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1. Introduction

1.1. Purpose

The purpose of this project is to provide a PED hydraulic design for the Tres Rios
North Levee. The specific project reach is located along the Salt and Lower Gila Rivers
in Phoenix, Arizona and extends from approximately the Agua Fria River confluence to
91% Avenue.

This report presents the results of the hydraulic and sediment transport, and scour
analyses conducted for the design of the North Levee on the north bank of the Salt and

Lower Gila Rivers.

1.2. Scope

The services performed and documented within this report include:

" Field Reconnaissance & Data Collection. Information on field reconnaissance
and data collection is presented. Field investigation of the study reach was
conducted to obtain required physical data and to identify specific features
necessary for hydraulic analysis. The U.S. Army Corps of Engineers, Los
Angeles District (COE) Project Hydraulic Engineer and representatives from the
Maricopa County Flood Control District joined the Project Manager and hydraulic
engineers from WEST Consultants, Inc. (WEST) for initial field reconnaissance.

= Hydraulic Analysis. Hydraulic analyses of existing and proposed conditions are
presented. The existing conditions hydraulic model is compared with the model

developed for WEST Consultants’ 1999 Tres Rios Hydraulic and Sedimentation
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Analysis. Hydraulic models for three distinct conditions have been developed.
They are: the without project existing conditions, existing conditions with
proposed levee and with-project conditions §vith proposed levee and ponds. The
inundation boundaries associated with the different hydraulic conditions have
been delineated. Sensitivity analyses with regard to Manning’s roughness
coefficients were also prepared.

" Sediment Transport Analysis. Sediment transport analyses of existing and
proposed conditions on the project reach are presented. These include HEC-6T
models for 105-year long-term simulations for existing and proposed conditions,
with average bed elevation results plotted for each decadal sediment transport
condition modeled as well as daily values for the two large flood events.
Hydrology for the study was developed by the Los Angeles District and is
contained in Appendix A. Sensitivity analyses (inflowing sediment load and
sediment transport functions) were also performed for both the existing and
proposed conditions. The impact of Manning’s n values on long term scour and
sedimentation was also evaluated.

" Scour Analysis. Levee toe-down depth calculations are presented. These scour
calculations consider the probable 100-year flood event and 105-year long-term
bed profile to determine the maximum toe-down depth. The sediment transport
analysis for proposed conditions provides conservative channel bed material
erosion for the proposed levee design.

' Levee Height Analysis. The most conservative hydraulic results (highest water

surface elevations) were applied in determining the required minimum elevation
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for the proposed North Levee. The hydraulic impacts of the addition of the North
Levee were determined and are presented. In the development of a final levee
height, freeboard allowance for a 100-year flood was determined using HEC-FDA

and is presented herein.

1.3. Study Area

The approximately 8.7-mile long study reach comprising the Salt and Lower Gila
Rivers is located in Phoenix, Arizona and extends approximately from the Agua Fria
River confluence upstream to 91% Avenue (Figure 1-1). Approximately three miles
below the upstream end of the project, the Salt River joins the Gila River. The Salt River
is one of Gila River’s two major tributaries in the study area. About 3.5 miles
downstream of Salt-Gila confluence, the Agua Fria River, the second major tributary (not
analyzed in this study), also joins the Gila River. In this study the Gila River above the
Salt-Gila confluence is referred to as the Upper Gila while the Gila River below the
confluence is referred to as the Lower Gila.

The Salt-Lower Gila system is heavily braided with sizeable in-channel mining
pits primarily upstream of 91%" Avenue. Two bridges, at 116™ Avenue and Bullard
Avenue, cross the Lower Gila River in the study reach. The 116™ Avenue Bridge and the
Bullard Avenue Bridge are located approximately 0.4 miles and 4.4 miles downstream
from the Salt-Gila confluence, respectively. The existing Holly Acres Levee is located
along the north bank of the Salt-Lower Gila system, extending from the Salt-Gila
confluence downstream to El Mirage Road (Figure 1-2). The condition of the vegetation
in the channel and floodplain has a high spatial variability, ranging from non-existent to

very dense over very short distances. The vegetation in the Upper Gila reach is
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particularly dense, which was reflected in high Manning’s » values in the network
hydraulic model. The Salt-Lower Gila system also shows evidence of very dense
vegetation along the channels with flowing water. The Upper Gila River bed is relatively
dry, whereas the braided Salt-Lower Gila system bed exhibits some areas with wetland
and ponding conditions due to releases from water reclamation plants at 91% and 35™

Avenues.

1.4. Authorization and Acknowledgements

This study was authorized under Contract Number DACW09-00D0021, Task
Order No. 0009 for Hydraulic Engineering Services between the U.S. Army Corps of
Engineers, Los Angeles District and WEST Consultants, Inc.

Dr. David T. Williams was the Principal-In-Charge, Mr. Dennis L. Richards was
the Project Manager for WEST and Dr. Gary E. Freeman was the Project Hydraulic
Engineer. Further assistance was provided by Dr. Selena M. Forman, Mr. James E.
Heyen, Dr. Carlos Lopez-Sabater, Dr. Hari Sundararaghavan, Dr. Iftekhar Ahmed and

Mr. Kurtis Baron.
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3.4. Investigation of Observed High Water Marks

The 1993 flood was recent enough that eyewitnesses were available to verify
general high water marks. No surveyed high water marks were found and the best
information available came from Adron Reichert, a retired architect living in the Holly
Acres community. He indicated that the 1993 flood approached the top of the dikes just
west of what is now the 116™ Avenue Bridge. He indicated that the water was just about
even with the top of the dikes at their lowest elevation (approximately midway between
the levee and the tip of the dike). This observation, made during a coordination meeting
caused concern regarding the water surface elevations predicted by the current models
since all models had been predicting lower elevations for the 1993 flood — even assuming
a 162,000 cfs peak flow.

As aresult of the comments a more detailed analysis of the observations was
begun. The details of the investigation and the preliminary results based on the one-
dimensional modeling are contained in Appendix C. The investigation revealed that it
appeared likely that the water surface elevations were near the tops of the dikes and that
the water surface elevations along the upstream side of the dikes were about 1 ft higher
than those being predicted in the HEC-RAS models (See Figure 3-14).

Mr. Harry Milllsaps, Hydraulic Engineer for the Gila River Indian Community
also indicated that based on eyewitness accounts from the Indian Community that it
appeared that the water surfaces predicted by the existing models may be about 1 ft lower
than those observed on the south side of the river near 91% Avenue. This observation was

based on the limits of the flooding as identified by Community residents. Some of these
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differences, however, could be attributed to the two dimensional nature of the flow in the
reach.

An additional complication arose in regards to the actual peak flow of the 1993
flood. Initial evaluation indicated a peak flow of 162,000 downstream at the Estrella
Parkway Bridge. Based on gage data for the Salt River at Alma School Road
(approximately 22 miles upstream from the study area) it appears that the peak flow for
January 8", 1993 should be on the order of 122,000 cfs. The downstream gage at Estrella
Parkway measured a peak flow of 162,000 cfs on January 9" but no significant inflows
occurred between the Alma School and Estrella Parkway gages.

An indirect measurement of flow on the Verde River near Scottsdale showed an
estimated peak flow of 127,000 cfs on January 8th. At that time the daily average from
Stewart Mountain Dam on the Salt River was 25,600 cfs which is higher than both the
previous and following day. Since the value is a daily average it is reasonable to assume
that the peak was somewhat higher than the 25,600 cfs daily average flow. If the peak
was on the order of 35,000 cfs combined with a peak of 127,000 cfs (estimated) from the
Verde River, the combined flow would be on the order of 162,000 cfs or equal to the
162,000 cfs measured at the Estrella Parkway gage. If the peak from the Salt were
somewhat higher, the losses due to attenuation could be accounted for and a flow of
162,000 cfs was plausible for the 1993 flood on January 9™, 1993 in the project reach.

In order to match the observed high water mark using the HEC-RAS results it was
necessary to raise the channel n values by 20% to achieve the observed water surface
elevations. This was evaluated but given the areas of dense vegetation and open channels

it is unlikely that the water surface elevation would be constant across the entire channel.
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The cross channel differences are shown in the two-dimensional results in Figure 3-14 for
the 162,000 cfs flow and can be seen when comparing thalweg water surface elevations
and water surface elevations along the levee.

Further when inundation areas were compared with those observed during the
1993 flood, it became apparent that the flow could not have been 162,000 cfs since large
breakouts upstream of the Holly Acres Levee did not occur. In order to match the
observed inundation limits from an August 1994 Corps report entitled Damage Report
State of Arizona, Floods of 1993 (Corps 1994) it was necessary to reduce flow in the
HEC-RAS model to the 120,000-130,000 cfs range.

Based on further analysis, including evaluation of flood volumes, peaks,

interviews with gaging personnel and other factors, it appears that the reported peak for
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Figure 3-14. Comparison of Observed and Calculated Water Surface Elevations.
2D Elevations are for the 100 Year Flow Rather than the 1993 Flow.
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the Estrella Parkway gage is too high and that the data for the gage at Alma School Road

may be more accurate. (Personal Communication with Nick Adelmeyer, 2004)

3.5. Two-Dimensional Analysis of Water Surface Elevations

A two-dimensional model was developed for the study area to resolve uncertainty
regarding water surface elevations and velocities that could be expected along the levee
as well as to better clarify the observed water surface elevations. The two-dimensional
model was based on the U.S. Army Corps of Engineers RMA-2 model using the SMS
interface. The model was developed only for the with levee condition since it was to be
used primarily to provide a better analysis of toe down requirements and protection needs
for the levee. The two-dimensional model also provided a better means of evaluating
water surface elevations near the dikes and along the existing Holly Acres Levee. The
full report on the two-dimensional modeling is contained in Appendix E.

The two-dimensional model, using a flow of 162,000 cfs, provided water surface
elevations through out the modeled area but indicated that a rise in water surface of
approximately 1’ occurred just upstream of the dikes. This accounted for the 1’
difference between the HEC-RAS model results and the observations by Mr. Reichert
that the water was at the tops of the dike stems at the peak of the flood. The two-
dimensional water surface elevations at the dikes are shown in Figure 3-15 for the portion
of the existing Holly Acres Levee near 115™ Avenue.

Since a two-dimensional model was used to evaluate levee toe-down and
protection it was also possible to use the two-dimensional model to more closely calibrate
the flow to the 1993 observed high water marks. The plot of the water surface for flows

of 120, 130, 140, 150, and 162 thousand cfs are shown in Figure 3-15. It can be noted
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that in the two-dimensional model flow must be on the order of 120-130,000 cfs to avoid
overtopping the dikes. This is in line with the gage data from the Alma School gage if
one assumes little or no attenuation in the 22 mile reach. A flow of that distance in the
very course alluvium with no attenuation is not too likely so it is possible that the flow
was higher than that indicated by the Alma School gage but 130,000 cfs or less at the
Holly Acres Levee dikes. Based on the analysis it was determined there was no
necessity to raise the Manning’s n values in the HEC-RAS model.

A more detailed discussion of the two-dimensional modeling follows and the full
report is included in Appendix E. The best estimate of the 1993 peak flow based on the

data available would be in the 120,000 - 130,000 cfs range.

950 7_,_ gxisltin%lLevTe El(i\;ti;)n ) 1 15th Ave /j i
1 Dike 1 Elevation (ArcView - !
MO L e e e i
p¢ owes iKe »ev
946 o gm\-Lze %ES‘?S":E at Levee d
sl e )
€ | Lo | | =
S 940 -~ h —
K
W 938 -
936 —
934
932 -
198.2 198.4 198.6 198.8 199 199.2 199.4 199.6
B River Station (mi)

Figure 3-15. 1993 Water Surface Elevations from Two-dimensional RMA-2 for
Holly Acres Levee Face and Dikes for Various Flow Rates.
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4. Proposed Conditions Hydraulic Analysis

4.1. General

The objectives of the proposed conditions analyses were to generate accurate
hydraulic models for both Conditions 2 and 3, delineate their corresponding flood
inundation boundaries for the 100-year event, and produce input geometry for the
sediment transport analysis. The existing condition hydraulic model was updated in the

following manner for each condition:

Condition 2 — With-Levee Only Existing Conditions

The HEC-RAS network model for without project existing conditions was
updated by adding the proposed levee along the north bank of the Salt-Lower Gila
system. Location of the levee was provided by the U.S. Army Corps of Engineers, Los
Angeles District. The addition of the levee affected the geometry of cross sections
196.81 on the Lower Gila through 202.32 on the Salt. Water surface elevation plots are
shown in Figures 4-1 through 4-3. The levee alignment modeled is shown in Figure 4-4.

Ineffective flow areas were defined in the model in order to account for flow
expansion due to the addition of the levee. Cross sections at which these areas were
defined run from 196.14 to 196.75. Due to the elevation of the existing topography
upstream of the levee, ineffective flow was not necessary to define any flow contraction.

The impact from the levee in the Salt-Lower Gila reach is not extremely
significant due to its alignment with respect to the 100-year ineffective flow boundary.

Between cross sections 200.31 and 202.32, the levee is placed in an area that is
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designated as an ineffective flow area for the 100-year flood. The flow area for the 100-
year flood is thus not reduced and the levee does not impact flood elevations on this
portion of the Salt River. Between cross sections 196.81 and 200.31, the levee is aligned
within the 100-year effective flow area and would block the water from inundating the
areas behind the levee. However, under without levee condition there is a relatively low
transport of water in the overbank area as compared to the main channel. Adding the
levee along the reach would constrict the flows from the overbank areas, but would not
cause significant change in water surface elevation with the levee creating only about a
0.3 foot rise in water surface elevation in this reach.

The hydraulic results and cross section plots are given in Appendix F. The
original proposed levee alignment as modeled in this study is shown in Figure 4-4.
Subsequent to the HEC-RAS modeling the levee alignment was changed to turn north at
Dysart Road and parallel Southern until the levee neared the Buckeye Feeder canal.

An interim alternative was modeled in the two-dimensional model which turned
north just east of the intersection of the Buckeye Feeder Canal and Southern Ave and ran
north to the canal and then followed the canal back east to Dysart Rd. (See Figure 4-5)

The final levee alignment continues west along Southern and then continues along
the south side of the feeder canal to the west until the canal makes a sudden 90 degree
turn to the south at the Agua Fria River. This change resulted in a modified model with
differing water surface elevations at the lower end of the levee. The original, RMA-2 and
final levee alignments are shown in Figure 4-5. Plots in the main analysis sections of this
report (Sections 4 and 5) show the original levee alignment. Plots and tables in Section 6

of the report were updated to detail the final levee alignment and elevations.
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Figure 4-1. Future Condition With Levee — Water Surface Profiles — Lower Gila
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Canal.
Condition 3 — With Levee & Open Water Ponds Proposed Conditions

Proposed open water ponds were added to the with-levee existing conditions
HEC-RAS network model. Side slopes and depth of ponds were based on information
obtained from the “Tres Rios, Arizona Feasibility Study” (U.S. Army Corps of
Engineers, 2000). Pond locations were modified slightly from those obtained from the
Corps to remove ponds from the active channel in the HEC-RAS and HEC-6T models.
The location of the ponds was shifted slightly away from the channels to keep the ponds
at least 100 ft outside of the channel as defined by the bank stations specified in the HEC-

RAS and HEC-6T models. This provided for increased model stability and reduced
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problems with critical depths. Given the one-dimensional nature of the model, shifts in
lateral location of the ponds will not impact flow conditions in the model.

Water surface elevation plots for individual model conditions are shown in
Figures 4-6 through 4-8. Comparative plots of the 100-year water surface profile for all
three of model conditions are presented in Figures 4-9 through 4-11. Detailed hydraulic
results and cross section plots are given in Appendix G.

The comparative plots illustrate the relative effects of adding the levee and then
the ponds. It can be seen that the addition of the levee alone has minimal effects on the
water surface profile. As is evident in the inundation plots, the alignment of the entire
proposed levee is in the right overbank, outside the main channel. Conveyance in this
overbank area is quite low relative to the main channel. Additionally, in the Salt reach of
the model, large portions of the proposed levee fall within ineffective flow areas. The
combination of relatively low conveyance in the right overbank and the levee alignment
partially outside the effective flow limits result in little impact to the water surface
elevations when compared with existing conditions. The addition of the ponds to the
model results in an overall lowering of the water surface profile. This occurs for two
primary reasons. One, the addition of the ponds results in larger cross-sectional area with
which to convey the flow, especially in the ponds with low invert elevations. And two,
the ponds were assigned a Manning’s n value which reflected an open water condition,

which is significantly lower than the existing roughness at the pond locations.

4.1.1. Manning’s n Adjustments for Open Water Pond Conditions

Manning’s » values across the open-water proposed ponds were adjusted to 0.03,

for open water pond areas. All other Manning’s # values follow the list in Table 3-3.
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Future work may consider additional adjustments for in-pond and pond border vegetation
conditions. This work would be better performed using a two-dimensional model given
the complexity of the confluence and the impacts of the marshes, ponds, and vegetative
rings that will surround the open water ponds. It is recommended that a two-dimensional
model of the confluence area be run to better ascertain the impacts of the ponds and

resultant vegetation.
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Figure 4-9. 100-year Water Surface Profiles, All Three Study Conditions — Lower Gila
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4.1.2. Inundation Mapping

The existing and proposed (with-levee and with levee & open water ponds)
conditions models were run for the 100-year flood event using the peak discharges from
the “Tres Rios Feasibility Studies,” (U.S. Army Corps of Engineers, 2000) as shown in
Table 3-1.

The model results were exported from HEC-RAS into ArcView to delineate the
100-year inundation boundaries using the post-processor in HEC-GeoRAS. The resulting
inundation boundaries were then inspected and edited using HEC-GeoRAS and
AutoCAD to remove spurious data. Existing and proposed conditions floodplain
delineations are shown in Appendix P.

The west end of the levee meets the existing Lower Buckeye Feeder Canal west
of Dysart Road at the Southern Avenue alignment. During inundation mapping it was
thought that this canal would contain the 100 year flood waters. The topography did not,
however, contain enough of the canal to be certain as to whether the canal would contain
the flood or not. During the November 6, 2002 field reconnaissance, the existing canal
on the north bank in the downstream section of the Lower Gila was inspected and it was
decided a survey would be required. The elevation data for the south bank of the canal
north of approximately midway between Southern Avenue and the portion of the canal
running due east (See Figure 4-5) was not included in the original survey and was
obtained by survey subsequent to the site visit above. Subsequent review and analysis
indicated that the canal was not high enough to provide freeboard for the 100 year flood.
Various alternatives for a tie in were evaluated to view how to most efficiently tie the

west end of the levee into high ground. This is discussed in more detail in Section 6 of
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this report. Inundation mapping contained in Appendix P assumes the canal will protect

against flows moving around the west end of the levee.
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5. Sediment Transport Analysis

5.1. General

The objective of the sediment transport analyses was to evaluate baseline and
future sediment conditions to identify the impacts of the preferred project alternative. A
base conditions sediment transport model was developed and adjusted to insure hydraulic
similarity between the sediment transport model and the HEC-RAS model. The HEC-6T
model used the geometry from the existing conditions hydraulic model described in the
previous sections as well as Manning’s n values and other features. The sedimentation
model was then adjusted as necessary to reproduce water surface elevations in the RAS
model. This procedure was performed for each existing and plan condition modeled.

The bed material in the study reach is composed primarily of sand and gravel.
Sand is the main transport size, but there is also a high percentage of gravel in the bed.
Based on the analysis of the material the Toffaleti — Meyer-Peter Muller (TMPM)
combination transport method was used in the sediment transport simulations. This
method transports gravel as well as sand and is well suited for this type of a river system.

The computer program HEC-GT: “Sedimentation in Stream Networks”, version
5.13 (2002), was used to conduct the numerical sediment transport modeling. Copeland’s
solution of the Exner equation (EXNER 7 HEC-6T option) is used in the sediment

transport simulations to enable armoring to occur.
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5.2. HEC-RAS Model Conversion

5.2.1 Model Geometry

The geometry of the HEC-RAS hydraulic model was converted into a text file
with the format required by the HEC-6T program. Roughness coefficients (Manning’s #)
in the cross sections of the river models were varied with depth. After running the 5-, 20-
and 100-year flood events in HEC-RAS, the profile output tables were used to extract
conveyance weighted Manning’s n values for the channel, the left and the right overbanks
for the different discharges. The modified data was then entered into the HEC-6T input
file using NV records. A default value of 0.04 was used to fill blanks when the
conveyance in an overbank area was zero. The result was a configuration of roughness
coefficients changing vertically by discharge rather than horizontally by distance as in the
HEC-RAS models.

Conveyance limits defined in HEC-RAS using 5-year-discharge ineffective flow
boundaries were coded in HEC-6T using XL records. The advantage of using XL record
is that it allows deposition to occur in the ineffective flow areas. X3 records were used to
set the encroachment limits or prevent flow into areas protected by natural or man-made
levees. The upstream and downstream bridge cross sections from the HEC-RAS model
were retained.

Using normal flow considerations, an elevation-discharge Rating Curve was
developed at the downstream boundary of the Lower Gila River (cross section 195.16)
for starting water surface elevations. The rating curve at this point was generated for
discharges ranging from 0-225,000 cfs, at 7500 cfs increments for a bed slope of 0.002

ft/ft (Figure 5-1).
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5.2.2. Fixed Bed Model Calibration

Initially, the HEC-6T model waé calibrated with a fixed bed using the 5-, 20- and
100-year flows, and the resulting water surface profiles were compared to the HEC-RAS
Existing Conditions (Condition 1) results. For the purpose of north levee design, an
effort was made to keep the difference in water surface elevations within 0.1 ft. This was
accomplished by setting the Manning’s » equal to 5 in the overbank areas for the 5-year
and 20-year flows (i.e. ineffective flow areas for low flows) and calculating the
corresponding effective depth across the channels. Adjustments of Manning’s n were
performed for calibration purposes for all cross sections beginning with the downstream
section in the Lower Gila reach. These adjustments were performed to reach agreement
between the HEC-RAS and HEC-6T water surface elevations and channel velocities.

The hydraulic comparison results from this analysis are given in Appendix H.

5.3. Sediment Data

The decisive factor in selecting the proper sediment transport function was based
on available bed gradation and maximum grain size. Initial data received from the U.S.
Army Corps of Engineers Los Angeles District supported a maximum grain size diameter
of 76mm. Bed material in the project location is comprised of sand and gravel, making it
necessary to use an appropriate transport function. A combination of the Toffaleti and
Meyer-Peter and Muller (TMPM) transport functions was used in the study. This
combination accounts for sand and gravel, giving a higher, realistic measure of total
sediment concentration (and thus total sediment load) and was compared with Yang’s

method for the study area. Based on field observations, to facilitate modeling and to
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represent larger diameter cobbles noted in the bed, a maximum grain size of 300mm was

used in the final sediment transport runs in HEC-6T.

5.3.1. Bed Sediment Characteristics

Data for the particle size distribution of the bed sediment is required to drive the
sediment transport model. The Corps of Engineers and WEST personnel collected 22
surface samples (on September 4 and 16, 2002) along the Salt and Lower Gila reaches of
the project area. Surface sample ID’s are SS1, SS2, etc. September 4" sampling
locations ranged from densely vegetated areas within the banks (i.e. SS1, SS5, SS6, and
SS7), to channels completely denuded of vegetation and with an armored surface layer
(i.e. SS2, SS3, SS4, SS8, SS9, and SS10). Out of the above mentioned samples, SS1,
SS4, SS6, and SS7 were discarded for poor data (mostly sand). Sample SS10, was
beyond the project boundary and was disregarded. Observations indicate areas of dense
vegetation contain finer sediment beds, providing evidence of the ability of vegetation to
prevent erosion and promote deposition by trapping fine particles.

Samplings of September 16th cover the entire Salt-Lower Gila reach and were
identified as SS12, SS12A, SS13 through SS19, and SS21 through SS23; with SS19
missing. Due to reasons discussed above, samples SS12, SS16, and SS19 were also
eliminated from the analyses.

Sediment samples were also collected from the upstream portion of Upper Gila
at the Santa Cruz Road crossings of the Santa Cruz River and Gila River. This location is
approximately 10 miles upstream of the Salt-Gila confluence. Ricker Atkinson McBee &
Associates performed sieve analysis on these sediment samples and provided the

sediment gradations. The data indicates that the sediment contains mostly fines. The
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locations where samples were obtained are very densely vegetated with salt cedar and
deposition of fines can be expected due to slowing of the flow as it moves through the
vegetation. If the salt cedar vegetation is removed in the future, the fines will be carried
by the flow resulting in a coarser sediment gradation in the Upper Gila. The samples
were collected from areas where the bed surface had been removed to a depth of five feet
or more and the material evidenced along the edges of the excavations indicated that the
fines extended at least that far into the bed. Along the Santa Cruz River, however,
cobbles up to 14 inches in diameter were noted in areas where sediment had been
removed to depths of 8 to 10 feet. It is expected that the original bed material is similar
to that found in the confluence area and downstream from the confluence. The fine
material is estimated to be from 5 to 10 feet deep over the original bed material, however.
Based on these observations the sediment gradation from the confluence was used for the
Upper Gila and data from the samples obtained at the Santa Cruz Road crossings were
disregarded in the modeling effort.

The size class of the material sampled on the Gila does, however, have major
implications for maintenance of the ponds in the confluence area. Since the material is
extremely fine it will likely have little commercial value and the removal of the material
from the pond at the confluence will be expensive. Based on this and the fact that the
pond will act as a sediment trap, it is recommended that the pond at the confluence be
eliminated from the construction plans.

Available sediment gradation data is shown in Appendix J and sample locations
are shown on the existing condition maps in Appendix P. At locations with high spatial

variability of sediment characteristics, more than one sample was taken representing
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different types of bed material along a cross section. In these cases, the resulting
gradation from the samples was combined into a single averaged gradation curve for use

in the HEC-6T model.

5.3.2. 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. The
HEC-6T model requires input of the bed material load at the upstream limit of the project
reach for the entire range of discharges. For this purpose, the following estimates of
inflowing sediment load were considered: 1) equilibrium sediment load from
representative cross-sections near the upstream end of the Salt and Upper Gila model
limits; 2) outgoing sediment load from the Rio Salado Oeste HEC-6T Model (WEST
Consultants, 2002) as inflowing load at the upstream end of Salt River (Rio Salado Oeste
is immediately upstream from Tres Rios); and 3) sediment inflow used in the Rio Salado
Study as inflowing load at the upstream end of Salt River (WEST Consultants, 1999).
The sediment loads were estimated for a range of discharges up to 200,000 cfs for the
Salt and 100,000 cfs for the Upper Gila.

Although the upstream project limit in the Salt River is at River Station 203.48,
the equilibrium load run was performed between River Stations 201.41-202.11 to avoid
influences from a gravel pit immediately upstream of 83™ Avenue. This process was
repeated for a longer reach of the upstream cross sections of the Salt River to verify the

stability in the corresponding bed-change elevation.
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Initially, HEC-6T was run for three years using clear water inflow as the initial
condition and the recirculation option ($RE record). The recirculation option instructs the
program to use the sediment discharge at the downstream end of the reach as the
sediment inflow at the upstream end for the following time step. When equilibrium is
attained, sediment load entering the reach is about equal to the load leaving the reach.
The estimated load from the initial run was input to a model with the recirculation option
turned off, and simulation was performed over a period of two years. The initial
estimates of sediment load and the gradation were adjusted until the changes in the bed
elevations between the River Stations 201.41 and 202.11 were minimized.

The procedure described above was repeated for the Upper Gila River between
River Stations 1.48 and 1.67.

The inflowing sediment loads generated using the Toffaleti — Meyer-Peter and
Muller (TMPM) sediment transport function are shown in Figures 5-2. The gradation of
the inflowing load from the equilibrium analysis is shown in Figures 5-3 and 5-4. In
Figure 5-2, the largest inflow load representing the conservative scenario from the levee
design point of view is provided by the outgoing sediment load from the Rio Oeste
Model. Therefore, this sediment load was selected as the inflowing load at the upstream
end of the Salt River which was entered into the HEC-6T input files using LQ, LT and
LF records for long term sediment transport analyses. A sensitivity analysis to the

inflowing sediment loads was performed and is presented in Section 5.5.

5.3.3. Movable Bed 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
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deposition. The overbank areas tend to be more stable and normally are free of erosion,
but can experience deposition. HD records were used to specify a bed sediment depth of
25 feet for all cross sections. Movable bed limits were identified at the boundary of the
main channel in HD records. The movable bed limits extend beyond the 5-year low flow
channel (regime channel) and the defined bank stations. During high flows, significant
deposition and scour was expected to occur within the movable bed limits but not
expected to extend to the overbank areas.

Average bed elevations were generated using 50-year period-of-record flow
within the movable bed limit bank limits. This allowed wetting of the movable bed cross

sections and provide average elevation across the cross section.

5.4. Hydrologic Data

A 105-year (1889-1993) series of hydrographs at the Salt-Gila confluence
consisting of historical flows was developed by WEST. These hydrographs were based
on a series of hydrographs obtained from the U.S. Army Corps of Engineers. A 50 year
series was available from the earlier WEST Tres Rios study and hydrographs for an
additional 55 years were adapted for use in this study. The outstanding balance of fifty-
five years of partial hydrographs was fully reconstituted by reconstructing each of the
respective hydrograph’s rising limbs and tails. The complete record was developed by
inserting the historical Gila River period-of-record hydrographs at the appropriate time
line locations for the Salt-Lower 'Gila River record.

The Salt inflow was obtained by routing the available hydrograph downstream of

Granite Reef diversion dam. Modifications were made to the hydrographs by WEST as
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described above in order to extend the data. Hydrograph ordinates were obtained at 6-
hour intervals from the U.S. Army Corps of Engineers’ DSS software.

Hourly hydrologic data for portions of the record for the Upper Gila were
obtained from U.S. Army Corps of Engineers, Los Angeles District. Hydrographs for the
available data were plotted at six hour intervals over the 105 year period and are shown in
Appendix J.

The USGS historical record for the Gila River near the confluence extends only to
1940 and was estimated by various means for the period prior to 1940. The influence of
the hydrograph is not, however, extremely significant in the comparisons between ending
bed elevations. The flows were estimated by various means including using a percentage
of flow on the Salt as was used on the feasibility study performed in 1999, repeating the
1940-1992 hydrograph, using a combination of the percentage of flow on the Salt with

historical events on the Gila being estimated and patterned after the 1983 Gila River

flood hydrograph.

5.5. Sensitivity Analysis

A sensitivity analysis was performed with the objective of exploring the
sensitivity of the sediment transport model to variations in the parameters, in an attempt
to determine the appropriateness of the selected values. Sensitivity runs were performed
on the base conditions HEC-6T input file to determine the relative effect of inflowing
sediment load, Gila River hydrograph, and Manning’s n values. Results are given in
Appendix K.

The Manning’s n values were varied between 80 % and 120 % of the values used

in the base conditions model. The results show that there is not a significant change in
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the average bed elevations due to changes in the Manning’s n values except at the
upstream end of the Salt River and Upper Gila. At these locations, the higher values of
Manning’s n resulted in more deposition since higher values of Manning’s n causes the
flow to slow down.

The model sensitivity to changes in the inflowing load was investigated by
considering 50 % and 150 % of the selected sediment load. Sediment simulations were
performed for the different sediment inflow loads for 105 years and a comparison of the
average bed elevations is presented in Appendix K. As anticipated, the results indicate
that the erosion decreases with increasing sediment loads. The differences between the
results obtained by using the different load curves are more significant near the upstream
end of the Salt River with deposition in the first few cross sections. The model likely
deposits in this reach due to the influence of the upstream gravel pit on the bed geometry
under existing conditions. The deposition at the upstream portion of Upper Gila can be
attributed to the fact that this area is densely vegetated with salt cedar resulting in the use
of high Manning’s n values. As a result, the flow is slowed down resulting in significant
deposition. The differences in the average bed elevations tend to reduce significantly
towards the downstream end of the Lower Gila. This indicates that the effect of the
inflowing load does not influence the sedimentation near this region.

When the various estimates of the historical Gila hydrology were compared (see
discussion in Section 5.4), the largest differences in bed elevation were noted when flows
on the Gila were set to a percentage of the flow on the Salt for the period from 1889 to
1940. Even this impact accounted for only small changes — usually less than one foot - in

the final bed elevations along the Salt and Gila Rivers. When the 1940 to 1992
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hydrograph was used in place of flows from 1889 to 1939 (i.e. the 1940 to 1992
hydrograph was run twice end to end to simulate 105 years) there was no significant
change in final bed elevations between the single record and the repeated record ending
bed elevations. This indicates that the sediment model and river are fairly stable and
changes in the inflowing hydrograph do not have major impacts on the sediment transport

results.

5.6. Computation Options in HEC-6T

The supercritical option ($SCRT card) was turned off in the HEC-6T model to
prevent supercritical velocities, which could produce unrealistic scour depths, from being
used in the sediment transport calculations.

The $SSMOOTH command was also 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 movable 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. The HEC-6T program assumes the bed
material to be sand and assigns a value of 0.3 as the angle of repose. When the calculated
values are larger than 0.3, the computed angle of repose is used to calculate the slope
between cross section stations. This results in more uniform cross sections while not

impacting the average bed elevations.
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Elevation-Discharge Rating Used in HEC-6T at Downstream Boundary
Obtained From HEC-RAS
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Figure 5-2. Salt River Equilibrium Sediment Loads
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Salt River Sediment Inflow Gradations
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Figure 5-3. Salt River Sediment Inflow Gradations

Upper Gila Sediment Inflow Gradations
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Figure 5-4. Upper Gila Sediment Inflow Gradation
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5.7. Existing Conditions Sediment Results

The HEC-6T model simulation was performed for 105 years with two major
events of 1891 and 1993. The results show an overall lowering of the average bed
elevations indicating potential for erosion in most areas. The model responded to the
1891 event with deposition along the study reach during the first part of the flood
hydrograph followed by erosion during the latter part. However, no significant change
was noted for the 1993 major event, indicating a general stability of the reach in response
to recent floods.

A notable sediment accumulation was seen on the high ground in the center of
cross section 197.09 during the 1891 event. Since the high ground was approximately in
the middle of the channel, the sediment brought in by the large event was deposited on
top, and the model did not show any degradation of the deposited sediment for the
subsequent runs through 1993. The final results showing accumulation at 197.09 may
also be due to the way HEC-6T calculates average bed elevation using the cross-section
data between the bank stations only and not considering any changes in the cross-section
outside the bank stations. The effect of this was an average bed elevation for the noted
cross section that does not show any temporal change. Other parts of the Salt-Lower Gila
reaches did not show significant deviation from the expected results presented in this
report, given the nature of the reaches, existing ponding conditions, and braiding. The

Upper Gila being heavily vegetated, the long-term average bed elevation did not show

significant variation.
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5.8. Levee Only Sediment Results

The analysis of the Levee Only condition indicates that changes in bed elevations
due to changes in flow conditions as the result of the levee are minimal. The comparison
is shown in Figures 5-5 through 5-7. The only difference is noted at river mile 198.3
where two cross sections show a significant difference of 1.5 to 3.0 feet. This difference
appears to be a model problem rather than a difference between the conditions modeled.
Another model anomaly appears at cross section 197.09 as described above for the

existing conditions.

5.9. Levee with Ponds Sediment Results

The sediment transport modeling for the future conditions with ponds was
performed and the resulting changes in the average bed elevations are shown in Figures
5-8 through 5-10. In the Salt reach, the addition of ponds provides additional conveyance
on the overbanks resulting in lower velocities within the channel. This results in an
increase in the average bed elevations following deposition of sediments in this portion of
the river. This deposition results in the depletion of the sediment load as the flow moves
into the downstream portion. As a result of the upstream deposition, there is erosion in
the Lower Gila as the flows tend to regain equilibrium by scouring to increase the
sediment load that was lost due to deposition in Salt River portion of the model.

The location of the pond in the main channel of the Gila River immediately
upstream of the 1 16™ Avenue Bridge appears problematic from a sediment transport
point of view. According to the sediment results, this pond will act as a sediment trap

and retain nearly all sediment inflows from the Gila River during low flows. This could
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lead to increased degradation downstream of the confluence. Additional modeling is
needed, however, to evaluate the impacts of the ponds on channel stability. It is
recommended that this pond be removed from the design for this reason as stated earlier

in this report.
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5.10. Post HEC-6T Inundation Mapping

Following sediment transport analysis, the resulting bed elevations were brought
back into the HEC-RAS model and the HEC-RAS model rerun. The output from these
runs can be seen in Appendix L. The inundation limits were then re-mapped using the
same hydrology as the pre-sediment transport hydraulic modeling. The HEC-6T results
were used to generate HEC-RAS models with geometry reflecting post-sediment
transport conditions. These HEC-RAS models were then used to generate inundation
mapping in the same manner as the pre-sediment transport results. Comparison plots
showing inundation limits for both pre- and post-sediment transport conditions are shown
in Appendix P.

Post-sediment transport inundation limits indicate that the lateral extent of
inundation decreased in most locations throughout the study reach. These results are
consistent with the overall trend of erosion and slight channel deepening indicated in the

sediment transport analysis.

WEST Consultants, Inc. 71 April 2004



Tres Rios PED Final Report

Tres Rios PED
Average Bed Elevation Comparison After 105 Years
Existing vs Levee Only - Lower Gila
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Figure 5-5. Average Bed Elevation Comparison After 105 Years — Existing vs. Levee Only — Lower Gila River
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Average Bed Elevation Comparison After 105 Years
Existing vs Levee Only - Salt River
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Tres Rios PED
Average Bed Elevation Comparison After 105 Years
Existing vs Levee Only - Upper Gila
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