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EXECUTIVE SUMMARY

The purpose of this study is to complete the without project hydraulic and sedimentation
analysis of the Salt River in support of the Va Shly” Ay Akimel Feasibility Study — F3 Phase,
prepared by the U.S. Army Corps of Engineers, Los Angeles District (the Corps). The focus
is to identify the baseline hydraulic and sediment conditions. The results will be used by the
Corps in future alternative analyses to identify the preferred project alternative(s).

STUDY AREA

The study reach on the Salt River extends from the upstream limit at the Granite Reef
Diversion Dam to approximately 14 miles downstream at the Pima Freeway (Loop 101).
There are three bridges within the study reach at the following locations: Alma School Road,
Country Club Road, and Gilbert Road. A grade control structure is located downstream of
the Alma School Road Bridge.

Currently, there are several active sand- and gravel-mining operations both within the
channel and in the overbank areas of the study reach. In-stream mining pits were observed
approximately one mile downstream of Gilbert Road, 1.5 miles upstream of Gilbert Road,
and three miles upstream of Gilbert Road.

There are also two major active mining operations in the overbanks of the Salt River. The
off-line pit, located 800 feet downstream of Gilbert Road, is 50 feet deep with a volume of
approximately 3,600 acre-feet (~5,808,000 yd3). A four- to eight-foot gravel berm surrounds
the upstream edge of the pit. The off-line pit, located approximately three miles upstream of
Gilbert Road, is 35 feet deep with an approximate volume of 1,400 acre-feet (~2,259,000

yd3 ).

This study is based upon the current channel geometry and gravel mining operations.
Additional gravel mining activity upstream, downstream, or within the project reach
may significantly change the results of this study.

EXISTING CONDITION HYDRAULIC ANALYSIS

A one-dimensional hydraulic model of the Salt River was created using the HEC River
Analysis System (HEC-RAS), Version 3.1 Beta (March 2002). The cross section ground
points, reach lengths, and bank stations were developed from the terrain data (provided by
the Corps and the USGS) using the HEC-GeoRAS extension in ArcView 3.2a
(Environmental Systems Research Institute, Inc., 2000). The bank stations and other
hydraulic parameters (Manning n values, ineffective flow areas, contraction and expansion
coefficients) were refined within HEC-RAS.

Because the berm surrounding the mining pit downstream of Gilbert Road (referred to as the
Gilbert Mining Pit) is not an engineered structure, it was decided that the pit has the potential




to capture some or all of the flow from the main channel. Therefore, the pit was modeled as
a split flow path in HEC-RAS.

The HEC-RAS model was executed for the 5-, 10-, 20-, 50-, and 100-year events. There is
essentially no flow in the Gilbert Mining Pit for the 5-year event. The berm at the Gilbert
Mining Pit overtops at approximately the 7-year peak flood event (31,000 cfs). The Pit
receives 7.5 percent of the flow for the 10-year event, 8.5 percent for the 20-year event, 11
percent for the 50-year event, 12 percent for the 100-year event, and 13 percent for the 200-
and 500-year events.

The water surface profiles were exported to ArcView 3.2a, and the corresponding inundation
areas delineated using HEC-GeoRAS. The floodplains were reviewed and smoothed as
needed to be consistent with the ground surface elevation contours. The water surface
elevations at slackwater areas were modified to reflect a horizontal water surface.

The following areas, which were defined as ineffective flow, were outside of the detailed
mapping limits:

e Right overbank upstream of Gilbert Road

e Left overbank upstream and downstream of Gilbert Road

e Left overbank near Country Club Road and the Center Street Landfill
e Right overbank near Country Club Road

The boundaries of the inundation limits in these areas were defined using the terrain data
from the 30-meter USGS DEMs. The limits could be refined, possibly narrowed, if more
detailed mapping data were available.

SEDIMENT TRANSPORT ANALYSIS

Sediment transport simulations for the existing conditions were performed using HEC-6T,
Sedimentation in Stream Networks, Version 5.13.19 (developed by William A. Thomas,
MBH Software, Inc., July 9, 2002).

The HEC-RAS cross section geometry file was converted to the HEC-6T format. The
hydraulic results of the HEC-6T model, run in fixed-bed mode, were compared to the results
of the HEC-RAS model for the 5-, 10-, 20-, 50-, and 100-year peak flows, which cover the
range of streamflows used in the simulations. Modifications were made to the HEC-6T
model until the differences in the computed water surface elevations were generally less than
0.01 feet and the channel velocity differences were within 0.5 feet per second

Bed sediment samples were obtained at 16 locations within the study reach. The measured
bed gradation were input to the HEC-6T model. On average, the bed material was composed
of 30 percent sand, 50 percent gravel, and 20 percent cobbles.
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The bed material is composed primarily of sand and gravel. Since sand is the main transport
size, and there is a high percentage of gravel in the bed, the Toffaleti, Meyer-Peter, and
Muller (TMPM) combination transport method is used in the HEC-6T sediment transport
simulations because the method transports gravel as well as sand.

The sediment transport model cannot be directly calibrated to historical conditions because
detailed historical bed elevation data are not readily available, and the bed elevation changes
have been influenced by man-made changes to the Salt River, including sand/gravel mining
and channelization. Therefore, the equilibrium bed material load at the upstream limit of the
project reach was calculated for a range of discharges up to 200,000 cfs and was used as a
basis for the inflowing sediment load for the HEC-6T model.

Although the upstream project limit is at Granite Reef Diversion Dam, the Corps suggested
that equilibrium load is a reasonable estimate for the inflowing bed material load because the
dam diverts water rather than stores water, and consequently does not significantly reduce the
amount of the sediment being transported in the Salt River. There was no evidence of
deposition or scour observed downstream of Granite Reef Diversion Dam during the field
investigations, which indicates that the assumption of equilibrium load is realistic.

Sediment transport simulations were performed using 50- and 105-year hydrographs. The
50-year simulation is referred to as the Base Case. In the Base Case, after the first
streamflow greater than 20,000 cfs (April 12, 1905), flow entered the Gilbert Mining Pit,
scoured the gravel berm, and formed a headcut. By the end of the next day (April 13, 1905),
the pit captured the majority of the total streamflow. The erosion of the berm was computed
using only HEC-6T algorithms. During the remainder of the 50-year simulation, the Pit
captured all of the flow when the total streamflow was less than 50,000 cfs. In general, for
the Base Case at the end of the 50-year simulation period, the in-stream mining pits were
partially filled and the corresponding headcuts and tailcuts migrated upstream and
downstream, respectively.

In addition to the Base Case, other sediment transport simulations were conducted to assess
the impacts of several of the input parameters and modeling assumptions. To more
accurately assess the extent of the headcut from the Gilbert Mining Pit, a portion of the main
stem of the Salt River was replaced with the pit geometry. The three cross sections at the
upstream end of the Gilbert Mining Pit were modeled as hard points to prevent berm erosion
and to sustain flow in the main channel. The sensitivity of the model results to the selection
of the 50-year flow series, the failure of the Alma School Road grade control structure, the
inflowing sediment load, the sediment transport method, and the Manning » values was also
evaluated.

Fut WITHOUT PR T NDITION HYDRAULIC ANALYSIS

The cross section geometry at the end of the Base Case 50-year sediment transport simulation
was imported to HEC-RAS format for the future without project conditions hydraulic
analysis. The future without project conditions HEC-RAS model was executed for the 5-,
10-, 20-, 50-, 100, 200, and 500-year. The Gilbert Mining Pit captures all of the flow for the
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S-year event, 92 percent for the 10-year event, 77 percent for the 20-year event, 64 percent
for the 50-year event, 60 percent for the 100-year event, 54 percent for the 200-year event,
and 51 percent for the 500-year event.

Between River Stations 0.00 and 10.95, the water surface elevations in the Future Without
Project Condition are less than the Existing Condition for all flow events. The long-term
scour that occurred throughout most of the reach caused the decrease in the water surface
elevations. Between River Stations 10.95 and 11.99, for the 5- through 50-year peak flow
events, the water surface elevations for the Future Without Project Condition are two to 0.5
feet higher, respectively, than the Existing Condition. The deposition at the in-stream mining
pit between River Stations 10.36 and 11.14 produced the rise in the water surface elevations.
Upstream of River Station 11.99, the water surface elevations in the Future Without Project
Condition are less than or equal to the Existing Condition.

The HEC-RAS model results were exported to ArcView and the inundation areas were
delineated. In general, the inundation areas for the Future Without Project Condition are
smaller than the Existing Condition.

GEOMORPHIC ANALYSIS

An evaluation of the geomorphic characteristics of the Salt River study area was conducted.
This included an assessment of flow records, bed material size characteristics, channel
geometry, and historic aerial photography. The characteristics of historic channel planform
and profile conditions were evaluated.

The record of historic conditions indicates progressive and increasing human influence on the
channel system. Specifically, encroachment and gravel mining are affecting the study area.
Impacts have occurred to both the planform and invert profile of the river. In the short term,
gravel mining in the river will cause degradation upstream and downstream of the gravel pits
and aggradation in the gravel pits. Long-term channel responses are entirely dependent on
future development in and around the channel. With no additional gravel mining, the
channel will reach a state of equilibrium only after all the gravel pits are accessed through the
natural migration of the river system or restoration activities have been conducted.
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1. INTRODUCTION

1.1. PURPOSE

The purpose of this study is to complete the without project hydraulic and sedimentation
analysis of the Salt River in support of the Va Shly’ Ay Akimel Feasibility Study — F3 Phase,
prepared by the U.S. Army Corps of Engineers, Los Angeles District (the Corps). The focus
is to identify the baseline hydraulic and sediment conditions. The results will be used by the
Corps in future alternative analyses to identify the preferred project alternative(s).

1.2. STUDY AREA

The study reach on the Salt River extends from the upstream limit at the Granite Reef
Diversion Dam to approximately 14 miles downstream at the Pima Freeway (Loop 101) as
shown in Figure 1-2. The Tri-City Landfill, Center Street Landfill, and Lehi Cemetery are
adjacent to the Salt River within the study reach.

1.2.1. Watershed Characteristics

The study area has a hot, dry climate typical of the lower Sonoran Desert. Precipitation
occurs during two major seasons: in late summers as intense, localized orographic
thunderstorms; and in winter as large scale cyclonic storms that originate over the Pacific
Ocean (CH2M Hill, SWCA Environmental Consultants, and Arizona Geological Survey,
September 1996). Winter storms tend to produce the largest flows on the Salt River.

The Salt River drains an area of approximately 5,980 square miles. The head waters of the
Salt River are the White and Black Rivers, which originate at elevations near 11,400 feet
above mean sea level in the White Mountains. The Salt River is perennial from its
headwaters to Granite Reef Diversion Dam. The Salt River is formed in alluvial fill eroded
from the surrounding mountain ranges.

There are four dams on the Salt River upstream of Granite Reef: Roosevelt Dam, Horse
Mesa Dam, Morman Flat Dam, and Stewart Mountain Dam. Granite Reef Dam is not used
for water storage. Instead, it is used to divert water from the Salt River into the Arizona
Canal and the South Canal. When the release from the Stewart Mountain Dam exceeds the
capacities of the canals, water is released over the Granite Reef Diversion Dam into the
normally dry Salt River bed. In 1980, up to 178,000 cfs was released over Granite Reef
Diversion Dam, and up to 124.500 cfs was released in 1993.

1.2.2. Bridges and Grade Control Structures

There are three bridges within the study reach at the following locations: Alma School Road,
Country Club Road, and Gilbert Road.




A grade control structure is located downstream of the Alma School Road Bridge. This
structure consists of a gabion header with a concrete cap (see Figure 1-1), and a gabion
mattress apron approximately 35 feet in length with a 15-foot toe-down. The Maricopa
County Department of Transportation (MCDOT) has developed plans to modify the grade
control structure with construction scheduled for 2004. The design is based on the post-
Roosevelt 100-year peak discharge of 172,000 cfs, which is assumed to be fully conveyed
through the north channel (right structure). The modified grade control structure includes a
downstream apron 74 feet in length with two drops located along the apron, each drop 2.5
feet in height. The structure has a toe-down depth of 18 feet at the downstream end.

Figure 1-1.  Photograph of the concrete cap and gabion header at the existing Alma School
Road grade control structure looking into the Salt River channel from the
north bank.

The existing Gilbert Road crossing of the Salt River is a two-lane bridge approximately
1,300 feet in length. The Maricopa County Department of Transportation (MCDOT)
completed a study in 2000 for a proposed new 7-lane bridge approximately 2,700 feet in
length. The proposed structure is to convey the post-Roosevelt 100-year design flow of
175,000 cfs with two feet of freeboard, and is to be designed to withstand the pre-Roosevelt
500-year flow of 345,000 cfs. The proposed piers and abutments will be founded on drilled
shafts designed to the full scour depth. In order to compensate for future mining operations
and resulting headcuts, the MCDOT study recommended increasing the drilled shafts by 20
feet.




1.2.3. Sand and Gravel Mining

1.2.3.1.  Historical Sand and Gravel Mining Activities

Between 1969 and 1986, there was extensive sand and gravel mining in the Salt River
between Country Club Road and McClintock Drive, which is approximately one mile
downstream of the Pima Freeway. The total estimated production for this portion of the Salt
River was 58.5 million tons (Li et al., June 1989). Between Alma School Road and
McClintock Drive, the channel invert has lowered 20 to 30 feet below the 1952 invert
elevation (Simons, Li and Associates, Inc., April 1995), in response to the combined effect of
major flood events, channelization, and extensive mining activity.

Several large mining operations were located upstream of Country Club Road crossing the
channel and overbanks during the 1960s and early 1970s, prior to the major floods of 1978 to
1980. Two mining operations were documented in old Arizona Highway Department (AHD)
Field Reports (Li et al., June 1989). These pits were operated on land leased by the AHD,
owed by the U.S. Bureau of Land Management and City of Mesa, respectively. From 1963
to 1966, approximately 83,000 tons were excavated to used as mineral aggregate, aggregate
base, and select material for roadway construction projects. A large portion of these pits
sustained extensive damage following inundation by river flows and some areas were
eventually converted into landfill operations in the early 1980s.

1.2.3.2.  Current Sand and Gravel Mining Activities

Currently, there are several active sand- and gravel-mining operations both within the
channel and in the overbank areas of the study reach (see Figure 1-2). In-stream mining pits
were observed at River Stations 6.4 (approximately one mile downstream of Gilbert Road),
8.0 (approximately 1.5 miles upstream of Gilbert Road), and 10.5 (approximately three miles
upstream of Gilbert Road).

Within the study reach, there are two major active mining operations in the overbanks of the
Salt River. The off-line pit, located 800 feet downstream of Gilbert Road, is 50 feet deep
with a volume of approximately 3,600 acre-feet (~ 5,808,000 yd®). A four- to eight-foot
gravel berm surrounds the upstream edge of the pit (see Photos 23 and 24 in Appendix 1).
The off-line pit, located approximately three miles upstream of Gilbert Road, is 35 feet deep
with an approximate volume of 1,400 acre-feet (~ 2,259,000 yd?).

The sand and gravel mining operations may expand in the channel and overbank areas
upstream of Gilbert Road. However, specific locations have not been identified.

This study is based upon the current channel geometry and gravel mining operations as
shown in Figure 1-2. Additional gravel mining activity upstream, downstream, or within the
project reach may significantly change the results of this study.
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1.3. REPORT OUTLINE

This report documents the hydraulic, sediment, and geomorphic analyses completed for this
study. The contents of this report are summarized below:

o The field reconnaissance trips and the data collected and utilized during the study
are summarized in Section 2.

e The existing condition hydraulic model and corresponding water surface profiles
and inundation areas are presented in Section 3.

e The sediment transport simulations and sensitivity analyses are discussed in
Section 4.

e For the future without project condition analysis, the cross section geometry in the
hydraulic model was updated using the results of a 50-year sediment transport
simulation. The corresponding water surface profiles and inundation areas are
included in Section 5. :

e The results of the geomorphic analysis are presented in Section 6.

e References are listed in Section 7.

® .

This study was authorized under Contract No. DACW09-00-D-0021, Task Order No. 007,
for Hydraulic Engineering Services between the U.S. Army Corps of Engineers, Los Angeles
District, and WEST Consultants, Inc. (WEST).
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.‘ 2. FIELD RECONNAISSANCE & DATA COLLECTION

2.1. FIELD RECONNAISSANCE

Field reconnaissance trips were conducted on March 6, 2002, March 27, 2002, April 3, 2002,
and June 24, 2002, to accomplish the following: (1) to observe the general condition of the
study reach; (2) to identify and locate bridges, grade controls, gravel mining pits, and other
features of interest; and (3) to identify sediment sampling locations. The corresponding
photographs are included in Appendix 1. The.locations of the photographs are shown in
Figure 2-1. The participants of the field trips are listed below: |

March 6, 2002: Mr. Dennis L. Richards (WEST), Dr. Selena M. Forman
(WEST), Mr. Abel Ramirez Jr. (SRPMIC), and Mr. Morris
Paukgana (SRPMIC)

March 27,2002:  Dr. David T. Williams (WEST), Mr. Dennis L. Richards
(WEST), Dr. Selena M. Forman (WEST), and Mr. Dallas D.
Enos (SRPMIC)

April 2, 2002: Dr. David T. Williams (WEST), Mr. Dennis L. Richards
(WEST), Dr. Selena M. Forman (WEST), Mr. John C.
Onderdonk (Corps), Mr. Morris Paukgana (SRPMIC), and Mr.
' Louis Notah (SRPMIC) ’

June 24, 2002: Dr. David T. Williams (WEST), Mr. Dennis L. Richards
(WEST), Dr. Selena M. Forman (WEST), Mr. John C.
Onderdonk (Corps), and Mr. Glenn M. Mashburn (Corps)

During the field visit on June 24, 2002, the following issues were resolved:

e It was decided that there would not be flow in the overbank immediately
upstream of Gilbert Road because a riprap berm, which was not shown on the
mapping, protects the upstream side of the road. In the analysis, it will be
assumed that all of the flow passes through the Gilbert Road Bridge opening.

e It was decided that a split flow loop would be used to assess the impacts of the
~ off-line gravel pit that is located 800 feet downstream of Gilbert Road. A
qualitative headcut analysis and discussion would be included in the 90
percent report, along with a recommendation for more detailed analysis in
future studies conducted during the F4 phase.

e It was decided that the moveable bed limits between River Stations 8.0 and
9.3 be confined to the in-channel mining pit, which contains most of the
conveyance. The bank stations will be defined at the same location.




. 2.2.  DATA COLLECTION

The U.S. Army Corps of Engineers, Los Angeles District, (the Corps) provided the following
data:

e The 5-, 10-, 20-, 50-, 100-, 200-, and 500-year peak flows for several
locations along the Salt River.

e A HEC-DSS file with six-hour hydrographs at Granite Reef Diversion Dam
for the period of 1889 through 1993. .

* A digital terrain model and corresponding aerial photographs (flown
December 28, 2001)

Digital quadrangle maps (1952 to 1964) and the corresponding d1g1ta1 elevatmn models
(DEMs) of the study area were obtained from the U.S. Geological Survey (USGS). The data
were used to supplement the overbank terrain data supplied by the Corps.

A HEC-RAS model of the Salt River was obtained from the Flood Control District of
Maricopa County (FCDMC). The model was used to determine downstream boundary
conditions and to extend the sediment transport model.

Bridge plans were obtained for all structures in the study reach. As-built drawings were not
available for the Alma School grade control structure.

Bed sediment samples were collected and analyzed by Ricker-Atkinson-McBee and
Associates, Inc.

Reports containing sediment transport analyses performed in conjunction with the bank
protection design in the downstream portion of the study reach were reviewed (Simons, Li
and Associates, Inc., 1993, 1994, and 1995; Premier Engineering Corporation, 1998).

Aerial photographs from 1935, 1957-58, and 1979 were obtained to aid in the geomorphic
analysis.




Figure 2-1.

Granite Reef
Diversion Dam

Gravel Mining

Gilbert Road

32 - Looking downstream in mining pit

33 - Looking upstream from mining pit

34 - Looking downstream at mining activity
35 - Looking upstream at mining activity

Pit

36 - Sample Site 13 looking downstream

17 - Gravel mining hole looking south

18 - Looking upstream from extensive
gravel mining

18 - Looking northeast at gravel mining
pit and exposed piles

Country Club
Road

Alma SCh00| 13 - Sample Site 8 looking upstream
Road 14 - Gravel mining pit looking downstream
15 - Looking downstream from gravel mining hole

Pima Freeway
Loop 101

16 - Gravel mining activity looking upstream

11 - Sample Site 6 looking upstream
12 - Sample Site 7 looking upstream

6 - Gravel mine pit looking south

7 - Gravel mining looking north

8 - Looking upstream at berm

9 - Sample Site 4 looking upstream

10 - Looking south near Sample Site 4

1 - Looking downstream to 101 Freeway
2 - Looking upstream from north bank
3 - Looking upstream from north bank
4 - Looking in channel fom north bank
5- Sample Site 2 looking downstream

20 - Looking downstream at gravel mining
21 - Sample Site 9 looking downstream
22 - Sample Site 9 looking northeast

23 - Looking upstreamto Gilbert Bridge
24 - Looking downstream from berm to gravel mining
25 - Looking south from bottom of mining pit

26 - Sample Site 10 looking downstream

27 - Sample Site 10 looking upstream

28 - Looking upstream at SRP culverts

37 - Sample Site 13 looking upstream

Gravel Mining
Pit

38 - Sample Site 14 looking upstream

39 - Sample Site 14 nearnorth bank

40 - Sample site 15 looking upstream

41 - Looking upstream from north bank

42 - Looking north into channel

43 - Looking downstream from road downstream of dam
44 - Looking upstreamto Sample Site 16

45 - Looking downstream from Sample Site 16

29 - Looking upstream at SRP culverts
30 - Sample Site 11 looking downstream
31 - Sample Site 12 looking upstream

Field Photo Locations

5000 0 5000 10000 Feet
e e |

Location and description of photographs taken during the field reconnaissance trips.




3. EXISTING CONDITION HYDRAULIC ANALYSIS

3.1. OVERVIEW

A one-dimensional hydraulic model of the Salt River was created using the HEC River
Analysis System (HEC-RAS), Version 3.1 Beta (March 2002). The cross section ground
points, reach lengths, and bank stations were developed from the terrain data (provided by
the Corps and the USGS) using the HEC-GeoRAS extension in ArcView 3.2a
(Environmental Systems Research Institute, Inc., 2000). The bank stations and other
hydraulic parameters (Manning » values, ineffective flow areas, contraction and expansion
coefficients) were refined within HEC-RAS.

The HEC-RAS model was debugged until the water surface profiles were fairly smooth and
the critical depth solutions eliminated except where appropriate. The water surface profiles
were exported to ArcView 3.2a, and the corresponding inundation areas delineated using
HEC-GeoRAS. The floodplains were reviewed and smoothed as needed to be consistent
with the ground surface elevation contours. The water surface elevations at slackwater areas
were modified to reflect a horizontal water surface.

The model inputs and results are summarized in the following sections.
3.2. TERRAIN DATA

Aerial photographs and four-foot contour interval topography (flown in December 2001) for
the study reach were provided by the Corps. The extent of this mapping did not contain the
50-, 100-, 200-, and 500-year flows in some of the overbank areas. The mapping was
supplemented with terrain data derived from 30-meter DEMs obtained from the USGS.
Some of these DEMs reported elevations in whole feet and others in whole meters.

The process for developing the triangulated irregular network (TIN) model, required to
develop the HEC-RAS cross sections, is described below:

1. The elevations of the USGS DEMs were converted to feet.

2. Elevation contours were created for each DEM and merged into one shape
file.

3. The area covered by the new mapping, provided by the Corps, was subtracted

from the USGS DEM contour shape file.

4. The contours from the new mapping (Corps) were added to the USGS DEM
contour file to create one coverage of the area. Discontinuities in the contour
data were smoothed manually within ArcView.

5. The TIN was created from the contour data.
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3.3. TOFT IMPOR

The stream centerline, main channel bank, cross section cut line, and flow path (left
overbank, main channel, and right overbank) themes were developed in ArcView. HEC-
GeoRAS was used to generate the HEC-RAS geometry import file. These geometric features
are discussed in the following sections.

3.3.1. Stream Centerline

Because of the large extent of gravel mining operations in the study reach, the stream
centerline is not evident from inspection. HEC-GeoHMS was used to develop a drainage
network of the study area. The stream centerline was defined by following the continuous
drainage path from Granite Reef Diversion Dam to the downstream limit of the study. The
stream centerline is shown in Figure 3-2.

Because the berm surrounding the mining pit downstream of Gilbert Road (referred to as the
Gilbert Mining Pit) is not an engineered structure, it was decided that the pit has the potential
to capture some or all of the flow from the main channel. Therefore, the pit was modeled as
a split flow path in HEC-RAS. The stream centerline for the Gilbert Mining Pit follows the
low flow path defined by HEC-GeoHMS. The flow returns to the main channel at a location
where there is in-stream mining and low ground between the main channel and the pit. The
split flow schematic from HEC-RAS is shown in Figure 3-1.

The berm between the main channel and the off-line mining pit upstream of Gilbert Road is

protected by large riprap. It was decided that once this berm is overtopped, the pit would be
modeled as an ineffective flow area.

3.3.2. Main Channel Bank Stations

The main channel banks were located to define the portion of the river that conveyed the
majority of the flow. These locations do not always correspond to the outerbank levee that
borders the Salt River. The main channel banks imported from the ArcView theme were
refined within the HEC-RAS model. The refined channel banks for the main channel are
shown in Figure 3-2.
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Figure 3-1.  River system schematic showing split flow reach for the Gilbert Mining Pit.
The river and reach names in the schematic correspond exactly to the names

in the HEC-RAS geometry file.

3.3.3. Cross Section Cut Lines

Cross section cut lines were drawn approximately every 500 feet. The cross section spacing
is smaller at locations near bridges or where there are significant changes in channel slope,
channel shape, or levee limits.

The cross section cut lines are shown on the maps in Appendices 10 through 16. The cross
section stationing starts at zero at the downstream limit and increases upstream in river miles
based upon the length along the stream centerline. The split flow loop for the Gilbert Pit is
between River Stations 6.40 and 7.32 on the main stem.

12




Figure 3-2.
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3.3.4. Flow Path Centerlines

The flow path centerlines are used to calculate the downstream reach lengths between cross
sections. The stream centerline, which is used to compute the main channel reach lengths,
was copied into the flow path centerline theme. The overbank flow paths, used to determine
the overbank reach lengths, were defined to approximately correspond to the center of the
mass of the flowing water in the overbanks for the larger flood events (50-, 100-, 200-, and
500-year peak flows).

34. OTHER GEOMETRY INPUTS

Once the river system schematic and cross section geometry were imported from the GIS
file, other geometry inputs needed to be entered: Manning » values, bridges, ineffective flow
areas, and levees. '

3.4.1. Manning n Values

The Manning » values from the HEC-RAS model provided by the FCDMC were reviewed.
In the FCDMC model, the Manning »n values were 0.035 in the downstream portion of the
reach at Pima Freeway (River Station 0.00 in this study) and decreased upstream to a value
of 0.028 at Granite Reef Diversion Dam. However, during the field reconnaissance, it was
determined that a Manning » of 0.028 was too low for the upstream portion of the reach.

Throughout the study reach, the channel contains scattered small bushes except in areas of
active sand and gravel mining (see photos in Appendix 1). Between River Stations 12.06 and
13.64, there are scattered small trees on the banks. The bed material is primarily composed
of sand, gravel, and cobbles.

Based upon the analysis in Estimated Manning’s Roughness Coefficients for Stream
Channels and Flood Plains in Maricopa County, Arizona (Thomsen and Hjalmarson, April
1991), the Manning » value for the Salt River near Granite Reef Diversion Dam varies
between 0.043 and 0.033 for the 10- to 100-year peak flows. At 24™ Street in Phoenix, the
Manning » varies between 0.036 and 0.032 for the 10- to 100-year peak flows. Since the
vegetation and bed material do not vary significantly along the study reach, a Manning n of
0.035, which corresponds to the value used in the FCDMD model at Pima Freeway (River
Station 0.00), is applied to the channel throughout the reach for this study. The Manning 7 is
not reduced in areas of active gravel mining, where there is currently no vegetation, because
the inundation analysis is based upon the assumption of a “fully vegetated” condition as set
forth in the Scope of Work. The Manning n value at several cross sections was modified
during the analysis to produce a smoother water surface profile.

The flow is generally confined to the channel for all flow events except at the following
locations: between River Stations 4.04 and 4.31, 4.47 and 5.47, 6.09 and 7.24, and 7.71 and
10.06. At these locations, the bank stations were set inside of the main channel banks to
facilitate consistent channel widths and flow distributions. The “overbank” vegetation and
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bed material were not different from the defined channel at the locations listed above.
Therefore, initially, the Manning » values in the overbank at these locations were set at
0.035. These values were adjusted during the analysis (generally increased) to produce a
consistent flow distribution in the channel and overbanks of adjacent cross sections. The
Manning » value varied with streamflow at these locations. A high Manning » value of 5
was used to create ineffective flow when the flow was essentially zero in these overbank
areas. The high Manning » was used in place of the ineffective flow feature in HEC-RAS to
maintain consistency between the hydraulic model (HEC-RAS) and sediment transport
model (HEC-6T), which has limited ineffective flow modeling options. '

A table listing the Manning » values for all cross sections and flow events is included in
Appendix 2a.

3.4.2.. Bridges

There are three bridges located in the study reach: Alma School Road (River Station 2.31),
Country Club Road (River Station 3.48), and Gilbert Road (River Station 7.45). As-built
plans were obtained and the corresponding bridge deck and pier data were input into the
"~ model. For all bridges, the pier width shown on the plans was approximately 0.5 feet larger
than the pier width used in the FCDMC model. The energy method was used for both low
and high flows. The contraction and expansion coefficients were set to 0.3 and 0.5,
respectively, at the cross sections immediately upstream and downstream of the bridges.

The Alma School Road Bridge has two openings. The terrain data indicate that the left side
of the channel and the left bridge opening are ineffective flow areas (ponded water) for all
flows. Therefore, the ineffective flow option was used to eliminate flow from the left
opening, and a multiple opening analysis was not required. This assumption produces higher
water surface elevations and larger inundation areas.

The culverts at the low water crossing at River Station 9.61 (Photos 28 and 29 in Appendix
1) were not modeled because they overtop during the 5-year event and would most likely be
washed out during higher flows. At this location (River Station 9.61), the channel from
River Stations 9.59 and 9.64 was interpolated and the actual road elevation was modeled in
the overbanks.

3.4.3. Ineffective Flow Areas and Levees

All cross sections were inspected to identify ineffective flow areas. Since one geometry file
was used for all flow events, multiple blocked ineffective flow areas and high Manning »
values were used to set different ineffective flow areas for the different flows as needed.
Levees were modeled in situations where low parts of the cross section could not get wet.

The off-line gravel mining pit upstream of Gilbert Road between River Stations 10.06 and
11.17 was modeled as an ineffective flow area for all flows.
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' 3.5. STEADY FLOW DATA

The steady flow data include the peak flow values for several events and a downstream
boundary condition.

3.5.1. Peak Flow Values

|
i
|

The peak flow values used in the hydraulic analysis were provided by the Corps and are

listed in Table 3-1. These flows are “post-Roosevelt” flows that represent conditions after

the completion of improvements to Roosevelt Dam (Corps, 1996).

Table 3-1. Peak flows used in the hydraulic analysis and inundation area delineation.
Return Period Flow at CP-40 Flow at CP-109
eturn Terio (upstream limit at River (River Station 7.55 just
Station 13.64, in cfs) upstream of Gilbert Road,
in cfs)
S-year : 22,000 21,000
10-year 60,000 58,000
‘ 20-year 100,000 95,000
50-year 150,000 145,000
100-year 175,000 172,000
200-year 210,000 207,000
500-year 250,000 246,000

3.5.2. Downstream Boundary Condition

The downstream boundary condition was determined using the FCDMC HEC-RAS model.
In a long reach between the downstream project limit at the Pima Freeway (Loop 101)
Bridge and 10 miles further downstream, hydraulic computations were performed for each of
the peak flows using multiple starting water surface elevations. For each of the flows, the
computations converged downstream of the project reach for the different starting water
surface elevations. The water surface elevation at River Station 224.22 in the FCDMC
model, which corresponds to River Station 0.00 in this study, was input as the downstream
boundary condition for each of the peak flow events. ‘
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3.6. COMPUTATION METHODS

3.6.1. Friction Slope Method

The friction loss between adjacent cross sections is computed as the product of the
representative friction slope and the weighted average reach length. There are four methods
that can be used to compute the friction slope: average conveyance, average friction slope,
geometric mean friction slope, and the harmonic mean friction slope. Generally, any of the
methods will produce satisfactory results if the reach lengths are not too long (U.S. Army
Corps of Engineers, January 2001), and the default computation method, average
conveyance, is satisfactory.

However, because of the abrupt changes in the channel slope at in-stream gravel mining
locations, the use of average conveyance produced sharp dips in the water surface profiles.
To smooth the water surface profiles, the HEC-RAS program was allowed to select the most
appropriate of the four friction slope computation methods on a cross section by cross section
basis depending on flow conditions. Generally, the program selected the average friction
slope method. ' :

3.6.2. Critical Depth Computation Method

The option to compute critical depth at every cross section was selected. Critical depth was
computed using the secant method (i.e., multiple critical depth search) because many of the
cross sections had multiple blocked ineffective flow areas that could create more than one
minimum on the specific energy curve.

3.6.3. Split Flow Optimization

The split flow optimization routine was turned on. HEC-RAS optimized the flow split
between the main stem and the Gilbert Mining Pit until the energies of the bounding cross
sections on each reach downstream of the junction differed by less than the default tolerance
of 0.02 feet.

- 3.7. WATER SURFACE PROFILES

The HEC-RAS model was executed for the 5-, 10-, 20-, 50-, and 100-year events with the
discharges listed in Table 3-1. The water surface elevation profiles for the main channel are
shown in Figure 3-3 to Figure 3-6. The HEC-RAS Standard Table 1 for each flow event is
included in Appendices 2b through 2h. The cross section plots showing the water surface
elevations are included in Appendices 2i and 2j. The flow distribution in the main channel
and the Gilbert Mining Pit is summarized in Table 3-2 below.
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Table 3-2.  Existing condition flow distribution between the main channel and the Gilbert

Mining Pit.
Total Flow Flow in Main Flow in Gilbert Pit
Return Event (cfs) Channel (cfs) (cfs)
5-year 21,000 20,995.8 4.2
10-year 58,000 . 53,637 4,363
20-year 95,000 86,904 8,096
50-year 1,45’000 128,592 16,408
100-year 172,000 150,794 21,206
200-year 207,000 179,512 27,488
500-year 246,000 211,659 34,341

The computed water surface is critical at five locations for most of the flow profiles: River
Stations 2.12, 6.40, 8.68, and 9.04 on the main stem and River Station 1.17 in the Gilbert
Mining Pit. Because there is an abrupt change in the channel slope (from sand and gravel
mining) at these locations, the cross sections act as weirs and critical depth is expected. For
high flows, the tailwater begins to submerge these “weirs” creating a dip in the water surface
profile, which is consistent with subcritical flow theory.

The water surface profile dips at River Station 9.39 for high flows because there is a
significant decrease in the channel width causing contraction of the flow (see cross section
plots in Appendix 2i).

At Alma School Road, the computed water surface is 0.3 feet higher than the value computed
using the FCDMC model. The difference can be attributed to the larger pier width used in
this study.

At the Country Club Road Bridge, the computed water surface is four feet higher than the
FCDMC model. The elevations in the channel at bounding bridge cross sections are 10 feet
lower in this study than the cross sections used in the FCDMC model. In the FCDMC
model, the channel elevations at the bounding bridge cross sections are 10 feet higher than
the adjacent cross sections in the same model. For subcritical flow, the water surface
decreases at a rise in the channel. Therefore, the elevated cross sections in the FCDMC
model produce lower water surface. The channel geometry used in this study was derived
from terrain data obtained in December 2001. Since this geometry represents the actual
conditions in the channel, it is believed that the water surface elevations computed in this
study more accurately represent the flow conditions at this time.

At the Gilbert Road Bridge, the computed water surface elevations are two feet higher than
the FCDMC model. The ineffective flow areas in this study define a narrower flow width




compared to the FCDMC model for the project reach in the vicinity of the Bridge, therefore,
producing higher computed water surface elevations.

38. 1 ATION AREAS

The HEC-RAS model results were exported to ArcView and the inundation areas were
delineated using HEC-GeoRAS. The resulting inundation areas were inspected and edited to
remove spurious polygons and to smooth the jagged edges created by the terrain model. The
5-, 10-, 20-, 50-, 100-, 200-, and 500-year inundation areas are shown in Appendices 7 to 13,
respectively. On these maps, the existing condition inundation areas are compared to the
future without project condition areas for the same frequency flood.

Outlines of the inundation areas for the different events are shown in Figure 3-7 (5-, 10-, and
20-year peak flow events), Figure 3-8 (20-, 50-, and 100-year peak flow events), and Figure
3-9 (100-, 200-, and 500-year peak flow events). The following areas, which were defined as
ineffective flow, were outside of the detailed mapping limits:

e Right overbank upstream of Gilbert Road
e Left overbank upstream and downstream of Gilbert Road
e Left overbank near Country Club Road and the Center Street Landfill
e Right overbank near Country Club Road
The boundaries of the inundation limits in these areas were defined using the terrain data

from the 30-meter USGS DEMs. The limits could be refined, possibly narrowed, if more
detailed mapping data were available.
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4. SEDIMENT TRANSPORT ANALYSIS

4.1. COVERVIEW

Sediment transport simulations for the existing conditions were performed using HEC-6T,
Sedimentation in Stream Networks, Version 5.13.19 (developed by William A. Thomas,
MBH Software, Inc., July 9, 2002). HEC-6T is a one-dimensional movable boundary open
channe] flow numerical code designed to simulate and predict changes in river profiles
resulting from scour and/or deposition over long periods of time. The inputs to the HEC-6T
model include geometric data (Section 4.2), sediment data (Section 4.3), and hydrologic data
(Section 4.4). ‘ '

Sediment transport simulations were performed using 50- and 105-year hydrographs

(Sections 4.5 and 4.6, respectively). To more accurately assess the extent of the headcut

from the Gilbert Mining Pit, a portion of the main stem of the Salt River was replaced with
the pit geometry, and the 50-year simulation was completed (Section 4.7). The impacts of

maintaining\repairing the berm surrounding the Gilbert Mining Pit to sustain flows in the

main channel are discussed in Section 4.8. The sensitivity of the model results to the

selection of the 50-year flow series (Section 4.9), the failure of the Alma School Road grade

control structure (Section 4.10), the inflowing sediment load (Section 4.11), the sediment

transport method (Section 4.12), and the Manning n values (Section 4.13) were also

evaluated. The HEC-6T model inputs and results are described in the following sections.

4.2. GEOMETRIC DATA

The geometric data for HEC-6T include cross section geometry, Manning »n values,
conveyance limits and encroachments, deposition and erosion limits, and depth of the bed
sediment reservoir.

The HEC-RAS cross section geometry file was converted to the HEC-6T format using
RAS2UNET and subsequently reordering the cross sections from downstream to upstream.
The Manning » values from the HEC-RAS model were also imported into the HEC-6T
geometry. High n values, conveyance limits (XL cards), and encroachments (X3 cards) were
used to limit the flow areas similar to the multiple blocked ineffective flow areas defined in
HEC-RAS.

To minimize the boundary effects of the sediment transport simulations at the downstream
limit of the project (Pima Freeway, River Station 0.00), cross sections from the FCDMC
model were added to the HEC-RAS geometry for two miles downstream of River Station
0.00. The added cross sections correspond to River Stations 224.12 through 222.17 in the
FCDMC model (-2.06 and -0.10 in the HEC-6T model).

HEC-6T does not compute the energy losses across junctions. The program always projects
a horizontal water surface elevation across a junction. To account for the energy losses at the
junctions in the model, the cross section on the main stem immediately downstream of a
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junction was copied to the main stem segment upstream of the junction. The Manning »
values at the next upstream cross section were increased as needed to match the junction
energy loss computed in HEC-RAS.

At the bridges, most of the friction losses result from pier losses. The bridge deck and pier
geometries were not coded into the HEC-6T model because the highest water elevations did
not contact the bridge decks. Instead, the Manning » value at the upstream bounding cross
section at each bridge was increased to account for the pier losses.

The hydraulic results of the HEC-6T model, run in fixed-bed mode, were compared to the
results of the HEC-RAS model for the 5-, 10-, 20-, 50-, and 100-year peak flows, which
cover the range of streamflows used in the simulations. Modifications were made to the
HEC-6T model until the differences in the computed water surface elevations were generally
less than 0.01 feet and the channel velocity differences were within 0.5 feet per second. At
those locations where the flow was at critical depth, larger differences occurred because of
the different algorithms used by the HEC-RAS and HEC-6T models to compute critical
depth. The critical depth computed using HEC-6T was higher than the value computed by
HEC-RAS. The modifications to the HEC-6T model also included the adjustment of
Manning » values and conveyance limits. The NV record was used to change the Manning »
value with discharge.

4.2.1. Deposition and Erosion 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 overbanks
tend to be more stable, but can experience deposition. Generally, the HE cards were used to
limit erosion to the area between the bank stations. The movable bed limits were set using
the HD card to define the areas of deposition. Since the active flow area is generally limited
to the channel, deposition was also limited to the main channel except at several locations
where the bank stations were defined inside the outerbanks of the Salt River. During the
field trip on June 24, 2002, it was decided that, although there was a secondary flow path in
the right overbank, deposition would be limited to the in-stream mining pit, defined by the
channel bank stations, between River Stations 8.01 and 8.88 because it conveys the majority
of the flow.

In HEC-6T, erosion is limited only by the HE/HD cards and not by the conveyance limits
defined on the XL cards.

4.2.2. Bed Sediment Reservoir

Because the gravel mining pits have depths between 20 and 50 feet, the depth of the bed
sediment reservoir was initially set to 22 feet, which is approximately half of the maximum
pit depth, for most of the cross sections to allow for the potential of headcuts and tailcuts
from these pits. The bed sediment reservoir was limited to approximately half of the pit
depth based upon the results of Cotton and Ottozawa-Chatupron (1990). Cotton and
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Ottozawa-Chatupron (1990) found that headcutting is generally limited to no more than half
the excavated depth due to deposition immediately downstream of the pit brink.

There is a grade control at the Alma School Road Bridge. The depth of the bed sediment
reservoir was set to 0.001 at the bounding bridge cross sections at River Stations 2.27 and
2.33 to create a hard point simulating the grade control.

4.3. SEDIMENT DATA

The bed gradations, sediment transport method, and inflowing sediment load are part of the
sediment data prescribed in HEC-6T. These input parameters are discussed in the following
sections.

4.3.1. Bed Gradations

Sixteen locations, shown in Figure 4-1, were identified for bed sediment sampling during the
field reconnaissance trips. Two samples were collected at each location. Generally, the
sample sites were spaced at 0.5-mile increments éxcept in areas of active gravel mining. Bed
sediment samples were not collected at the gravel mining locations because these samples
would not be representative of the natural riverbed.

Sample collection and sieve analysis were performed by Ricker, Atkinson, McBee and
Associates, Inc. The report summarizing the results is included in Appendix 3. At each site,
samples were collected from zero to two feet and from two to six feet below the riverbed
surface. The percent of plus 4-inch material was visually estimated during excavation. The
gradation of the material less than four inches was determined in the laboratory.

At Sample Sites 5 and 6 (near River Stations 2.53 and 3.23, respectively), approximately 90
percent of the bed material from depths of zero to one foot was larger than four inches.
Approximately 20 percent of the bed material from depths one to two feet and two to six feet,
at these locations, was larger than four inches. Except at Sample Sites 5 and 6, the percent of
material greater than four inches in the zero to two-foot samples was generally the same as
the amount in the two to six foot samples. Therefore, an initial active armored layer was not
defined in the HEC-6T model.

The bed gradation curves for all size classes are plotted in Appendix 4. The gradations from
the two- to six-foot sample depths were coded on the PF records in HEC-6T. On average,
the bed material is composed of 30 percent sand, 50 percent gravel, and 20 percent cobbles.
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4.3.2. Sediment Transport Method

The bed material is composed primarily of sand and gravel. Since sand is the main transport
size, and there is a high percentage of gravel in the bed, the Toffaleti, Meyer-Peter, and
Muller (TMPM) combination transport method is used in the HEC-6T sediment transport
simulations because the method transports gravel as well as sand. This method was also used
in the Low Flow Channel Design Analysis for the Rio Salado project (WEST Consultants,
Inc., January 2000), which is approximately eight miles downstream of the project reach.

Copeland’s solution of the Exner equation (EXNER 7 HEC-6T option) is used in the
sediment transport simulations.

4.3.3. Inflowing Sediment Load

The sediment transport model cannot be directly calibrated to historical conditions because
detailed historical bed elevation data are not readily available, and the bed elevation changes
have been influenced by man-made changes to the Salt River, including sand/gravel mining
and channelization. Therefore, the equilibrium bed material load at the upstream limit of the
project reach was calculated for a range of discharges up to 200,000 cfs and was used as a
basis for the inflowing sediment load for the HEC-6T model.

Although the upstream project limit is at Granite Reef Diversion Dam, the Corps suggested
that equilibrium load is a reasonable estimate for the inflowing bed material load because the
dam diverts water rather than stores water, and consequently does not significantly reduce the
amount of the sediment being transported in the Salt River. There was no evidence of
deposition or scour observed downstream of Granite Reef Diversion Dam during the field
investigations, which indicates that the assumption of equilibrium load is realistic. The
sensitivity of the sediment transport results to the inflowing sediment load is discussed in
Section 4.11. Any errors induced by the assumption of equilibrium inflowing load are
bracketed by the results presented in Section 4.11.

The equilibrium bed material load calculations were performed between River Stations 12.55
and 13.64. The recirculating option in HEC-6T was used to obtain an initial estimate of the
equilibrium bed material load and the corresponding gradation. The recirculating option
takes the sediment crossing River Station 12.55 and recirculates it to become the inflowing
sediment discharge at River Station 13.64 for the next flow event. This estimate was input to
a model with the recirculating option turned off, and a simulation was performed over a
period of three years. The initial estimates of the load and the gradation were adjusted until
the changes in the bed elevations between River Stations 12.55 and 13.64 were minimized.

The equilibrium bed material load curve is shown in Figure 4-2 and the corresponding
gradations in Figure 4-3.
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Figure 4-2.  Equilibrium bed material load curve calculated using the TMPM transport
method.
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4.4. HYDROLOGIC DATA

The hydrologic data in HEC-6T include hydrographs, downstream rating curve, and other
calculation options.

44.1. Hydrographs

The Corps provided “hind-cast” flows at Granite Reef Diversion Dam for water years 1889
through 1993. The Corps created these six-hour hydrographs by routing historical
hydrographs through the Salt River reservoirs between Roosevelt Dam and Granite Reef
Diversion Dam, with the Modified Roosevelt Dam in place (Corps, 1996). The peak flows
from these hydrographs are shown in Figure 4-4. The hydrographs are included in Appendix
5. The rising and receding limbs of the hydrographs from the Corps were extended to 1,000
cfs. For the HEC-6T simulations, six-hour time increments were used for the streamflow
hydrographs. During dry periods, sediment transport was not computed. Flows below 1,000
cfs were not modeled because no significant sediment transport occurs below this flow rate in
the HEC-6T model.
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Figure 4-4.  Peak flows from Granite Reef Diversion Dam for water years 1889 through
1993.

The hydrographs for water years 1905 through 1954 were used in the 50-year sediment
transport simulation. This 50-year flow series has the largest number of moderate to high
flow events. A sensitivity analysis of the model results to the selection of the 50-year flow
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series was completed (Section 4.9). The differences in the average bed elevations were
generally within two feet, except within the Gilbert Mining Pit.

The entire flow series was used, in sequence, for the 105-year simulation.

4.4.2. Rating Curve

The rating curve for the downstream boundary condition at River Station —2.06 in HEC-6T
was obtained from the FCDMC HEC-RAS model in the same manner as the starting water

surface elevations for the HEC-RAS model (refer to Section 3.5.2).

4.4.3. Computation Options

The supercritical flow option was turned off ($SCRT card) to prevent supercritical velocities,
which could produce unrealistic scour depths, from being used in the sediment transport
calculations.

The $CL card was used to instruct the program how to distribute the flow between the main
stem and the Gilbert Mining Pit. The program calculated the flow distribution that balanced
the energy at the junction. The computed flows were output to the *.T17 file. The flow
optimization was turned off only for the average bed calculations, and the program used a
prescribed flow distribution. This allowed a uniform discharge for each average bed
evaluation (see discussion in Section 4.5).

The $SMOOTH command was used to prevent the cross section geometry from becoming
irregular (i.e., having spurious spikes) during the simulation. The command instructs HEC-
6T to test the slope across the moveable bed versus the angle of repose for sand. An angle of
repose is calculated between each set of coordinates using the initial cross section stations
and elevations. When the calculated values are less than 0.3, the program assumes the
material to be sand and assigns a value of 0.3 as the angle of repose. When the calculated
values larger than 0.3, the computed angle of repose is used.

4.5. 0-YEAR SIMULATION RESULTS — BASE CASE

A 50-year sediment transport simulation was completed using the equilibrium bed material
load and the TMPM transport methods. This simulation is referred to as the “Base Case”
throughout report. The results of the sensitivity analyses are compared to the results of the
“Base Case”.

The sediment transport results are presented in terms of the average bed elevation. The
average bed corresponding to a 150,000 cfs discharge (50-year peak flow) over a very short
duration (0.0001 days) was computed at the end of every water year. At the flow split,
135,000 cfs was used to compute the average bed in the main stem between River Stations
6.45 and 7.28, and 15,000 cfs was used to compute the average bed in the Gilbert Mining Pit.
Because HEC-6T computes the average bed elevation from only wetted points in a cross
section, the high discharge was required for the calculation to ensure that the movable bed for

34




all cross sections was wet during the average bed calculation. The average bed elevation by
decade (10-year increments) is presented in Figure 4-10 through Figure 4-13. The general
scour and deposition trends are plotted on the aerial photographs in Figure 4-5. Cross section
plots showing the cross section geometry before and after the 50-year simulation are included
in Appendix 6.

After the first streamflow greater than 20,000 cfs (April 12, 1905), flow entered the Gilbert
Mining Pit, scoured the gravel berm, and formed a headcut. By the end of the next day
(April 13, 1905), the pit captured the majority of the total streamflow. The average bed at the
end of water year 1905 is shown in Figure 4-6 to Figure 4-9. The erosion of the berm was
computed using only HEC-6T algorithms.

During the remainder of the 50-year simulation, the Pit captured all of the flow when the
total streamflow was less than 50,000 cfs. The 50-year hydrographs in the Gilbert Mining Pit
and the main stem are included in Appendix 7.

At the upstream end of the project reach, between River Stations 11.14 and 13.64, the
average bed elevation changed by less than two feet with some scour and deposition that
smoothed bed irregularities. The results indicate that this portion of the project reach is in a
quasi-equilibrium condition, which may be the result of the equilibrium inflowing load and
armoring.

The 5 to 12 feet of deposition that occurred between River Stations 10.36 and 11.14 fills an
in-stream mining pit. The 5 to 10 feet of scour between River Stations 8.88 and 10.36 may
have resulted from headcuts and tailcuts from the cross sections bounding in-stream mining
pits. The 15 to 25 feet of deposition between River Stations 8.10 and 8.85 fills a 35-foot
deep in-stream mining pit. The 10 feet of scour between River Stations 7.32 and 8.10, which
includes Gilbert Road, may have resulted from a headcut from the Gilbert Mining Pit and a
tailcut from the upstream pit between River Stations 8.10 and 8.35. The magnitude of the
headcut from the Gilbert Mining Pit is underestimated in this simulation because the junction
at the flow split between the main stem and the Gilbert Mining Pit artificially acts as a hinge
point in the sediment transport calculations. A more accurate headcut estimate is presented
in Section 4.7.

The average bed did not change significantly (less than three feet) between River Stations
6.45 and 7.28 on the main stem because this portion did not experience many flows once the
Gilbert Mining Pit became active. The results in this portion of the reach are sensitive to the
modeling approach used for the Gilbert Mining Pit. If the Pit did not actively convey flow,
more scour would occur as a headcut from the in-stream mining pit between River Stations
6.01 and 6.40 proceeded upstream (see Section 4.8).

Once sediment flows into the Gilbert Mining Pit, it deposits. Figure 4-13 shows the
corresponding delta formation within the Gilbert Mining Pit. The flow exiting the Pit and
returning to the main channel transported little or no sediment.

There was some deposition and scour, generally within five feet, between River Station 2.33
at Alma School Road and River Station 6.40 where the flow returned to the main channel
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from the Gilbert Mining Pit. The changes were small for the following reasons: (1) the
sediment supply to this portion of the reach was significantly reduced once the Gilbert
Mining Pit captured the flow, and (2) the grade control structure at Alma School Road is a
hard point that fixes the elevation at this location.

More than 20 feet of scour occurred between River Stations 2.10 and 2.29, where the headcut
from previous sand and gravel mining activities migrated upstream to the grade control
structure at Alma School Road. In this study, it is assumed that this grade control structure
will remain intact throughout the entire simulation period. However, the toe-down depth of
the grade control structure is less than the computed scour depth at that location. Based on
this analysis, the grade control could fail, although a more detailed analysis should be
performed to confirm the results. The impacts of the failure of the Alma School Road grade
control structure on the sediment transport results are discussed in Section 4.10.

The average bed changes are small, generally less than two feet, at the downstream end of the
project reach between River Stations 0.00 and 2.10. There is some deposition and scour that
smoothes bed irregularities.
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Figure 4-5.
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4.6. 105-YEAR SIMULATION RESULTS

A 105-year sediment transport simulation was completed using the equilibrium bed material
load, the TMPM transport method, and the flow series shown in Figure 4-4. The sediment
transport results are presented in terms of the average bed elevation at the end of 20, 30, 40,
50, and 105 years. The average bed elevations at these times are shown in Figure 4-14
through Figure 4-17. The cross section geometry at the end of the 105-year simulation was
saved in a TAPE12 file as well as in HEC-6T T98 format.

Except within the Gilbert Mining Pit, the difference between the average bed at 50 years and
at 105 years is generally less than one foot. The delta formation in the Pit continued to travel
downstream between the 50- and 105-year time perlods

46




Va Shly' Ay Akimel
Average Bed Elevations for the 105-Year Simulation (1898-1993)
River Stations -2.06 to 3.50

1210
1205 ¢ Initial " -
1200 - —=—— After 20 Years (1908) = N
1195 F = = After 30 Years (1918) )
1156 f | —+—— After 40 Years (1928)
f | = After 50 Years (1938)
- %)
g 85 | jmmm= sAfter 105 Years (1993) Fy 2
- s > ¥ o=
= 1180 &3 Ll b |
2 5 > " -
2 1175 §— S 5 = §—
= : R o~
= 1170 § g2 - - - .
T ] £ T E 2
R 1165 = 5 = 1 B2 8 e s -
o - == _cw 5
s - >
£ 1160 § @-%— —£&
> F o
< 1155 v 2o 2
- Q
- s 2
1150 ¢ = = - .
1145 § \? - .
1140 + B - S
1135 —— - - ——— - — ——an
1130 : 2 2 2 2 : 2 2 2 2 : 2 2 2 2 : 2 2 2 3 : 1 2 2 2 : 2 a2 2 2 : A28 2 a : 2 2 2 2 ﬁl 2 2 A'L 2 2 2 2 : 2 2 2 2
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
River Station (mi)
Figure 4-14. Comparison of the average bed elevations at 20, 30, 40, 50, and 105 years during the 105-year sediment transport simulations between River Stations —2.06 and 3.50.
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4.7. GILBERT MINING PIT HEADCUT ESTIMATION

Since the junction at the flow split between the main stem and the Gilbert Mining Pit acts as
a hinge point in the sediment transport calculations, the magnitude of the headcut from the
Gilbert Mining Pit is underestimated in the Base Case simulation. To more accurately assess
the extent of the headcut from the Gilbert Mining Pit, a portion of the main stem of the Salt
River was replaced with the Pit geometry, and a 50-year simulation was completed. The
flow in the Gilbert Mining Pit portion of the reach was set equal to the computed split flow
from the Base Case (see Appendix 7). This simulation is referred to as the “Maximum
Headcut” scenario. The average bed elevations for the areas where there are noticeable
differences between the Base Case and the Maximum Headcut scenario are shown in Figure
4-18 for the main stem and Figure 4-19 for the Gilbert Mining Pit.

The average bed elevation differences between the Maximum Headcut scenario and the Base
Case are negligible downstream of River Station 6.0 and upstream of River Station 10.0.
Downstream of the Gilbert Mining Pit, between River Stations 6.0 and 6.4, the Maximum
Headcut average bed elevations are one to three. feet lower than the Base Case. Within the
Gilbert Mining Pit, the delta formation extended further downstream in the Maximum
Headcut scenario.

There is an additional six feet of scour at River Station 7.32, which is the cross section on the
main stem immediately upstream of the Gilbert Mining Pit. At the downstream face of
Gilbert Road (River Station 7.44), there is an additional five feet of scour in the Maximum
Headcut scenario for a total scour depth of 12 feet. This scour depth corresponds to long-
term degradation only and does not include local scour components (i.e., pier scour and
abutment scour). '

The average bed elevations for the Maximum Headcut scenario are lower than the Base Case
between Gilbert Road and River Station 10.0. The magnitude of the differences decreases
with distance moving in the upstream direction.
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4.8. NoO BERM EROSION AT THE GILBERT MINING PIT

If measures were taken to maintain the berm surrounding the Gilbert Mining Pit and to limit
or prevent berm erosion, the majority of the streamflow would be conveyed in the main
channel rather than the Pit. The impacts on the average bed elevations from protecting the
berm were analyzed. The three cross sections at the upstream end of the Gilbert Mining Pit
(River Stations 1.17, 1.19, and 1.21) were modeled as hard points to prevent erosion. The
depth of the bed sediment at these cross sections was reduced from 22 feet to 0.001 foot. The
average bed elevations for the areas where there are noticeable differences between the Base
Case and the No Berm Erosion Scenario are shown in Figure 4-20 and Figure 4-21.

Upstream of Gilbert Road (River Station 7.45), the differences in the average bed elevations
are generally less than one foot. Since flow was sustained in the main channel in the No
Berm Erosion Scenario, the headcut from the in-stream mining pit at River Station 6.40
migrated upstream. There was an additional five to ten feet of degradation in the main
channel between River Stations 6.45 and 7.28. On the main channel between the Gilbert
Mining Pit and Gilbert Road (between River Stations 7.30 and 7.45), the average bed
elevations were within one to two feet. :

The sediment that was scoured from the main stem between River Stations 6.45 and 7.28
deposited in the in-stream mining pit at River Station 6.40. The average bed elevation
increased by five to ten feet between River Stations 6.00 and 6.40). Between River Stations
3.50 and 6.00, the average bed elevation generally increased by one to two feet. The
differences in the average bed elevations downstream of River Station 3.50 are less than one
foot.

In the No Berm Erosion Scenario, the volume of sediment transported into the pit was small
and the average bed did not differ from the initial configuration.
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4.9. SENSITIVITY TQ THE 50-YEAR FLOW SERIES

In the first 50 years of the period-of-record hydrographs (1889 to 1938, see Figure 4-4), the
100-year event occurs early in the sequence during water year 1891. The impact on the
sediment transport results of using the first 50-year flow series with the 100-year event
(water years 1889 through 1938) compared to the average flow series used in the Base Case
(water years 1905 through 1954) is investigated. A comparison of the average bed elevations
at the end of 50 years is included in Appendix 8a.

In general, the average bed elevation differences between the two flow series are less than
two feet. Between River Stations 6.45 and 10.36, the average bed elevations from the
simulation using the first 50-year flow series are lower than the Base Case. In addition, more
deposition occurred within the Gilbert Mining Pit, and the delta formation extended further
downstream. '

4.10.

The Base Case scour depth downstream of the Alma School Road Bridge is greater than the

toe-down depth of the associated grade control structure. Based on this analysis, the grade -

control structure could fail. However, a more detailed analysis should be performed confirm
the results.

The impacts on the average bed elevations from the failure of the grade control were
analyzed. The depth of the bed sediment reservoir was increased from 0.001 foot to 22 feet
at the cross sections bounding the bridge (River Stations 2.29 and 2.33) to allow scour. The
average bed elevations for the areas where there are noticeable differences between the Base
Case and the Alma School Grade Control Failure Scenario are shown in Figure 4-22.

Between River Stations ~1.5 and 1.3, the average bed elevations in the Alma School Grade -

Control Failure Scenario are slightly higher (less than one foot) than the Base Case. An
additional three to six feet of deposition occurs between River Stations 1.3 and 2.10. The
scour depths between River Stations 2.12 and 2.21 are five to seven feet smaller than in the
Base Case.

In the Alma School Grade Control Failure Scenario, the initial headcut at River Station 2.12,
from previous sand and gravel mining activities, continues to migrate upstream to River
Station 4.0. There is 13 feet of scour at the upstream face of the Alma School Road Bridge
(River Station 2.33). The bed scours five feet at the Country Club Road Bridge (River
Station 3.50). These scour depths do not include local scour components.

The difference in the average bed elevations from the Base Case are negligible upstream of
River Station 4.0 on the main stem and within the Gilbert Mining Pit.
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4.11. SENSITIVITY TO INFLOWING SEDIMENT LOAD

A sensitivity analysis was conducted to bracket the sediment transport results to account for
the uncertainty in the inflowing sediment load. A comparison of the average bed elevations
at the end of the 50-year simulations with 50, 100, and 200 percent of the equilibrium bed
material load is included in Appendix 8b.

The differences in the average bed elevations on the main stem downstream of River Station

7.28 are negligible. The differences are small because the Gilbert Mining Pit captures the -

flow and the sediment flowing from the upstream reach. Since the inflowing sediment

deposits in the Gilbert Mining Pit, the changes in the inflowing sediment load do not
noticeably affect the Salt River downstream of the Pit.

Upstream of River Station 7.28 and within the Gilbert Mining Pit, the average bed elevations
decrease when the inflowing load is decreased by one half (50 percent) and increase when
the inflowing load is doubled (200 percent). The differences in the average bed elevations
from the Base Case range from two to five feet. ’

4.12. SENSITIVITY TO TRANSPORT METHOD

The Yang stream power and the Laursen-Copeland methods are used to evaluate the
sensitivity of the sediment transport results to the selection of the transport. The inflowing
load curves for these methods and a comparison of the average bed elevations at the end of
the 50-year simulations with the different transport methods are included in Appendix 8c.

The different transport methods have the same overall scour and deposition trends. In the
Salt River downstream of the Gilbert Mining Pit (River Stations downstream of 6.40), the
differences in the average bed elevations from the different transport methods is generally
less than three feet. In the remaining portion of the main stem, the average bed elevations for
the Laursen-Copeland method tend to be three to six feet lower than the Base Case. This
additional scour occurs because the Laursen-Copeland method has a larger proportion of
gravel transport. The increased scour results in more deposition within the Gilbert Mining
Pit. The Laursen-Copeland simulation can be used to estimate the maximum (“worst case”)
long-term scour.

The Yang stream power method tends to transport more sand than gravel except at high
flows (approximately 150,000 cfs or greater). Over the 50-year simulation period, the
method does not transport enough material to fill the in-stream gravel mining pits between
River Stations 8.10 and 8.88 and between 10.36 and 11.17. Otherwise, upstream of the
Gilbert Mining Pit, the average bed elevation with the Yang transport method is generally
one to two feet higher than the Base Case.
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4.13. SENSITIVITY TO MANNING N

The sensitivity of the sediment transport results to the channel Manning n value was
assessed. The 50-year sediment transport simulations were performed with a low Manning »
value of 0.028 and a high Manning » value of 0.043 (a Manning n of 0.035 is generally used
for the cross sections in the Base Case). These low and high values of the Manning » bound
the range of n values computed for the Salt River for the 10- and 100-year peak flow events
(Thomsen, B.W. and H.-W. Hjalmarson, April 1991). The equilibrium inflowing load was
not recomputed for the low and high Manning » value scenarios. A comparison of the
average bed elevations at the end of the 50-year simulations for the different Manning »

values is included in Appendix 8d. ‘

In general, the average bed elevations for the low Manning » scenario were lower than the
average bed elevations in the Base Case, and the elevations for the high Manning » scenario
were higher than the Base Case. Throughout the entire reach, the average bed elevatlons for
the hlgh Manning » scenario were within one to two feet of the Base Case.

In the low Manning n scenan'o, the higher velocities could move more sediment, which
caused more degradation throughout the reach compared to the Base Case. The additional
sediment transport resulted in more deposition in the Gilbert Mining Pit where the delta
formation moved further downstream. There were higher flows in the main stem between
River Stations 6.45 and 7.28 that produced two to three feet more scour compared to the Base
Case.
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S. FUTURE WITHOUT PROJECT HYDRAULIC ANALYSIS

The cross section geometry at the end of the Base Case 50-year sediment transport simulation
was imported to HEC-RAS format for the future without project conditions hydraulic
analysis. A program was developed that reads the differences in the initial and final channel
geometries using the T98 file created by HEC-6T. The cross section elevations in the HEC-
RAS geometry file (*.g0* file) were updated where changes occurred. The ineffective flow
areas were adjusted to reflect the new flow patterns. The overbank Manning n values
between River Stations 4.47 and 5.47, 6.09 and 7.24, and 7.71 and 10.06 were adjusted to
produce a consistent flow distribution in the channel and overbanks of adjacent cross
sections.

51. WATER SURFACE PROFILES

The future without project conditions HEC-RAS model was executed for the 5-, 10-, 20-, 50~
, 100, 200, and 500-year events with the discharges listed in Table 3-1. The starting water
surface elevation at the downstream boundary (River Station 0.00, Pima Freeway) was
adjusted using the computed water surface elevations in HEC-6T for the different frequency
flows at the end of the 50-year simulation period. The HEC-RAS Standard Output Table 1
for each flow event is included in Appendices 9a through 9g. The water surface elevation
profiles for the main channel for the different frequency floods are shown in Appendix Sh.
The new flow distribution in the main channel and Gilbert Pit is summarized in Table 5-1.
The pit captures all of the flow for the 5-year event, 92 percent for the 10-year event, 77
percent for the 20-year event, 64 percent for the 50-year event, 60 percent for the 100-year
event, 54 percent for the 200-year event, and 51 percent for the 500-year event.

Table 5-1. Future without project condition flow distribution between the main channel
and the Gilbert Mining Pit.
Total Flow Flow in Main | Flow in Gilbert Pit
Return Event (cfs) Channel (cfs) (cfs)
5-year 21,000 0 - 21,000
10-year 58,000 4,659 53,341
20-year 95,000 22,000 73,000
50-year 145,000 52,280 92720
100-year 172,000 69,058 102,942
200-year 207,000 94,703 112,297
500-year 246,000 121,316 124,684
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Comparisons of the water surface elevations between the Existing Condition (Base Case at
time zero) and Future Without Project Condition are shown in Figure 5-1 through Figure 5-7.
Between River Stations 0.00 and 10.95, the water surface elevations in the Future Without
Project Condition are less than the Existing Condition for all flow events. The long-term
scour that occurred throughout most of the reach caused the decrease in the water surface
elevations. Between River Stations 10.95 and 11.99, for the 5- through 50-year peak flow
events, the water surface elevations for the Future Without Project Condition are two to 0.5
feet higher, respectively, than the Existing Condition. The deposition at the in-stream mining
pit between River Stations 10.36 and 11.14 produced the rise in the water surface elevations.
Upstream of River Station 11.99, the water surface elevations in the Future Without Project
Condition are less than or equal to the Existing Condition.

The dips that occur in the water surface profiles for the Future Without Project Condition
occur at significant changes in the channel width and slope.

5.2. INUNDATION AREAS

A new TIN was generated based upon the modified cross section geometry from the
sediment transport analysis. The HEC-RAS model results were exported to ArcView and the
inundation areas were delineated using HEC-GeoRAS in the same manner as discussed in
Section 3.8. The 5-, 10-, 20-, 50-, 100-, 200-, and 500-year inundation areas for the Future
Without Project Condition are compared to the corresponding inundation areas for the
Existing Condition in Figure 5-8 through Figure 5-14. In general, the inundation areas for
the Future Without Project Condition are smaller than the Existing Condition except between
River Stations 10.95 and 11.99 for the 5- through 50-year peak flow events.

Detailed maps (1” = 500 feet) with the contours, cross sections, and inundation areas are
included in Appendices 10 through 16. On these maps, the existing condition inundation
areas are compared to the future without project condition areas for the same frequency
flood. '
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Comparison of water surface elevations for the Future Without Project Condition and the Existing Condition along the main stem of the Salt River for the 5-year peak flow.
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Figure 5-8.

Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 5-year peak flow.
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Figure 5-9.  Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 10-year peak flow.
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Figure 5-10. Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 20-year peak flow.
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Figure 5-11. Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 50-year peak flow.
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Figure 5-12.  Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 100-year peak flow.
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Figure 5-13. Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 200-year peak flow.




Granite Reef
Diversion Dam

Existing Condition

Future Without Project Condition

L

Gravel Mining

In Stream Gravel
Mining Operation

Tri-City Landfill
i i Gravel Mining

Pit
~\_ :\r/l'n Streaom Gravel
Alma School - / ining Operation
T e Jdbert Road
Center Street
Landfill
Pima Freeway Country Club ' . -
el Comparison of Future Without Project
& Existing Condition Inundation Areas
500-Year Flood
N
A 5000 0 5000 10000 Feet
e e

Figure 5-14. Comparison of inundation areas for the Future Without Project Condition and the Existing Condition on the Salt River for the 500-year peak flow.




6. GEOMORPHIC ANALYSIS

A geomorphic analysis was conducted to define historic changes in river morphology and to
describe expected short- and long-term future river characteristics. The analysis included
both qualitative and quantitative elements. The principal objective of the geomorphic
analysis was to evaluate lateral migration potential and aggradation/degradation conditions.

6.1. HISTORICAL BASIN DEVELOPMENT

Euro-American colonization of the Salt River Valley began in 1865 with the establishment of
Camp (later Fort) McDowell at a location upstream of the junction of the Verde and Salt
Rivers. By 1867, permanent settlement of the Phoenix area had begun. This included
development of water diversions and canal systems for irrigation.

Prior to statehood in 1912, stream flow rates along the Salt River were sufficient to support
dense riparian vegetation, fish and wildlife, and extensive prehistoric irrigation systems.
Stream gage records indicate that the Lower Salt River experienced perennial flow. By the
time of statehood, numerous irrigation diversions, impoundments, and canals existed along
and upstream of the lower Salt River. Granite Reef Diversion Dam was constructed in 1908
and Roosevelt Dam was completed in 1911. Since completion of upstream the dams and
diversions on the Salt and Verde Rivers, the study reach has experienced significant periods
of little or no flow.

The Salt River channel before 1912 was substantially different from its current condition.
The stream channel at statehood has been described as having a compound form, formed in
deep alluvial deposits, with dense riparian vegetation. The relatively unstable low flow
channel shifted periodically within a more stable floodplain channel. The streambed at that
time was composed of sandy, silty material, which together with perennial flow supported
healthy communities of riparian vegetation. The records of early explorers, early maps, and
photographs indicate that the low flow river channel had an average depth of two to three feet
and a width up to 200 feet during the early period of historic development. Early land
surveyors measured an average channel width of nearly 700 feet within the study area.

The pre-1912 channel is believed to have been relatively stable. Reportedly, early settlers
were able to clear out ancient Hohokam culture canals for modern use. The age of the canals
and their proximity to the river channel implies that associated channel conditions persisted
over several centuries. It has been concluded (CH2M Hill et al, 1996) that the pre-1912
channel characteristics most likely represent long-term equilibrium conditions for the river
channel.

6.2. HISTORIC FLOOD EVENTS

A graphical summary of historic flood events over the period 1889 through 2001 is shown in
Figure 4-4. A tabulation of the ten largest flood peaks during the period of record is provided
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in Table 6-1. As described previously and illustrated in the figure, upstream dams have
reduced the frequency of flood peaks in the study area.

Table 6-1. Summary of the ten largest peak discharges in the period 1889 to 2001.

Rank Peak Discharge (cfs) Date
1 198,513 1891
2 160,451 1993
3 129,933 1980
4 110,716 1920
5 108,978 1916
6 91,101 1941
7 82,183 1890
8 72,901 . 1978
9 65,197 1927

10 63,535 1905

6.3. BED MATERIAL SIZE CHARACTERISTICS

Data on bed material size characteristics within the study reach were examined to develop an
understanding of the sources, sinks, and variability of sediment through the study area. Size
data for surface (zero to two-foot depth) and subsurface (two- to six-foot depth) samples
taken throughout the study area (see Section 4.3.1) were collected and evaluated. A
comparison of the surface and subsurface bed material sizes finer than 85 percent, 50 percent,
and 15 percent by weight for each sample taken are shown in Figure 6-1. The bed material in
the study area is predominantly gravel (2 to 64 mm). The coarsest bed material sediments
are primarily cobble-sized material (64 to 256 mm) and the finest bed material is sand-sized
(0.0625 to 2 mm). Overall, the median sediment sizes are found in the vicinity of the widest
historic channel sections (River Stations 7.5 to 8.0).

Generally, the surface samples of the bed material are slightly coarser than subsurface
samples. This reflects the armoring of the surface material caused by the differential in
transport rates between various sediment sizes and the resultant winnowing of fine sediment
sizes from the surface. However, overall surface and subsurface sediment size characteristics
are very similar.
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Figure 6-1.  Study reach bed material size characteristics.
6.4. AERIAL PH RAPHY KV TION

Historic aerial photography of the study area was evaluated to identify significant changes in
the location and form of the river channel. Aerial photographs of the study area are available
for the years 1935, 1957, 1979, 1992, and 2002. The 1992 year photographs were found to
have very poor resolution of the channel conditions and are therefore not used to define
channel bank locations. The remaining four sets of aerial photographs represent channel
conditions at intervals of about 22 years over a total period of 67 years.

In general, the available record of aerial photographs represents a period of significant
change along the Salt River. At the beginning of the period of record, the Salt River was
very broad, flood regulation was limited, and little human encroachment on the river corridor
existed. By the end of the period of the record, a wide variety of extensive human influences
is seen to be acting on the channel. These influences include significant upstream water
regulation and flow diversion, widespread lateral encroachment on the river by human
development, several road crossings, and extensive gravel mining. A summary of the
influences observed from the comparison of historic aerial photographs is presented in Table
6-2.

Table 6-2. Summary of observations from historical aerial photography comparison.
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Year Location Description
From | To
RM) | (RM)
1935 Water supply canal located in left (south) overbank.
Diversion (not shown in available photos) assumed to be
Granite Reef Dam.
Areas adjacent to channel and islands contain significant
vegetation.
Development near channel is primarily agricultural fields.
Crossings of channel consist of unimproved roads.
No significant gravel mining is evident near the channel.
9.2 11.6 | Possible levee located along left (south) bank.
1957 Water supply canals located in both left and right overbank.
Diversion point for canals is Granite Reef Dam.
Vegetation along channel and on islands is less prominent,
especially in upstream half of study reach.
Urban development in overbank is evident but the region is
still primarily agricultural.
Road crossings of channel are still unimproved.
Gravel mining operations begin to develop along the river.
2.5 Gravel mining is observed on left bank.
3.2 Gravel mining is observed on both the left and right banks.
7.5 Small gravel mining operation observed on left bank and in
main channel.
9.0 11.6 | Possible levee located along the left (south) bank.
1979 Vegetation along channel is very sparse throughout the reach.
Gravel mining operations along the river continue to develop.
Water supply canals still exist in left and right overbanks.
Extensive urban development is now seen in overbank areas.
Road crossings of river are now being developed as bridges.
1.3 Gravel pit observed along left bank.
1.8 Gravel pit observed along right bank.
2.2 2.6 Gravel mining operation expands from river mile 2.2 and 2.6.
3.2 Continued gravel mining at river mile 3.2.
4.0 Gravel mining observed along right bank.
4.9 Gravel mining observed along right bank.
[ Continued gravel mining along the left bank.
1992 0 Pima Freeway crossing constructed
0 2.7 Levee along left (south) bank adjacent to highway
1.3 2.5 Gravel mining operation along right and left banks.
D Continued gravel mining at river mile 3.2.
4.0 Continued gravel mining along right bank.
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4.0 4.5 Levee along left (south) bank.

7.0 Gravel mining observed along right bank.

13 Continued gravel mining along the left bank.

9.0 Gravel mining observed along left bank.

9.65 Canal built across channel between 1979 and 1992.
2002 0 2.2 Levee on left (south) bank.

0 2.3 Levee on right (north) bank.

0.5 2.5 Gravel mining operation along right and left banks.

2.2 3.5 Potential channel incision.

3.4 Gravel mining along left bank.

4.0 Continued gravel mining along right bank.

4.0 4.5 Levee along left (south) bank.

4.1 6.1 Levee along right (north) bank. Discontinuous levee
continues along channel side of gravel pit.

3.2 7.3 Gravel mining in channel and along right bank.

8.3 11.5 | Levee along left (south) bank. The levee is associated with a
gravel mining operation and appears to be discontinuous in
certain locations.

9.0 9.6 Levee along right (north) bank.

10.0 | 11.4 | Levee along right (north) bank.

1.9 11.1 | Gravel mining in channel and along left bank.

6.4.1. Vegetation

The riparian vegetation along the Salt River through the study area is sparse. The apparent
density of vegetation is observed to decrease through time. In the 1935 aerial photographs,
riparian vegetation was widespread and very apparent on islands and floodplain areas next to
the channel. A diminished by still significant amount of riparian vegetation was also noted in
the 1957 photographs. After the high flow in 1978, which was the eighth highest recorded
peak discharge, large areas of vegetation were significantly thinned or removed in the 1979
aerial photos as compared to the 1957 photos. In the 2002 photographs, very little vegetation
exists along the floodplain or on islands within the channel and extensive human
development in areas along the channel is apparent.

6.4.2. Lateral Migration

The historical bank locations were delineated on each set of aerial photographs. The
delineation of bank locations was complicated by the ephemeral conditions of flow, sparse
riparian vegetation, and braided channel form. The historically broad channel areas,
numerous secondary channels, and significant human influence on the channel also
influenced the identification of bank lines along the river. It is also noted that the delineation
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of the channel bank locations is also fundamentally affected by the relative quality of the
available sets of photography.

For comparison, the identified historical bank locations were superimposed on the 2002
aerial photography as shown in Figure 6-2. The historical aerial photos and corresponding
bank lines from 1935, 1957 to 1958, and 1979 are shown in Figure 6-3 through Figure 6-5,
respectively. Larger scale maps are included in Appendix 17. In general, the channel in
1935 was not significantly influenced by human activities other than flow diversion. The
channel in 1935 has a braided planform. It was very broad, had numerous secondary
channels, large islands, and significant riparian vegetation. Similarly, in 1957, significant
human encroachment on the channel had not yet occurred. The 1957 channel was also not
yet significantly influenced by human encroachment. In general, the bank locations of the
1935 and 1957 channels are very similar. Differences are attributed to vegetation changes
and the continuously changing nature of braided channels. The 1979 channel bank locations
are also similar to those observed in 1935 and 1957. Although changes in the location of the
banks occurred between 1957 and 1979, the general location of the banks are similar to those
observed in either 1957 or 1935. By 2002 significant encroachment of the channel had
occurred. Extensive gravel mining was observed along significant portions of the river and
significant portions of the river had been channelized or leveed.

No overall trend in the direction or rate of channel migration is apparent from the evaluation
of historic aerial photographs. Consistent with a braided channel system the bank locations
of the channel were found to vary significantly but within the general range indicated by the
earliest recorded channel conditions (year 1935). Generally, in 2002 the variability in
channel bank location is being constrained by several human influences. The construction of
levees, road crossings, canals, and gravel mining operations has significantly reduced the
potential for significant channel migration.

The extensive levee systems along the study reach pose physical barriers to the migration
potential of the river. Significant migration of the river in the vicinity of existing levees
would only be expected if the levees were to fail during a flood. The potential for levee
overtopping and/or failure during any flood is a function of the involved hydraulic conditions
and the specific design, construction, and operation/maintenance characteristics of the levee.
From a hydrologic probability basis, it can be expected that the design criteria of all levees
along the river will be exceeded at some point in the future. However, the risk of levee
failure and associated channel migration may only be significant for extreme flood events. In
general, it would be expected that levees providing flood protection to permanent
development are designed and maintained to withstand frequently occurring floods and
damaged levees would be repaired. Levees built along the river for other purposes may be
designed to lesser standards and have a higher risk of failure and potential river migration.
From a practical standpoint, existing flood control levees represent boundaries to the channel
migration corridor for the river that will be maintained over the foreseeable future.
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Figure 6-4.
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Figure 6-5.
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6.4.3. Encroachment

The study area has been significantly affected by human encroachment. A large extent of the
channel has been constrained by the construction of levees with the study area. Within the
approximate 13.7-mile long study reach, about 12.2 miles of levee exist along the right and
left banks of the stream. This represents about 45 percent of the total bank length in the
study reach.

A number of crossings of the Salt River have also been constructed with the study area. A
- summary of the significant crossing structures is shown in Table 6-3. ‘Significant river
training or control structures are associated with each crossing. Accordingly, the crossings
constrict the potential width of the channel. ’

Table 6-3. River crossings within the study area.

Location Déscription
(River Mile)
0 ' Pima Freeway
23 : Alma School Road (includes a drop structure)
3.5 : Country Club Road
7.5 | Gilbert Road
9.65 Canal
13.7 Granite Reef Dam

6.4.4. Gravel Mining

Extensive gravel mining activities have occurred throughout much of the Salt River study
area. As itemized in Table 6-1, early gravel mining in the study reach was first observed in
1957 and has grown tremendously through the year 2002. Gravel mining has significantly
affected both the planform and profile of the Salt River channel. The extraction of sediment
from the channel has altered the sediment budget of the river system.

In general, the excavation of pits both within and directly adjacent to the river channel may
result in impacts to geomorphic characteristics, sediment transport, hydraulics, and
hydrology. The impacts may occur upstream, locally, and downstream of the gravel mining
“location. The specific nature of the impacts will be dependent on the location and conditions
of the excavation and the hydrologic sequence under which the river accesses the mined area.
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. 6.5. CHANNEL RESPONSE TO FLOOD EVENTS

As shown in Table 6-1, the period represented by the available aerial photography (1935 to
2002) includes four of the ten largest recorded flood peaks. It includes flood peaks in 1993
(2" largest), 1980 (3" largest), 1941 (6™ largest), and 1978 (8 largest). Other than the 1979
set of photos, the available photography does not well represent the short-term response of
the channel to major floods. The other years of aerial photography all occurred six or more
years after a significant flood event.

As seen in the 1979, photos the high flow event in 1978 removed substantial amounts of
vegetation in and around the channel. Typical of a braided river planform, the extent of the
channel in the 1979 photos is somewhat different than that observed in 1957 but still within
the general channel migration zone observed in other historic time frames.

The affect of the 1978 flood event on specific gravel mining operations is not apparent from
the photographs. However, it would be expected that significant changes to sediment
transport conditions, local channel slopes and aggradation/degradation patterns would occur
where the river enters deep gravel mining pits. :

6.6. CHANNEL CHARACTERISTICS

Historic aerial photography of the study area was evaluated to identify significant changes in
‘ the location and form of the river channel.

6.6.1. Channel Planform and Profile

Visual analysis of the river based on aerial photography from 1935, 1957-58, 1979, 1992,
and 2002 indicates that the channel has a braided planform. Further analysis of the channel
planform based on the channel slope as defined from 2002 HEC-RAS data and the dominant
discharge (assumed to be 21,000 cfs, the 5-year flow event from 2002 HEC-RAS data) also
indicates a braided planform based on the Lane (1957) relationship. Slopes were calculated
using the channel profile shown in Figure 6-6. The historic profile data is from 1988
mapping. The historic profile is of the main channel and ignores the topography of the
gravel pits. The historic profile is consistent with the 2002 HEC-RAS profile.

Of particular note is the influence of gravel mining on the erosion and planform evolution of
the channel. Gravel pits in the channel effectively act as a reach of zero slope and serve to
trap sediment. By lowering the local base level for channel reaches upstream of gravel pits,
the channel slope upstream of gravel pits is increased and headcutting may occur as evident
by Figure 6-6. 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.
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6.6.2. Width/Depth Ratio

Width/depth ratios along the study reach are shown in Figure 6-7 and were calculated using
the 2002 HEC-RAS model results for 5-, 10-, and 100-year discharges. For each flow event,
the width/depth ratio is large, as would be expected for a braided channel. The lowest
width/depth ratios correspond to areas of extensive development, typically gravel mining, in
and around the channel. As flow increases, the width/depth ratio generally decreases. At
higher flows, the channel fills up enough to have a distinct flow path. As the channel
becomes more and more constricted due to increased development, the width/depth ratio will
decrease, leading to change in channel morphology.

W/D v. Channel Length for the Salt River

350

300

250

200

——5yr
—&— 10y7
—a— 100yr

w/D

150

100

50 M=

0 10000 20000 30000 40000 50000 60000 70000 80000
Channel Length (ft.)

Figure 6-7. Width-depth ratio for 5-, 10-, and 100-year floods.

6.7. D TA DATION D 1Y

Short-term channel response to current gravel mining activities in the channel may result in
degradation upstream and downstream of the gravel pits and aggradation in the gravel pits.
Upstream of the gravel pits, headcutting occurs due to the reduction of the local base level.
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Aggradation occurs at the gravel pits because the pits act as sediment traps. Degradation
occurs downstream of the gravel pits due to the reduction of sediment transport through the
gravel pits.

Long-term channel responses are entirely dependent on future development in and around the
channel. With no additional gravel mining, the channel will reach a state of equilibrium only
after all the gravel pits are accessed through the natural migration of the river system.
Aggradation and degradation will continue to occur as long as gravel mining operations exist
in the vicinity of the channel.

As encroachment further confines the channel, the degradation potential increases. By
reducing the width/depth ratio, velocity in the channel increases leading to a greater potential
for sediment transport. If the banks of the channel are confined and not allowed to erode and
migrate, degradation of the bed will occur.

6.8. UMMARY

In the previous sections, an evaluation of the geomorphic characteristics of the Salt River
study area was presented. This included an evaluation of flow records, bed material size
characteristics, channel geometry, and historic aerial photography. The cha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>