.53 1.71 0.4
10 53000 987.18 985.89 1.29 0.3
5 20200 982.47 981.53 0.94 0.2
3.1 1 974.53 974.53 0.00 0.0
500 240000 1015.63 1014.49 1.14 0.3
Reach 4 200 202000 1014.41 1013.39 1.02 0.3
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Cross Section 207.9 100 166000 1012.93 1011.82 1.1 0.3
207.16 to 208.29 50 135000 1011.42 1010.25 117 0.3
20 87000 1008.48 1007.71 0.77 0.2

10 53000 1005.87 1005.17 0.70 0.2

5 20200 1002.04 1001.54 0.50 0.1

3.1 1 998.13 998.13 0.00 0.0

500 240000 1022.31 1020.91 1.40 0.3

Reach 5 200 202000 1020.74 1019.41 1.33 0.3
Cross Section 209.14 100 166000 1019.09 1017.87 1.22 0.3
208.39 to 209.42 50 135000 1017.57 1016.45 112 0.3
20 87000 1014.67 1013.66 1.01 0.3

10 53000 1011.90 1010.84 1.06 0.3

5 20200 1008.50 1007.79 0.71 0.2

3.1 1 1004.22 1004.22 0.00 0.0

500 240000 1036.02 1034.85 1.17 0.3

Reach 6 200 202000 1033.95 1032.84 114 0.3

Cross Section 209.88 100 166000 1031.75 1030.91 0.84 0.2
209.53 to 210.36 50 135000 1029.83 1029.06 0.77 0.2
20 87000 1026.31 1025.74 0.57 0.1

10 53000 1023.02 1022.46 0.56 0.1

5 20200 1017.97 1017.28 0.69 0.2

3.1 1 1011.67 1011.67 0.00 0.0

500 240000 1041.38 1039.32 2.06 0.5

Reach 7 200 202000 1039.33 1037.35 1.98 0.5
Cross Section 210.64 100 166000 1037.22 1035.39 1.83 0.5
210.43 to 211.02 50 135000 1035.31 1033.57 1.74 0.4
20 87000 1032.13 1030.32 1.81 0.5

10 53000 1028.97 1027.38 1.59 0.4

5 20200 1024.26 1022.91 1.35 0.3

3.1 1 1015.92 1015.92 0.00 0.0
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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
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
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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

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 With Project Future Condition was

less the existing Without Project Condition model simulations as showing on figure
25.
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Figure 25: 100-year Water Surface Profile Between Future With Project Condition
and Without Project Condition.
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As indicated above, the With Project results show minimal water surface elevation
variation over the Without Project Baseline condition.

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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