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INTRODUCTION

PURPOSE

The sedimentation analyses of a portion of the Gila River from the confluence with the
Agua Fria River to the State Route 85 Bridge (SR 85) are performed in support of the El
Rio Watercourse Master Plan and Area Drainage Master Plan (El Rio WMP). This report
presents the sedimentation analyses of elements of the alternative that is selected for that
reach of the river. Those elements are:

1. Levees

2. Vegetation enhancement

3. Sand and gravel mining pits/recreation lakes

4. Buckeye Water Conservation and Drainage District (BWCDD) diversion structure

In addition to the alternative elements that are considered for the El Rio WMP, there are
modifications to the river that are planned as part of the King Ranch development and
Cotton Lane Bridge improvements. Those projects are outside the scope of the El Rio
WMP project and are being analyzed by others. However, those projects are to be
implemented in the near future; therefore, those projects are incorporated into all of the
analyses of the El Rio WMP alternative. '

Each alternative element is evaluated in regard to potential sedimentation impacts to the
El Rio reach of the Gila River and to the sediment leaving the downstream limit (the SR
85 Bridge) of the study area. Each alternative element is evaluated to assess if it
produces an adverse in-situ impact, for example at a bridge, or changes the sediment
balance of the river thus adversely impacting the Gila River downstream of the SR 85
Bridge. The results of the sedimentation analyses are usually presented in tabular and/or
graphical form with accompanying explanation.

Sedimentation embodies the processes of sediment transport, erosion (scour), deposition
(fill), entrainment, and the compaction of sediment deposits (American Society of Civil
Engineers, 1975). For the purpose of this report, sedimentation is limited to the processes
of sediment transport, erosion (local scour and riverbed degradation), and deposition
(local fill and riverbed aggradation). Where appropriate in this report, the specific
sedimentation process being investigated or reported is identified.

ORGANIZATION OF REPORT

The main body of the report is in text with tables of model results and selected graphical
representation of model results. The computer models that are used for these analyses
produce extensive output. Often the most effective way of reviewing and presenting
those results is by the use of graphs. Many graphs were developed and the presentation
of all the graphs in the report would impair the readability of the report. For that reason,
many graphs are provided in. attachments with only selected graphs in the report. The
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reader is encouraged to consult the attachments for a more complete understanding of the
discussion and results in the report.

The HEC-6T and HEC-RAS input files and selected digital output files of computer
models that are used in the sedimentation analyses are provided on CD in attachments.

HEC-6T MODEL VIEWER

HEC-6T produces copious output, which can be very informative in interpreting the
results and, more importantly, very useful in understanding the behavior of the river and
the sedimentation process. The report, herein, presents a selected amount of model
results as tables and figures in the text of the report. Those are provided to illustrate and
support the report. In addition, Stantec developed an HEC-6T Model Viewer that
facilitates viewing model output. The reader is encouraged to use the Model Viewer on
the CD of Attachment 1. The viewer provides a graphical view of the report results and
may aid in an overall understanding of the model results. Instructions for using the HEC-
6T Model Viewer are contained in a READ.ME file on that CD.

ANALYSIS METHODOLOGY

It is unlikely that the various elements of the recommended alternative of the El Rio
WMP will be implemented as a single project over a short time period. Rather, it is
envisioned that elements of the alternatives will be implemented on a basis that is set by
development needs and funding availability. For example, the sand and gravel mining
pits will be developed as the commercial need for rock products is realized. Similarly,
the levees will probably be constructed in a logical progression as development is
undertaken in the adjacent floodplain. Therefore, certain elements of the alternative are
analyzed as separate, independent components and the incremental impact assessed. In
the case of the gravel pits, three sites are identified. The impact of each pit is analyzed
independently. The impact of all three pits at near ultimate size is analyzed for the

cumulative impact.

In the case of the levee, a logical progression of the construction of the levee cannot be
anticipated. Therefore, the levee is treated in the analyses as if it is constructed as a unit
and the entire levee is incorporated in each alternative analysis.

The King Ranch/Cotton Lane Bridge channelization and modifications to the river are
considered to occur in the near future. Therefore, the proposed King Ranch/Cotton Lane
Bridge improvements are incorporated in each analysis. The King Ranch/Cotton Lane
Bridge channelization and river modifications, as represented by WEST Consultants in
May 2005, are used.




AUTHORITY FOR STUDY

Pursuant to Arizona revised Statues 48-3609.01 the Flood Control District of Maricopa
County (FCDMC) is authorized to conduct watercourse master plans for river reaches
within Maricopa County. Stantec Consulting Inc. was awarded the contact (FCD
2001C024).




ALTERNATIVES ANALYZED FOR SEDIMENTATION IMPACTS

DESCRIPTION OF THE RECOMMENDED EL RIO ALTERNATIVE

The proposed condition for the El Rio reach of the Gila River consists of a combination
of soft structural elements along with landscape tfreatment and a non-structural
alternative. The soft structural alternative is a combination of levees and bank protection
that closely follows the 100-year floodway alignment. A non-structural alternative is
applied to river segments located along the south bank where erosion resistant geologic
formations occur and bank protection is not required.

Resource enhancements are those elements of the recommended plan that enhance the
existing biological resources. Biological resource enhancements include development of
higher quality habitat, such as native cottonwood and willow, through conversion of less
desirable habitat, such as tamarisk. Resource enhancement may also include removal of
non-native species by replacing them with open water, wetland marsh, and native riparian
vegetation.

In addition to the recommended levees, bank protection and resource enhancements, the
El Rio WMP includes the assessment of two sand and gravel pits and a combined
irrigation diversion gravel pit/recreation lake at the BWCDD intake to the BWCDD
(Buckeye) Canal. As an aspect of the El Rio WMP, it is expected that those pits may be
converted or operated as recreational lakes during and/or afier sand and gravel extraction
is terminated. '

A final aspect of the El Rio sedimentation study is the proposed plan by others to
channelize the Gila River as part of the King Ranch development and in conjunction with
the Cotton Lane Bridge by Maricopa County. Although the planning of those projects is
performed by others and they are not a part of the El Rio WMP, nonetheless, those plans
are incorporated into the sedimentation analyses for the El Rio WMP as if they are
“existing” conditions.

The recommended El Rio alternative consists of numerous individual elements but only
those elements that potentially may impact the sedimentation of the Gila River are
considered in the sedimentation analysis. The elements that have the potential to impact
the sedimentation of the river are:

e Levees and bank protection that encroach into the floodplain and potentially
affect the hydraulics of flow (velocity and depth).

e Sand and gravel mining pits and recreational lakes that result in changes to
topography and the creation of open water.

e Resource enhancement that can alter the distribution of water and sediment, or
expose the land surface to accelerated erosion.
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Each element that is analyzed for sedimentation impacts is shown in Figure 1 and is
briefly described in the following:

LEVEES

Levees are proposed (see the Alternative Evaluation Report) that generally follow the
floodway delineation on the north side of the river and short segments along the south
side. The complete levee configuration is included in all sedimentation analyses.

SAND AND GRAVEL MINING PITS/RECREATIONAL LAKES

Sand and gravel pits in the El Rio study area are identified as:
e the BWCDD Lake upstream of the confluence with the Agua Fria River,
e the Tuthill Pit within a half mile downstream of the Tuthill Bridge, and

e azone of several pits in the right overbank (ROB) from 1 to 3 miles upstream of
the SR 85 Bridge. It is assumed that those pits eventually merge into one
contiguous pit and that is the ultimate condition that is analyzed.

BWCDD DIVERSION STRUCTURE

The BWCDD Lake will be developed by the excavation of a sand and gravel pit and a
downstream diversion structure to divert irrigation water into the BWCDD Main Canal.
The diversion structure will be an earthen embankment that would be overtopped and
probably washed out during any sustained floods. For the purpose of reconstructing the
earthen diversion after passage of floods, a structural foundation will be provided upon
which to build the earthen embankment. The foundation will be an erosion resistant pad
constructed of concrete or cement stabilized alluvium. Therefore, the foundation of the
diversion structure will act as a grade control structure.

The impact of the BWCDD diversion structure and pit on the sedimentation of the pit and
of the river downstream of the pit is analyzed. The cumulative impact of that structure
along with the other downstream pits is evaluated.

RESOURCE ENHANCEMENT

Resource enhancement is the selective removal and replacement of existing vegetation
with alternative plant species. Although resource enhancement in the El Rio WMP takes
several forms, the only aspect that is evaluated for sedimentation impacts is vegetation
enhancement. Vegetation enhancement does not include regrading or large-scale earth
moving, the topography remains essentially unchanged. Vegetation enhancement is
being considered for the reach of river from the confluence with Waterman Wash to the
SR 85 Bridge. There are small, isolated tracts of land that are proposed for vegetation
enhancement on the left overbank of the river. Those tracts are too small and isolated to
result in meaningful in-situ or downstream sedimentation impacts. However, the right
overbank (ROB) comprises a large area of the El Rio WMP study area and that area is




generally covered by thick stands of tamarisk. Therefore, vegetation enhancement of the
ROB could result in significant in-situ and/or downstream sedimentation impacts.

Vegetation enhancement could take many forms. Factors to be considered in regard to
sedimentation impacts are:

e extent of area undergoing treatment at any point in time
e the timing and duration of treatment
e the impact of the treatment on flow hydraulics

e the resistance to flow in the treated area during the time that vegetation is
disturbed until the replacement vegetation can stabilize the soil

e the resistance to flow in the treated area after the replacement vegetation matures

There are an infinite number of combinations of these factors. Some vegetation
enhancement treatments can be evaluated intuitively regarding sedimentation impacts.
For example, a small, isolated plot of land for which the treatment practice would not
appreciably affect the hydraulics of flow would not have adverse sedimentation impact.
Alternatively, large-scale vegetation removal would expose unprotected soil to
overtopping flood flows thus potentially resulting in,soil erosion. Such large-scale
vegetation enhancement practices need to be assessed in regard to in-situ and potentially
adverse downstream sedimentation impacts. Several scenarios of large-scale vegetation
enhancement on the ROB were assessed for sedimentation impacts.

KING RANCH/COTTON LANE BRIDGE CHANNELIZATION

The channelization and other modifications to the river in the King Ranch region are not
alternatives for the El Rio WMP, nor are they existing conditions. However, the
channelization and modifications to the river are incorporated into every sedimentation
analysis; that is, they are treated as existing conditions. The information was obtained
from WEST Consultants, Inc. as supplied during May 2005.




SEDIMENTATION CONCERNS TO BE ASSESSED

Sedimentation impacts from each alternative element can be in-situ (local or in the
immediate vicinity) and/or downstream of the site. Both situations must be adequately
addressed to avoid adverse environmental impact. Potential sedimentation concerns are
assessed by comparing measures of sedimentation, such as sediment transport rates,
volumes of sediment, erosion and scour depths for the river without the alternative (the
base condition) to a model of the river with the element of the alternative. Each
alternative element presents unique sedimentation concerns; therefore, the method to
assess the sedimentation impact varies by element. The following is a discussion of the
sedimentation concerns for each element. '

LEVEES

The levees are set at the floodway limit and as such the levees will have very little impact
on flow hydraulics (velocity and depth). Therefore, the sedimentation impact of the levee
will be very small in regard to the river as a whole. However, the levees may produce
flow conditions or be subjected to flows that would jeopardize the levee from scour. Part
of the design of a levee includes toe-down for scour protection. The estimated toe-down
depth for the levees is presented in the Scour Analysis section of this report.

VEGETATION ENHANCEMENT

The sedimentation impacts of vegetation enhancement are very complex. They are a
function of both the manner in which the vegetation enhancement is carried out and the
flow hydraulics including the sediment load. The vegetation enhancement factors that
may affect sedimentation are:

e areal extent of the treatment
e orientation relative to flow paths

o effect on flow resistance which may vary from an initial low resistance to higher
resistance as vegetation matures

e increase in conveyance resulting in increased flow velocity in the area of the
vegetation enhancement

The hydraulic factors that may affect sedimentation are:
s the occurrence of floods
o the magnitude and duration of the flood

e the capacity of the vegetation enhanced area to capture a larger portion of the
flood discharge




o the sediment load

¢ the distribution of the sediment load that would be diverted into the vegetation
enhanced area

¢ the sediment transport capacity through the vegetation enhancement area

The temporal and spatial factors to. be considered when evaluating vegetation
enhancement, along with the uncertainty and 3-dimensional flow hydraulics, makes a
sediment analysis difficult to perform and interpret. Since the F1 Rio WMP is a planning
study, only generalized conditions can be considered. As specific vegetation
enhancement options are considered, appropriate flow hydraulics and sedimentation
analyses will need to be performed. '

SAND AND GRAVEL PITS/RECREATIONAL LAKES

The pits and lakes will serve as sediment traps. The consequences are that if the
pits/lakes capture the flood flows, they will trap sediment and the river downstream will
experience ‘“‘clear water” scour. Adverse impacts downstream could accumulate
depending on the magnitude of the pits, the trap efficiencies, the number of pits in
operation and the timing of floods. In-situ impacts would include the potential for filling
the pits with sediment and the advance of the downstream pit wall or the headcut of the
upstream pit wall endangering structures such as bridges or contributing to local scour
depth at levees. Downstream impacts could include aceelerated degradation of the river

channel.
BWCDD DIVERSION STRUCTURE

The foundation of the diversion structure will be an erosion resistant structure that
intersects the riverbed. As such, it will serve as a grade control structure. During flood
flows when the earthen berm is washed out, the foundation would cause some local scour
downstream of the structure. That is assessed in the Scour Analysis section of this report.
More importantly, the pit upstream of the structure will trap sediment resulting in
depleted sediment loads past the pit and foundation. The foundation will serve as a hard
point limiting advance of the pit wall downstream. Downstream of the foundation, the
“clear water” may have excess sediment transport capacity leading to degradation of the
riverbed downstream of the diversion and may contribute to local scour at the foundation,
of the diversion structure. '

BASE HYDRAULIC AND SEDIMENTATION MODELS

BASE HYDRAULIC (HEC-RAS) MODELS

Hydraulic models using HEC-RAS were developed to assess various configurations of
vegetation enhancement. The hydraulic parameters of velocity, depth and percent




discharge through the vegetation enhancement area were compared between the base
condition (no vegetation enhancement) and the vegetation enhanced condition. The base
model for comparison was taken directly from the existing conditions base hydraulic
model as described in the Existing Condition Hydrology and Hydraulics Memorandum.
This model contained geometry through the King Ranch portion of the model (RS 188.69
to 194.20) that was updated in 2004. The hydraulic model contained bank stations that
were set to FEMA floodway limits, whereas the sediment model bank stations are set at
the active channel limits. In order to make the hydraulic model overbanks comparable to
the overbanks of the sediment model, the bank stations were adjusted along the entire
model length. For the most part, this created a narrower channel and wider overbanks
than are represented in the original hydraulic model.

BASE SEDIMENT TRANSPORT MODELS

Sediment transport models using HEC-6T were developed to investigate sedimentation
impacts that may result from elements of the alternative. The model ‘base.t5” described
in the Existing Conditions Sedimentation Analysis was used as the base condition for
HEC-6T comparisons. That model includes topography from RS 188.69 to 194.20 that
was updated in 2004 for the King Ranch project, and bank stations which were set at the
active channel limits. In order to provide meaningful comparisons for various alternative
models, the base model was run for four different hydrologic events; flows to simulate
the 1993 and the 1980 floods, a sequence of flows simulating the March 1978 through
February 1980 floods, and the full sequence of flood hydrology developed in the Existing
Conditions Sedlmentatlon Analysis.

ANALYSIS OF LEVEES

Levees are recommended in the El Rio WMP for much of the right bank of the river and
several portions of the left bank. The King Ranch/Cotton Lane Bridge modifications that
are proposed by others include additional levees and bank protection on both banks of the
river (see Figure 1 for location of the levees and bank protection). For the most part, the
alignment of those flood protection works is at the floodway line. The existing condition
HEC-6T model is modified to include the recommended El Rio WMP levees and the
King Ranch/Cotton Lane Bridge levees, bank protection and channelization.

The levees are analyzed using that HEC-6T model for the following hydrologic sequence
of discharges:

1. The 1993 flood consisting of the 24 days with discharges greater than 35,000 cfs.
That 1s the historic flood with the greatest volume of streamflow through the
study area.

2. The 1980 flood consisting of 11 days with discharges greater than 35,000 cfs.
That is the largest recorded flood.
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3. A sequence of floods, represented by the period from 1978 through 1980,
consisting of 27 days with discharges greater than 35,000 cfs. That hydrologic
event represents a sequence of closely spaced large floods.

4. The full hydrologic sequence that was used in the El Rio Existing Condition
Sedimentation Analysis. That hydrology is based on historic flows from 1921
through 2004, plus a 100-year flood at the end of that sequence.

The levees in the El Rio WMP study area, being at the floodway line, will have little, if
any, measurable affect on the hydraulics of flow (velocity and depth) in the channel of
the river as defined by the HEC-6T bank stations (see Figure 1). The channelization,
levees and bank protection for the King Ranch development project similarly result in
little affect on flow hydraulics. The construction of the river for the Cotton Lane Bridge
will result in some additional bed scour over the existing condition, but that analysis is
not within the scope of the El Rio WMP and is to be performed by others. A measure of
the net impact of the proposed levees, bank protection and channelization on the
sedimentation of the river is the sediment load passing the SR 85 Bridge. The total
sediment loads passing the SR 85 Bridge for the four modeled hydrologic sequences for
the existing condition and the with levee condition are:

1. For the modeled portion of 1993 flood, the sediment load for the existing
condition is 96.2 million tons, and for the with levee condition it is 96.7 million

tons.

2. For the 1980 flood, the sediment load for the'e/xisting condition is 80.7 million
tons, and for the with levee condition it is 80.4 million tons.

3. For the floods between 1978 and 1980, the sediment load for the existing
condition is 138.0 million tons, and for the with levee condition it is 138.6 million

tons.

4. For the full hydrologic sequence, the sediment load for the existing condition is
349.9 million tons.

The levees and King Ranch/Cotton Lane Bridge modifications to the river will have no

measurable impact on the sediment balance of the river. The four HEC-6T models of the

levee condition are provided on CD in Attachment 1.

ANALYSIS OF YEGETATION ENHANCEMENT

DESCRIPTION OF VEGETATION ENHANCEMENT

Vegetation enhancement is the selective removal of vegetation and replacement by other
vegetation species. For example, removal of tamarisk and replacement by
cottonwood/willow. Vegetation enhancement is not the same as vegetation clearing
where existing vegetation is cleared by mechanical or other method without replacement
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by alternative vegetation. However, vegetation enhancement requires an interim period
between the removal of existing vegetation and the development of well established
replacement vegetation. During that time, the soil is exposed and subject to erosion by
floods.

Vegetation enhancement is a viable alternative for the reach of the Gila River from near
Tuthill Bridge (RS 188) to the SR 85 Bridge (RS 180). That reach of river has a wide
right overbank (ROB) (as defined for sediment and hydraulic modeling) ranging from
about 2,000 feet to more than 9,000 feet. That area is covered to a large extent by dense
tamarisk (see Figure 1). Because the soil in the ROB is a very fine sandy silt (see soil
gradation for sample 6 in Figure 34 of the the Existing Conditions Sedimentation
Analysis), that soil would erode and could produce high rates of sediment transport if
exposed and subjected to high flow velocities. Portions of the ROB have secondary flow
channels (braids) that convey significant quantities of flood discharges. The large and
sustained flood of 1993 demonstrates that overbank areas vegetated by tamarisk are able
to maintain the vegetation throughout the flood thus retaining the fine soil and keeping it
from eroding and being flushed downstream. That action on the overbanks is contrasted
to the main chamnel of the river that is generally deeper, less densely vegetated, has
coarser bed material and which conveys a large portion of flood discharges. During the
onset of flood discharges, the main channel widens quickly through bank erosion, which
removes vegetation with the bank retreat thus providing an efficient channel with a large
flood conveyance capacity. During floods, the channel carries 50 to as much as 100
percent of the total flow.

A condition to be assessed is the potential to erode large quantities of the fine soil in the
ROB during a flood(s) if portions of the ROB were temporarily cleared for vegetation
enhancement. The consequence of such an occurrence would be the creation of radically
eroded areas in the ROB with the possible deposit of massive quantities of sediment
downstream of the El Rio study area. Portions of those sediments could be trapped in the
thick tamarisk floodplain downstream of the SR 85 Bridge although large quantities
would flush through the river to Painted Rock Reservoir. The consequence of such an
event would be an adverse impact to the river in the El Rio study area and downstream.
The potential sedimentation of the river due to vegetation enhancement was investigated
by the use of both the HEC-6T and the HEC-RAS models.

SEDIMENTATION ANALYSIS USING HEC-6T

A sedimentation analysis of vegetation enhancement was attempted by modifying the
existing condition HEC-6T model. The major modifications to the model were:

1. The bed material size gradation was changed to represent the fine material in the
ROB, and '

2. It was assumed that vegetation would be removed in continuous corridors through
the ROB and the flow resistance was reduced to 0.04 in those assumed corridors.

Various methods were attempted to model those two conditions in the HEC-6T model.
Those efforts were not successful because:
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1. The 3-dimensional nature of this sediment transport phenomenon exceeds the
capability of the 1-dimensional limits of HEC-6T.

2. Modeling the two bed material size distributions, that is, the coarser bed material
in the channel and the very fine bed material in the ROB, required the use of the
split-flow (island) option. Use of that option requires the assumption that flow
remains separated throughout the modeled reach. Although hydraulically
successful, the hydraulic results were unreasonable in restricting the flow of water
from exchanging between the channel and the ROB. Secondly, the ROB, even in
the cleared corridor, became a depositional zone. That occurred because coarser
bed material from upstream of the flow split would enter the secondary channel in
the same proportion (concentration) as in the main channel. The lessened
transport capacity in the secondary channel resulted in local deposition of coarse
bed material, reduced water conveyance capacity and reduced sediment transport
capacity and, therefore, sediment deposition Due to the inability to reasonably
model the sedimentation of the ROB using HEC 6T, an alternative analysis
technique was attempted using HEC-RAS.

HYDRAULIC ANALYSIS USING HEC-RAS

Hydraulic models of the El Rio study reach were developed to investigate flow
hydraulics on the ROB while that area was subjected to vegetation enhancement
practices. The assumptions of such modeling are:

e A corridor. of vegetation Would be temporanly cleared of native vegetation in
preparation for revegetation.

e During that interim pe_riod a flood would occur and a portion of the flood
discharge would pass through the cleared corridor.

e The flow resistance in the cleared corridor is reduced to represent flow resistance
after removal of tamarisk. A Manning n value of 0.04 is assumed for the areas
undergoing vegetation enhancement. That value is based on the assumption that
although larger vegetation, such as tamarisk, is removed, smaller vegetation
ground cover (bushes, grass and forbs) will remain, Additionally, the land
surface in areas undergoing vegetation enhancement will be irregular
(hummocky) resulting in form resistance.

The HEC-RAS model that was developed by Stantec for the purpose of investigating the
hydraulic performance of the preferred alternative was used (see the Alternative
Evaluation Report for a discussion of that model). That model was then modified to
represent various conditions of vegetation enhancement in the lower portion (between
Tuthill Bridge and the SR 85 Bridge) of the El Rio study reach. The following HEC-
RAS models were developed:

1. Base Condition

e cxisting condition without vegetation enhancement
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o Dbank stations were reassigned for each cross section in the HEC-RAS
model to agree with bank stations in the existing condition HEC-6T

model
2. 200-foot Wide Vegetation Enhanced Corridor
e levees as recommeﬁded by the El Rio WMP
e channelization as proposeﬁ for the King Ranch land development project
¢ the Cotton Lane Bridge

e A 200-foot wide corridor for vegetation enhancement within the ROB
extending from RS 186.78 to RS 180.04.

¢ The “n” value in the 200-foot wide corridor was set to 0.04.

(The source of hydraulic information for the King Ranch area and the Cotton Lane
Bridge was provided by WEST Consultants, Inc., dated May 2005).

3. 500-foot Wide Vegetation Enhanced Corridor

¢ The same as 200-foot condition model with a 500-foot wide corridor for
vegetation enhancement within the ROB extending from RS 186.78 to RS
180.04. '

o The “n” value in the 500-foot wide corridor was set to 0.04.
4. Full Vegetation Enhanced Corridor

e The same as the previous two models with the entire ROB subjected to
vegetation enhancement from RS 186.78 to RS 180.04.

o The “n” value in the ROB was set to 0.04.

Digital files of the HEC-RAS models that were used for this hydraulic analysis are
provided in Attachment 2.

The results of those four models were compared to investigate the hydraulic effects of
vegetation enhancement in the El Rio study area. Each model was run with four
discharges:

10-year at 46,000 cfs
20-year at 68,000 cfs
100-year at 210,000 cfs

500-year at 270,000 cfs
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The hydraulic' characteristics of interest are:
percent flow in the ROB
maximum velocity in the ROB
maximum depth in the ROB

The value of each of the three hydraulic parameters for each of the four discharges and
each of the four modeled conditions were plotted versus river station from RS 180.04 to
RS 186.78. A set of those graphs for the 500-foot wide corridor is provided in Figures 2
through 4, for percent discharge, maximum velocity and maximum depth, respectively.
A full set of all 12 graphs is provided in Attachment 3. Notice that the patterns are
similar on each graph and that there is little difference between the 10- and 20-year
graphs and the 100- and 500-year graphs.

It is unlikely that the flow hydraulics would fluctuate from one station to the next (about
500 feet apart) as they appear in Figures 2 through 4. The hydraulic parameters probably
vary more gradually as influenced by conditions in the river over a longer reach. For that
reason, and to aid in the interpretation of the graphs, S-point moving average graphs were
prepared to correspond to Figures 2 through 4 and those are presented in Figures 5
through 7, respectively. A full set of all 12 moving-average graphs is provided in
Attachment 4. Notice that, in general, the graphed lines follow consistent patterns
regardless of flood frequency, and that the 10- and 20-year flood and the 100- and 500-
year graphs are very similar with relatively small differences in magnitudes.

Percent Flow in ROB- Figure 8 is a composite of the 5-point moving average data graphs
from Attachment 4 for the 10-year flood for each of the conditions being considered. The
following are noted about the percent of flow in the ROB during the 10-year flood:

1. The percentages range from near zero to a maximum of near 50 percent.

2. Over most of that 6.5 mile reach, there is relatively little difference in the
percentage of flow in the ROB when comparing the four different conditions.

3. Maximum deviations occur at the upper end (RS 186.2), the lower end (RS 180.3)
and near the middle (RS 182.7).

4. Maximum deviations are less than 20 percent.

Figure 9 is a composite of the 5-point moving average data graphs from Attachment 4 for
the 100-year flood for each of the conditions being considered. The following are noted
about the percent of flow in the ROB during the 100-year flood:

1. The percentage of flow ranges from less than 5 percent to a maximum greater
than 50 percent.
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. Full vegetation removal results in greater percent of flow in the ROB for most of

the reach.

. There is often little (less than 10 percent) difference in percent of flow for the

base, 200-foot and 500-foot conditions.

. The maximum deviations are less than 20 percent.

. The trends and magnitudes are similar in both Figures 8 and 9.
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Figure 2
Overbank Hydraulics- 500' ROB Vegetation Removal, Percent of Flow in ROB
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Figure 4
Overbank Hydraulics- 500' ROB Vegetation Removal, Maximum Depth in ROB
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Figure 5
Overbank Hydraulics- 500' ROB Vegetation Removal, Moving Average-Percent of Flow in ROB
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Maximum Velocity in ROB, fps

Figure 6
Overbank Hydraulics- 500' ROB Vegetation Removal, Moving Average-Maximum Velocity in ROB
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Figure 7
Overbank Hydraulics- 500' ROB Vegetation Removal, Moving Average-Maximum Depth in ROB
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Figure 8
Overbank Hydraulics- 10 yr Comparison, Moving Average-Percent of Flow in ROB
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Figure 9

Overbank Hydraulics- 100 yr Comparison, Moving Average-Percent of Flow in ROB
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Maximum Velocity in ROB- Figure 10 is a composite of the 5-point moving average data
graphs from Attachment 4 for the 10-year flood for each of the conditions being
considered. The following are noted about the maximum velocity in the ROB during the
10-year flood:

1. The velocity ranges from less than 0.5 feet per second to less than 4.5 feet per
second.

2. The maximum velocities are very similar for much of the river regardless of
vegetation enhancement condition.

3. The deviation in velocity from one condition to another is typically small with
maximum deviations less than 2 feet per second.

Figure 11 is a composite of the 5-point moving average data graphs from Attachment 4
for the 100-year flood for each of the conditions being considered. The following are
noted about the maximum velocity in the ROB during the 100-year flood:

1. The velocity ranges from about 1 foot per second to less than 6.5 feet per second.

2. The maximum velocity can vary by as much as 3 feet per second due to
vegetation enhancement condition.

3. The trends of maximum velocity are similar in Figures 10 and 11.

Maximum Depth in ROB- Figure 12 is a composite of the 5-point moving average data
graphs from Attachment 4 for the 10-year flood for each of the conditions being
considered. The following are noted about the maximum depth in the ROB during the
10-year flood:

1. The maximum depth is minimally affected by the vegetation enhancement
condition.

2. The maximum depth varies appreciably throughout the 6.5 mile reach, ranging
from 12 feet to barely more than 1 foot.

Figure 13 is a composite of the 5-point moving average data graphs from Attachment 4
for the 100-year flood for each of the conditions being considered. The following are
noted about the maximum depth in the ROB during the 100-year flood:

1. The maximum depth is minimally affected by the vegetation enhancement
condition.

2. The maximum depth varies appreciably throughout the 6.5 mile reach, ranging
from about 18 feet to about 6 feet.

3. The trends of maximum depth are similar in Figures 12 and 13.
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Overbank Hydraulics- 10 yr Comparison, Moving Average-Maximum Velocity in ROB
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Figure 11
Overbank Hydraulics- 100 yr Comparison, Moving Average-Maximum Velocity in ROB
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Figure 12
Overbank Hydraulics- 10 yr Comparison, Moving Average-Maximum Depth in ROB
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Overbank Hydraulics- 100 yr Comparison, Moving Average-Maximum Depth in ROB
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Figures 12 and 13 present interesting and potentially useful results. Those figures
indicate that vegetation enhancement, even during the interim transition period of
vegetation clearing, provides very little change in flow depth and therefore nearly similar
water surface elevations compared to each other or to the existing condition. This
analysis shows that for the El Rio study area from RS 180.04 to RS 186.78, that
vegetation enhancement will have little effect on the water surface elevation for frequent
floods such as the 10-year, or less frequent floods such as the 100-year, or for large
floods such as the 500-year (see the graphs in Attachment 4 for 500-year data graphs).

Because of the importance of flow depth (and therefore water surface elevation) in regard
to assessing the effectiveness of alternatives for the El Rio WMP, the maximum flow
depths were plotted at each modeling station and compared in Figures 14 and 15 for the
10-year flood and 100-year flood, respectively. Those two figures confirm the findings
of Figures 12 and 13. The deviations in maximum flow depth in comparing one
condition to another are essentially zero for the 10-year flood and are usually less than 1
foot for the 100-year flood.

CONCLUSIONS OF THE VEGETATION ENHANCEMENT ANALYSIS

1. The hydraulic analysis of flow over the ROB reveals that there is little hydraulic
advantage to performing vegetation enhancement in the Gila River between RS
180.04 and RS 186.78. Regardless of the magnitude of vegetation enhancement,
there is no appreciable lowering of the water surface for floods. Even completely
clearing the ROB of large vegetation (tamarisk) results in little lowering of the
water surface during floods.

2. Inspection of maximum velocity and maximum depth graphs (see Figures 10 and
12 for the 10-year flood or Figures 11 and 13 for the 100-year flood) reveal that
the right overbank has highly nonuniform hydraulic conditions. For the 100-year
flood, the hydraulics in the ROB can be velocities of a few feet per second with
depths of about 6 feet (RS 181-182) to high velocities of more than 6 feet per
second and depths of 19 feet (RS 183-184). Those hydraulics would result in
very irregular sediment transport capacities for flow over the ROB. These
irregularities would make sediment transport modeling very difficult, as the ROB
would shift from reaches of high transport capacity to reaches of low sediment
transport. Secondly, inspection of the percent flow in ROB graphs (Figures 8 and
9) show that the water conveyance on the ROB varies appreciably. Flow is
continually being exchanged between the ROB and main channel in that reach of
the river. That is attributed to the braided channel segments that traverse the
reach. Braids in the ROB are periodically diverting flow from the main channel
into the ROB and then returning it to the channel. Such dramatically non-1-
dimensional flow makes sediment transport modeling with a 1-dimensional model
such as HEC-6T rather tenuous.

3. The results of the hydraulic analysis of vegetation enhancement on the ROB using
HEC-RAS provides better insight to the hydraulics and sedimentation than does
HEC-6T modeling.
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Overbank Hydraulics- 10 yr Comparison, Maximum Depth in ROB
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Overbank Hydraulics- 100 yr Comparison, Maximum Depth in ROB
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4. Vegetation enhancement of the ROB of the El Rio study area from RS 186.78 to
180.04 offers little hydraulic benefit over the existing conditions without

vegetation enhancement.

5. Vegetation enhancement in continuous corridors on the ROB in that reach of the
river is to be avoided and could result in severe erosion where flow velocities and

depths are large.

ANALYSIS OF GRAVEL PITS & RECREATION LAKES

GENERAL DISCUSSION AND METHOD OF ANALYSIS

Three locations were identified for sand and gravel mining. Those are identified and
located as: :

BWCDD Lake between RS 196.04 to RS 196.32
Tuthill Pit Between RS 187.45 to RS 187.73
Buckeye Lake between RS 181.13 to RS 183.02

It is not possible at this time to know the precise location, configuration or operational
plan of any of the pits/lakes. The locations are estimated based on currently available
information and are shown in Figure 1. The configuration of each pit was assumed.

BWCDD Lake would be constructed and operated as part of the BWCDD diversion into
the BWCDD (Buckeye) Canal. That pit would result in an expansion of the main channel
of the river by excavation into the left overbank of the river.

The BWCDD Lake configuration is dictated to some extent by geologic features and by
the location of the BWCDD diversion structure and Buckeye Canal. The configuration of
the Tuthill Pit is assumed to be rectangular. It is proposed in the floodway of the river
about a half-mile downstream of Tuthill Bridge. The Buckeye Lake configuration is
based on the assumption that the several adjacent pits that exist or are proposed for that
area will eventually be enlarged to a single pit or that the individual pits function as a
single large pit in regard to sedimentation. The Buckeye Lake is located on the right
overbank (ROB) of the river. Table 1 provides information on the assumed geometry of
each pit and the HEC-6T cross sections that were modified to represent that geometry.
The HEC-6T bank stations for the BWCDD Lake and the Buckeye Lake were moved so
as to contain those pits. The Tuthill Pit is contained within the bank stations of the base
levee modally and did not need to be moved.
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Table 1

Assumed Pit / Lake Configurations for HEC-6T Models

Modified Top Length Depth
Pit / Lake Cross Sections Width Feet Feet Feet Comment
™ @) 3) @ 5 6)

BWCDD Lake 196.04 — 196.23 1,700 2,000 22 Moved bank stations to
include lake.

Tuthill Pit 187.45 - 187.73 1,500 1,500 25 Pit is located between the
existing bank stations

Buckeye Lake 181.13 - 183.02 2,000 10,000 50 Moved bank stations to

include lake.

For the BWCDD Lake, it is assumed that the pit will be operated with relatively small
berms to protect the pit from unusual streamflow and more frequent floods (less than
35,000 cfs). Similarly for both the Tuthill Pit and the Buckeye Lake, it is assumed that
the operational pits will be protected by berms or even by levees to prevent uncontrolled
streamflow from entering the pits. However, the effectiveness of those berms/levees to
restrict larger floods from inundating the pits is uncertain. Performing a sedimentation
analysis with the assumption that the pits are protected from inundation would not be
particularly useful for the E1 Rio WMP. The results of such an analysis would possibly
show some locally induced scour of the river as the floodflows are constricted around the
pits, and such scour could be seriously detrimental to structures such as bridges and
levees, and could adversely impact adjacent lands. More importantly, if the pits/lakes are
not active features of the river, then they will have no adverse impact in regard to
sedimentation beyond local flow encroachment induced scour. However, without
adequate details of the pit protective works, such an analysis is beyond the scope of the
El Rio WMP. 1t is assumed that such analyses will be performed as individual pit
operators make application for sand and gravel extraction.

The pits/lakes are analyzed without any flow protection berms or levees, in fact, for
purposes of HEC-6T modeling, the pits are included within the bank stations of the river
models. That approach is valid for two conditions; one being that regardless of attempts
to protect the pits from flood inundation, the pits are in the active channel of the river
during floods; and two, the pits are maintained as open water features after the sand and
gravel extraction is finished. In both cases it is valid to include the pits/lakes within the
active flow and sediment transport portion of the channel. All of the HEC-6T models of
the pits/lakes are based on the assumption that the pits are not protected from floodflows
and that the pits are within the bank stations (erodible limits) of the river.

The pits are analyzed for the following hydrologic sequénce of discharges:
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1. The 1993 flood consisting of the 24 days with discharges greater than 35,000 cfs.
That is the historic flood with the greatest volume of streamflow through the

study area.

2. The 1980 flood consisting of 11 days with discharges greater than 35,000 cfs.
That is the largest recorded flood.

3. A sequence of floods, represented by the period from 1978 through 1980,
consisting of 27 days with discharges greater than 35,000 cfs. That hydrologic
event represents a sequence of closely spaced large floods.

4. The full hydrolbgic sequence that was used in the El Rio Existing Condition
Sedimentation Analysis. That hydrology is based on historic flows from 1921
through 2004, plus a 100-year flood at the end of that sequence.

The hydrologic input is as described for those events in the El Rio Sedimentation
Analysis — El Rio Existing Condition Sedimentation Analysis report.

Each pit was analyzed individually then the combined impact of all three pits was
analyzed. All analyses were performed by modifying the existing condition HEC-6T
model. That model was modified to include the levees and the King Ranch/Cotton Lane
Bridge improvements in addition to modifications that were necessary to incorporate
each pit into the HEC-6T models. The digital HEC-6T files for each model are provided

n Attachment 1. ,

The results of the HEC-6T model results are presented in selected tables and graphs of
model output. Additional graphics of model output are provided in attachments. The
model results are presented in the following manner: First, the response of each pit
(without the presence of the other pits) to each of the four hydrologic sequences is
evaluated. The time to fill the pit, local upstream and downstream scour, and volume of
sediment trapped by the pit are discussed. Second, the response of the river downstream
of the pit is compared to the response without the pit (the existing condition). Results are
presented in terms of sediment load. Changes in bed elevation were also inspected but
those are averages for the cross section, therefore they do not represent the magnitudes of
actual bed elevation changes that can be expected. Because of this, average bed change
elevation is rather meaningless in this case and is not reported. A key location to assess
the impacts of the pits is at the downstream boundary of the El Rio WMP study area, the

SR 85 Bridge.
INDIVIDUAL & CUMULATIVE IMPACTS AT THE PITS

BWCDD Lake - The filling of the BWCDD Lake by the four hydrologic sequences are
illustrated in Figures 16 through 19. Figure 16 shows that the pit essentially fills in the
first five days of the 1993 flood and that the pit traps about 2 million cubic yards of
sediment. Figure 17 shows the pit filling with about 2 million cubic yards of sediment in
the first four days of the 1980 flood. Figure 18 shows that it takes about the first six days
of the 1978-1980 hydrologic sequence to trap about 1.8 million cubic yards of sediment.
Interestingly, that long duration event ends with the large 1980 flood (the last 11 days in
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Figure 18). During the 1980 flood, some of the trapped sediment in the pit is eroded
from the pit. Figure 19 shows that with relatively moderate floods, it takes eight days to
trap about 1.7 million cubic yards of sediment. After the eighth day, there is a general
erosion of sediment from the basin. An explanation for the erosion of sediment from the
pit after it is filled with sediment will be discussed in a later section.

The time to fill the pit with sediment and the volume of sediment retained by the
BWCDD Lake for each of the four hydrologic sequences is shown in Table 2. The pit
fills in the first four days of the 1980 flood which is the shortest fill time for the four
hydrologic sequences and that is reasonable since the 1980 flood was the largest in terms
of peak discharge, therefore it carried the highest sediment load for those four days
compared to any other flood. The BWCDD Lake fills for all hydrologic events being
evaluated, and the sediment volume is about 2 million cubic yards.
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Figure 16

BWCDD Lake - 1993 Event at cross section 196.04 (BWCDD Lake)
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Figure 17

BWCDD Lake - 1980 Event at cross section 196.04 (BWCDD Lake)
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Figure 18
BWCDD Lake - 1978-1980 Events at cross section 196.04 (BWCDD Lake)
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Figure 19

BWCDD Lake - Full Hydrology at cross section 196.04 (BWCDD Lake)
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Table 2
Response of Pits to Hydrologic Sequences

BWCDD Lake Tuthill Pit Buckeye Lake
Flood Volume Volume Volume
Flood Duration  Fill Time million Fill million Fill Time million
days days cubie Time cubic yards days cubic yards
yards days
M 2) (3) (€] %) (6) ) (8)
1993 24 5 2.0 9 2.0 DNF 15.9
1980 11 4 2.0 6 2.0 DNF 10.6
1978- 27 6 1.8 10 2.1 DNF 18.6
1980
Full 75 8 1.7 10 2.0 67 33.8
Record

Note: DNF — Does Not Fill

The model results for the BWCDD Lake indicate that there is local scour (lowered bed
elevation) both immediately upstream and a short distance downstream of the pit. It is
noted that the modeling of the BWCDD Lake includes an erosion resistant foundation for
the diversion structure. The depth of sediment is set to zero at that section (RS 195.75).
The downstream scour is reported at the next downstream section (RS 195.66). The
lowered bed elevation upstream of the pit is due to local scour at that severe discontinuity
in the bed profile as the river “enters” the pit. There is also lowered bed elevation
downstream of the diversion dam foundation that is due to accelerated scour from the
“clear water” discharges of water exiting the pit. Although the HEC-6T model correctly
represents those areas of erosion, the magnitudes of erosion are unreliable for those local
scour areas.

Figure 19 illustrates that for the full hydrologic sequence the pit fills in the first eight
days. From day nine through 64 there is a gradual depletion (erosion) of the sediment
volume in the pit. From day 65 through 70 there is a dramatic depletion of the sediment
in the pit. This is explained as follows: The construction of the pit is by excavation of
the coarser sand, gravel and even some cobble from the bed of the river. The pit is
subsequently filled with sediment (the filling time being a function of the magnitude and
duration of flood discharges; see Table 2). However, the sediment that fills the pit is
much finer than the parent bed material. That is because the majority of the inflowing
sediment load is a finer particle size than the river bed material. Therefore, the sand in
the pit will be susceptible to erosion when flood discharges are larger than the discharges
during pit filling. Accelerated erosion of the pit material will occur during exceptionally
large floods. Therefore, the period from day nine through day 64 represents a gradual
erosion of the finer sediment in the pit, but the accelerated erosion starting on day 65 is
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due to the 100-year flood that is modeled into the hydrologic sequence starting on that
day.

Tuthill Pit — The filling of the Tuthill Pit by the four hydrologic sequences are illustrated
in Figures 20 through 23. Figure 20 shows that the pit essentially fills in the first nine
days of the 1993 flood and that it traps about 2 million cubic yards of sediment. (Note
that this analysis does not include the upstream BWCDD Lake.) Figure 21 shows the pit
filling with about 2 million cubic yards of sediment in the first six days of the 1980 flood.
Figure 22, shows that it takes about the first 10 days of the 1978-1980 hydrologic
sequence to trap about 2.1 million cubic yards of sediment. The last 11 days in Figure 22
represents the 1980 flood. Again, just as was illustrated for the BWCDD Lake (Figure
18), the large discharge of the 1980 flood results in some accelerated local erosion of the
finer sediment deposited in the pit. Figure 23 shows that with relatively moderate floods,
it takes 10 days to trap about 2 million cubic yards of sediment. After the tenth day, there
is a general erosion of the finer sediment from the basin, and, as with the BWCDD Lake
(Figure 19), there 1s accelerated erosion of the pit sediment during an exceptionally large
flood.

The time to fill the pit with sediment and the volume of sediment retained by the Tuthill
Pit for each of the four hydrologic events is shown in Table 2. The pit fills in the first six
days of the 1980 flood which is the shortest fill time for the four events, and that is
reasonable since the 1980 flood was the largest in terms of peak discharge, therefore it
carried the highest sediment load for those six days compared to any other flood. The
Tuthill Pit fills for all hydrologic events being evaluated, and the sediment volume is
about 2 million cubic yards.

The model results for the Tuthill Pit indicate that there is local scour (lowered bed
elevation) both immediately upstream and downstream of the pit. The lowered bed
elevation upstream of the pit is due to local scour at that severe bed profile discontinuity
as the river “enters” the pit. The lowered bed elevation downstream of the pit is due to
accelerated scour from the “clear water” discharges of water exiting the pit. Although the
HEC-6T model is correctly representing those areas of erosion, the magnitudes of erosion
are unreliable for those local scour areas.

Figure 23 illustrates that the pit, once filled with sediment of smaller particle size than the
parent bed material, is susceptible to accelerated erosion during exceptionally large
floods. That condition was discussed for the BWCDD Lake.

Buckeye Lake — The Buckeye Lake represents the impact of several pits that are being
considered for that area and the configuration of that pit assumes that those pits are
eventually enlarged until they merge or hydraulically function as a single large pit. This
pit evaluates the potential impacts of large scale sand and gravel extraction from the Gila
River in the El Rio study area. That large pit has the capacity to cause a huge volume of
sediment to be trapped in the pit. That pit only fills during the full hydrologic sequence
of 75 days that is modeled. Figures 24 through 27 illustrate the filling of the pit
(exclusive of either the BWCDD Lake or the Tuthill Pit) during the four hydrologic
sequences that are modeled.
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Figure 20
Tuthill Pit - 1993 Event at cross section 187.45 (Tuthill Pit)

8,000,000 2,400,000
Archeopcc A Aoy
. A s ey -A
7,000,000 +— — = o e S LB L 5 00,060
A ‘
6,000,000 &’ — e — 1,680,000
K
5,000,000 - 1,320,000
T
g
4,000,000 960,000 ©
3
[$]
¢
e
3,000,000 - 600,000 &
£
(i)
2,000,000 »/ 240,000
1,000,000 /X”"“ | 1 -120,000
! !
0 : — —— ‘ -480,000
-1,000,000 | -840,000
0 5 10 15 20 25
Time, days

—&—Base —#—Pit - - & - -Difference



Accumulated sediment deposited in reach, cubic yards

Figure 21

Tuthill Pit - 1980 Event at cross section 187.45 (Tuthill Pit)
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Figure 22
Tuthill Pit - 1978-1980 Events at cross section 187.45 (Tuthill Pit)

8,000,000 2,400,000
+ “A--A--A--A- * -A
, | N
7,000,000 4 , S _ 2,040,000
A7 | i A Sy S :
‘_.A' ; TCA--A--A--p--5
6,000,000 {— I S——— - : -} 1,680,000
_ ) v |
A
5,000,000 . 1,320,000
A

4,000,000 : | 960,000
3,000,000 600,000
2,000,000 240,000
1,000,000 -120,000

0 ' ; ; : -480,000
-1,000,000 ' -840,000

0 5 10 15 20 25 30

Time, days

—&—Base —i#—Pit - - & - -Difference

Difference, cubic yard




Accumulated sediment deposited in reach, cubic yards

Figure 23
Tuthill Pit - Full Hydrology at cross section 187.45 (Tuthill Pit)
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Figure 24

Buckeye Lake - 1993 Event at cross section 181.13 (Buckeye Lake)
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Figure 256

Buckeye Lake - 1980 Event at cross section 181.13 (Buckeye Lake)
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Figure 26
Buckeye Lake - 1978-1980 Events at cross section 181.13 (Buckeye Lake)
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Figure 27

Buckeye Lake - Full Hydrology at cross section 181.13 (Buckeye Lake)
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The volume of sediment trapped by that pit for each of the four hydrologic sequence of
floods is shown in Table 2. The long duration 1993 flood results in about 15.9 million
cubic yards of sediment (mostly sand) being trapped. The short duration but larger peak
discharge flood of 1980 results in about 10.6 million cubic yards being trapped. The
sequence of floods during 1978 through 1980 results in about 18.6 million cubic yards of
sediment being trapped. The full hydrologic sequence of 75 flood days including a 100-
year flood as was used for the existing condition analysis, results in about 33.8 million
cubic yards being trapped, which fills the pit.

The model illustrates that there would be local scour immediately upstream of the pit.
That local scour is headcutting as the pit wall is scoured and the pit wall advances in an
upstream direction. The HEC-6T model cannot accurately model that headcutting but the
model is correctly indicating the increased bed scour upstream due to that streambed
discontinuity. There is also increased streambed scour that is induced by the trapping of
sediment in the pit. The HEC-6T model indicates that the cross sectional average
streambed degradation at the SR 85 Bridge due to the trapping of sediment in the pit is
about 3 feet. The maximum streambed degradation at the SR 85 Bridge would be greater
than 3 feet. A more detailed analysis is required to estimate the maximum scour that
would be experienced at the SR 85 Bridge, or elsewhere, due to the sediment trapping in
Buckeye Lake.

Combination of Three Pits — The impact of the three pits at their full ultimate size was
modeled. The distance between the BWCDD Lake and the Tuthill Pit is about 8.2 miles.
The distance between the Tuthill Pit and the Buckeye Lake is about 4.5 miles. The
distance from the downstream end of Buckeye Lake to the SR 85 Bridge is about 1.1
miles. The BWCDD Lake and the Tuthill Pit fill with sediment for all four hydrologic
sequences. The Buckeye Lake traps about the same volume of sediment with or without
the presence of the two upstream pits.

There is a small increase in streambed degradation between the Tuthill Pit and the
Buckeye Lake due to the combined sediment trapping in both the BWCDD Lake and the
Tuthill Pit. There is a similar small increase in streambed degradation downstream of the
Buckeye Lake.

IMPACTS OF THE PITS AT THE SR 85 BRIDGE

Table 3 lists the changes in sediment load at the SR 85 Bridge for each of the pits
individually and for the combined effect of all three pits. The values shown in Table 3
are the differences in sediment load passing the SR 85 Bridge for the with pit(s) model
minus the sediment load for the existing condition model. ‘Notice that with the BWCDD
Lake (column 2 of Table 3) there is an increase in sediment load passing the SR 85
Bridge for the three hydrologic sequences other than the 1980 flood. During the initial
filling of the pit, there is a net reduction in sediment load past the SR 85 Bridge. This can
be observed in all the graphs in Attachment 5. If the duration of the flood or sequence of
floods increases, then there is a net increase in the sediment load past the SR 85 Bridge as
compared to the model without pit condition. It is observed that both the BWCDD Lake
and the Tuthill Pit can increase the long-term sediment yield past the SR 85 Bridge.
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Table 3
Change in Sediment Load at the SR85 Bridge

Change in sediment load, in tons

Flood w/BWCDD Lake W/Tﬁthill Pit w/Buckeye Lake w/all three
(1 2 €)] 4) &)
1993 215,000 102,000 - 8,027,000 - 8,014,000
1980 - 345,000 - 493,000 - 5,444,000 - 5,421,000
1978-1980 547,000 456,000 - 11,632,000 - 11,734,000
Full Record 1,532,000 1,194,000 - 28,274,000 - 28,865,000

Note: A negative sign means that there was less sediment load passing SR8S Bridge for the with pit
condition when compared tothe existing (without pit) condition.

Similar behavior occurs with the Tuthill Pit (column 3 of Table 3). For long duration
floods or a sequence of floods that cause those pits/ to fill early in the hydrologic
sequence, there is an increase in sediment load downstream of each pit as those pits
experience accelerated erosion of fine sediments as they are scoured during the passage
of subsequent floods. That phenomenon was previously explained.

- The large Buckeye Lake is a short distance (only about 1.1 miles) upstream of the SR 85
Bridge. That pit does not fill with sediment except for a very long sequence of floods.
Therefore, that pit results in reduced sediment loads passing the SR 85 Bridge. The
presence of the two smaller pits upstream of the large pit, have little impact on the
sediment load passing the SR 85 Bridge.

EFFECT OF UNMODELED LOW FLOWS

It 1s assumed that very low discharges (less than the 5-year flood of 17,000 cfs at the
confluence with Waterman Wash) will be diverted around the pits and therefore, there
will be no sediment trapping in the pits for those frequent discharges. Therefore, the pits
will have no impact on the river and no impact on the sediment load passing the SR 85
Bridge for low flows. At some threshold of discharge, which cannot be determined
without detailed information on the configuration of the pits, the flow will enter the pits
' and they will function to trap sediment. Typical floods of less than 10- to 25-year
frequency are relatively small floods within the context of this analysis and those floods
are typically of short duration, therefore those floods, even if captured by the pits may
have relatively small impact on the river. But, such an analysis was not performed. The
only floods that are considered in this analysis are relatively large floods and the long-
term sequence of floods exceeding 35,000 cfs. Analyses of any pit or combination of pits
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that are planned to be excavated and operated will need to assess the impacts at and near
the pit, and the impacts to the entire river system.

HEC-6T PIT MODEL VERIFICATION

The performance of the HEC-6T models to reasonably model the sedimentation process
of the pits/lakes was checked by the use of a procedure to estimate sediment deposition in
a settling basin by Pemberton and Lara (1971). An HEC-6T model of the Tuthill Pit was
run for a steady discharge of 100,000 cfs. The deposition volume in the pit at the end of
one day as reported by the HEC-6T model is 0.43 million cubic yards. Using the same
discharge and sediment loads by size fraction from that HEC-6T model with the
procedure by Pemberton and Lara results in a deposition volume of 0.37 million cubic
yards. Considering the difference in methodologies and assumptions (for example,
Pemberton and Lara method applies the Einstein equation while the El Rio HEC-6T
model uses the Yang sediment transport relation) these two methods yield surprisingly
close agreement. Calculations for the verification are provided in Attachment 6.

CONCLUSIONS OF THE PIT/LAKE ANALYSIS

1. During large floods, such as those of 1980 and 1993, both the BWCDD Lake and
the Tuthill Pit will fill with sediment in less than a week after the onset of the
flood. The volume of the modeled pit is about 2 million cubic yards each.

2. The pits/lakes will be susceptible to upstream headcutting during floods. A
thorough analysis is not undertaken and would require details of the pit
construction.

3. The pits/lakes will contribute to downstream scour during floods due to “clear
water” releases from the pits/lakes. A thorough analysis is not undertaken and
would require details of the pit construction.

4. A large pit at Buckeye Lake will require a long sequence of floods to fill with
sediment.

5. A large pit, such as the modeled Buckeye Lake, would result in significantly
- reduced sediment loads past the SR 85 Bridge during large floods. The Gila
River downstream of such a large pit would experience long-term degradation of

3 feet or more.

6. Pits that fill with sediment can result in increased long-term downstream
sediment loading during exceptionally large floods.

7. Pits/lakes of the size modeled for the BWCDD Lake and the Tuthill Pit have little
impact on each other when there is sufficient distance between them (in the
condition modeled, the distance between the two pits is 8.2 miles).
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SCOUR ANALYSES

GENERAL

Scour, as presented herein, is a lowering of the channel bed due to erosion. Structures
placed in a watercourse must be designed with consideration of existing scour potential
as well as potential scour due to the imposition of the structure. Scour is estimated for
the study reach of the El Rio WMP in order to determine appropriate toe-down depths
and associated planning level cost estimates for the proposed levee/bank protection and

BWCDD diversion structure.
METHODOLOGY & TOTAL SCOUR COMPONENTS

The total scour that can be expected to occur is the sum of individual scour components.
Scour components typically considered are:

e Long-tern degradation,
s (General scour,
e Local scour,
¢ Bend scour (when not considered as part of local scour),
e Bedform movement, and
o Low-flow incisement.
Methodologies and procedures for estimating each component of scour are provided in

the Maricopa County Drainage Design Manual, Volume II, Hydraulics (Flood Control
District of Maricopa County, 2003) and are discussed in the following sections.

Hydraulic parameters used in the scour calculations are taken from the recommended
alternative HEC-RAS model for the 100-year flood. That model contains three plans that
represent a phased implementation of the proposed master plan elements. Because the
sequence of implementation, both in terms of the individual elements and their lateral
extent, is uncertain, the scour estimates are based on the hydraulic parameters of any of
the three plans that yield the maximum scour depth.

Bed material size gradation used in the local scour calculations are shown in Figure 34 of
the the Existing Conditions Sedimentation Analysis. Discussion of the bed material
characterization and sampling approach is provided in the Data Collection section of that
report.

Long-term Degradation - Long-term degradation is a general, progressive lowering of the
channel bed over the length of a watercourse. It is generally considered to be a result of a
“system-wide” change in the morphology of the watercourse or watershed. Examples of
events that could result in long-term degradation are the construction of a dam or the
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urbanization of the watershed. Evaluation of the magnitude of long-term degradation can
be accomplished by inspection of historical data or the application of equilibrium slope

equations.

Equations for estimating equilibrium slope are recommended by Pemberton and Lara
(1984). However, application of those equations to long-term degradation requires the
identification of a downstream control point where the bed elevation is not expected to
change. The closest downstream control point to the El Rio WMP study limit is Gillespie
Dam, a distance of approximately 14 miles. The sediment deposition upstream of
Gillespie Dam since 1921 and the breach of that dam in 1993 make the estimation of
long-term degradation in the study area unreliable.

Historical data available for evaluation of long-term degradation is documented in the El
Rio WMP Lateral Migration Analysis Report. Data considered in the evaluation consists
of topographic mapping for the period of 1948 to 1998. The results of that evaluation
indicate the study reach experiences episodes of aggradation and degradation. Based on
the time period analyzed, it is likely that the aggradation-degradation cycles are tied to
the now emphemeéral nature of the river due to the control, particularly of the larger
floods, by upstream reservoirs. Although pre-dam topographic mapping is not available,
it is likely, given the length of time that the major dams have been closed, that the river
has already adjusted for long-term degradation. Inspection of historic streambed
gradients does not indicate a trend for long-term degradation.

General Scour - General scour occurs during a flood and/or during a series of floods that
are expected to occur during the design life of a structure. General scour occurs across
the entire width of the channel, but not necessarily uniformly. General scour for the
study reach is estimated using the existing condition sedimentation model results, in
particular, the maximum bed elevation change. For master planning purposes, general
scour is assumed to occur uniformly across the width of the channel.

A special case of general scour is contraction scour. Contraction scour occurs due to an
increase in velocities and shear stress due to natural, abrupt changes in channel width or
encroachment into the watercourse, such as at bridge crossings. Establishment of the
proposed levee/bank protection alignment was set with smooth transitions to limit
adverse scour conditions. However, where the proposed levee ties into the existing
bridge crossings, the hydraulic conditions may be sufficient to result in contraction scour.
Procedures for estimating contraction scour are provided in Hydraulic Engineering
Circular No. 18, Evaluating Scour at Bridges (Federal Highway WA, 2001), herein
referred to as HEC-18. The procedure requires hydraulic parameters at the approach
section and the contracted section and the selection of the live bed or clear water
equations. Live bed contraction scour occurs when there is sediment transport from the
approach section into the contracted section. The live bed condition is assumed for all
bridge crossings. Results of the calculation will vary depending on the selection of the
approach section.

Local Scour - Local scour is caused by flow irregularities due to bends or restrictions
along the bank or by structures in the watercourse. Establishment of the proposed
levee/bank protection alignment was set such that conditions that could cause local scour

55



are minimized. However, local scour will occur where tributary flow enters the Gila
River through the levee, at the bridge abutments and at the proposed BWCDD diversion
structure. Since the nature and magnitude of the majority of any tributary inflow is
unknown at this time, that specific local scour condition must be addressed at the design
level. Local scour will also result at the bridge abutments and at the proposed BWCDD

diversion structure.

Bridge abutment scour is a special case of local scour. Two equations for estimating
abutment scour are presented in HEC-18. Both equations require hydraulic data at the
section immediately upstream of the bridge. Both equations yield conservative results.
For this analysis, the HIRE equation is used.

The proposed BWCDD diversion structure is primarily a solid foundation with a fuse
plug embankment. Part of the structure will be a concrete (or similar material) spillway
approximately 6 feet in height. The purpose of the spillway is to allow more frequent
flows to pass the diversion structure without failure of the fuse plug. There are two
approaches for estimating local scour downstream of a hydraulic structure presented in
the draft Hydraulics Manual. The first approach is a set of equations for free fall
conditions presented by Pemberton and Lara (1984). The second approach is for a
submerged structure that was derived by Simons, Li & Associates (1986) through a

physical model study.

Bend Scour - Bend scour for sand-bed watercourses can be estimated using an empirical
equation developed by Zeller (1981). That equation requires the hydraulic parameters
immediately upstream of the bend and an estimation of the angle of curvature. In the
study reach, the only location that is subject to bend scour is in the vicinity of the Tuthill
Bridge. In this area, the south bank of the river is on the outside of the bend where the
scour would occur. Results of the El Rio WMP Lateral Migration Analysis indicate that
the south bank is relatively stable. Therefore, levee/bank protection is only provided on
the north bank, which is on the inside of the bend and not subject to bend scour.

Bedform Movement - Bedforms are a result of the interaction of hydraulic forces
(boundary shear stress) and the bed sediment. Typically, bedforms consist of alternating
“mounds” and “troughs™ that move longitudinally along the watercourse. The type and
magnitude of the bedform is a function of the flow regime. During upper regime flow,
Froude Number (F;) greater than 0.7, conditions are often sufficient to results in antidune
formations. Antidune height will typically be greater than dune height which forms in
lower regime flow, F; less than 0.7. During upper regime flow, the water surface is in
phase with the bed surface (standing wave) except when an antidune breaks (breaking
wave). Standing waves are illustrated in an aerial photograph of the Gila River upstream
of Tuthill Bridge taken on 9 January 1993, as shown in Figure 28.
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Figure 28 Standing waves in the Gila River

Bedform movement as a component of total scour can be estimated using the empirical
equation presented in the draft Hydraulics Manual. Hydraulic parameters required are
the hydraulic depth and Froude Number. Inspection of the hydraulic model results for
the average F, for the channel would suggest that upper regime flow does not occur, as F;
is generally less than 0.5. However, based on review of aerial photography from several
flood events, the presence of standing waves occurs throughout the study reach but is
typically confined to a narrow corridor within the main channel. Therefore, in order to
estimate antidune height, a F, of 0.8 1s assumed.
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Low-flow Incisement - Numerous field visits to the study reach including visits after the
winter 2005 flooding were conducted. = At no location was evidence of low-flow
incisement observed. Therefore, low-flow incisement as a scour component is not

considered for the study reach.

TOTAL SCOUR ESTIMATION

The total scour depths that can reasonably be expected to occur during the design life of
the proposed levee/bank protection and BWCDD diversion structure is the sum of
general, local, bend and bedform movement scour components. Calculations for each
scour component are prepared at each cross section and presented in the following

sections.

General Scour - Estimation of general scour for the study reach is based on interpretation
of the existing condition sediment model results, in particular the maximum bed elevation
change depicted in Figure 29. Inspection of that figure suggests that the magnitude of
general scour that can reasonably be expected to occur ranges from 4 to 9 feet. The
distribution of general scour along the study reach is assumed to occur uniformly across
three sub-reaches. The first sub-reach extends from the SR 85 Bridge to river station
180.90 and the scour depth is set to 9 feet. The second sub-reach extends from river
station 181.41 to 188.50 and the scour depth is set to 7 feet. The third reach extends from
188.81 to 195.75 and the scour depth is set to 4 feet. General scour in the transition
zones of the sub-reaches is a linear interpolation of the depths for the bounding sub-
reaches. The general scour estimated at each cross section is listed in column 8 of Table
4.

Contraction scour is a special case of general scour and for the proposed conditions is
assumed to occur only at the bridge crossings. Figures illustrating the contraction
conditions at each bridge along with the hydraulic data and contraction scour calculations
are provided in Attachment 7 and are summarized in column 9 of Table 4. The
contraction scour estimated at the SR 85, Tuthill Road, Estrella Parkway and Bullard
Avenue Bridges is 3.7, 8.1, 3.9 and 1.4 feet, respectively. The contraction scour
estimated is the maximum depth that is assumed to occur at the bridge. However, scour
due to the contraction will likely occur along the length between the approach section and
the bridge. The rate of change in scour depth through this reach is assumed to be linear.

Local Scour - The local scour conditions that are anticipated to impact the proposed
levee/bank protection are limited to the bridge abutments. Abutment scour calculations
are provided in Attachment 7 and are summarized in column 10 of Table 4. Abutment
scour calculations are performed for each bridge, although, based on the proposed
alignment true abutment scour conditions that could impact the integrity of the
levee/bank protection would not exist. Furthermore, abutment scour can be arrested with
appropriate countermeasures. However, for planning purposes, given that the levee
alignment could change, abutment scour is included in the estimation of total scour.
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The abutment scour estimated at the SR 85, Tuthill Road, Estrella Parkway and Bullard
Avenue Bridges is 41.0, 29.0, 35.0 and 40.8 feet, respectively. The zone of influence of
abutment scour upstream of the bridge in regard to the proposed levee/bank protection is
treated in the same fashion as the contraction scour.

For the proposed BWCDD diversion structure, the depth of the scour hole that can
reasonably be expected to occur is estimated using a set of equations presented by
Pemberton and Lara (1984) and the equations derived by Simons, Li and Associates
(1986). Estimates of the scour depth using each equation are provided in Attachment 7.
The magnitude of scour depth estimated from each equation ranges from 5.5 feet to 55.6
feet. The depth of scour estimated using the Simons, Li and Associates equation is 11.8
feet. This equation is considered appropriate for submerged conditions. The equations
presented by Pemberton and Lara are for free fall conditions. Because the majority of the
proposed diversion structure would be constructed as a fuse plug that would be expected
to wash out at a discharge much less than the 100-year discharge, free fall conditions are
not anticipated. -Therefore, the scour depth estimated using the Simons, Li and
Associates equation of 11.8 feet is adopted.

Bedform Movement - The depth of scour associated with bedforms is taken as one-half
the bedform amplitude. The amplitude for anti-dune bedform is calculated at each cross
section using the hydraulic depth in the main channel and an assumption of 0.8 for F;.
The corresponding scour depth is listed in column 11 of Table 4. The maximum scour
depth due to bedform movement is 5.1 feet occurring at Tuthill Road Bridge (both
immediately upstream and downstream). The minimum scour depth is 1.9 feet. The
average scour depth is 3.0 feet.

Total Scour - Total scour is estimated as the sum of the individual scour components with
the addition of a factor of safety multiplier of 1.3. The total scour that can reasonably be
expected is estimated at each cross section and is listed in column 12 of Table 4. The
average total scour depth is approximately 17 feet. The maximum total scour depths
occur at the bridges. The magnitude of scour at the bridges is driven by inclusion of the
abutment scour (local scour). Without consideration of abutment scour the average total
scour depth is approximately 12 feet.
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max.  Channel Channel Scour Components
River in Channel Hydraulic Channel Top Energy Anti-
Station  Channel Depth Depth  Velocity Width Slope General Contraction Local Dune Total
miles cfs feet feet fps feet feet/feet feet feet feet feet Scour
(1) (2) (3) 4 (5) (6) ) (8) ) (10) (1) (12)
178.610 157,311 17.6 9.8 4.8 3,315 0.00069
178.680 147,889 17.7 10.0 4.3 3,401 0.00062
178.770 174,161 15.5 10.7 4.9 3,305 0.00059
178.860 180,837 156.3 10.0 53 3,439 0.00105
178.950 197,202 16.7 9.7 54 3,774  0.00101
179.030 189,246 14.0 9.3 5.1 4,029 0.00098
179110 197,677 12.3 9.2 54 4,037 0.00104
179.200 173,409 13.9 8.8 5.0 3,986  0.00092
179250 182,424 11.7 7.8 6.0 3,881 0.00155
179.300 157,003 11.6 83 54 3,541  0.00104
179.350 136,174 11.5 8.1 5.2 3,264  0.00098
179.400 153,801 13.7 8.2 6.1 3,069 0.00135
179.500 159,555 11.0 7.2 7.3 3,046 0.00174
179.580 193,475 12.2 6.9 8.0 3,636 0.00210
179.680 180,166 13.2 6.8 8.4 3,178 0.00243
179.760 181,995 13.0 6.9 7.9 3,333  0.00230
179.840 183,904 12.3 6.2 9.1 3,286  0.00341
179910 184,460 12.1 8.1 6.9 3,315 0.00187
180.010 210,000 15.1 7.2 8.3 3,607 0.00394
180.025 SR 85 Bridge
180.040 210,000 16.0 8.1 7.3 3,610 0.00347 9.0 37 41.0 23 72.8
180.060 204,300 13.2 10.1 6.3 3,265 0.00115 9.0 3.6 39.7 238 71.6
180.090 198,020 13.3 10.7 5.8 3,208 0.00105 9.0 34 37.6 3.0 69.0
180.180 166,466 18.5 8.7 7.5 2,544  0.00177 9.0 29 316 25 59.7
180.280 136,308 16.2 8.1 8.1 2,075 0.00174 9.0 22 24.9 23 49.9
180.370 172,066 15.3 9.2 12.7 1,468  0.00367 9.0 1.7 18.8 2.6 41.8
180.470 144,712 15.1 10.8 94 1,424 0.00190 9.0 1.1 121 3.0 32.8
180.560 131,337 14.8 10.7 7.3 1,689 0.00178 9.0 0.5 6.0 3.0 242
180.650 128,459 15.1 11.2 7.0 1,637  0.00100 9.0 0.0 0.0 32 15.8
180.750 109,299 14.5 11.5 6.0 1,591  0.00080 9.0 0.0 0.0 3.2 15.9
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max. Channel Channel Scour Components

River in Channel Hydraulic Channel Top Energy Anti-
Station Channel Depth Depth =~ Velocity Width Slope General Contraction Local Dune Total
miles cfs feet feet fps feet feet/feet feet feet feet feet Scour

1) (2) 3) 4) (5 (6) (] (8) (9) (19) (1) (12)
180.850 140,616 15.0 11.1 6.7 1,881  0.00086 9.0 0.0 0.0 3.1 15.8
180.940 153,513 15.6 11.3 5.7 2,387 0.00112 9.0 0.0 0.0 3.2 15.8
180.990 162,859 16.0 11.7 57 2,441 0.00054 9.0 0.0 0.0 3.3 16.0
181.040 187,334 15.1 11.8 5.4 2,967 0.00049 8.6 0.0 0.0 3.3 15.5
181.130 183,876 16.2 12.2 4.7 3,252  0.00040 8.2 0.0 0.0 3.4 15.1
181.230 190,973 16.0 11.7 5.0 3,328 0.00048 7.8 0.0 0.0 3.3 14.4
181.320 190,355 15.1 10.3 5.7 3,413 0.00078 7.4 0.0 0.0 2.9 13.4
181.410 200,609 15.3 10.2 6.7 3,398 0.00107 7.0 0.0 0.0 2.9 12.8
181.5610 197,224 16.1 10.5 5.8 3,381 0.00075 7.0 0.0 0.0 29 12.9
181.620 196,391 14.5 10.3 6.1 3,257  0.00085 7.0 0.0 0.0 29 12.9
181.740 192,752 13.2 9.7 6.8 3,108 0.00160 7.0 0.0 0.0 2.7 12.7
181.820 198,119 13.9 10.3 7.5 2,717  0.00127 7.0 0.0 0.0 29 12.9
181.900 194,017 14.8 10.1 74 2,687 0.00131 7.0 0.0 0.0 2.9 12.8
181.990 197,479 15.9 10.9 6.6 2,748 0.00276 7.0 0.0 0.0 3.1 13.1
182.080 184,844 14.7 11.2 53 3,114  0.00107 7.0 0.0 0.0 3.2 13.2
182.170 204,581 16.9 10.9 5.9 3,300 0.00097 7.0 0.0 0.0 3.1 13.1
182.270 194,580 16.4 10.2 5.4 3,508 0.00105 7.0 0.0 0.0 2.9 12.8
182.360 204,029 17.3 11.0 54 3,443  0.00082 7.0 0.0 0.0 3.1 131
182.450 198,392 20.0 12.3 46 3,597 0.00065 7.0 0.0 0.0 35 13.6
182.550 209,336 19.2 12.4 43 4,298 0.00056 7.0 0.0 0.0 35 13.6
182.640 207,202 17.6 12.0 45 4645 0.00072 7.0 0.0 0.0 34 13.5
182.740 195,812 17.7 11.8 4.2 4566 0.00052 7.0 0.0 0.0 3.3 13.4
182.830 194,387 18.2 11.3 4.1 4,642 0.00042 7.0 0.0 0.0 3.2 13.2
182.920 191,635 18.4 11.4 4.0 4,533 0.00056 7.0 0.0 0.0 3.2 13.3
183.020 191,084 19.4 11.3 4.3 4,282 0.00069 7.0 0.0 0.0 3.2 13.2
183.110 189,198 19.1 11.1 4.6 4,193 0.00068 7.0 0.0 0.0 3.1 13.2
183.200 194,379 17.8 1.7 45 4,034 0.00078 7.0 0.0 0.0 3.3 13.4
183.300 203,038 17.8 11.3 5.0 3,895 0.00100 7.0 0.0 0.0 3.2 13.2
183.390 202,590 16.9 10.8 5.3 3,843 0.00092 7.0 0.0 0.0 3.0 13.1
183.480 204,893 17.3 9.9 5.6 4,003 0.00137 7.0 0.0 0.0 2.8 12.7

62



100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max.  Channel Channel Scour Components
River in Channel Hydraulic Channel Top Energy Anti-
Station  Channel Depth Depth  Velocity Width Slope General Contraction Local Dune Total
miles cfs feet feet fps feet feetifeet feet feet feet feet Scour

() (2) (3) (4) (5) (6) (1) (8) (9) (10) an (12)
183.580 210,000 17.3 8.9 6.6 3,883 0.00183 7.0 0.0 0.0 25 12.4
183.670 210,000 18.1 8.2 71 3,797 0.00236 7.0 0.0 0.0 2.3 12.1
183.770 210,000 13.3 7.5 8.3 3,466  0.00341 7.0 0.0 0.0 2.1 11.8
183.860 209,997 16.4 8.2 6.9 3,876  0.00217 7.0 0.0 0.0 2.3 121
183.960 208,944 18.1 9.9 5.8 3,794 0.00110 7.0 0.0 0.0 2.8 127
184.050 210,000 19.4 9.2 6.3 3,919  0.00192 7.0 0.0 0.0 2.6 12.5
184.140 210,000 19.4 10.3 5.6 3,997 0.00117 7.0 0.0 0.0 2.9 12.9
184.240 210,000 194 10.7 5.6 3,804 0.00106 7.0 0.0 0.0 3.0 13.0
184.330 209,998 19.5 10.9 5.4 3,865 0.00096 7.0 0.0 0.0 3.1 13.1
184.430 210,000 17.5 11.3 47 4,194  0.00090 7.0 0.0 0.0 3.2 13.2
184.530 209,997 17.9 10.8 42 4,938 0.00074 7.0 0.0 0.0 3.0 13.0
184.620 210,000 18.0 9.8 4.4 5236 0.00072 7.0 0.0 0.0 2.8 12.7
184.710 210,000 16.9 8.9 49 5332 0.00106 7.0 0.0 0.0 25 12.3
184.810 210,000 18.0 7.7 5.3 5626 0.00158 7.0 0.0 0.0 2.2 11.9
184.900 210,000 17.3 7.5 48 5,856  0.00253 7.0 0.0 0.0 2.1 11.8
185.000 210,000 17.9 7.2 5.6 5,280 0.00185 7.0 0.0 0.0 2.0 11.7
185.100 210,000 16.7 8.8 47 5,169 0.00078 7.0 0.0 0.0 25 12.3
185.190 210,000 16.1 9.0 5.2 4,508 0.00107 7.0 0.0 0.0 25 12.4
185.280 210,000 14.4 7.3 6.6 4,486 0.00158 7.0 0.0 0.0 2.0 11.8
185.380 209,044 13.7 7.4 71 4,230 0.00181 7.0 0.0 0.0 2.1 11.8
185.460 210,000 13.3 6.9 7.2 4,587 0.00163 7.0 0.0 0.0 1.9 11.6
185.530 210,000 13.1 6.7 7.2 4,837 0.00157 7.0 0.0 0.0 1.9 11.5
185.610 209,424 13.9 7.7 6.9 4,303 0.00131 7.0 0.0 0.0 2.2 11.9
185.710 210,000 13.4 8.0 6.2 4,369 0.00194 7.0 0.0 0.0 23 12.0
185.810 210,000 16.5 8.3 5.7 4,544 0.00120 7.0 0.0 0.0 23 121
185.900 210,000 15.4 9.2 5.3 4,396  0.00089 7.0 0.0 0.0 2.6 12.4
186.000 210,000 156.3 9.7 5.1 4,276  0.00087 7.0 0.0 0.0 2.7 126
186.100 210,000 15.1 8.5 6.0 4,175 0.00165 7.0 0.0 0.0 24 12.2
186.190 227,000 13.4 9.0 6.3 4,143  0.00167 7.0 0.0 0.0 25 12.4
186.270 227,000 13.3 9.4 6.2 4,110 0.00167 7.0 0.0 0.0 26 12.5
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max. Channel Channel Scour Components

River in Channel Hydraulic Channel Top Energy Anti-
Station Channel Depth Depth Velocity Width Slope  General Contraction Local Dune Total
miles cfs feet feet fps feet feet/feet feet feet feet feet Scour

(1) (2) 3) 4) (5) (6) 7 (8) (9 (10) (11) {12)
186.360 227,000 14.7 9.2 6.4 4,094 0.00188 7.0 0.0 0.0 26 125
186.460 227,000 14.9 9.8 8.3 3,981 0.00163 7.0 0.0 0.0 28 127
186.550 226,999 15.6 9.6 6.7 3,823 0.00192 7.0 0.0 0.0 27 126
186.610 227,000 16.2 8.4 8.3 3,494 0.00309 7.0 0.0 0.0 24 12.2
186.690 226,968 16.3 8.5 8.0 3,371  0.00290 7.0 0.0 0.0 2.4 12.2
186.780 226,777 16.2 9.5 7.6 3,224 0.00167 7.0 0.0 0.0 27 12.6
186.870 226,429 16.0 9.7 7.4 3,244 0.00128 7.0 0.0 0.0 27 12.6
186.970 227,000 17.5 9.8 7.4 3,266 0.00164 7.0 0.0 0.0 2.8 127
187.060 227,000 18.4 11.2 6.7 3,183 0.00127 7.0 0.0 0.0 32 13.2
187.150 224,619 17.7 117 74 2,813 0.00136 7.0 0.0 0.0 33 134
187.240 222,601 17.6 11.8 8.5 2,406 0.00147 7.0 0.0 0.0 3.3 134
187.360 221,931 18.7 121 7.3 2,723  0.00098 7.0 0.0 0.0 34 13.5
187.450 204,722 17.6 11.5 6.8 2,756  0.00094 7.0 0.0 0.0 32 13.3
187.540 225,405 17.3 11.4 8.1 2,700 0.00116 7.0 0.0 0.0 32 13.3
187.640 219,724 17.7 12.3 8.1 2,444 0.00105 7.0 0.0 0.0 35 13.6
187.730 223,984 18.8 11.7 8.8 2,406 0.00128 7.0 0.0 0.0 33 134
187.820 227,000 19.2 12.2 9.3 2,186 0.00134 7.0 0.0 0.0 34 13.5
187.910 227,000 18.7 12.5 9.5 2,080 0.00143 7.0 0.0 0.0 35 13.7
188.000 226,998 17.5 12.9 9.7 1,975 0.00140 7.0 0.0 0.0 3.6 13.8
188.040 227,000 215 18.0 7.5 1,751 0.00060 7.0 0.0 14.5 5.1 34.5
188.055 Tuthill Road Bridge
188.070 227,000 216 18.0 7.5 1,751 0.00059 7.0 8.1 29.0 5.1 63.9
188.100 227,000 20.8 14.9 7.9 2,031 0.00089 7.0 7.3 26.3 42 58.3
188.200 224,899 18.0 14.7 6.3 2,532 0.00084 7.0 438 17.2 4.1 43.1
188.290 226,362 18.1 13.6 54 3,217  0.00047 7.0 25 9.1 3.8 291
188.390 226,510 17.6 14.2 49 3,478 0.00155 7.0 0.0 0.0 4.0 14.3
188.500 227,000 18.1 12.7 49 3,912 0.00073 7.0 0.0 0.0 36 13.7
188.590 227,000 17.7 12.1 4.8 4178 0.00127 6.0 0.0 0.0 34 12.2
188.690 227,000 28.9 15.9 42 4,336 0.00055 5.0 0.0 0.0 45 12.3
188.810 227,000 275 15.8 3.9 4,534 0.00027 4.0 0.0 0.0 4.4 11.0
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max. Channel Channel Scour Components

River in Channel Hydraulic Channel Top Energy Anti-
Station Channel Depth Depth  Velocity Width Slope General Contraction Local Dune Total
miles cfs feet feet fps feet feetl/feet feet feet feet feet Scour

(1) (2) (3) 4) (5) (6) ) (8) ) (10) (11) (12)
189.020 219,549 24.8 135 3.9 4,482 0.00034 40 0.0 0.0 3.8 10.1
189.110 215,934 228 13.8 3.9 4,189  0.00080 4.0 0.0 0.0 3.9 10.2
189.210 211,626 236 13.1 4.1 4,152  0.00081 4.0 0.0 0.0 37 10.0
189.300 219,810 24.4 13.2 4.2 4,155 0.00047 4.0 0.0 0.0 37 10.0
189.390 219,536 26.0 13.6 4.1 4,169 0.00039 4.0 0.0 0.0 38 10.2
189.480 220,938 233 13.6 3.9 4,338  0.00041 4.0 0.0 0.0 3.8 10.2
189.580 221,385 234 12.9 4.0 4,501 0.00043 4.0 0.0 0.0 3.6 9.9
189.670 224,848 18.8 12.7 4.1 4,616 0.00049 4.0 0.0 0.0 3.6 9.8
189.770 225,437 21.0 12.8 4.1 4,453 0.00049 4.0 0.0 0.0 36 9.9
189.870 227,000 19.0 11.9 4.6 4,390 0.00060 4.0 0.0 0.0 3.3 9.6
189.960 227,000 247 12.2 4.9 4,155  0.00063 40 0.0 0.0 34 9.7
190.050 227,000 244 12.2 5.0 4,252  0.00072 4.0 0.0 0.0 34 9.7
190.150 227,000 17.1 11.1 5.6 4,320  0.00106 4.0 0.0 0.0 3.1 9.3
190.240 227,000 17.1 11.9 5.1 4,494 0.00093 4.0 0.0 0.0 3.3 9.5
190.340 227,000 17.2 11.6 52 4,545 (.00082 4.0 0.0 0.0 3.3 9.4
190.430 227,000 16.7 1.7 5.5 3,624  0.00081 4.0 0.0 0.0 33 9.5
190.530 227,000 18.4 11.4 54 3,790 0.00082 4.0 0.0 0.0 32 9.4
190.620 227,000 17.5 10.9 54 3,902 0.00077 4.0 0.0 0.0 3.1 9.2
190.720 227,000 18.9 104 55 4,068 . 0.00072 4.0 0.0 0.0 2.9 9.0
190.810 227,000 17.7 10.1 5.6 4,114  0.00074 4.0 0.0 0.0 238 8.9
190.910 226,999 18.0 10.0 5.6 4,075 0.00083 4.0 0.0 0.0 238 8.9
191.000 226,905 16.7 9.9 5.4 4,298 0.00070 4.0 0.0 0.0 2.8 8.8
191.100 222,902 15.8 10.1 5.3 4,243  0.00066 4.0 0.0 0.0 2.8 8.9
191.190 221,342 17.3 9.6 5.3 4,359  0.00081 4.0 0.0 0.0 27 8.7
191.290 224,070 16.8 94 54 4,500 0.00080 4.0 0.0 0.0 26 8.6
191.380 225,197 16.2 9.0 5.4 4617 0.00112 40 0.0 0.0 25 8.5
191480 223,543 17.4 9.0 5.5 4526  0.00080 40 0.0 0.0 25 8.5
191.570 210,623 18.1 9.2 6.2 3,722 0.00094 40 0.0 0.0 2.6 8.6
191.670 210,855 16.5 9.4 6.8 3,333 0.00110 4.0 0.0 0.0 2.6 8.6
191.760 218,513 15.0 9.6 7.2 3,145 0.00112 40 0.0 0.0 27 8.7
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge  Max. Channel Channel Scour Components
River in Channel Hydraulic Channel Top Energy Anti-
Station  Channel Depth Depth  Velocity Width Slope General Contraction Local Dune Total
miles cfs feet feet fps feet feet/feet feet feet feet feet Scour
1) (2) 3) 4 (5) (6) (4] (8) G {10) (1) (12)
191.860 Downstream limit of King Ranch development (R.S. 191.76)
191.950
192.040
192.140
192.230
192.330
192.380
192.390 Proposed Cotton Lane Bridge
192.410
192.520
192.610
192.700
192.790
192.890
192.980
193.070
193.160 Upstream limit of King Rach development (R.S. 193.25)
193.250 227,000 19.4 11.4 7.5 2,637 0.00118 4.0 0.0 0.0 3.2 9.4
193.340 227,000 19.5 10.8 6.9 3,026  0.00082 4.0 0.0 0.0 3.0 9.2
193.430 227,000 21.7 10.1 6.8 3,279  0.00088 40 0.0 0.0 2.8 8.9
193.530 227,000 22.5 10.1 7.1 3,172 0.00085 4.0 0.0 0.0 29 8.9
193.620 227,000 23.7 9.8 74 3,149 0.00109 4.0 0.0 0.0 28 8.8
193.730 226,311 20.4 9.6 7.0 3,394 0.00099 4.0 0.0 0.0 27 8.7
193.790 226,713 204 9.8 6.9 3,623  0.00097 4.0 0.0 0.0 2.8 8.8
193.870 226,454 20.6 9.9 7.3 3,446 0.00112 4.0 0.0 0.0 28 8.8
193.940 226,992 18.4 10.0 7.8 3,385 0.00123 4.0 0.0 0.0 2.8 8.9
194.020 226,378 18.6 9.9 8.7 3,051 0.00151 4.0 0.0 0.0 2.8 8.8
194.100 227,000 20.8 9.9 9.3 2,624 0.00167 4.0 0.0 0.0 2.8 8.8
194200 227,000 22.4 10.5 10.2 2,117 0.00187 4.0 0.0 175 3.0 318

194.205 Estrella Parkway Bridge
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100-Year Hydraulic Data

Estimation of Total Scour for the Recommended Alternative

Table 4

Discharge Max. Channel Channel Scour Components
River in Channel Hydraulic Channel Top Energy Anti-
Station Channel  Depth Depth  Velocity Width Slope  General Contraction Local Dune Total
miles cfs feet feet fps feet feet/feet feet feet feet feet Scour

(1 2) &) 4 (5) (6) ) (8) (9 (10) (11) (12)
194.210 227,000 226 10.7 10.0 2,121 0.00173 4.0 3.9 35.0 3.0 59.7
194.290 217,940 10.7 8.2 10.5 2,575 0.00334 4.0 29 26.3 23 46.1
194.400 215,011 13.0 10.3 7.8 2,708 0.00126 4.0 1.6 14.2 29 295
194.530 210,970 14.7 10.1 6.9 3,052  0.00098 40 0.0 0.0 29 8.9
194.620 206,206 14.4 10.5 6.8 2,913 0.00094 4.0 0.0 0.0 2.9 9.0
194.720 212,466 15.2 10.9 71 2,810 0.00116 4.0 0.0 0.0 3.1 92
194.810 214,416 15.4 11.5 7.0 2,714  0.00090 4.0 0.0 0.0 32 9.4
194.910 214,269 14.9 10.6 8.5 2,457 0.00153 40 0.0 0.0 3.0 9.1
195.000 211,292 15.4 11.2 9.2 2,130 0.00164 4.0 0.0 0.0 3.1 9.3
185.080 219,703 14.2 1.7 10.7 1,808 0.00198 40 0.0 0.0 3.3 9.5
195130 222,266 13.7 13.0 10.0 1,768  0.00153 4.0 0.0 20.4 3.7 36.5
195.145 Bullard Avenue Bridge
195160 221,969 13.9 13.2 9.8 1,769 0.00144 4.0 1.4 40.8 3.7 64.9
195.190 213,056 13.4 1.6 10.4 1,826  0.00191 4.0 1.3 36.9 33 59.0
195.280 223,044 14.0 12.3 8.9 2,117 0.00127 4.0 0.9 25.0 35 43.3
195380 218,946 15.7 11.8 8.1 2,377 0.00117 4.0 04 11.8 3.3 255
195.470 222,800 14.6 1.3 8.6 2,405 0.00168 4.0 0.0 0.0 3.2 9.3
195560 227,000 15.8 12.0 9.6 2,032 0.00153 40 0.0 11.8 34 249
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CONCLUSIONS

The levees, as proposed, do not produce adverse sedimentation impacts either in
the El Rio study reach or past the SR 85 Bridge

The toe-down scour depths for the levee are estimated based on estimates of all
components of total scour.

There is little hydraulic advantage to performing vegetation enhancement in the
Gila River between RS 180.04 and RS 186.78. There is no appreciable lowering
of the flood water surface elevation as a result of vegetation management.

. Vegetation enhancement in continuous corridors on the right overbank (ROB) in
the Gila River between RS 180.04 and RS 186.78 is to be avoided and could
result in severe erosion and excess sediment loads past the SR 85 Bridge.

Sand and gravel pits and recreation ponds can fill with sediment during a large
flood such as the 1980 and 1993 floods.

. Pits can contribute to upstream headcut scour and downstream scour during
floods.

. Large pits can result in long-term streambed degradation downstream of the pit.
Average degradation of 3 feet can be expected with larger degradation in the
thalweg and low-flow channels.

Once pits/lakes fill with sediment, they are susceptible to accelerated scour during
exceptionally large floods and can produce excess sediment loads downstream of
the pit/lake during floods.
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Attachment 1:

CD Of HEC-6T Models



Attachment 2:

CD Of HEC-RAS Models




Attachment 3:

Graphs Of HEC-RAS Output For Vegetation

Enhancement Analysis
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Attachment 4:

Moving Average Graphs Of HEC-RAS Output For

Vegetation Enhancement Analysis
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Attachment 5;

Sediment Loads Passing The SR85 Bridge From The
q BWCDD Lake Models
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Attachment 6:

Pit Sedimentation Verification Using Pemberton And
| Lara (1971)




Pemberton and Lara Check

Percent of
Average material
ID Geometric  Fall Basin Flow  Water deposited over Load for1 Load for
Number Classification Mean Velocity Length Velocity Depth 1.055¢Vsi(vd) e""5%sV® total basinlength Load day 1day Deposit Deposit
D Vs £ \Y d p
mm ft/sec ft ft/sec ft tons/day  tons act ac-t yd®
) 2 3) 4) (7 8) 9 (10) (1) (12) (13) (14) (15) (16) - (7)_
1 Very Fine Sand 0.088 0.022 1,500 1.96 35.58 0.4992 2 39.30 397,037 397,037 196 77.0 124,283
2 Fine Sand 0.177 0.066 1,500  1.96 35.58 1.4977 4 77.64 98,649 98,649 49 37.8 61,001
3 Medium Sand 0.354 0.145 1,500 1.96 35.58 3.2904 27 96.28 17,016 17,076 8 8.1 13,095
4 Coarse Sand 0.707 0.26 1,500 1.96 35.58 5.9000 365 99.73 114,349 114,349 56 56.3 90,829
5 Very Coarse Sand 1.414 0.4 1,500 1.96 35.58 9.0770 8,752 99.99 118,752 118,752 59 £58.6 94,575
6 Very Fine Gravel 2.828 06 1,500 1.96 35.58 13.6155 8.E+05 100.00 43,002 43,002 21 21.2 34,251
7 Fine Gravel 5.657 0.84 1,500 1.96 35.58 19.0817 2.E+08 100.00 2,390 2,390 1 1.2 1,904
8 Medium Gravel 11.314 1.2 1,500 1.96 35.58 27.2310 7.E+11 100.00 637 637 0 0.3 507
9 Coarse Gravel 22627 17 1,500 1.96 3558 38.5772 6.E+16 100.00 1,522 1,522 1 0.8 1,212
10  Very Coarse Gravel 45,2585 2.4 1,500 1.96 35.58 54.4619 4.E+23 100.00 504 504 0 0.2 401
11 Small Cobbles 980.5 3.3 1,500 -1.96 35.58 74.8851 3.E+32 100.00 157 157 0 0.1 125
Total 262 422,182

'(1), (2) and (3) from HEC-6T mahual, page F-13.
(4) from Pemberton and Lara publication, Figure 2 @ 68 °F.

(8) Obtained from HEC-6T model tut-con.T5 at the beginning of the mode{ in the channel at cross section 187.64.

(9) At the beginning of the HEC-6T model Tut-con.T5 difference between the water surface elevation (865.98)
-and the original thalweg elevation (830.40) at cross section 187.73.

{12) Equation (5) from Pemberton and Lara publication, page 3.

(13) from HEC-8T model part.T5 at the end of the model at cross section 187.91 from SB-1 table.
(15) Assumed unit weight of deposited sand = 93 Ib/it® (from HEC-6T manual).



Results from Tuthill Pit HEC-6T model after 1 day

Sediment deposited in reach, in cubic yards

Section Sediment passing section, tons

Total Sand Siit Clay Total Accumulated Sand - Silt Clay

@) (2) 3) 4) (5) 6) (1) __(8) C)] (109)
187.82 8,432,351 549,827 2,627,508 5,255,017 -103,603 259,654 -103,603 0 0
187.73 7,954,528 72,003 2,627,508 5255017 380,584 640,238 380,585 0 0
187.64 7,935256 52,731 2,627,508 5,255,017 15,350 655,588 15,350 0 0
187.54 7925731 43,206 2,627,508 5,255,017 7,587 663,175 7,587 0 "0
18745 7,918,326 35,801 2,627,508 5,255,017 5,898 669,073 5,898 0 0
187.36 8,007,255 124,730 2,627,508 5,255,017 -70,832 598,241 -70,832 0 0

408,419 Total of cross sections 187.73 - 187.45

* These are results from the HEC-6T mode! tut-con.t5. This model includes a constant flow rate of 100,00 cfs
for 10 days.



Attachment 7:

Scour Analysis Figures And Calculations
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Plan: Excav Gila River ElRio WMP RS: 19547 Profile: 100-Year
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Plan: Excav  Gila River

El Rio WMP RS: 195.47 Profile: 100-Year
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Plan: Excav Gila River
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Profile: 100-Year
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Plan: Excav  Gila River

El Rio WMP RS: 185.16

Profile; 100-Year
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