SEDIMENT TRANSPORT ANALYSIS
for
SALT RIVER NORTH-BANK LEVEE

Pima Freeway to Alma School Road
Salt River Pima-Maricopa Indian Community




PRELIMINARY DRAFT
NOT FOR CONSTRUCTION OR DESIGN

SEDIMENT TRANSPORT ANALYSIS
for
SALT RIVER NORTH-BANK LEVEE

Pima Freeway to Alma School Road
Salt River Pima-Maricopa Indian Community

prepared for:

Premier Engineering Corporation
4020 North 20th Street
Suite 304
Phoenix, Arizona 85016

prepared by:

Robert L. Ward, P.E.
Consulting Engineer

5345 East McLellan Road, #112
Mesa, Arizona 85205

July 31, 1998




Table of Contents

1 INTRODUCTEON .oviioessonnonsnnsnmssnnssspnssns s s s s b % sis 56 o5 6ee 56 & 1
2 HYDRAULIC MODELS (HECS2) ..uuecnceonnnsnoesssasnnessensomesessve vas sse s 3
3 SEDIMENT TRANSPORT & SCOUR ANALYSIS ..iiiiiiiiiiiiiiiiieiiieeinnnnns B
3.1 Scour Analysis (Non-Gravel Pit Environment) ............ccciiiiiiiinniinnn. 4
3.1.1 Long-Term Degradation .. e e esssns s e sossnssosnsanssessssssssossaesss S

JidliZ LOCRLSCOUR s omusiiomsessnisimsisdvssiinssavesson semeon s s some oo s o 6

D15 NSO R] DOME &6 650 00 08000 2 550 S0 TS A5 T R N W, P 8 T B ) B0 6

3 LA BN BCOME v v annns snins sion oo & siw s i s oims ms s sinn S56 86e S0 #8108 560 6500 5 a0 9508 7

3:.1.5 Low-Flow IRCISCIMENE < uuvaivssnansnissuenuvsune vemsesnmes nom sas saiomsss o 8

3,16 Bed-Form Tromghs . .oucusnnsssssinssnsnnsssses ssmsies s s sen e saa s s 8

3.2 Sediment Routing Model (HEC-6) ........ccoiiuiiiiiiiiiiiiiieninncnnnennnnns 9
3.2.1 Flood BIYAroBraplh .o e onscnssoms view s s oea s own sinm s sws s 6o oe e 10

322 Cross-Section DAt ..ciiusvsnssssonisnnisninissossvussessnessimssesness 12

3.2.3 Bed-Material Gradation .............ccoiiiiiiiiiiiiiiiiiiiiiniinannnnns 13

324 SoOIMERESHPPIY oroconvnsssssnssnnse s e ens s e s s oie s« owmses omm e 13

3.2.5 Special Considerations Near Alma SchoolRoad ......................... 19
3151 Spht-Flow ANAlYSIS ..ssssrscsnssssssnsssincssnssssessnsanssseswase 19

3.2.5.2 Main Channel Headcut

3.3 GravelPPit Analysis .......coiieneiiiiiiinnnnnnnnnnns .




Table of Contents

4 CALCULATION SUMMARY & RECOMMENDATIONS .. .iiiiiiiiiiiiinnnnnns 21
4.1 Results of HEC-6 Modeling .........cccviiiiiireiirenneccenccnnencsoncsannss 23
4.2 Total SCONE SUDMMALY 40 s v oinn sm e w0 50wie w9908 S0 5 555 % 5818 510 & 515069518 % 814 5 81878 Bi08 35 27
4.3 Water Surface Profile SUDAIRAEY .« oo sessovoancoms s avim s o s s s v s s s o o 5 0065 54 29
4.4 Recommended Elevations For SRPMIC North-Bank Levee Design ........... 32

i




1 INTRODUCTION

The purpose of this report is to present the results of a hydraulic, sediment transport, and scour
analysis that was performed to provide data for the design of a bank protection system for a
proposed levee along the north-bank of the Salt River, between the Pima Freeway Bridge and
Alma School Road. This levee system will be located on land owned by the Salt River Pima
Maricopa Indian Community (SRPMIC). The study reach is shown in Figure 1.1. Although the
exact upstream termination point of the levee is unknown at the present time, the levee will not
extend upstream of the Alma School Road Bridge.

The proposed levee system will include a cement-stabilized alluvium (CSA) bank-lining material
to prevent an erosion failure resulting from flow in the Salt River.

Specific objectives of this study are to:
1. provide recommended toe-down elevations for the CSA bank protection system.

2. provide recommended top-of-bank elevations that will prevent the CSA system from
being overtopped during the 100-year, 10-day flow event in the Salt River.

To be consistent with the previously approved sediment transport and scour analysis that was
prepared by Robert L. Ward, P.E. Consulting Engineer for the Red Mountain Freeway bank
stabilization system along the south bank of the river, the same engineering methodologies and
technical approach have been adopted for this north-bank study. The Ward study is published in
the following two documents:

1. Sediment Transport Analysis, Salt River, Red Mountain Freeway, McKellips
Road to Dobson Road, September 15, 1995.

2. Sediment Transport Analysis, Salt River, Red Mountain Freeway, Supplement
No. 1, McKellips Road to Country Club Drive, October 3, 1996

The following sections of this report present a technical discussion of the engineering
assumptions and methodologies that were used in the sediment transport and scour analysis for
the proposed levee. The text for this report follows the same format and is, for the most part,
identical to the same text from the 1995-1996 Ward reports. Changes to the text of these
previous reports have only been made to reflect specific features associated with the north-bank
levee.

Section 4 of this report presents calculation summaries and design recommendations for the
proposed levee.
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2 HYDRAULIC MODELS (HEC-2)

The HEC-2 models used in this study were based in-part on previous models developed by
Michael Baker, Jr., Inc. (MBI), Simons, Li & Associates, Inc. (SLA) and new data developed in
July 1998 by R. Ward. The MBJ and SLA HEC-2 models were provided to the author of this
report by Wood, Patel & Associates, Inc. (WPA) for use in the previously referenced 1995-1996
reports for the Red Mountain Freeway. The original HEC-2 modeling was performed by
Michael Baker, Jr., Inc. (MBIJ) in 1994 as part of a floodplain study. SLA reportedly made
changes to the MBJ cross-sections downstream of the Pima Freeway bridge (see page 8, April
1994 report referenced below).

Certain revisions were also made to the MBI files by WPA. WPA indicated that these revised
files have been approved by the Arizona Department of Transportation (ADOT) and by the Flood
Control District of Maricopa County (FCDMC) for use in this sediment transport and scour
analysis. Specific HEC-2 modeling sources used in this current study are identified as follows:

1. McClintock Road (Grade Control No. 5) to upstream side of Pima Freeway bridge
uses SLA model BASE.DAT (XSECs 20.5 through 42.1, see Hydraulic And
Sediment Transport Analysis Report, Salt River Bank Protection Design, South
Bank Upstream Of Pima Freeway, Bank STA. 33+00 To 73+00, April 1994).

2. Upstream side of Pima Freeway bridge to Alma School Road uses new
cross-sectional geometry developed by R. Ward during July 1998. XSECs 224.33
through 226.32 were manually coded from April 1998 topographic mapping
provided by SRPMIC. Cross-sectional geometry for XSECs 226.43 through 226.66
were electronically coded from February 1997 topographic maps provided by
Kimley-Horn & Associates, Inc. (KHA).

3. All modeling data upstream of the Alma School Road bridge was taken from the
MBJ models, with minor modifications as outlined in the previous 1995-1996 Red
Mountain Freeway studies.

Topographic maps showing the WPA/MBJ cross-section locations referenced in this report are
included as Plates 1, 2, and 3. Plates 4 and 5 present the proposed SRPMIC north-bank levee
control-line superimposed on the 1998 topographic mapping provided by SRPMIC. Plate 6
shows a portion of the 1997 Kimley-Horn and Associates topography that was used to code the
cross-sectional geometry for XSECs 226.43 through 226.66. The levee control-line on Plates 4
and 5 was provided by Premier Engineering Corporation.

To date, efforts to retrieve copies of the topographic mapping (and HEC-2 cross-section
locations) used in the April 1994 SLA study have been unsuccessful. However, Figure 1 of the
April 1994 SLA report does show HEC-2 cross-section locations superimposed onto an aerial




photograph of the Salt River. The cross-section numbers on this Figure appear to match those in
the SLA HEC-2 model (BASE.DAT). Figure 1 from the SLA report is enclosed in this report as
Plate 7.

Two HEC-2 models were created for use in this report from the referenced topographic mapping.
The first model, SRP1HC2, reflects the actual cross-sectional geometry coded from the
topographic maps. The second model, SRP2HC2, reflects minor filling of dry gravel pit
excavations at XSECs 225.66, 225.75, 225.94, and 226.03. The reason for filling these pits is
discussed in Section 3.3 of this report. Model SRP2HC2 was used for the HEC-2 hydraulic
analysis discussed in this report.

3 SEDIMENT TRANSPORT & SCOUR ANALYSIS

A sediment transport analysis was conducted for the proposed levee in order to examine the
potential for sediment deposition impacts to the design water surface profile and for potential
undercutting of the bank-lining by scour processes. The following sections address the
mechanics of both short-term, single-event bed scour and long-term bed-slope adjustments.
Section 3.3 discusses the issue of gravel pits being located adjacent to the levee, while water
surface profile fluctuations, associated with moveable-bed geometry, are addressed in Section
4.3.

3.1 Scour Analysis (Non-Gravel Pit Environment)

The design of an erosion resistant bank protection system must consider the potential for
scour of the channel bed, if the bed is to be left in a natural condition. Failure to do so could
lead to the toe of the bank protection material being undercut by scour processes that will be
induced by flowing water. Should this situation occur, the bank-lining material may collapse
into the scour hole, thus exposing the bank to erosive velocities and possible lateral

movement.

Vertical incisement of the channel bed can occur in response to the following six processes:

Zt()t =Zdeg+Z]5+ng+st+Zl+be ............... (Equatlon 3.1)

where Z,, = total vertical adjustment in bed elevation

Z4, = vertical change due to long-term degradation

Z, = vertical change due to local scour
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= vertical change due to general scour

Z,.= vertical change due to bend scour
Z,= vertical change due to low-flow incisement

Z,,= vertical change due to bed-form troughs

A brief discussion of each of these phenomena, and its applicability to this project, is
presented in the following sub-sections.

3.1.1 Long-Term Degradation

Sediment transport analyses need to distinguish between short-term and long-term
changes. Short-term changes are event-specific and occur to some extent during each
flood hydrograph. Referring to Equation 3.1, examples of short-term changes would be
local scour, general scour, bend scour, bedform troughs, and to some extent, low-flow
incisement. With the exception of low-flow incisement, any visible signs of these
processes may be difficult to detect after the flow has subsided.

Long-term degradation occurs over a long period of time in response to an imbalance
between the sediment transport capacity of the channel and the dominant sediment supply
to the channel. When such imbalances occur, the channel will naturally adjust its slope to
restore equilibrium between the transport capacity and incoming supply of sediment. If
the transport capacity of the channel exceeds the sediment supply, the channel will flatten
its slope (degrade). However, should the sediment supply exceed the transport capacity
of the channel, the channel slope will increase (aggrade) in order to generate higher
velocities that are capable of moving the sediment inflows.

Long-term degradation is very difficult to quantify because of the many complex
variables that drive this process. Accordingly, numerous assumptions have to be made on
the basis of engineering judgment.

Long-term degradation (and/or aggradation) are normally evaluated with an equilibrium
slope analysis. Such an analysis requires that a known or assumed scenario of river or
watershed changes will occur and be in existence for an adequate time frame for the river
system to re-establish equilibrium with such changes.

Since this reach of the Salt River is undergoing active gravel mining, there is no way that
a constant set of river system changes can be assumed for conducting an equilibrium
slope analysis, i.e., the equilibrium target is changing on a daily basis, and will probably
continue to do so for many years to come. Accordingly, an equilibrium slope analysis is
not considered practical for this reach of the Salt River.




As a matter of technical interest, the 1994 SLA report did conduct an equilibrium slope
and armoring analysis for that reach of the Salt River between McClintock Drive and
Alma School Road. This reach includes the SRPMIC north-bank levee alignment being
addressed in this current study.

The SLA study published an equilibrium slope of 0.00047 ft/ft, which was pivoted about
Grade Control #5, which is located just downstream of McClintock Drive. The SLA
report also listed a computed armoring size of 24-mm (0.94"), and an associated armoring
depth of 0.3-feet, for the 10-year peak discharge of 95,800 cfs. SLA compared this
armoring depth to the theoretical equilibrium slope depth and used the lesser of these two
depths to determine the long-term degradation component in Equation 3.1.

For the purpose of continuity with the approved SLA report, the published equilibrium
slope of 0.00047 ft/ft, and the Q,, armoring depth of 0.3-feet, will also be compared in
this report for a prediction of long-term degradation through the current study reach.
Since there are no other riverbed "hard-points" between McClintock Drive and Alma
School Road, Grade Control #5 will be used as the pivot point for projecting the
equilibrium slope to Alma School Road.

3.1.2 Local Scour

Local scour will occur in response to objects being placed in the path of flowing water.
The most common form of local scour is that occurring at bridge piers and protruding
bridge abutments or spur dikes. This process would be applicable to bridge piers at the
Alma School Road crossing of the Salt River. However, since the SRPMIC north-bank
levee will terminate downstream of this bridge, the north-bank levee will not be in the
pier scour envelope. Accordingly, local scour calculations were not required for this
study.

3.1.3 General Scour

This scour process occurs in response to changes in river geometry and/or bed-slope from
one reach of a river to the next. As the river cross-section contracts and expands, its flow
velocity (and thus sediment transport capacity) will change. General scour will occur
when a channel contracts (in the downstream direction) and causes an increase in velocity
through the contracted section. The increase in sediment transport capacity through the
contracted reach will begin to remove more sediment from the bed of the contracted reach
than is being delivered to the contraction by the wider, upstream reach. The result is a
lowering (general scour) of the channel bed through the contracted reach. When the
channel geometry expands in the downstream direction, the opposite effect can occur, i.e.,
sediment deposition will take place in the wider channel section. However, sediment
deposition can also take place if an artificially constricted channel is subjected to larger
sediment inflows than it can transport.




General scour, and/or sediment deposition, is usually quantified with a mobile-boundary
sediment routing model, such as HEC-6. Such models are capable of predicting scour
and deposition patterns as a function of bed-material size, channel geometry, bed-slope,
and changes in discharge that occur during passage of a specific flood hydrograph.
Section 3.2 of this report provides a detailed discussion on the sediment routing model
that was created to quantify the general scour contribution to the total scour depth for the
bank-lining design.

3.1.4 Bend Scour

As the name implies, this process only occurs in the vicinity of channel curvature. For
this study, the magnitude of bend scour was completed with the following equation
(ADWR, 1985):

.20 0.2
0.8 sin® 3 a
Zos = 0-0;08455{?’3 [2.1{005&) - 1} ............... (Equation 3.2)

where Z,. = depth of bend scour (ft)
V = mean velocity of upstream flow (fps)
= maximum depth of upstream flow (ft)
Y, = hydraulic depth of upstream flow (ft)
. = upstream energy slope (ft/ft)

alpha = angle formed by the projection of the channel centerline
from the point of curvature to a point which meets a line
tangent to the outer bank of the channel (degrees)

Depth and velocity data for the bend scour calculations were taken from HEC-2 File
SRP2HC2. Curvature angles were measured from the MBJ topographic mapping and are
listed in the scour calculation table in Section 4.2.

Engineering judgment was used to taper-off the bend scour depths through the
downstream end of the channel curvature near XSEC 226.03. The length of bend scour
decay beyond this cross-section was computed as 1,121-feet. This would place the end of
the bend scour component between XSECs 225.75 and 225.85. Accordingly, the bend
scour angle of curvature was decreased through these two XSECs to force a gradual
reduction in bend scour from 8.03-feet at XSEC 226.03 to 0-feet at XSEC 225.75.

The approximate downstream limit of the bend scour component was computed with
Equation 3.3 (ADWR, 1985):

= < -
X—2.3( 7 ) L e 22 B marN a2 (Equation 3.3)




where X = distance from the end of channel curvature (point of
tangency) to the downstream point at which secondary
currents have dissipated (ft)

Chezy coefficient

s P!
[

maximum depth of flow within the bend (ft)
32.2 feet/second’

aQ

3.1.5 Low-Flow Incisement

Man-made channels with large width to depth ratios are very vulnerable to the formation
of low-flow channels. When trapezoidal channels, designed to carry large events such as
the 100-year flood, are exposed to smaller, more frequent flows ( 2- to 5-year floods), the
wide channel bottomwidths may cause a shallow sheetflow condition to exist. Rather
than transporting small flows in this manner, nature will incise a low-flow section
(similar to manmade pilot channels in wide trapezoidal sections) that provides a more
hydraulically efficient conveyance for small discharges.

Low-flow channels will meander across the bottom of the larger, parent channel, thus
randomly coming into contact with the channel banks. Accordingly, it is important to
acknowledge low-flow incisement when computing the total scour depth for bank-lining
design.

That reach of the Salt River extending for approximately 1.6 miles upstream from the
Pima Freeway bridge has recently been graded to a relatively level bottom. Accordingly,
there is potential for low-flow incisement to occur within this reach. This potential has
been acknowledged in the scour calculations by including a 1.5-foot low-flow incisement
depth in the cross-sections that are located within this region (XSECs 224.33 through
225.85).

Areas upstream of this reach exhibit effects of gravel mining and head-cutting.
Accordingly, no practical low-flow incisement depth could be assigned to these areas.
The existing head-cut through this upstream region essentially accounts for low-flow
incisement.

3.1.6 Bed-Form Troughs

Sand and gravel-bed channels are prone to the development of transitory bedforms, such
as dunes and antidunes. Such bedforms create troughs, or depressions, below the natural
bed of the channel during the flow event. In order to account for the possibility of these
troughs forming adjacent to the toe of the bank, it is prudent to include bedform troughs
in the estimate of total scour. Although this reach of the Salt River has a very cobbly




bottom, which may tend to inhibit the full development of bed-forms, calculations were
performed in order to include this scour component in the toe-down design for the
proposed levee embankment.

Based on laboratory flume studies, the maximum depth of antidune troughs (below the
existing channel bed) is approximately equal to 0.0135V?* or one-half the depth of flow,
whichever value is less (ADWR 1985).

For lower regime flow, dune heights can be estimated from the following relationship
(Simons & Senturk, 1977):

logd=0.8271log A+0.8901............ (Equation 3.4)

where d = mean flow depth (meters)

A = dune height, from trough to crest (meters)

Table 4.1 (in Section 4.2 of this report) presents a quantitative summary of the preceding
scour processes and recommended scour depths that should be applied to the bank-lining
toe-down design. It should be noted that the total scour depths include a safety factor of 1.5.
A minimum scour depth criteria of 10-feet is also applied to all locations.

3.2 Sediment Routing Model (HEC-6)

As discussed in Section 3.1.3, the general scour and sediment deposition process is an
event-specific analysis that is most accurately performed with a mobile-boundary sediment
routing model. Accordingly, the Corps of Engineers HEC-6 Program, Version 4.1.00,
October 1993, was used to analyze the sediment transport performance of this reach of the
Salt River.

Due to the split-flow condition in the vicinity of Alma School Road, separate HEC-6 models
were created for the main channel and the smaller channel that flows around the south side of
the island between McKellips Road and Alma School Road. The model for the south
channel was used for the Red Mountain Freeway analysis, but was not used for the proposed
north-bank levee, which is the focus of this study.

In addition to cross-sectional geometry, required input data for HEC-6 consists of a flood
hydrograph, a sediment supply rating curve, a bed-material gradation, and the selection of a
sediment transport equation. HEC-6 uses this information to compute hydraulic data and
sediment transport rates for discrete intervals of time throughout the inflow hydrograph. The




incoming sediment load is also computed for each hydrograph interval and introduced to the
model at the most upstream cross-section.

The difference in sediment inflow and sediment transport is computed for the upstream
control section and any imbalance between the two quantities is converted to a sediment
volume and distributed within a "control reach length” that is a function of adjacent
cross-section spacing. If the sediment inflow exceeds the channel transport rate, then
sediment deposition occurs and the channel bed is adjusted upward to reflect the excess
volume of material. If the reverse condition occurs, then scour will result in a lowering of the
bed elevation.

The difference between actual sediment transport rate and incoming sediment load at the first
control section becomes the sediment supply to the next downstream control section. This
process is repeated until the downstream end of the model is reached. The next interval of
the hydrograph is then introduced and the entire calculation sequence is repeated.

The Meyer-Peter and Muller (MPM, 1948) sediment transport equation was used for this
study. This equation is recommended for streams with relatively coarse bed-material and
very little suspended bed-material load. The cobbly bottom of the Salt River and the
sediment trap efficiency of upstream SRP dams would seem to support these assumptions for
the study reach addressed in this report. The MPM equation was also used in the sediment
routing model prepared by SLA for the adjacent downstream reach of the Salt River,
although it was integrated with Einstein's procedure for suspended bed-material load.
Einstein's procedure is not an available option in HEC-6.

The following sub-sections discuss specific elements of the input data developed for the
HEC-6 models presented in this report.

3.2.1 Flood Hydrograph

The hydrograph used for the sediment routing model was identical to that used in the
previously referenced 1994 SLA report. The hydrograph coordinates, which were
provided to Wood-Patel by SLA, reflect a 100-year, 10-day flood with a peak discharge
0of 220,000 cfs for the main channel of the Salt River.

The split-flow hydrograph for the south channel (around the Alma School Road island),
was created by reducing all the main channel hydrograph ordinates by a ratio of 0.3295.
This reduction constant is based on the ratio of the peak south channel discharge to the
peak main channel discharge, i.e., 72,500/220,000. The peak south channel discharge
was identified from a split-flow analysis performed by Wood-Patel.

Figure 3.1 presents a plot of the main channel and south channel hydrographs that were
used with the HEC-6 model. The peak discharges used for the main channel hydrograph
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Figure 3.1
100-Year Discretized Hydrograph
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were reduced between XSECs 226.13 through 226.89 to reflect the loss of flow through
the south channel.

The main channel starting water surface elevations for each interval of the discretized
hydrograph were taken from HEC-2 file WSL2 at XSEC 224.33, which is the
downstream end of the HEC-6 models prepared for this study. File WSL2 is HEC-2 file
SRP1HC?2 with all cross-sections eliminated upstream of XSEC 224.33. Multiple profile
runs were made for discharges ranging from 17,000 to 237,000 cfs, at 20,000 cfs
intervals. The resulting water surface elevations were used to input an
elevation/discharge relationship to the HEC-6 model.

3.2.2 Cross-Section Data

HEC-2 file SRP1HC2, previously referenced in Section 2.1 of this report, was used to
provide the initial river geometry for the HEC-6 model. The GR data and encroachment
stations from this model were visually reviewed with the PLOT2 subroutine in HEC-2 in
order to verify that overbank gravel pit areas were not being used in the hydraulic
calculations.

In addition to specifying effective flow boundaries for hydraulic calculations, HEC-6 also
provides the capability to specify the horizontal limits of the moveable-bed geometry.
This is an important feature which allows the user to exclude overbank areas which
would not reasonably be expected to contribute to the scour or deposition process in a
river.

For this study, moveable-bed limits were based on a visual review of PLOT2
cross-sections. Using this visual illustration of the river geometry, the moveable-bed

width was generally set to coincide with the toe of the slope of the main channel
bank-lines.

The allowable depth of scour within the moveable-bed width was set at 10-feet, except at
grade control structures, which were modeled with a hard bottom.

In addition to cross-sectional geometry, cross-section spacing is also an important
parameter in sediment routing calculations. The length of the control volume that HEC-6
uses for sediment transport calculations is defined as the distance between a point located
halfway between the current cross-section and the adjacent upstream cross-section and
the adjacent downstream cross-section. Irregular cross-section spacing will cause this
control section length to vary along the length of the river. Such irregular spacing will
result in errors in the bed-level changes that HEC-6 computes for each hydrograph
interval. For example, bed-material may be scoured from a control section that is
800-feet long and transported to an adjacent control section that is only 200-feet long.
Assuming equal bed-widths and hydraulic parameters within each section, the transported
material from the 800-foot section will have a much smaller downstream surface area
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available for the distribution of any excess sediment. This would result in a larger depth
of sediment deposition than would occur if the downstream control section were also
800-feet long.

The cross-section spacing in the MBJ HEC-2 models, provided by Wood-Patel, was
found to be fairly uniform in the 500- to 600-foot range. Although there was some
irregularity in the cross-section spacing, it was not considered severe enough to cause any
major calculation errors. The new cross-sectional geometries coded by R.Ward (for that
region downstream of Alma School Road) were spaced at about 500-feet apart.

It should be noted that the bridge cross-sections at Alma School Road were eliminated
from the HEC-6 model. These sections were eliminated because of the short
cross-section spacing and because HEC-6 cannot accept bridge routines used in HEC-2.
XSEC 226.66 was added just downstream of the Alma School bridge location (north
channel only) in order to promote uniform cross-section spacing to MBJ XSEC 226.61,
which is located just upstream of the Alma School Road bridge.

3.2.3 Bed-Material Gradation

The bed-material gradation used for the HEC-6 model was the same as that used by SLA
for the sediment routing model through the adjacent downstream reach of the Salt River.
No additional sampling information was available which was considered to be anymore
reliable than that used in the 1994 SLA report.

Although AGRA Earth & Environmental, Inc. did perform bed-material sampling at four
locations within the study reach, the sampling was limited to the existing surface armor
layer and was not representative of material below the armor layer. Accordingly, this
information was not considered suitable for use in the HEC-6 model.

Table 3.1 summarizes the sediment gradation data taken from the 1994 SLA report. The
data in Table 3.1 is plotted in Figure 3.2.

3.2.4 Sediment Supply

A required input parameter for a sediment routing model is an estimate of the sediment
load being supplied to the upstream end of the model.

The sediment load table for the main channel was developed through an iteration process
that assumes a cross-section at the upstream end of the model is being supplied sediment
at a rate that is in equilibrium with the theoretical transport rate of the cross-section.
Using an initial guess of the inflowing sediment load for a specific water discharge,
HEC-6 will compute the sediment load, in tons/day, for each size fraction in the given

13




Figure 3.2
Sediment Gradation For Salt River Bed-Material
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bed-material gradation. This information is then used to compute an updated sediment
transport potential for each size fraction. This updated size fraction data is entered on the

Table 3.1
Sediment Gradation For HEC-6 Modeling
Country Club Drive to Evergreen Road
. Salt River
Particle Size Cumulative Percent Passing
(mm) (%)
0.15 5.00
0.30 10.00
0.60 18.00
1.18 25.00
2.36 30.00
4.75 36.00
12.50 46.00
25.00 62.00
50.00 70.00
75.00 78.00
152.40 88.00
228.60 96.00
304.80 100.00

LF record and the model is re-run. This iteration process is continued until the computed
fraction of the total sediment load for each grain size matches that which is input to the
model.

The first step in this iterative process identifies the fraction (or percentage) of each grain
size contributing to the total sediment load for a given discharge, e.g., for Q = 25,000 cfs,
2.8% of the total sediment load might be composed of fine gravel (4-8mm), 4.5% of
coarse gravel (16-32mm), etc.

Once the transport potential for each sediment size fraction has been determined for a
range of water discharges, the total sediment load curve is developed to relate water
discharge (cfs) to total sediment discharge (tons/day). In order to estimate the total
sediment load curve, different sediment loads (tons/day) were input to the model until a
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load rate was found which produced very little vertical bed movement (at the upstream
end of the model) over a 10-day flow period. The load rate that produced this minimal
bed movement was assumed to be in equilibrium with the transport rate at the upstream
end of the model. This process was repeated for each water discharge used to define the
sediment load curve.

Figure 3.3 illustrates the sediment load relationship that was developed using this
procedure. This figure also shows a power regression curve that was fit to the actual data
points in an effort to provide a more uniform sediment load relationship at the upper end
of the flood hydrograph. Experimental runs with the HEC-6 model indicated that there
was very little difference in bed level changes when changing the sediment load table
from the actual data points to the regression curve values. Accordingly, the actual
computed sediment load data points were used for the final HEC-6 runs, rather than the
predicted regression curve values.

Any errors in the upstream sediment load curve are "washed out" within a few
cross-sections, as the model becomes controlled by the actual sediment transport rates
and sediment movement through the downstream control sections.

It should be noted that the sediment load curve that was developed for the original
September 15, 1995 Red Mountain Freeway scour analysis was updated in 1996 as part
of the supplemental study Sediment Transport Analysis, Salt River, Red Mountain
Freeway, Supplement No. 1, McKellips Road to Country Club Drive, Robert L.
Ward, P.E., October 3, 1996. This updated sediment load curve was used for the
SRPMIC north-bank levee analysis.

The only change that was made to the original 1995 HEC-6 parameters, in preparing the
1996 supplemental study, was a revision to the sediment supply data that is input at the
upstream end of the model. The total sediment load versus water discharge relationship
(LT record) was not changed from the previous 1995 study. However, the sediment
transport potential for each bed-material grain size (LF records) that would be in transport
during various stages of the 100-year, 10-day hydrograph was changed. The LF records
tell the HEC-6 model what percentage of the total inflowing sediment load to allocate to
each grain size classification.

The calculations for establishing grain size transport potential are dependent on the
cross-sectional geometry and hydraulics of the river section that is used for the upstream
sediment supply calculation. The September 15, 1995 study used data associated with
XSECs 227.46 and 227.56, which are located immediately downstream of the Country
Club Drive Bridge. With the easterly extension of the Red Mountain Freeway, the
HEC-6 model was extended to Mesa Drive. Accordingly, calculations for grain size
transport potential were updated to reflect the geometry and hydraulics of XSECs 229.12
and 229.21, which are located immediately downstream of Mesa Drive. Since this new
location exhibits different hydraulic characteristics than that below Country Club Drive,
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Figure 3.3
SRPMIC North Levee Along Salt River
Upstream Sediment Load Curve
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the distribution of sediment sizes within the total inflowing sediment load will change.
Accordingly, the LF records were updated to reflect this change.

Consideration was also given (in 1996) to updating the total sediment load versus water
discharge relationship (LT record) to reflect this new upstream location. However, the
initial runs of the model with the original LT record, and the updated LF records,
revealed a very stable bottom profile at the upstream end of the model during passage of
the 100-year, 10-day hydrograph, e.g., less than 4-inches of vertical bed movement
occurred at XSECs 229.12 and 229.21 during the flood. These near-equilibrium starting
conditions are justification for accepting the original LT record for this extended HEC-6
analysis.

Since HEC-6 is not capable of processing bridge routines used in the HEC-2 model, the
1996 supplemental report also removed bridge cross-sections at Country Club Drive, i.e.,

XSECs 227.61, 227.62, 227.63, and 227.64 were deleted from the HEC-6 model.

Except for updating the cross-sectional geometry between the Pima Freeway and Alma
School Road bridges, no other changes were made to the HEC-6 input data that was
presented in the October 3, 1996 report for the Red Mountain Freeway.

As stated previously, a separate HEC-6 model was created (as part of the 1995 Red
Mountain Freeway report) to evaluate that portion of the south channel located between
Alma School Road and McKellips Road. It is difficult to identify with any certainty how
much of the main channel sediment load would be diverted into the south channel.
Accordingly, two scenarios were created in order to examine a probable sediment load
envelope for this split-flow location.

As a worst-case condition, the first scenario assumed none of the main channel sediment
would enter the south channel. This would create a "clear-water" inflow condition which
would be expected to induce the maximum scour profile through the south channel.

The second condition assumed that the sediment concentration in the south channel
would be the same as that in the main channel. Under this scenario, the sediment size
fractions for the south channel are assumed to be transported in the same ratios (for a
given water discharge) as used in the main channel. However, the inflowing sediment
load (tons/day) from the main channel to the south channel was reduced by the ratio of
the peak discharge in the south channel to that in the main channel, i.e., 72,500/220,000 =
0.3295.

The following section provides a more in-depth discussion of how sediment diversions
were handled around the Alma School Road "island".
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3.2.5 Special Considerations Near Alma School Road

The sediment routing analysis in the vicinity of the Alma School Road bridge is
complicated by the following factors:

1. A large gravel pit is located immediately downstream of the Alma School Road
bridge over the south channel (not applicable to SRPMIC north-bank analysis).

2. A split-flow condition occurs around an island at Alma School Road.

3. Concrete grade control structures have been built at both the north and south bridge
crossings on Alma School Road to halt headcutting that has occurred in response to
downstream gravel mining operations.

Some engineering judgment was required in order to configure the HEC-6 model to
address these features without causing unreasonable fluctuations in the hydraulic
calculations. These modeling techniques are discussed in the following sub-sections.

3.2.5.1 Split-Flow Analysis

No attempt was made to apply HEC-6 to the large gravel pit that captures the outflow
from the south channel. However, the existence of this pit was used to justify an
assumption that no sediment flows will enter the main channel from the south
channel. This gravel pit is assumed to provide 100-percent trap efficiency for any
sediments transported into the pit by flows diverted through the south channel.

This split-flow condition is simulated in the HEC-6 model for the main channel by
adding a local inflow point just upstream of XSEC 226.03 and a local diversion point
at XSEC 226.89. For the main channel model, the water flow between these two
cross-sections is reduced by the amount of water flowing through the south channel.
The sediment flow diverted from the main channel at McKellips Road is computed by
HEC-6 on the basis of the diverted water discharge and on an assumption of equal
sediment concentrations existing in the main channel flow and diverted flow. This
diverted sediment load is not allowed to re-enter the model at XSEC 226.03, i.e., it is
trapped in the gravel pit. However, the diverted water discharge is returned to the
model at XSEC 226.03.

3.2.5.2 Main Channel Headcut

Although the following paragraphs have no impact on the SRPMIC north-bank levee
design, they are included in this report for continuity with the previous study for this
reach of the Salt River.
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As a result of in-stream gravel mining that was initiated downstream of Alma School
Road in the mid-1980s, a large headcut has moved up the river-bed and lowered the
main channel-bed through the Alma School Road bridge. A concrete grade-control
structure has been built at the bridge to prevent any further channel degradation that
might jeopardize the stability of the bridge piers.

This grade-control structure creates an abrupt vertical drop in the riverbed profile at
the downstream side of the bridge. In accordance with instructions from ADOT (as
part of the 1995 Red Mountain Freeway sediment transport analysis), this
grade-control structure was assumed to remain intact during the 100-year, 10-day
flow event being analyzed in this report.

Since HEC-6 does not have a bridge analysis routine, the Alma School Road HEC-2
bridge coding was not included in the HEC-6 model. An additional cross-section
(XSEC 226.66) was inserted in the HEC-6 model, just downstream of the grade
control structure, to promote uniform cross-section spacing through the bridge. In
order to simulate the effect of the concrete grade control structure on the upstream
channel bed-profile, XSEC 226.61 was coded as a "hard bottom" so that no scour
could occur at this location. All sections upstream of XSEC 226.61 were left with
soft bottoms.

3.3 Gravel Pit Analysis

Numerous remnants of recent in-stream gravel mining are visible through that reach of the
Salt River that extends from the Pima Freeway Bridge to Alma School Road. The April 1998
topographic mapping shows several lakes in the riverbed which are assumed to be
water-filled gravel pits. This mapping also shows several dry depressions in the riverbed,
which would indicate that excavation has previously taken place.

Design criteria for evaluating in-stream gravel pits was previously published in a July 29,
1992 letter from Simons, Li & Associates, Inc. (SLA) to Daniel, Mann, Johnson &
Mendenhall (DMJM). The criteria in this letter was approved by the Flood Control District
of Maricopa County (FCDMC) via letter dated August 11, 1992 from Donald J. Rerick, to
Thomas M. Monchak, DMJM. Both of these letters were included in Appendix IV to the
previously referenced 1994 SLA report.

The 1992 letter indicated that scour dimensions associated with in-stream mining would be
estimated from relationships published in "Investigation of Gravel Mining Effects, Salt
River Channelization Project At Sky Harbor International Airport', Colorado State
University (CSU), December 1980.

The three design conditions outlined in the 1992 letter are summarized as follows:
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1. If gravel pits are located within 150-feet of the bank, fill will be required and the
total scour depth will be the sum of the normal scour depth plus a lateral migration
depth component. The toe-down depth will be extended at least 3-feet below the
point where the fill meets the existing channel invert.

2. If gravel pits are located between 150 and 300-feet of the bank, no fill will be
required and the total scour depth will be the sum of the normal scour depth plus a
lateral migration component.

3. If gravel pits are located beyond 300-feet from the bank, the total scour depth will be
computed as the normal scour depth. This scenario assumes the bank is not within
the scour envelope associated with the gravel pit.

Without knowing the depth of the existing water-filled pits, it is impossible to accurately
apply the above criteria to an analysis of the proposed north-bank levee. This issue was
discussed with representatives from SRPMIC on July 28, 1998. In order to isolate the
proposed levee system from any increased scour potential associated with these pits,
SRPMIC agreed to fill the pits to elevations to be specified in this report. The total scour
depths in Table 4.1 of this report would then be referenced to the filled elevations of these
pits.

Table 3.2 is a summary of the pre- and post-fill elevations for each XSEC through the study
reach. The pre-fill elevations are referenced to the 1997-1998 mapping discussed in Section
2 of this report. These pre-fill elevations represent the low point in each cross-section, as
read from the topographic mapping. In the case of the water-filled pits, the low-point is equal
to the water surface elevation in each pit. In the case of dry pits, the low point is the actual
bottom of the pit.

For the water-filled pits, the post-fill elevation is simply equal to the pre-fill elevation of the
pit's water surface. In these cases, the pre- and post-fill elevations used in the HEC-2 and
HEC-6 models are identical.

Post-fill elevation adjustments were only required at XSECs 225.66, 225.75, 225.94, and
226.03 for the dry pits. The pits at these four locations are small to moderate in size and have
no significant impact on the river system hydraulics. The amount of fill recommended at
these four locations ranges from 2 to 6-feet.

4 CALCULATION SUMMARY & RECOMMENDATIONS

The preceding sections of this report present discussions of the technical procedures and
assumptions that were used to perform the scour analysis for the proposed SRPMIC north-bank
levee that will extend from the Pima Freeway Bridge to just west of the Alma School Road
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Table 3.2
Summary of Recommended Fill Elevations For Existing Gravel Pits
Proposed SRPMIC North-Bank Levee
Pima Freeway to Alma School Road

Applicable Pre-Fill Post-Fill

Levee Station HEC-2/HEC-6 Thalweg Elevations Thalweg Elevations Difference
In Feet XSEC (ft, MSL) (ft, MSL) (ft) Comments
1,160 224.33 1150 1150 0 Water-filled pit, actual depth unknown
1,670 224 .42 1150 1150 0 Water-filled pit, actual depth unknown
2,170 224.52 1150 1150 0 Water-filled pit, actual depth unknown
2,670 224 .61 1152 1152 0 Water-filled pit, actual depth unknown
3,170 22471 1152 1152 0 Water-filled pit, actual depth unknown
3,667 224.80 1152 1152 0 Water-filled pit, actual depth unknown
4,178 224.90 1154 1154 0 No pit
4,627 224.99 1154 1154 0 No pit
4,930 225.09 1152 1152 0 No pit
5413 225.18 1152 1152 0 No pit
5,898 225.28 1154 1154 0 Water-filled pit, actual depth unknown
6,333 225.37 1154 1154 0 Water-filled pit, actual depth unknown
6,700 225.47 1154 1154 0 Water-filled pit, actual depth unknown
7,180 225.56 1156 1156 0 No pit
7,657 225.66 1150 1152 2 Small depression
8,142 225.75 1150 1152 2 Moderate depression
8,639 225.85 1156 1156. 0 Water-filled pit, actual depth unknown
8,978 225.94 1150 1156 6 Moderate depression
9,272 226.03 1154 1156 2 Moderate depression
9,895 226.13 1158 1158 0 Begin headcut
10,404 226.23 1168 1168 0 No pit
10,928 226.32 1170 1170 0 No pit
11,809 226.43 1174 1174 0 No pit
12,468 226.54 1174 1174 0 No pit
13,153 226.66 1172 1172 0 No pit

Note: Pre-fill & post-fill elevations for water-filled pits are based on existing water-level elevations shown on topographic maps.

File: Gravel Pit Fill Summary.xls
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Bridge. This final section of the report presents both tabular and graphical summaries of the
calculation results and recommendations for the bank-lining toe-down and top of CSA
embankment elevations for the levee design.

4.1 Results of HEC-6 Modeling

The HEC-6 output generates a summary of bed-profile and water surface profile changes for
each time step at each cross-section. For the 34 time steps and 25 cross-sections used
between the Pima Freeway and Alma School Road Bridges, 850 data sets were produced by
the HEC-6 model for the 100-year, 10-day flood. Each of these data-sets had to be examined
to find maximum and minimum bed profile and water surface profile fluctuations for each
cross-section during each of the 34 time steps. This examination process was expedited by
importing the HEC-6 output files into an EXCEL spreadsheet, where electronic data scans
were performed to find maximum and minimum data points.

A copy of this spreadsheet is enclosed in Appendix A, which is composed of two data sets
which show the scour or deposition dimension (feet) at each time step, as well as the adjusted
bed profile elevation (feet MSL) for each time step. Summary columns are provided at the
end of each data set to summarize the maximum and minimum conditions that occurred at
each cross-section during the 10-day flow event. It should be emphasized that the scour and
deposition elevations in Appendix A do not reflect the proposed filling of gravel pits at
XSECs 225.66, 225.75, 225.94, and 226.03.

Figure 4.1 graphically illustrates the data in Appendix A in the form of bed-profile plots.
This Figure shows the initial (pre-flood) bed profile, the maximum scour and deposition
profiles that occur during the 10-day flood, and the bed-profile that occurs during the peak
discharge of the 100-year, 10-day flood. The "X-axis" in Figure 4.1 reflects an extension of
the HEC-6 XSECs into the proposed north-bank levee alignment. As a result, the HEC-6
XSECs are plotted as a function of their intersection points with the north-bank levee
stationing. Several of the HEC-6 XSEC points are labeled in Figure 4.1.

Figure 4.2, which is a companion plot to Figure 4.1, shows the actual general scour and
deposition depths which were generated by HEC-6. This Figure provides a more clear
picture of the magnitude and location of vertical bed movement during the 100-year, 10-day
flood. The large scour region that develops between XSECs 226.23 and 226.66 is in
response to the steep bed-slope that causes a significant velocity increase through this region.
The velocity profile is plotted in Figure 4.3.

Downstream of XSEC 226.23, the bed-slope flattens out and causes a corresponding drop in

channel velocity. This drop in velocity accounts for the large sediment deposition between
XSECs 226.23 and 225.56.
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Figure 4.1

Salt River Bed Profile From HEC-6 Analysis
Proposed SRPMIC Levee Along North Bank of Salt River

100-Year, 10-Day Flood
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Figure 4.2

Scour & Deposition Profiles
Proposed SRPMIC Levee Along North Bank of Salt River
100-Year, 10-Day Flood

=—©— Maximum Deposition {

= Maximum Scour

22595

BRGNS sl PAES BSCi

¢¢C
Vertical Depth (ft)
N

226.23 226.43 9

225.18 225.56

Model:| SRPTHC6

1

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000
Distance Along Levee (ft)




Figure 4.3
Velocity Profile for Peak 100-Year Discharge
Proposed SRPMIC Levee Along North Bank of Salt River
100-Year, 10-Day Flood
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The bed-slope and velocity profile downstream from XSEC 225.56 remains relatively
constant, which accounts for the minor amounts of vertical bed-movement through this
downstream reach.

It should be emphasized that the HEC-6 bed-profiles shown in Figures 4.1 and 4.2 only
reflect the general scour/depostion component in Equation 3.1. The remaining scour
components in Equation 3.1 must be added to these profiles in order to arrive at the total
scour depth.

4.2 Total Scour Summary

Table 4.1 provides a quantitative summary of all applicable scour components for that section
of the main channel of the Salt River that lies adjacent to the proposed SRPMIC north-bank

levee.

All elevation data listed in Table 4.1 is referenced to the respective topographic mapping that
was used for the HEC-2 models described in Section 2 of this report.

The following comments are provided to assist the reader in following the calculation
sequence in Table 4.1. A sample calculation sequence is provided in Appendix C.

e All hydraulic data required for calculation of scour components in Table 4.1, other
than general scour, were taken from HEC-2 Model SRP2HC2.

¢ The long-term degradation component was based on the smaller of the equilibrium
slope depth or the Q,, armoring depth. This is consistent with the 1994 SLA report.
Equilibrium slope depths of "zero" indicate that the projected equilibrium slope
elevation is at or above the low-point of a particular XSEC.

e The general scour dimensions in Table 4.1 were taken from HEC-6 model
SRP1HC6.

e The "Total Computed Scour Depth" is based on Equation 3.1. Local scour is not
included because the north-bank levee is not within a scour envelope of bridge piers
or spur dikes. Once the proposed north-bank levee is in-place, the existing spur dike
at the northeast side of the Pima Road bridge will no longer create a flow contraction
that would warrant a local scour analysis.

* A safety factor of 1.50 is applied to the total scour depth to arrive at the "Maximum
Scour Depth". This safety factor is based on FCDMC requirements. To provide
consistency with the 1994 SLA report, a minimum scour depth of 10-feet is used at
all cross-sections.
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Table 4.1
Summary of Scour Analysis Calculations - Main Channel
Salt River Pima Maricopa Indian Community
North-Bank Levee Analysis - Salt River
Pima Freeway to Alma School Road
100-Year, 10-Day Flood
Minimum Maximum Water Surface Long-Term Degradation Maximum
Thalweg Flow Topwidth North Bank Total Scour Minimum
From Depth Between Angle of Based On Maximum Computed Depth Allowable Recommended
SRPIHC2 Between Channel Effective Flow Wetted  Hydraulic Energy Curvature Based On Q1o Armor General Bend Dune Anti-dune  Low-Flow Scour Factor With Scour Toe-Down
Model Encroachments ~ Velocity Boundaries Area Depth Slope (alpha) Equil. Slope Depth Scour Scour  Troughs  Troughs Incisement Depth of Safety Factor Depth Elevation
XSEC (ft, MSL) (f1) (fps) ) (s) (ft) fi/ft) (degrees) (ft) (fr) (ft) (ft) (ft) (f) (1) (ft) Safety (ft) (1) (ft, MSL)
22433 1150.00 30.74 7.90 993.00 27,856 28.05 0.000419 0 0.00 03 0.00 0.00 2.06 0.84 1.50 3.56 1.50 534 10.00 1140.00
224,42 1150.00 3091 8.20 987.00 26,827 27.18 0.000473 0 0.00 03 0.17 0.00 2,07 0.91 1.50 3.74 1.50 5.62 10.00 1140.00
224.52 1150.00 31.26 7.70 1012.00 28,588 28.25 0.000396 0 0.00 03 0.00 0.00 2.10 0.80 1.50 3.60 1.50 5.40 10.00 1140.00
224,61 1152.00 29.46 7.69 1040.39 28,604 2749 0.000409 0 1.08 03 0.13 0.00 1.96 0.80 1.50 3.89 1.50 5.83 10.00 1142.00
22471 1152.00 29.68 7.64 1058.51 28,778 27:19 0.000410 0 0.85 03 0.04 0.00 1.97 0.79 1.50 3.81 1.50 5.72 10.00 1142.00
224.80 1152.00 29.89 7.66 1080.91 28,717 26.57 0.000424 0 0.61 03 0.00 0.00 1.99 0.79 1.50 3.79 1.50 5.69 10.00 1142.00
224.90 1154.00 2815 741 1106.00 29,675 26.83 0.000392 0 238 03 0.04 0.00 1.85 0.74 1.50 3.69 1.50 5.54 10.00 1144.00
22499 1154.00 2835 742 1109.54 29,666 26.74 0.000393 0 214 03 0.35 0.00 1.87 0.74 1.50 4.02 1.50 6.03 10.00 1144.00
225.09 1152.00 30.61 711 1163.24 30,932 26.59 0.000364 0 0.00 03 0.00 0.00 2.05 0.68 1.50 355 1.50 532 10.00 1142.00
22518 1152.00 30.79 724 1192.49 30,392 2549 0.000398 0 0.00 03 0.01 0.00 2.06 0.71 1.50 3.57 1.50 536 10.00 1142.00
225.28 1154.00 29.03 7.01 1190.60 31,373 26.35 0.000358 0 1.44 03 0.00 0.00 1.92 0.66 1.50 3.72 1.50 5.58 10.00 1144.00
(&) 22537 1154.00 29.20 711 1188.80 30,961 26.04 0.000374 0 1.20 03 0.00 0.00 1.94 0.68 1.50 3.74 1.50 5.60 10.00 1144.00
o 225.47 1154.00 2938 7:21 1256.80 30,512 2428 0.000425 0 097 03 0.06 0.00 1.95 0.70 1.50 3.81 1.50 572 10.00 1144.00
225.56 1156.00 27.58 7.36 1276.58 29,898 23.42 0.000464 0 273 03 0.19 0.00 1.81 0.73 1.50 3.80 1.50 5.70 10.00 1146.00
225.66 1152.00 33.82 732 1262.62 30,063 2381 0.000451 0 0.00 03 0.17 0.00 231 0.72 1.50 398 1.50 597 10.00 1142.00
225.75 1152.00 33.97 782 1113.84 28,128 2525 0.000476 0 0.00 03 0.00 0.00 233 0.83 1.50 383 1.50 5.74 10.00 1142.00
225.85 1156.00 28.08 8.72 1145.33 25,232 22.03 0.000703 22 2.03 03 033 2.76 1.85 1.03 1.50 674 1.50 10.11 10.00 1145.89
225.94 1156.00 34.83 7.00 1273.19 31,448 2470 0.000383 25 1.79 03 0.00 536 2.40 0.66 0.00 8.05 150 12.08 10.00 1143.92
226.03 1156.00 3115 6.17 1611.23 35,673 2214 0.000346 31 1.56 03 0.00 8.03 2.09 0.51 0.00 10.43 1.50 15.64 10.00 114036
226.13 1158.00 27.00 8.57 830.47 17,218 2073 0.000751 31 332 03 0.00 737 1.76 0.99 0.00 9.43 1.50 14.14 10.00 1143.86
22623 1168.00 15.81 18.78 733.11 7,852 10.71 0.008390 31 13.08 03 4.07 5.10 0.92 476 0.00 14.23 1.50 21.35 10.00 1146.65
226.32 1170.00 19.29 13.98 879.12 10,553 12.00 0.003975 31 14.85 03 3.68 5.88 147 2.64 0.00 12.50 1.50 18.74 10.00 1151.26
226.43 1174.00 17.87 12.18 882.64 12,106 13.72 0.002527 31 18.58 03 3.90 530 1.07 2.00 0.00 11.50 1.50 17.25 10.00 1156.75
226.54 1174.00 19.56 11.67 905.60 12,638 13.95 0.002271 18 18.29 03 2.65 021 1.19 1.84 0.00 5.00 1.50 7.49 10.00 1164.00
226.66 1172.00 23.15 1033 93238 14,283 1532 0.001567 18 16.01 03 1.86 0.24 1.46 1.44 0.00 3.86 1.50 5.79 10.00 1162.00
Note:  All hydraulic data taken from HEC-2 File: SRP2HC2 Equilibrium slope of 0.00047 fv/ft & Q10 armor depth of 0.3-ft taken from 1994 SLA report
General Scour depths taken from HEC-6 File SRPIHC6. Equilibrium pivot point is at Grade-Control #5 (XSEC 20.5), invert elevation =1147.00-ft, MSL
The total scour depth is measured from the low point of the pre-flood channel-bed elevation within the effective flow area of each cross-section
The thalweg elevations in column 2 of this table reflect the proposed fill to be placed in existing gravel pits. See Section 3.3 of this report for details.
File: SRPMIC North Levee Scour Summary, 1998 Topo.xls




¢ The "Recommended Toe-Down Elevation" is computed by subtracting the larger of
the "Maximum Scour Depth", or 10-feet, from the listed thalweg elevations. The
listed thalweg elevations represent "filled" gravel pit conditions as discussed in
Section 3.3 of this report.

4.3 Water Surface Profile Summary

In addition to the scour analysis, the HEC-6 model was also used to examine fluctuations in
the water surface profile that would occur during the 100-year, 10-day flow event. Appendix
B presents a summary of the HEC-6 water surface elevation changes that occur in the main
channel during the 100-year, 10-day event. These water surface profile changes reflect both
discharge variations and bed-profile movements that are occurring during the flood.

In order to find the maximum water surface profile for the top of the bank-lining design, the
maximum HEC-6 profile was compared to the HEC-2 profile, as well as to the profile
obtained from routing the 100-year peak discharge through a fixed-bed HEC-6 model,
adjusted to the post-flood bed-profile. This latter condition, which was analyzed in order to
be consistent with the 1994 SLA study, was simulated by applying a vertical elevation
adjustment to the GR records. This elevation adjustment was taken as the cumulative,

vertical bed-change dimension from the last hydrograph time step (#34) in the moveable-bed
HEC-6 model.

Table 4.2 summarizes the computed water surface elevations for each of these three
conditions. All water surface elevations in Table 4.2 include an allowance for superelevation
along the north channel bank between XSECs 225.85 through 226.66. Table 4.3 presents a
summary of the superelevation calculations that were used in this report.

Superelevation was computed from the following equation (ADWR, 1985).

Uy Rt 3 )| (VSRS (Equation 4.1

where delta y,, = height of superelevation (ft)
= mean channel velocity (fps)
W = channel width at water surface (ft)
r.= radius of channel centerline (ft)

g = acceleration of gravity, 32.2 ft/sec’
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l Table 4.2
Summary of Water Surface Profiles
Salt River
l 100-Year, 10-Day Flood
Proposed SRPMIC North-Bank Levee
l Water Surface Profile Elevations (ft, MSL)
Station Distance
Along Levee Discharge HEC-2 Post-Flood, Fixed-Bed Maximum Water Surface
' (ft) (cfs) XSEC HEC-2 HEC-6 HEC-6 For Peak Discharge Elevation (ft, MSL)
1,160 220,000 224.33 1180.74 1181.06 1181.06 1181.06
' 1,670 220,000 224.42 1180.91 1181.61 1181.61 1181.61
2,170 220,000 224.52 1181.26 1181.82 1181.81 1181.82
2,670 220,000 224,61 1181.46 1181.85 1181.85 1181.85
l 3,170 220,000 22471 1181.68 1182.14 1182.13 1182.14
3,667 220,000 224.80 1181.89 1182.26 1182.24 1182.26
4,178 220,000 224.90 1182.15 1182.27 1182.26 1182.27
l 4,627 220,000 224.99 1182.35 1182.30 1182.30 1182.35
4,930 220,000 225.09 1182.61 1182.75 1182.71 1182.75
5413 220,000 225.18 1182.79 1182.81 1182.80 1182.81
l 5,898 220,000 225.28 1183.03 1182.75 1182.73 1183.03
6,333 220,000 225.37 1183.20 1182.89 1182.87 1183.20
| 6,700 220,000 22547 1183.38 1183.09 1183.11 1183.38
. 7,180 220,000 225.56 1183.58 1183.43 1183.50 1183.58
7,657 220,000 225.66 1183.82 1183.58 1183.60 1183.82
8,142 220,000 225.75 1183.97 1183.68 1183.58 1183.97
I 8,639 220,000 225.85 1184.60 1184.49 1184.66 1184.66
8,978 220,000 225.94 1185.18 1184.89 1185.11 1185.18
9,272 220,000 226.03 1185.55 1185.33 1185.74 1185.74
l 9,895 147,500 226.13 1185.38 1184.83 1185.68 1185.68
10,404 147,500 226.23 1185.29 1185.97 1186.50 1186.50
10,928 147,500 226.32 1190.28 1187.21 1187.83 1190.28
l 11,809 147,500 226.43 1192.62 1189.31 1188.86 1192.62
12,468 147,500 226.54 1194.27 1191.58 1190.72 1194.27
13,153 147,500 226.66 1195.72 1193.25 1192.53 1195.72
l Model SRP2HC2 SRP1HC6 SRPIHC6P
l All water surface elevations in this table include superelevation between XSECs 225.85 through 226.66.
l File: Sht 4, CWSEL SUMMARY SRPMIC LEVEE. 1998 Topo.xls
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Table 4.3
Summary of Superelevation Calculations
Salt River
100-Year, 10-Day Flood
Proposed SRPMIC North Levee
HEC-2 File SRP2HC2 HEC-6 File SRP1HC6 HEC-6 File SRPIHC6P
Station Distance North-Bank North-Bank North-Bank
Along Levee Discharge HEC-2 Velocity Topwidth Superelevation Velocity Topwidth Superelevation Velocity Topwidth Superelevation

(ft) (cfs) XSEC (fps) (ft) (fv) (fps) (ft) () (fps) (ft) (ft)
1,160 220,000 22433 n/a n/a n/a
1,670 220,000 22442 n/a n/a n/a
2,170 220,000 224.52 n/a n/a n/a
2,670 220,000 224 61 n/a n/a n/a
3,170 220,000 224.71 n/a n/a n/a

- 3,667 220,000 224.80 n/a n/a n/a
—_ 4,178 220,000 224.90 n/a n/a n/a
4,627 220,000 224.99 n/a n/a n/a
4,930 220,000 225.09 n/a n/a n/a
5,413 220,000 225.18 n/a n/a n/a
5,898 220,000 225.28 n/a n/a n/a
6,333 220,000 225.37 n/a n/a n/a
6,700 220,000 225.47 n/a n/a n/a
7,180 220,000 225.56 n/a n/a n/a
7,657 220,000 225.66 n/a n/a n/a
8,142 220,000 225.75 n/a n/a n/a
8,639 220,000 225.85 8.72 1,14533 0.51 8.93 1,238.63 0.58 8.93 1,238.63 0.58
8,978 220,000 225.94 7.00 1,273.19 0.37 8.81 1,266.32 0.58 8.81 1,266.32 0.58
9,272 220,000 226.03 6.17 1,611.23 0.38 8.89 1,574.30 0.76 8.89 1,574.30 0.76
9,895 147,500 226.13 8.57 830.47 0.35 10.32 928.77 0.57 10.32 928.77 0.57
10,404 147,500 226.23 18.78 733.11 1.48 11.38 945.55 0.71 11.38 945.55 0.71
10,928 147,500 226.32 13.98 879.12 0.99 10.82 1,061.60 0.72 10.82 1,061.60 0.72
11,809 147,500 226.43 12.18 882.64 0.75 12.72 879.87 0.82 12,72 879.87 0.82
12,468 147,500 226.54 11.67 905.60 0.71 12.61 902.11 0.83 12.61 902.11 0.83
13,153 147,500 226.66 10.33 932.38 0.57 11.41 922.29 0.69 11.41 922.29 0.69

Note: Radius of curvature = 2,770 feet.




Channel widths and velocities were taken from the HEC-2 and HEC-6 output summaries
listed at the top of Table 4.3. The radius of curvature of the channel centerline was measured
from 1" = 400' topographic mapping as 2,770-feet.

Figure 4.4 graphically compares the water surface profiles in Table 4.2. Notes on each of
these figures identify the model file names that are being plotted.

The maximum water surface elevation (in Table 4.2) that occurred at each XSEC along the
north-bank levee was used for the design recommendations presented in the following
section. A freeboard elevation of 3.0-feet was added to these maximum water surface
elevations in order to establish the recommended top-of-bank elevations. Freeboard is not
reflected in the water surface elevations listed in Table 4.2.

4.4 Recommended Elevations For SRPMIC North-Bank Levee Design

The scour and water surface profile data presented in Sections 4.2 and 4.3 have been
condensed into summary tables for listing design recommendations for the CSA bank-lining.
Table 4.4 summarizes these recommendations.

Design elevations are referenced to HEC-2 cross-section numbers, as well as to the levee
control-line stationing. The levee control-line stationing was provided by Premier
Engineering Corporation.

The top-of-bank and toe-down elevations from Table 4.3 are plotted in Figure 4.5. The
top-of-bank profile in this Figure includes freeboard and superelevation (where applicable).

In preparing this study, it has been assumed that the general river characteristics have not
changed in a way (since the preparation of the referenced topographic mapping listed in
Section 2 of this report) that would cause any significant alteration to the recommended water
surface and scour profiles presented in this report. However, continuation of un-regulated
in-stream gravel mining could induce changes to the river system equilibrium that could
void the recommendations presented in this report.
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Figure 4.4
Water Surface Profile Comparison
Proposed SRPMIC North Bank Levee
100-Year, 10-Day Flood
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l Table 4.4
S y of R ded Elevations for CSA Bank-Lining Design
Salt River Maricopa Pima Indian Community
North-Bank Levee Analysis Along Salt River, Pima Freeway Bridge to Alma School Road
l 100-Year, 10-Day Flood
I Top-of-Bank Design Toe-Down Design
~ Recommended Recommended
l Applicable Maximum 100-Yr ‘iq('( Design Design
Levee Station HEC-2/HEC-6 Water Surface Data Superelevation Freeboard £zFv Elevation Data Elevation
In Feet XSEC (ft, MSL) Source (ft) (ft) [[/Twﬂﬂ, MSL) Source (ft, MSL)
I 1,160 224.33 1181.06 Table 4.2 wa 3.00 1184.06 Table 4.1 1140.00
1,670 22442 1181.61 a 3.00 1184.61 1140.00
2,170 224.52 1181.82 wa 3.00 1184.82 1140.00
2,670 22461 1181.85 wa 3.00 1184.85 1142.00
l 3,170 22471 1182.14 wa 3.00 1185.14 1142.00
3,667 224.80 1182.26 wa 3.00 1185.26 1142.00
4,178 224.90 1182.27 wa 3.00 1185.27 1144.00
' 4,627 22499 1182.35 n/a 3.00 1185.35 1144.00
4,930 225.09 1182.75 a 3.00 ]\Zé;AB/ 1185.75 1142.00
5413 225.18 1182.81 a 3.00 , ] 1185.81 1142.00
5,898 225.28 1183.03 Wa 3.00 11€7,0 1186.03 1144.00
' 6,333 22537 1183.20 wa 3.00 1186.20 1144.00
6,700 22547 1183.38 wa 3.00 1186.38 1144.00
7,180 225.56 1183.58 a 3.00 1186.58 1146.00
7,657 225.66 1183.82 na 3.00 1186.82 1142.00
l 8,142 225.75 1183.97 wa 300 [190:2 1186.97 1142.00
8,639 22585 1184.66 (included) 3.00 1187.66 1145.89
8978 225.94 1185.18 (included) 3.00 }|4z ) 1188.18 1143.92
' 9,272 226.03 1185.74 (included) 3.00 1188.74 1140.36
9,895 226.13 1185.68 (included) 3.00 1188.68 1143.86
10,404 226.23 1186.50 (included) 3.00 1189.50 1146.65
10,928 226.32 1190.28 (included) 3.00 1193.28 1151.26
l 11,809 22643 1192.62 (included) 3.00 1195.62 1156.75
12,468 226.54 1194.27 (included) 3.00 1197.27 1164.00
13,153 226.66 1195.72 (included) 3.00 1198.72 1162.00
l File: SRPMIC LEVEE RECOM, 1998 TOPO.xls
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Elevation (ft, MSL)

Figure 4.5
Recommended Design Profiles For CSA Bank Lining
Proposed SRPMIC Levee Along North Bank of Salt River
100-Year, 10-Day Flood
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APPENDIX A

HEC-6 General Scour Summary
100-Year, 10-Day Flood
Model SRP1HC6

Proposed SRPMIC North-Bank Levee
Salt River
Pima Freeway to Alma School Road




L~ |

Table AL
}Smry of HEC-6 Bed Profiie Data
Model SRPIHC6
108-Year, 16-Day Fleod
SRPMIC Necth Levee Analysis .
Pima Freewny to Alma School Road
Salt Rives - Maln Channel
Maximm  Maximum
River  Distance  Profll Hewsion  Elevation
XSEC @) (R, MSL) 1 2 3 4 s 6 7 8 9 10 1 12 13 14 is 16 17 8 19 20 21 n 23 24 23 26 27 8 29 30 3t 32 33 34 (8, MSL) (&, MSL)
22433 0 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 115000 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00 115000  1i50.00 1150.00 1150.00 1150.00 1150.00 1150.00 1150.00
22442 500 1150.00 114999 1149.99 1149.98 1149.98 1149.98 114998 ° 114998 114998 1149.98 1149.98 1149.98 1149.97 114996 114995 114994 114994 114993 114992 1149.90 1149.90 114989 114988 11988 114987 1149.87 114986 114986 114985 114985 114935 114984 1149.84 1149.34 114583 1150.00 1149.83
2452 1000 1150.00 1150.02 1150.03 115003 1150.04 1150.05 1150.06 115007 1150.08 1150.08 1150.09 1150.09 1150.09 1150.08 115007 1150.06 1150.06 1150.06 1150.06 115006 1150.06 115007 115007 115008 115009 1150.10 1150.11 1150.12 115013 1150.16 115017 1150.20 1150.18 1150.2¢ 1150.25 1150.25 1150.00
22461 1500 1152.00 1132.00 1152.01 115201 1152.01 1152.01 115201 1152.01 1152.00 1152.00 115199 115198 115197 1151.96 1151.95 1151.94 1151.93 115192 1151.90 1151.89 1151.88 1151.88 1151.87 1151.87 1151.87 1151.87 115187 1151.87 115188 115188 115188 1151.88 1151.88 1151.89 1151.89 115201 115187
2471 2000 1152.00 115202 1152.02 1152.03 1152.04 1152.08 115205 1152.06 1152.06 115207 1152.07 115207 1152.06 1152.05 1152.04 115202 1152.00 1151.99 115198 1151.97 115197 1151.96 1151.96 1151.96 1151.96 1151.96 1151.96 1151.96 1151.96 118197 1151.97 115197 115197 115197 115198 115207 1151.96
22480 2500 1152.00 115201 1152.02 115202 115203 1152.04 115205 1152.06 1152.07 1152.08 1152.10 115211 ns2.12 115214 1us217 1152.20 115223 115227 115231 115235 1152.38 115241 115283 115245 115247 1152.48 115249 1152.50 115253 115255 115256 11352.60 1152.57 1152.60 1152.62 115262 1152.00
22490 3000 1154.00 115402 115403 115404 115404 1154.04 115404 115404 115403 1154.02 1154.02 115401 1154.00 115398 115397 115397 115396 1153.96 115396 1153.96 1153.96 115397 115398 115398 1153.99 1154.00 115401 1154.02 115403 115405 115406 115409 115407 115411 115415 1154.15 1153.96
22499 3500 1154.00 115399 1153.99 115398 115398 115357 1153.97 1153.96 1153.95 115394 115392 115391 1153.89 115387 115384 115331 1153.79 1153.77 1153.74 1153.72 1153.70 1153.69 1153.67 1153.67 1153.66 1153.66 1153.66 1153.66 1153.66 115365 115365 1153.65 1153.65 1153.65 1153.66 115400 1153.65
22509 4000 1152.00 1152.04 1152.06 115207 1152.09 1is2.1 1152.14 115216 115220 115224 1152.28 115233 115238 1152.43 115249 1152.54 1152.60 1152.65 usn 1152.76 1152.80 115284 115289 115293 115297 1153.01 1153.05 1153.090 115318 1153.20 132 1153.27 115324 115328 115330 1153.30 115200
22518 4500 1152.00 115199 115199 115199 1151.99 1152.00 115202 115203 115208 1152.09 1152.13 115220 115230 115245 1152.60 1152.711 1152.80 115289 115297 1153.03 1153.08 115311 1153.14 15314 1153.14 1153.12 1153.09 1153.07 115301 115297 115295 1152.89 115293 115287 115282 1153.14 1151.99
22528 5000 1154.00 1154.01 115401 115401 1154.02 1§54.02 1154.02 115403 115404 1154.06 1154.10 115414 115420 115428 115439 1154.50 115460 1134.67 115472 115476 1154.80 115482 115484 1154385 1134.86 1154.86 115485 115485 115485 115435 115484 115484 115484 115483 115482 115436 115400
22537 5500 1154.00 115402 1154.02 115401 1154.01 1154.01 115401 115403 1134.04 1154.05 1154.05 113404 1154.04 115408 1154.06 1154.10 115414 115420 115430 115439 115449 1154.60 115470 118477 115483 115486 115487 115487 115484 115482 115480 1154.78 115480 115477 1154.76 115487 1154.00
225.47 6000 1154.00 115404 115404 1154.06 115405 1134.04 115403 11540t 1153.99 115397 1153.97 1153.96 1153.96 115396 115395 115395 115394 1153.94 115394 115394 115395 1153.96 115397 115401 113405 115410 115415 115419 115425 115429 115431 115437 115433 115439 1154.44 115444 1153.94
225.56 6500 1156.00 115590 115588 115584 115583 115582 115582 1155.81 1155.82 115383 115584 1155.86 1155.90 115595 115598 1156.00 1156.02 1156.05 1156.07 1156.09 1156.11 115613 . 115.14 1156.11 1156.07 1156.02 115597 115592 115588 115587 115587 115586 1155.86 115585 115585 115614 113581
215.66 7000 1150.00 114897 1149996 114995 1149.93 114992 1149.90 _1149.9 1149.88 1149.88 114987 114987 1149.87 114987 114985 114935 114984 114983 114983 1140.84 1149.85 1149.86 1149.89 114993 114999 1150.05 1150.13 1150.22 1150.38 1150.53 1150.59 1150.74 1150.65 1150.77 1150.86 1150.86 1149.83
228.75 7500 1150.00 1150.10 1150.16 1150.20 1150.24 1150.29 1150.35 1150.42 1150.5¢ 1150.60 1150.70 1150.80 1150.89 115096 1151.04 1151.18 115144 1151.80 1152.30 115263 115281 1153.09 115343 1153.76 115399 1154.14 115423 115429 1315436 115437 115437 115435 115436 115435 115433 115437 1150.00
22585 2000 1156.00 115594 115590 115587 1155.85 115583 1155.80 115578 115576 1155.74 1ss.n 1155.70 1155.69 115568 115568 1155.67 1155.69 115573 1135.95 1156.63 115762 1158.15 1158.33 115824 1158.15 1158.09 115808 1158.03 115797 115793 115792 1157.90 115791 1157.89 115788 115833 115567
22594 8500 1150.00 115014 115034 1150.60 1150.85 1151.09 115132 115158 1151.74 115193 1152.15 115233 1152.48 1152.66 115295 115364 115493 115594 1156.83 115714 1156.72 1156.40 1156.13 115599 115587 1155.78 113571 115565 115557 1155.52 115549 1155.46 1155.48 1155.45 1155.42 1157.14 1150.00
226.03 8990 1154.00 1156.42 1156.81 115690 1157.07 1157.17 1157.29 1157.41 1157.64 1157.99 1158.42 115881 n»3I9 116032 1161.23 116289 116283 116286 1162.47 1161.92 1161.59 116133 116115 1161.03 1160.94 1160.87 1160.83 116081 1160.77 1160.74 1160.73 1160.71 1160.73 1160.71 1160.70 1162.89 1154.00
226.13 9510 1158.00 115936 1159.06 1159.16 1155.13 115931 1159.41 1159.61 1160.20 1160.81 1161.03 1162.12 116383 1164.96 116593 1164.90 116513 116484 1164.53 116425 1164.07 116398 116392 1163.38 116387 1163.85 116384 116384 116382 1163.30 1163.80 1163.77 1163.79 1163.76 - 1163.74 116593 1158.00
226.23 10010 1163.00 1163.94 1164.12 1164.00 1163.94 1163.95 116393 1163.53 116397 1163.99 116399 1164.12 116475 1165.03 1165.44 116531 1165.10 116525 1165.23 1165.13 1165.05 1165.02 1165.00 1165.02 1165.02 1165.04 1165.06 1165.07 1165.07 116508 1165.08 1165.09 1165.08 1165.09 1165.11 1168.00 116393
22632 10510 1170.00 1170.11 1169.53 1169.29 116897 1168.59 1168.45 1168.03 1167.27 1167.40 1167.19 1166.32 1167.00 116721 116751 1167.17 1167.14 1167.15 116693 1166,77 1166.75 1166.76 1166.76 1166.78 1166.80 1166.82 1166.83 1166.83 116682 1166.82 1166.82 1166.83 1166.82 1166.83 116684 nnit 116632
226.43 11077 117400 1173.95 1173.87 1173.74 1173.69 1173.59 17345 17343 117336 117244 1124 117214 1170.10 1171.00 117094 17107 117093 117099 117069 1170.65 1170.70 1170.73 1170.69 1170.76 Hw.73 1170.78 1nmw.7. 1nnm 1170.74 1170.76 1170.76 1170.75 1170.76 1170.7s 1170.75 1174.00 1170.1¢
26.54 11656 117400 117398 117383 1173.78 1nnn 1173.68 117361 117359 117359 1uns» 117338 11738 117331 117196 117291 117288 1172.50 U9 |14 B3 17202 n7.se 1171.81 1171.80 17168 1171.66 1171.56 17153 1171.52 137149 1Hn.4a2 1171.40 1171.38 117139 117137 117135 1174.00 17135
226.66 12280 1172.00 1172.51 1172.66 117283 117298 1173.14 117327 117338 1173.36 1173.24 1172.98 117266 1172.84 1173.17 1171.66 117181 117146 1170.51 1170.47 1170.39 1170.37 1170.30 1170.29 1170.29 117028 1i70.28 117027 1170.22 1170.20 1170.19 117018 1170.16 1170.17 117015 1170.14 1173.36 1170.14
File: HECS OUTFOR SRPIHCSXLE




Pima Freeway to Alma School Road

Curulative  Initial Bed Time Step Time Step Macinnzm Maximum
River Distance Profile Deposition Soous
~XSEC ®) (f, MSL) 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20 2 2 23 24 25 26 27 28 29 30 3 32 33 M @) ®
22433 0 1150.00 0 ] 0 ] o 0 o 0 0 0 0 0 0 0 0 [} 0 0 ] 0 0 [ 0 0o 0 0o 0 ] [} ] 0 0 0 0 0.00 0.00
24.42 500 1150.00 -0.01 0.01 0.02 .02 -0.02 -0.02 0.02 -0.02 0.02 -0.02 0.02 .03 -0.04 0.05 0.06 -0.06 -0.07 -0.08 .1 0.1 -0.11 012 012 £0.13 013 -0.14 014 015 0.15 015 016 -0.16 -0.16 017 0.00 017
224.52 1000 1150.00 0.02 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.09 0.09 0.09 0.08 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.0? 0.07 0.08 0.09 0.1 011 012 0.13 0.16 0.17 0.2 018 0.21 0.25 025 0.00
224.61 1500 1152.00 0.00 0.01 001 0.01 0.01 0.01 0.01 0.00 0.00 <0.01 £0.02 0.03 -0.04 0.05 -0.06 -0.07 -0.08 -0.10 -0.11 0.12 £.12 -0.13 013 -0.13 013 <013 013 Q.12 -0.12 -0.12 -0.12 0.12 0.11 <0.11 0.0 013
22471 2000 1152.00 0.02 0.02 0.03 0.04 0.05 0.05 0.05 0.06 0.07 0.07 .07 0.06 0.05 0.04 0.02 0.00 -0.01 .02 -0.03 0.03 -0.04 0.04 -0.04 0.04 £0.04 £0.04 0.04 0.04 -0.03 -0.03 -0.03 -0.03 0.03 0.02 0.07 -0.04
22480 2500 1152.00 0.0 0.02 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.10 011 012 0.14 0.17 020 023 0.27 0.31 0.35 0.38 0.41 0.43 0.45 047 048 0.49 0.5¢ 0.53 0.55 0.56 0.60 0.57 0.60 062 0.62 0.00
2490 3000 1154.00 0.02 003 0.04 004 0.04 0.04 0.04 0.03 0.02 0.02 0.01 0.00 002 0.03 -0.03 -0.04 -0.04 0.04 0.04 -0.04 003 002 -0.02 -0.01 0.00 o0 002 0.03 0.05 0.06 0.09 0.07 on 015 015 004
224,99 3500 " 115400 -0.01 .01 £.02 -0.02 -0.03 0.03 0.04 0.05 -0.06 -0.08 0.09 0.11 0.13 0.16 .19 -0.21 -0.23 <0.26 028 -0.30 0.3t -0.33 -0.33 0.34 034 -0.34 -0.34 -0.34 <035 -0.35 0.35 035 -0.35 034 0.00 035
225.09 4000 1152.00 0.04 0.06 0.07 0.09 on 0.14 0.16 0.20 0.24 0.28 033 038 043 0.49 0.54 0.60 0.65 o 0.76 080 0.84 0.89 093 0.97 1.0 1.05 1.09 1.15 1.20 122 127 1.24 1.28 130 1.30 0.00
225.18 4500 1152.00 -0.01 -0.01 -0.01 -0.01 0.00 0.02 0.03 0.05 0.09 0.13 0.20 0.30 045 0.60 on 0.80 0.39 097 1.03 1. 111 114 114 1.14 112 1.09 1.07 1.01 097 0.95 0.89 093 0.87 0.82 114 -0.01
22528 . 5000 1154.00 0.01 0.0 0.01 0.02 0.02 0.02 0.03 0.04 0.06 0.10 014 0.20 0.28 039 0.50 0.60 0.67 072 0.76 0.80 0.82 0.84 085 0.86 0.86 085 0.85 0.85 085 0.84 0.84 0.84 0383 082 0.86 0.00
225.37 5500 1154.00 0.02 0.02 0.01 0.0t 0.01 0.01 003 0.04 0.05 0.05 0.04 0.04 0.05 0.06 0.10 014 0.20 0.30 0.39 0.49 0.60 0.70 0.77 083 086 087 087 0.84 082 0.80 0.78 0.80 0.77 0.76 087 0.00
225.47 6000 1154.00 0.04 0.04 0.06 0.05 0.4 0.03 0.0! -0.01 -0.03 0.03 “0.04 0.04 0.04 0.05 -0.05 -0.06 -0.06 -0.06 -0.06 -0.05 <0.04 0.03 0.01 0.05 0.0 615 019 0.25 0.29 0.31 0.37 033 0.39 044 0.44 -0.06
225.56 6500 1156.00 0.10 -0.12 0.16 0.7 -0.18 -0.18 0.19 -0.18 01?7 -0.16 014 -0.10 -0.05 -0.02 0.00 0.02 0.05 007 0.09 o.l11 0.13 014 011 0.07 0.02 <003 -0.08 -0.12 <013 013 -0.14 014 0.15 015 0.14 -0.19
225.66 7000 1150.00 -0.03 -0.04 -0.05 0.07 -0.08 010 .11 -0.12 -0.12 0.13 013 -0.13 -0.13 015 .15 0.16 -0.17 0.17 0.16 0.15 0.14 <0.11 -0.07 -0.01 0.05 013 0.22 0.38 0.53 0.59 0.74 0.65 0.7 086 0.86 0.17
225.75 7500 1150.00 0.10 0.16 0.20 0.24 0.29 0.35 0.42 0.51 0.60 0.70 0.80 0.89 0.96 1.04 118 1.44 1.80 230 263 281 3.09 343 376 399 414 423 429 4.36 437 437 435 4.36 435 433 437 0.00
22585 8000 1156.00 0.06 010 -0.13 015 -0.17 020 022 024 -0.26 -0.28 -0.30 -0.31 -0.32 <0.32 <0.33 <0.31 0.27 -0.05 0.63 1.62 215 233 224 215 209 205 20 1.9 193 192 1.50 1.91 1.89 1838 233 0.33
22594 8500 1150.00 .14 034 0.60 085 1.09 132 1.55 1.74 193 215 233 248 2.66 295 364 493 594 6.83 7.14 6.72 6.40 613 5.99 587 578 5N 5.65 5.57 552 5.49 5.46 5.48 5.45 5.42 714 0.00
226.03 8990 1154.00 242 28 290 307 317 3.2 3.41 364 399 442 4.81 539 632 123 8.89 883 8.86 347 792 .59 7.33 718 7.03 6.94 687 683 6.81 6.77 6.74 6.73 6.71 673 6N 6.70 8.89 0.00
226.13 9510 1158.00 1.36 1.06 L16 113 1.3 1.4 1.61 220 281 3.03 412 583 6.96 793 6.90 713 684 653 6.25 6.07 598 592 5388 5.87 585 584 5384 582 580 5.80 577 5719 5.76 574 7.93 0.00
22623 10010 1168.00 -4.06 -3.88 -4.00 -4.06 -4.05 -4.07 -4.07 -4.03 -4.01 -4.01 -3.88 -3.25 297 -2.56 269 290 275 2.7 287 -2.95 -2.98 -3.00 -2.98 -2.98 296 -294 293 2.93 292 292 -2.91 292 29 -2.89 0.00 ~4.07
226.32 10510 1170.00 on -0.47 on -1.03 -1.41 -1.55 -1.97 273 -2.60 -2.81 -3.68 -3.00 =279 -2.49 -2.83 -2.86 -2.85 -3.07 -3.23 -3.25 <3.24 -3.24 322 -3.20 -3.18 <317 -3.17 -3.18 <318 -3.18 <317 -3.18 -3.17 -3.16 011 -3.68
226,43 11077 1174.00 0,05 £.13 -0.26 -0.31 -0.41 -0.55 -0.57 -0.64 -1.56 -1.56 -1.86 -3.90 . -3.00 -3.06 <293 -3.07 -3.01 -3.31 -3.35 -3.30 -3.27 331 3.24 «3.27 -3.22 -324 32 -3.26 -3.24 -3.24 <325 <324 -3.25 325 0.00 -3.90
226.54 11696 1174.00 -0.05 .17 0.22 -0.28 -0.32 -0.39 -0.41 0.41 -0.41 -0.62 -0.65 0.69 -2.04 -1.09 <115 -1.50 -1.57 -1.89 -1.98 211 =219 -2.20 -232 -2.34 244 -2.47 -2.48 o251 -2.58 . =260 -2.62 ~2.61 <263 265 0.00 -2.65
| 22666 12280 1172.00 0.51 0.66 083 0.98 1.14 1.27 1.35 1.36 124 098 0.66 0384 1.17 -0.34 -0.19 -0.54 -1.49 -1.53 -1.61 -1.63 -1.7¢ -1.71 -1.71 <1.72 -1.72 -1.73 -1.78 -1.80 -1.81 -1.82 -1.84 -1.83 -1.85 -1.86 1.36 -1.86

T HECS OUT POR SRPIHCSXLS
b il




APPENDIX B

HEC-6 Water Surface Profile Summary
100-Year, 10-Day Flood
Model SRP1HC6

Proposed SRPMIC North-Bank Levee
Salt River
Pima Freeway to Alma School Road




Table B1
Summary of Maximum Water Surface Proflie From HEC-6 Analysis
Model SRPLHCS
100-Year, 10 Day Flood
SRPMIC North Levee Anslysis
Pima Freeway to Alma School Road
Sait River - Main Channel
Maxi Mini
Cumulative Initial Bed Time Step Time Step CWSEL CWSEL
River Distance  Profile Elevation Elevation
XSEC ) (ft, MsL) 1 2 3 4 H 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 A4 25 26 27 23 29 30 31 32 33 34 (ft, MSL) (f, MSL)
22433 [ 115000 | 115923 115934 115948 116048 116211 116277 1163.72 116612 116785 116866 117132 117522 117940 118106 117797 117687 117674 117466 } 17250 117035 116890 116660 116335 116324 116082 116068 116026 116008 116001 1150.74 115970 115961 115931  1159.16 1181.06 1150.16
22442 500 115000 | 115938 115949 115964 116066 116231 116298 116394 116638 116814 116897 1171.68 117566 117991 118161 117846 1177234 117721 117508 | 117289 117069 116922 116688 116357 116345 116100 116086 116043 1160.24 1160.18 115990 115985 1159.76 115945 1159.30 118161 115930
224.52 1000 115000 | 115952 115963 115978 116081 116246 116313 116410 116655 116832 116915 1171.86 117585 1180.12 118182 117866 17754 117740 117527 | 117367 117087 116939 116704 1163.72 1163.60 1161.1§  1161.00 116058 116038 116032 116004 115999 115090 115959  1159.43 1181.82 1159.43
224.61 1500 115200 | 115960 115971  1159.87 1160.89 116254 116321 116418 116663 116839 116922 117192 11759 118016  1181.85 117870 117758 117745 117533 | 117313 117093 116946 116712 116330 1163.68 116124 116109 116066 116047 116041 116013 116008 115999 115968 115952 1181.85 1159.52
2471 2000 115200 | 115975 115987 116002 116105 116270 116337 116434 116681 116858 116941 117213 117614 118043 118214 117896 117784 1172720 117556 | 117335 117013 116965 116730 116396 1163.84 116139 116123  1160.81 116062 116055 116028 116023 116013 115982 1159.66 1182.14 1159.66
224.80 2500 115200 | 115990 116001  1160.17 116119 116282 116348 116446 116692 116868 116952 117224 117626 118055 . 118226 117908 117795 117781 117567 } 117345 117123 116976 116740 116407 - 116395 116152 116137 116095 1160.76 116070 116043 116037 116028 115997 115981 118226 1159.81
24.90 3000 115400 | 116007 116019 116034 116134 116295 116361 116457 116701 116877 1169.60 117230 117630 118057 118227 1IM.11 117798 117785 117572 | 117351 117131 116985 116751 116421 116409 116171 1161.55 116115 1160.96 116091 116065 116060 116051 116022  1160.06 118227 1160.06
224.99 3500 115400 § 116026 116038 116053 116152 1163.10 116375 11647t 116712 116887 116969 117239 117635 118061 118230 117915 117803 117790 117578 { 117359 117140 116994 116762 116434 116422 116186 116171 116132 1161.13 1161.08 116081 116077 116068 116039 1160.23 118230 . 1160.23
225.09 4000 115200 | 116056 116067 116083  1161.80 116337 116401 116498 116741 116917 117000 117272 117673 118103 118275 117955 117842 117828 117613 | 117391 117170 117023 116788 116458 116446 116213 116198 116159 116140 116136 1161.10 116106 116098 1160.70  1160.54 1182.75 1160.54
225.18 4500 115200 | 116085 116096 1161.11 116203 116355 116418 116513 116754 116928 117011 117281 117681 118110 118281 117962 117849 117835 117621 | 117400 117180 117034 116802 116481 116470 116253 116240 116207 116191 116187 116167 116163 116158 116134 1161.23 118281 - 1160.85
225.28 5000 115400 | 116121 116131 116145 116233 116378 116438 116531 116766 116938 117020 117236 117681 118106 118275 117960 117848 117835 117624 | 117406 1170290 117047 116821 116513 116501 . 1163.04 116290 116259 116244 116238 116218 116213 116208 116183  1161.72 118275 - 1161.21
22537 5500 115400 | 1161.50 116161 116175 116262 116405 116464 116556 1167.88 116958 117039 1173.04 117697 118120 118289 117976 117865 117852 117642 | 117426 117212 117071 116848 116545 116534 116340 116326 116295 116280 116274 116252 116248 116242 116216 116205 1182.89 1161.50
22547 6000 115400 | 1161.82 116193 116208 116295 116436 116493 116584 116813 116983 117063 117326 117717 118140 118309 117996 117885 117872 117664 | 117449 117237 117098 116878 116580 116569 1163.76 116363 116332 116316 116310 116237 116282 116277 116250 116238 1183.09 1161.82
225.56 6500 115600 | 116229 116240 116255 116340 1164.77 116534 116624 116849 117017 117097 117358 117750 1181.73 118343 118029 117918 117904 117695 ] 117480 117268 117129 1169.10 116615 116605 116411 116398 116367 1163501 116346 116323 1163.19 1163.14 116286 116275 1183.43 116229
225.66 7000 115000 | 116299 116305  1163.18 116399 116529 116583 116669 116884 117047 1171.25 117383 117769 118189 118358 118046 117936 117923 117716 | 117504 117295 117159 116946 116663 116652 116463 116448 116417 116400 116395 116372 116368 116363 116336 116325 1183.58 - - 116299
22575 7500 115000 | 116329 116336 116350 116433 116565 116618 116703 1169.14 117074 117151 117405 1177.86 118201 118368 118059 117950 117936 117730 § 117519 117312 117177 116969 116691 116680 116495 116483 116454 116439 116437 116418 116415 116411 116336 1163.76 1183.68 1163.29
225.85 8000 115600 | 116339 116348 116362 116448 116585 116640 116725 116937 117097 117175 117429 117809 118224 118391 118083 117976 117964 117762 | 117557 1173.54 117221 117023 116758 116758 116576 116567 116539 116525 116524 116502 116498 116492 116465 116454 1183.91 116339
22594 8500 115000 | 116399 116408 116425 116517 116656 1167.11 116794 117001 117157 117233 117481 117856 118266 118431 118123 118041 117993  1177.88 | 117581 117393 117298 117143 116926 116915 116742 116725 116695 . 116680 116672 116650 116644 116638 116613  1166.04 118431 116399
226.03 8990 115400 | 116418 116431 116450 116543 116686 116742 116828 117039 117193 117269 117515 1178.87 118295 118457 118145 118021 118027 117856 | 117706 117571 117459 117301 117097 117076 116928  1169.15 116886 116872 116863 116844 116840 116833 116811  1168.05 1184.57 1164.18
22613 9510 115800 | 116440 116577 116603 116662 116781 116830 116909 117098 117238 117312 117543 117890 118272 118426 1181.03 118093 118090 1179.58 | 117822 117676 117575 117428 117245 117224 117091 117086 117068 117059 117045 117042 117026 117023 117017 1169.96 1184.26 1164.40
22623 10010 116800 | 117487 117121 117101 117138 117187 117214 117251 117343 117412 117485 117642 117968 118354 118526 118372 118242 118256 118132 | 118001 117875 117794 117684 117538 117530 117439 117425 117399 117389 117390 1173.69 117373 U770 117342 117339 1185.26 1171.0t
22632 10510 117000 | 117780 117552 117571 117590 117658 117671 1177.15 1178.10 117855 117864 117945 118136 118493 118649 118502 118391 118387 118276 | 118144 118027 117950 117837 117676 117672 117546 117537 117510 117500 117495 117477 117479 17471 117446 117436 1186.49 1174.36
22643 11077 117400 | 117904 117925 117877 117931 118015 118020 118069 118168 1181.69 118217 118332 118402 118752 118849 118742 118622 118609 118510 | 118361 118229 1181.50 118028 117851 117843 117697 117688 117658 117646 117640 117619 ~ 117619 117610 117583 1175.72 1188.49 N2
226.54 11696 117400 | 1180.83 118086  1180.87 118142 118250 113279 118324 118457 118556 118511 118652 118843 118916 119075 118928 118843 118820  1187.18 | 118569 118442 118366 118243 113058 118052 117887 117879 117851 117839 117832 117814 117809 117803 117783 1772 1190.75 17772
226.66 12280 117200 | 118202 118214 118218 118321 118455 118489 118540 118663  1187.51  1187.83 118891 119077 119256 119240 119175 119105 119066 1189.59 | 1188.17 118695 118609 118435 118312 . 118296 118138 118116 . 118073 118049 118038 117993 117982 1179.73 117945 1179.29 1192.56 1179.29
Filx: HECS OUT FOR SRPIHCS.X8




APPENDIX C

Sample Calculations for Scour Analysis
100-Year, 10-Day Flood

Proposed SRPMIC North-Bank Levee
Salt River
Pima Freeway to Alma School Road
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PLATES

Proposed SRPMIC North-Bank Levee
Salt River
Pima Freeway to Alma School Road
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