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INTRODUCTION

Purpose

1. The purpose of this appendix is to document the hydrologic and hydraulic analyses
completed in support of the Va Shly’ay Akimel Feasibility Study. The goals of the
hydraulic analysis were to develop a one-dimensional model of the Salt River study area
and model the conditions associated with the Existing Condition, Future Without Project
Condition and the conditions associated with selected With Project alternatives.

Description of Study Area

2. The Va Shly’ay Akimel study area is located within Maricopa County in central
Arizona, the area has a general east to west orientation. The study area includes the
section of the Salt River that begins at Granite Reef Diversion Dam (Granite Reef Dam)
on the east side of the study area and extends downstream to the west for a distance of
approximately 15 miles to the Pima Freeway (State 101), Figure A-1.

3. The majority of the study area is within the jurisdiction of the Salt River Pima-
Maricopa Indian Community (SRPMIC). A portion of the project is within the
jurisdiction of the City of Mesa located in the southwest part of the study area.

4. The channel of the Salt River within the study area contains several active and
historic sand and gravel mining pits. There are active and inactive landfills along the
north bank and there are storm drains and irrigation drains that discharge to the channel.
Salt River Project (SRP) operates the Granite Reef Underground Storage Project
(GRUSP) on the Salt River overbank area in the central part of the study area and the
City of Mesa operates a recharge project on the west end of the study area.

5. The Salt River was a perennial stream until the construction of upstream dams, with
associated reservoirs, regulated the flow. There are four dams on the Salt River and two
dams on the Verde River, a tributary to the Salt River. These structures have changed the
hydrologic condition of the Salt River below Granite Reef Dam into an ephemeral river.
Granite Reef Dam is a diversion structure, not a water storage or flood control structure.
This dam diverts the flow in the Salt River into two major irrigation canals, the Arizona
Canal on the northside and the Southern Canal on the southside. Flows only occur
through the study area when there are flood releases from the upstream reservoirs. The
flood flows vary in duration, quantity and magnitude depending on the nature of the flood
releases.
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Figure A-1. VaShly Akimel study area map (West, 2002).
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DISCHARGE - FREQUENCY ANALYSIS
. DISCHARGE-FREQUENCY ANALYSIS
. 6. The Salt River is characterized by infrequent events, spilling over, on average, once
every three years. The maximum rate of flow for each event was determined based upon
a water control plan developed for the flood control pool at Modified Theodore Roosevelt
' Dam. The analysis is described in Corps of Engineers report prepared by the Los
Angeles District, (USACE, 1996a). The following table shows the maximum discharge
l simulated for historic flow events from 1914 to present.
Table A-1. Summary of Simulated Salt River Flows.
l Period of Period of Flow Event Maximum
Flow Flow Daily Average Flow
Start Date End Date (cfs)
2/7/1914 7/2/1914 15,800
' 1/29/1915 8/18/1915 18,700
1/15/1916 5/15/1916 79,100
9/8/1916 2/4/1917 21,100
4/17/1917 5/15/1917 23,400
l 3/7/1918 3/26/2018 28,400
11/25/1919 13/14/1919 46,200
1/4/1920 4/25/1920 87,800
l 12/26/1921 1/9/1922 24,100
2/8/1922 2/18/1922 10,000
3/16/1922 4/10/1922 18,000
9/18/1923 9/22/1923 24,100
12/26/1923 1/8/1924 42,800
3/31/1926 4/16/1926 28,800
2/14/1927 3/19/1927 49,800
9/12/1927 9/20/1927 16,200
' 4/4/1929 4/19/1929 17,200
2/12/1931 2/20/1931 22,900
2/9/1932 3/29/1932 48,700
2/6/1937 3/25/1937 36,981
l 2/28/1939 3/17/1939 58,739
2/5/1941 5/25/1941 32,206
12/21/1965 1/12/1966 64,000
2/20/1973 6/5/1973 22,273
l 2/28/1978 4/11/1978 95,800
12/16/1978 4/19/1979 110,000
1/29/1980 6/3/1980 137,725
2/2/1983 6/17/1983 30,000
l 9/27/1983 10/24/1983 39,878
12/24/1983 1/24/1984 11,200
12/21/1984 6/1/1985 25,604
12/22/1991 6/21/1992 12,898
' 8/21/1992 9/8/19992 13,615
12/28/1992 6/4/1993 99,396
1/20/1995 5/2/1995 53,316
' 3




DISCHARGE - FREQUENCY ANALYSIS

7. A flow frequency distribution was developed the Salt River Watershed under

dammed, (USACE 1996a). The following table summarizes the discharges that were

analyzed for the models. Change in flow is due to storage within floodplain.

Table A-2. Flow Frequency for Salt River.

Return Period Flow at CP—40 in ft'/s Flow at CP — 109 in ft'/s
(upstream limit at River (River Station 7.55 just
Station 13.64) upstream of Gilbert Road)
3-Year 2,200 2,200

5 —Year 22,000 21,000
10 — Year 60,000 58,000

20— Year 100,000 95,000

50 — Year 150,000 145,000

100 — Year 175,000 172,000

200 — Year 210,000 207,000

500 - Year 250,000 246,000

8. The average rainfall for the Phoenix area is summarized on the following table.

Climate data for Phoenix is recorded at Phoenix Sky Harbor Airport located seven miles

west of the downstream section of the Va Shly’ay Akimel project area. Summer

thunderstorms can produce local precipitation that exceeds the monthly average and
results in local flooding of streets, drainage channels and washes. The intensity and
duration of the precipitation varies depending on the location of the individual storm
cells. A maximum amount of rainfall at Sky Harbor from a storm may be greater or less

than the amount that occurs within the project area

Table A -3. Rainfall Pattern for the Phoenix Area

Month Rainfall in Inches
January 0.67
February 0.68
March 0.88
April 0.22
May 0.12
June 0.13
July 0.83
August 0.96
September 0.86
October 0.65
November 0.66
December 1.00
Annual Total 7.66
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RUNOFF DISCUSSION

9. The winter months are typically when large regional storms or series of storms occur.
These storms may include an accumulation and subsequent melt of the snow pack in the
Salt River and Verde River watersheds and result in the releases of water into the Salt
River system that can flow over Granite Reef Dam into the study area. While the river
stages may be high for an extended period, the quantity and intensity of accompanying
storm precipitation is generally reduced in the lower elevations, including the study area.

10. During the middle to late summer months the monsoon storm pattern is typical. These
storms produce intense, short-duration thunderstorms with significant precipitation.
During these storms the river stages are low because the storms are localized and because
the upstream reservoirs usually have the capacity to store the local runoff from the
watershed.

11. Interior drainage is an assessment of the storm water runoff that accumulated on the
up gradient side of levees. The Va Shly’ay Akimel does not include levees and this
means there are no interior drainage conditions to address. A report was completed to
assess the interior drains, or side drains, that outfall into the Salt River within the study
area (Knight Piésold, 2002b). These drains were evaluated to assess the potential damage
that frequent inundation or high discharge velocities may cause to the restored habitat and
the potential to use this water to support the restored vegetation. Canal drains and storm
drains were the two types of interior drains identified that outfall into the Salt River.

12. Canal drains release water from the major SRP canals and discharge to the Salt River
as an operational mechanism to control flow in the canal system. The Evergreen Drain
and Hennessey Drain are canal drains and do not intercept a significant amount of storm
water runoff. The peak flow rates in these canal drains are governed by the amount of
water that SRP releases into the drain from the irrigation canal and not by storm events.

13. The Evergreen Drain is associated with the Evergreen Canal. The canal is operated by
the SRPMIC and the drain is operated by SRP. This drain is located on the north side of
the Salt River. The peak flow rate for the Evergreen Drain between 1992 and 2001 was
313 fts.

14. The Hennessey Drain is located on the southside of the Salt River. It is operated by
SRP and currently is used to provide water to the GRUSP recharge project in the
riverbed. The peak flow rate for the Hennessy Drain between 1992 and 2001 was 846
ft'/s.

15. Storm drains collect runoff generated by major storm events to protect developments
from occasional nuisance flooding. Storm drainage flows vary in duration, quantity and
intensity depending on the rainfall event. The most significant events occur during the
summer months associated with the thunderstorms of the monsoon season. These
localized storms can produce intense rainfall and generate significant local runoff.
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16. The Price Drain intercepts storm runoff from a drainage area of approximately 31.2
square miles on the southside of the Salt River. The recorded maximum daily flow rate
for the brief period of record in 2001 was 236 ft’/s. The peak flow rate for the 100-Year
storm event was estimate to be approximately 10,000 ft'/s. However, the maximum
capacity of the channel is 6,800 ft’/s, which governs the maximum flow rate possible in
this channel. This flow rate would generate a discharge velocity of 8.2 ft/sec.

17. The Tempe Drain intercepts storm runoff from a drainage area of approximately 10.0
square miles on the southside of the Salt River. The peak flow in this drain is governed
by storm events in conjunction with canal releases. The recorded maximum daily flow
rate for the period from 1992 through 2001 was 531 ft’/s. However, the peak flow rate
for the 100-Year storm event was estimate to be approximately 4,000 ft’/s. The
maximum capacity of the channel is 4,000 ft'/s, and this would generate a discharge
velocity of 8.0 ft/sec.

18. The remaining storm drains within the study area could generate peak flow rates as

great as 300 ft'/s with a discharge velocity of 10.6 ft/sec. The peak flow rates generated
by the drainage areas for these drains may be greater than 300 ft’/s. However, detention
facilities and the maximum capacity of the outlet pipes govern the maximum discharge
rate to the Salt River.

19. A summary of the average annual runoff (Knight Pié€sold, 2002b) is presented on the
following table.

Table A-4. Storm Drain Average Annual Runoff Volumes
Runoff is in acre-feet

Drainage Month

Interior Drain Area (SgMi) [ Jan. | Feb. [ March| April | May | June | July [August| Sept. [ Oct. | Nov. | Dec. | Annual
Price Drain 31.2 1965.7] 201.5| 257.0] 64.3] 350 380 2424 280.4| 251.2] 189.8] 192.8] 292.0| 2,240.0|
Tempe Drain 10.0 646| 666 849 212 11.6] 125 801 926/ 830 627 637 96.5 740.0
Price Road Freeway
Local Drainage 0.4 2.6 2.7 34 0.9) 0.5 0.5 3.2 3.8 34 25 2.6) 3.9 30.0
Dobson Road Storm
Drain 1.8 122 126/ 16.1 4.0 22 24 1541 17.5| 157 1191 120] 18.3] 140.0
McLellan Road Storm
Drain 1.0 7.0 7.2 9.2 2.3 1.3 1.4 87| 10.0 9.0) 6.8 6.9 104 80.0
Country
Club/McKellips Storm
Drain 37 26.2| 270 344 8.6 4.7 51] 325] 375 336/ 254] 258/ 391 300.0
Red Mountain
Freeway Local Minimal
Drainage Not Known
Natural Drainage 2.0 g Minimal
Alma School Storm
Drain NotKnowmn | NA | VA | NA | NA | NA | NA| NA | NA | NA | NA | NA | NA
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GROUNDWATER DISCUSSION

20. Depth to the groundwater table varies throughout the study area as a result of the
hydrogeologic conditions and dams constructed on the Salt and Verde Rivers. Granite
Reef Dam was constructed to divert the Salt River flow into the Arizona Canal and the
Southern Canal. This dam marks the upstream boundary of the project area. Although not
intended to be a storage reservoir, some water is retained up stream of the dam at all
times. Small flood flows can be released to the Salt River through radial gates while
larger flood flows are allowed to pass over the dam crest. SRP reported that water seeps
through the radial gates because the gates do not form a tight seal with the granite
bedrock. The result is a continuous flow of water downstream from the dam. SRP does
not monitor the seepage and does not have flow records.

21. The local geology helps to maintain this seepage as a surface flow. A bedrock shelf
overlain by a veneer of sedimentary materials extends downstream from Granite Reef
Dam. The seepage is sufficient to saturate these alluvial sediments. This flow has been
sufficient to establish and support abundant wetland vegetation. In addition, areas of open
water provide riparian and aquatic habitat. This pattern continues for approximately one
mile downstream.

22. The depth to the bedrock shelf rapidly increases at the basin border fault, located
approximately 1.5 to 2.0 miles downstream from Granite Reef Dam. As the bedrock
depth increases, the surface flow that supports wetland vegetation upstream becomes
subsurface water and part of the groundwater supply. Regional groundwater pumping
resulted in a general lowering of the water table throughout the area from
predevelopment conditions. In addition, dams located upstream on the Verde River and
Salt River prevent perennial flow in the river channel and limit natural recharge. The
result is that the general groundwater depth beneath the Salt River ranges from 50 ft at
the recharge sites to approximately 175 ft south of Granite Reef Dam, Figure A-2. The
majority of the study area has a depth to groundwater of 100 ft (Knight Piésold, 2002c).
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Figure A-2. Groundwater depth in 2001 (Knight Piésold, 2002c).
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GROUNDWATER DISCUSSION

23. There are two groundwater recharge projects in the study area that impact the
groundwater table. SRP recharges water into the upper alluvial aquifer through the
Granite Reef Underground Storage Project (GRUSP). SRP recharges approximately
90,000 acre-feet of water per year. The recharge basins cover approximately 216 acres of
the river channel. SRP’s recharge permit allows a maximum of 200,000 acre-feet per
year. However, this would produce a groundwater mound that could impact other
facilities and SRP limits the quantity of water recharged to maintain the groundwater
level at least 25 feet below the bottom of the Salt River Landfill on Gilbert Road and
State Route 87. This results in a water level that is about 50 to 60 feet below the river
channel in the immediate GRUSP area.

24. The second recharge project is located near the downstream end of the project area.
Effluent from the Northwest Water Reclamation Plant (NWWRP), owned and operated
by the City of Mesa, is discharged into a series of recharge ponds where the effluent is
allowed to infiltrate into the Salt River sediments. Approximately 5,000 to 6,000 acre-
feet of water is recharged annually into these ponds. The SRPMIC owns five ponds on
the northside of the river totaling 75 acres; these ponds have received an average of 330
acre-feet of effluent each month. Mesa owns four ponds on the southside of the river
totaling 27 acres; these ponds have received an average of 140 acre-feet of effluent. The
groundwater mound produced by this recharge raises the local water table in this area to
within 50 to 60 feet below the river bed.
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STUDY METHODOLOGY
Analysis Tool

25. The HEC River Analysis System (HEC-RAS), Version 3.1.1, was used for the
modeling (USACE, 1998a). A series of eight flow profiles were developed for each
model based on the 3, 5, 10, 20, 50, 100, 200 and 500 -Year Events.

Determination of Manning’s Roughness Coefficient

26. The Existing Condition Manning’s roughness coefficients (“n” values) were used for
the initial channel conditions in the models. The USACE calculated the “n” value of the
different environmental features by the procedure where “n” may be computed by:

27.n=(ng + n; + N + N3 + Ny)M;

28. Where ngis a basic “n” value for a straight, uniform, smooth channel in the natural
riverbed materials. Then n; is added to correct for the effect of the surface irregularities,
n, is added to account for variations in shape and size of the channel cross-section, n; is
added for channel obstructions and n4 is a value added for vegetation and flow
conditions. The ms value is to correct for the meandering of the channel. In this study the
Existing Condition Manning’s “n” value varied from 0.028 to as much as 0.2 (West,
2002).

Environmental Features

29. The Va Shly’ay Akimel study area has locations where there is existing vegetation
supported by precipitation, seepage, periodic flood flows, stormwater runoff and
irrigation discharges. The USACE developed 15 alternatives in the Feasibility Study F4
and the goals of the alternatives were to increase the native riparian vegetation, increase
the vegetation connectivity and stabilize bank sections where needed. A mixture of five
environmental features are included in the With Project alternatives. These include:
Cottonwood/Willow, Mesquite, Wetlands, Upper Sonoran Desert and River Bottom.

30. Cottonwood/Willow (CW). The existing CW stands are located near saturated soil
conditions near river overbank areas. CW a water table within 25 feet of the land surface
or supplemental irrigation will be required to support the vegetation. Initial plantings will
require irrigation to achieve a high survival rate. Once established, CW areas will need
drip irrigation or water from the Surface Braided Irrigation Network (SBIN) to supply
water. Uneven grading of the river bottom and overbank areas to create pockets to retain
water will help maintain the CW. In the model, the CW areas were assigned an “n” value
of 0.098.

31. Mesquite (MS). The MS vegetation is commonly located about 5 to 20 feet above the
river channel. The water table must be within 30 feet of the surface to support established
MS. TIrrigation will be needed to help the MS get established but then flood irrigation or

10
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water from the SBIN will support the vegetation. In the model, MS was assigned an “n”
value of 0.073.

32. Wetlands (WT). The WT areas can include open water, submerged vegetation and
muddy shorelines. These features require a high water table at or near the surface or may
need to be lined to retain water from other sources. The WT features will require
excavation in the riverbed to construct the basins and this changes the configuration of
the channel bed. Some WT features may need both inflow and outflow channels. The WT
areas were assigned an “n” value of 0.048.

33. Sonoran Desert (SD). The SD includes a wide range of vegetation species and the
species developed in any area will be dependent on the aggregate soil type. Once
established, precipitation and periodic floods will maintain the SD. The “n” value
assigned to SD was 0.058.

34. River Bottom (RB). RB will require some reshaping to fill in large depressions and to
create mounds to reduce flood flow impacts to the restoration features. The RB areas may
be hydro-seeded with native river bottom shrub and grass species but this vegetation
should not impact the hydraulic capacity of the river. The “n” value assigned for RB was
0.035.

Structural Features

35. There are several structural features within the study area including bridges, grade
control structures and sand and gravel mining operations.

36. There are three bridges in the study area at Alma School Road, Country Club Road
and Gilbert Road. There is a grade control structure downstream of the Alma School
Road Bridge.

37. There are active sand and gravel mining pits in the channel and on the overbank
within the study area. The pits in the channel are located at River Station 6.4 about one
mile downstream from the Gilbert Road Bridge, at River Station 8.0 about one mile
upstream of the Gilbert Road Bridge and at River Station 10.5 about three miles upstream
of the Gilbert Road Bridge. There are two sand and gravel mining operations on the
overbank area; located 800 feet downstream from the Gilbert Road Bridge and about
three miles upstream of the Gilbert Road Bridge.

38. Additional structural features were incorporated in the alternatives when necessary.
These structural features include: low flow channel, buried guide dikes, bank
stabilization, grade control structure, wetland creation, concrete spillways and surface
braided irrigation network. The structural descriptions provided are only preliminary and
will be developed more thoroughly, if necessary, during the Preliminary Engineering and
Design Phase (PED).

11
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Low Flow Channel

39. A low flow channel was included in the design along two segments of the Salt River,
River Station 9.6 to 7.65 and 4.4 to 2.2. Purposes of the channel were to increase
conveyance to offset the increased roughness caused by new vegetation proposed in the
main channel and to collect excess irrigation water that could be used to irrigate wetland
habitat and river bottom areas. The low flow channel was designed to convey 11,000
ft’/s (corresponding recurrence interval is greater that the 3-Year event but less than the
5-Year). Initial channel dimension were: average bottom width of 300 feet to 400 feet,
average depth of 6 feet, design slope of 0.2%, side slope of 1 vertical for 3 horizontal and
a channel Manning’s roughness coefficient of 0.035. A 200 foot buffer was included on
both sides of the channel to allow for lateral migration. The low flow channel
configuration followed the existing river thalwag. Initially the channel design was
unlined to allow lateral migration. The low flow channel was included in alternatives F, I
and O.

Distribution Channel

40. A distribution channel was designed to convey irrigation water from the source
points to vegetated areas throughout the project area. Alternatives H, B, C, E and G
include the distribution channel in their design. The channel consists of a lined, 40 feet
wide, 3.5 feet deep channel with a slope of 0.01%. Segments of the channel will be
damaged during river flow events.

Buried Guide Dikes

41. Buried guide dikes are used to control lateral migration of the low flow channel.
Guide dikes were only recommended for Alternative I. The guide dikes are trapezoidal
soil cement structures buried perpendicular to the low flow channel. The guide dikes will
have a top width of 5 ft, bottom width of 20 ft, and have an average length of 700 ft. The
length of the guide dikes will depend on the position of the guide dikes with respect to
the second terrace. A longitudinal spacing of 1,000 ft was included in the analysis. The
preliminary design for the buried guide dikes was based on a previous design, Rio Salado
Restoration Project. In addition, engineering judgment, an initial analysis of the channel
configuration and morphology and a conservative approach, were all taken into account
when estimating the size and location of the structures.

Bank Stabilization

42. Bank Stabilization was evaluated for locations along the project area where the bank
appeared unstable, prone to erosion caused by lateral migration of the channel and
required protection to prevent damage to project features or existing structures (Gilbert
Road Bridge). All alternatives have bank stabilization components included in the design
except alternatives A, K, N and O.

43. Locations 22, 51, 52, 53 and 62 were considered for stabilization, Figure A-3.
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1) Location 22, bank erosion appears to be a problem along south bank because of

3)

the existing channel configuration in this reach. Hard banking the south bank
with soil cement, as shown on Figure A-3, is recommended to prevent a southerly
migration of the river and damage to project features and to the 101 Freeway.

Soil cement bank protection will be 3,000 feet long, 40 feet tall (height) and 6 feet
in depth (thickness).

Location 51 may require bank stabilization because of the elevation difference
between the main channel and the quarry pit invert. It is possible that without
sufficient bank stabilization, the river may migrate north into the quarry pit. This
could cause head cutting which would impact Gilbert Road Bridge, (West, 2002),
and produce scouring downstream that could damage both a nearby landfill and
several project features. The quarry needs to be reshaped, the existing north
banked stabilized and a spillway should be constructed to allow water to flow into
the quarry area to prevent these impacts from occurring. The surface water re-
connection of the quarry would provide minimal flood mitigation, increase river
bottom, increase groundwater recharge and provide more suitable conditions to
establish CW, SD and MS. The soil cement bank protection will be 6,500 feet
long, 30 feet tall (height) and 6 feet in depth (thickness). It is important to
remember that because the mining operations continue within the river channel,
sediment deposition, areas of erosion and excavation locations are continually
changing.

Location 52 lies along the south bank of Reach 5 extending from downstream of
Gilbert Road to Lehi Cemetery. The Lehi Cemetery is a culturally sensitive area
that is being threatened by erosion along the southern bank of the river. This is
also the site proposed for several project features in some alternatives.
Cottonwood and other dense riparian vegetation would reduce conveyance and
shear stresses along the south bank and prevent the erosion from continuing to
threaten both the cemetery and the newly established vegetation. The reduced
conveyance will, however, force more flow north of the island, potentially
causing erosion and requiring additional widening or deepening of the main
channel. The structure would be 5,000 feet long, 30 feet tall (height) and 6 feet in
depth (thickness).

Active mining in the main channel downstream of Gilbert Road has increased the
conveyance in the channel this could reduce stresses that caused the bank erosion
around Lehi Cemetery. Analyses may show that lowering the main channel
increases conveyance reducing shear stresses along the south bank, eliminating
the need for bank stabilization along Location 52. Soil cement, although not
recommended for this location, should be examined. In addition, mining may
necessitate the need for protection along the north side of the Lehi Island, Figure
A-3.
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4)

Location 53, bank stabilization may be necessary to offset erosion concerns along
the north side of the island caused by mining. The soil cement bank protection for
Location 53 is 5,500 ft long, 30 ft tall (height) and 6 feet in depth (thickness).

Location 62 lies along the south bank between River Station 8.98 and 8.1. An old
quarry on the south bank, with a maximum depth below riverbed of 40 ft, is
oriented such that the quarry pit could encourage the river to be redirected south
into the pit, causing bank erosion along the south bank and a headcut migration
upstream and down cutting downstream of the quarry (West, 2002). The headcut
would adversely affect any attempts of vegetation establishment within Reach 6
and may affect the Gilbert Road Bridge. There are two measures that could be
applied to prevent this from occurring. First, it is recommended that the pit be
partially filled with material and second, that the south bank be reestablished
north of the quarry, with the riverside hard banked.

14



STUDY METHODOLOGY

Figure A-3. Bank stabilization locations (yellow) and river stations (red).

15




STUDY METHODOLOGY

Grade Control Structure

44. Mining along the Salt River within the project area has created large depressions with
active area of flow conveyance and sediment transport. The large depressions alter the
hydraulic conditions encouraging scouring upstream and downstream of the depressions
and bank instability. Quarry locations are shown in Figure A-1. Gilbert Quarry, located
between River Station 7.32 to 6.4 approximately 20 to 30 ft bellow the existing channel
bottom creating a steep vertical drop from the river to the quarry. Head cutting upstream
is a likely scenario that would damage project features located upstream of the Gilbert
Road Quarry refer to the without project sedimentation analysis (West, 2002). A grade
control structure was recommended to prevent this scenario from occurring, Figure A-4.
A description of this feature is discussed in Design and Cost Appendix. A grade control
structure was included in Alternatives D, F, L, K, N and O.

Figure A-4 Grade Control Structure Location.
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Figure A-5. Longitudinal Profile for the Salt River (West, 2002).
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HYDRAULIC ANALYSIS

45. West consultants completed a hydraulic analysis of the existing and future without
project conditions using HEC-RAS (West, 2002). The hydraulic analysis was based on a
digital terrain model generated from aerial survey’s completed in December of 2001.
The results generated for the West existing model were referred to as Model 2. Since
December 2001, additional mining has changed the terrain along the Salt River,
specifically in the Gilbert Road Quarry area. Mining operators have also informed the
USACE study team that mining will continue in the future at both Gilbert Road Quarry
and at the Higgley Plant, see Figure A-1. Assuming that additional mining will continue,
the hydraulic model developed by West was modified to take into account the mining. It
was assumed that mining would lower the riverbed elevation from River Station 7.3 to
6.0, within the Gilbert Road Quarry area. =~ The USACE project team and sponsors
developed an initial series of 15 alternatives, identified as alternatives A through O, for
the Va Shly’ay Akimel project based on the mining assumption. The 15 alternatives were
evaluated using the Hydro-Geomorphic Model (HGM) to assess habitat values, from
which five preferred alternatives were chosen. The baseline model was then modified to
assess each of the five preferred alternatives impact on existing hydraulic conditions.
These are Alternative A, Alternative E, Alternative F, Alternative N and Alternative O.
In all, eight models are discussed in this report, Table A-5.

Table A-5. Hec-Ras models and description.

Hec Ras
Model
11 Baseline
Alt O
Alt N
Alt A
Alt F
Alt E
Future Without Project
West Existing

Description

el L% (€01 XY (61 [e] [{e]

Without Project

Model 11 — Baseline Condition, With Future Mining

46. The Baseline Condition, Model 11, is the without project condition at the target year
2011, the baseline hydraulic condition along the Salt River from Granite Reef Dam to
Pima Road assuming future mining. The cross-section information was based on a digital
elevation model generated from a 2001 LIDAR survey. Future mining was taken into
account at the Gilbert Road Quarry Area. Mining assumptions were based on SRPMIC
future plans. Lay out of the Salt River Model is shown in Figure A-6. The model consists
of the main Salt River channel and the overbank area (West, 2002). It was assumed that
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the Gilbert Quarry Pit would be completely mined out. The mining would create a large
depression in the channel. The mines are identified by drops elevation at River Stations
7.17 and 9.0. Additional mining was taken into account for mine operations occurring at
River Station 7.17.

Figure A-6. VaShly HEC-RAS model.
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47. 1t was assumed that the channel and overbank Manning’s roughness coefficients were
0.035. In certain locations the model developers set the Manning’s roughness coefficient
to 5 to make the area ineffective. The “n” value used at the Pima Freeway (State 101)
identified as River Station 0.00 was 0.035 and decreased upstream to 0.028 at Granite
Reef Dam.

48. Peak discharges listed in the Discharge Frequency Analysis section were used in the
Baseline Condition model simulations.

49. The calculated water surface elevation in the Baseline Condition is super critical at
four locations within the study area. These are River Stations 2.12, 7.24, 8.68 and 9. The
critical flow is due to abrupt changes in slope caused by sand and gravel mining at these
locations.

50. Water surface elevations computed in the West model and the Baseline Condition
were compared to the Flood Control District of Maricopa County (FCDMC) model.
Some differences were evident between the models. The water surface dips at River
Station 9.39 during high flows because there is a significant decrease in channel width.
The water surface elevation at Alma School Road Bridge was 0.3 feet higher in Baseline
Conditions than in the FCDMC model due to a larger bridge pier width used in the
Baseline Conditions. The water surface elevation at the Country Club Road bridge was
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four feet higher than the FCDMC model. The differences are due to the channel
elevations at the bridge boundary. The calculations produced in the Baseline Condition
are assumed to be more accurate. The flow at the Gilbert Road Bridge was were two feet
higher than in the FCDMC model. The flow areas in the Baseline Condition model define
a narrower width and produced the higher water surface elevation.

51. Hydraulic results for the Baseline Condition are found in the Exhibits section of the
Hydraulics and Hydrology Appendix.

Model 2 - Future Without Project

52. Model 2, Future Without Project Condition, was developed using the altered cross
section profiles generated from one dimensional sediment transport model, HEC-6T. The
sediment model was run for a simulation period of 50 years, simulation flow record was
based on estimated flow records for the Salt River. The model consists of the 2001
terrain information for the main Salt River channel and a side channel located at the
Gilbert Road Quarry (West, 2002). The future mining assumption was not taken into
account due to the uncertainty and the complexity of the sedimentation model. It was
decided that for the F5 level of analysis the Future Without Project condition could
adequately be represented by the 2001 survey information.

53. The future without project HEC-RAS model was run to simulate the 5-, 10-, 20-, 50-
100-, 200-, and 500-Year events. The Pima Freeway (State 101) starting water surface
elevation was computed using the water surface elevations in the HEC-6T results for the
different frequencies at the end of the 50 year periods.

54. It was assumed that the channel Manning’s roughness coefficient and the ineffective
flow areas did not change from the Base Case Condition throughout most of the study
area. The overbank “n” values were adjusted between River Stations 4.47 to 5.47, 6.09 to
7.24 and 7.71 to 10.06 to produce a consistent flow distribution in the channel and
overbank sections.

55. It was assumed that the Salt River flowed through a gravel mining pit located
upstream of Gilbert Road along the south bank, River Station 8.98 to 8.10.

56. The Future Without Project water surface elevations were compared to the Baseline
Condition. The data showed that under the Future Without Project, the water surface
elevations are lower between River Stations 0.00 to 10.95 when compared to the Existing
Condition. The long-term scour of the riverbed throughout most of the study area
produced lower water surface elevations.

57. Between River Stations 10.95 and 11.99, the Future Without Project simulations of
the 5- through the 50-Year events produced higher water surface elevations than modeled
in the Baseline Condition. The differences ranged from + 2 feet at 10.95 to 0.5 feet at
11.99. The deposition at the in-stream sand and gravel mining pit produced the rise in the

water surface elevation.
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58. Upstream of River Station 11.99 the water surface elevations in the Future Without
Project simulations were equal to or less than the Baseline Condition.

59. Future mining will increase the amount of deposition that occurs in depositional areas
and exasperate the amount of scouring that occurs upstream and downstream from
depositional areas.

With Project

60. A series of five models were developed to assess the “with project”” impacts on the
Baseline hydraulic conditions. The five alternative modeled were: Alternative E (Model
3), Alternative F (Model 4), Alternative A (Model 5), Alternative N (Model 6) and
Alternative O (Model 9). Vegetation layout figures are provided for each alternative.
The 10- and 100-Year event areas of inundation are for existing without project
conditions.

61. To properly simulate the with project conditions several changes had to be made to
Baseline Condition model. Changes included modifications to the ineffective flow areas,
Manning’s roughness coefficient values and the inclusion of a secondary channel
between River Station 9.04 to 8.10. The secondary channel was included to simulate
split flow conditions due to a large quarry, South Quarry Pit, located between River
Station 9.04 to 8.10. The quarry was assumed to be the main channel in the original
existing without project hydraulic analysis. For the with project conditions a split flow
computation option was used to simulate this area. The split flow method allows more
flexibility in assessing the hydraulic impact due to alternatives in this area. Additional
mining was taken into account for in the Gilbert Quarry Pit area.

62. In the models, the channel and overbank Manning’s roughness coefficients varied
from 0.035 to 0.2 based on the analysis of local conditions. The causes of the high
roughness values were due to surface irregularities, n;, channel cross section variation, n,,
and channel obstruction, n3;. In other locations the Manning’s roughness coefficient was
set to 5 to make the area ineffective

63. When modifying the with project conditions, the Manning’s roughness coefficient ny
= 0.028 (coarse gravel), n; = 0.002 to 0.02 (minor to severe surface irregularities), n, =
0.0 to 0.015 (gradual to frequently alternating channel cross section), n3 = 0.005 to 0.05
(negligible to severe effect of obstructions), ny = 0.00 to 0.050 (no to very high
vegetation) and m; =1.0 (minor meandering).

Model 3 — With Project (Alternative E)

64. Model 3, With Project Alternative E, represents the hydraulic model including
reshaping and increased roughness due to vegetation. The Baseline Condition geometry
file was modified to account for the features included in Alternative E.
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65. As a part of Model 3 development several assumptions were made for conditions in
the project area. It was assumed that the channel and overbank Manning’s roughness
coefficient was 0.035. In other locations the roughness coefficient was set to 5 to make
the areas ineffective.

66. It was assumed that Manning’s roughness coefficient did not change with respect to
stage and was independent of vegetation maturity level. This was because both factors
would require a varying roughness coefficient and for the feasibility study it was believed
unnecessary. The maximum roughness coefficient was used for all vegetation types.
Cottonwood/Willow has a roughness coefficient of 0.098, Mesquite has a roughness
coefficient of 0.073, Upper Sonoran Desert has a roughness coefficient of 0.058, Wetland
has a roughness coefficient of 0.048 and river bottom has a roughness coefficient of
0.035. The area not altered by the project has an assigned roughness coefficient of 0.035.
In certain locations the Baseline Condition model was set with a roughness coefficient of
5 to make areas ineffective, this was preserved in the Alternative E model.

67. It was assumed that the Gilbert Road Quarry Pit diverted flow from the main channel
for events greater than the 5-Year peak discharge, 31,000 ft’/s; a lateral spillway was
incorporated in the design and that bed material is transported downstream in the main
channel.

68. Based on site observations made during site visits to the Salt River near Gilbert
Quarry, it was determined that additional mining had occurred within the main channel of
the Salt River after the original Future Without Project model was completed. It was
decided that the additional mining would be included in Model 3, With Project
(Alternative E).

69. The existing channel geometry was modified to account for new mining that has
occurred after the existing survey was completed. The mining had occurred within the
main channel of the Salt River between River Station 6.91 to 6.38 and it was estimated
that mining lowered the channel bottom 24 to 5 ft.

70. In addition, Model 3 required a secondary channel to be included in the design. A
split flow condition was included on the Salt River from station 9.04 to 8.01. This
differed from the original existing HEC-RAS model.

Results

71. Alternative E included the establishment of new vegetation primarily outside the
existing 10-Year area of inundation. Overflow spillways were included at River Stations
8.90 and 8.1 to control surface flows into the South Quarry Pit and to stabilize this reach
of the Salt River, Figure A-7.

72. The result of hydraulic modeling showed limited change throughout much of the
project area, Figure A-7. Changes that did occur were in sections from River Stations
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1.76 to 2.01 (Segment E-1), 6.45 to 7.24 (Segment E-2) and 9.39 to 10.4 (Segment E-3).
Areas where water surface elevations are higher than Baseline Conditions may not
increase flood damages. However, if flood damages are increased, modifications will be
made to the design in the F5 Phase to lower water surface elevation to existing condition
levels.

73. The increase in water surface elevation observed in Segment 1 was caused by the
establishment of Upper Sonoran Desert vegetation in the main channel. Water levels
increased by a 1 foot in the 100-Year event, Figure A-8. Water surface levels were
lowered in Segment 2 as a result of the lowering of the channel bottom due to mining.
Water level dropped about 10 feet for the 100-Year event and velocities were reduced
(channel slope through segment lowered). However, the drop in elevation at River
Station 7.04 increased channel velocities from River Station 6.85 to 7.28 and lowered
velocities from 6.0 to 6.85. In Segment 3 water level increased for the 100-Year event
due to the establishment of Sonoran Desert vegetation along the main channel.
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Figure A-7. Alternative E water surface profile for the 100-Year event.
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Model 4 — With Project (Alternative F)

74. Model 4, With Project Alternative F, represents the hydraulic model that included
reshaping, increased roughness due to vegetation and the inclusion of a drop structure.
The Baseline Condition geometry file was modified to take into account the features
included in Alternative F.

75. As part of the Model 4 development several assumptions were developed based on
the conditions in the project area. It was assumed that Manning’s roughness coefficient
did not change with respect to stage and was independent of vegetation maturity level
because both factors would require a varying roughness coefficient and for the feasibility
study it was believed that this level of detail was unnecessary. The maximum roughness
coefficient was used for all vegetation types. Cottonwood/Willow has a roughness
coefficient of 0.098, Mesquite has a roughness coefficient of 0.073, Upper Sonoran
Desert has a roughness coefficient of 0.058, Wetland has a roughness coefficient of 0.048
and river bottom has a roughness coefficient of 0.035. The area not altered by the project
has an assumed roughness coefficient of 0.035. In other locations the Baseline Condition
model was set with a roughness coefficient of 5 to make areas ineffective, this was
preserved in the Alternative F model.

76. Baseline Condition cross sections were modified to account for the design of a low
flow channel, channel realignment, grade control structure and quarry reshaping.

77. It was assumed that the Gilbert Road Quarry Pit diverted flow from the main channel
for events greater than the 5-Year peak discharge, 31,000 ft'/s; a lateral spillway has been
incorporated in the design and that bed material is transported downstream in the main
channel.

78. A drop structure was included in the design. The drop structure was necessary to
prevent headcutting that could damage rehabilitated areas upstream of River Station 6.8
and at the Gilbert Road Bridge.

79. The existing channel geometry was modified to account for new mining that occurred
after the Future Without Project conditions model was completed. The mining occurred
within the main channel of the Salt River between River Station 6.91 to 6.38. It was
assumed that mining lowered the channel bottom 24 to 5 feet.

80. In addition, the Salt River from River Station 9.04 to 8.01 was modeled as a split flow
condition which differed from the original existing HEC-RAS model. The With Project
model required the split flow condition to allow for new alternative features to be
incorporated into the model.
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Results

81. Alternative F included the establishment of new vegetation throughout the project
area both in the active area of conveyance,10-Year area of inundation, and along the
overbanks. A low flow channel was included in the design to offset the increased
roughness along reaches of the project area. Overflow spillways were also included at
River Stations 7.32, 8.10 and 8.90. Areas where water surface elevations are higher than
Baseline Condition may not increase flood damages. However, if flood damages are
increased, modifications will be made to the design in the F5 Phase to lower water
surface elevation to existing condition levels.

82. The hydraulic results showed changes occurred from River Station 4.24 to 6.45
(Segment F-2), River Stations 2.12 to 2.65 (Segment F-1), River Stations 6.45 to 7.24
(Segment F-3) and River Stations 7.44 to 8.01 (Segment F-4), Figure A-8. The higher
water surface elevation in Segment F-2 was caused by the establishment of
cottonwood/willow and wetland vegetation in the main channel. Water surface
elevations decreased along Segment F-1 because of the low flow channel. Segment F-3
had a lower water surface elevation because of the additional mining. However, the drop
in elevation at station 7.04 increased channel velocities from station 6.85 to 7.28 and
lowered velocities from 6.0 to 6.85. Segment F-4 had an increase in water surface
elevation due to the establishment of cottonwood/willow vegetation along the main
channel. A low flow channel was included in the design but results show that the design
conveyance was not sufficient to offset the additional vegetation based on the 100-Year
event results, Figure A-8.
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Figure A-8. Alternative F water surface profile for the 100-Year event.
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Model 5 — With Project (Alternative A)

83. Model 5, With Project Alternative A, includes the increased roughness due to
vegetation. The Existing Condition geometry file was modified to incorporate the
features included in Alternative A.

84. As part of the Model 5 development several assumptions were incorporated into the
database based on conditions in the project area. It was assumed that Manning’s
roughness coefficient did not change with respect to stage and was independent of
vegetation maturity level. This was because both factors would require a varying
roughness coefficient and for the feasibility study it was believed this level of detail was
not necessary for the feasibility study. The maximum roughness coefficient was used for
all vegetation types. Cottonwood/Willow has a roughness coefficient of 0.098, Mesquite
has a roughness coefficient of 0.073, Upper Sonoran Desert has a roughness coefficient
of 0.058, Wetland has a roughness coefficient of 0.048 and river bottom has a roughness
coefficient of 0.035. The area not altered by the project has a roughness coefficient of
0.035. In other locations the Baseline Condition model was set with a roughness
coefficient of 5 to make areas ineffective, this was preserved in the Alternative A model.

85. The existing channel geometry was modified to account for new mining that occurred
after the Future Without Project condition model was completed. The mining occurred
within the main channel of the Salt River between River Station 6.91 to 6.38. It was
assumed that mining lowered the channel bottom 24 to 5 feet.

86. In addition, the Salt River from River Station 9.04 to 8.01 was modeled as a split flow
condition. This differed from the original existing HEC-RAS model. The With Project
model required the split flow condition so that new alternative features can be
incorporated into the model.

Results

87. Alternative A included the establishment of new vegetation along the overbank area
but was limited to outside the existing 10-Year area of inundation.

The results of hydraulic modeling showed no change to the existing conditions, Figure A-
9.
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Figure A-9. Alternative A water surface profile for the 100-Year event.
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Model 6 — With Project (Alternative N)

88. Model 6, With Project Alternative N, represents the hydraulic model that included
reshaping, increased roughness due to vegetation and the inclusion of a drop structure.
The Baseline Condition geometry file was modified to take into account the features
included in Alternative N.

89. As with the other models a series of assumptions were developed based on the local
conditions. It was assumed that Manning’s roughness coefficient did not change with
respect to stage and was independent of vegetation maturity level. This was because both
factors would require a varying roughness coefficient and for the feasibility study it was
believed this level of detail was unnecessary. The maximum roughness coefficient was
used for all vegetation types. Cottonwood/Willow has a roughness coefficient of 0.098,
Mesquite has a roughness coefficient of 0.073, Upper Sonoran Desert has a roughness
coefficient of 0.058, Wetland has a roughness coefficient of 0.048 and river bottom has a
roughness coefficient of 0.035. The area not altered by the project has a roughness
coefficient of 0.035. In other locations, the Existing Condition model was set with a
roughness coefficient of 5 to make areas ineffective, this was preserved in the Alternative
N model.

90. Baseline Condition cross sections were modified to account for quarry reshaping. No
bank stabilization was included in this alternative.

91. It was assumed that the Gilbert Road Quarry Pit diverted flow from the main channel
for events greater than the 5-Year peak discharge, 31,000 ft’/s.

92. A drop structure was included in the design. The drop structure was necessary to
prevent head cutting upstream which would damage project areas and the Gilbert Road
Bridge. The grade control structure is located at River Station 7.24.

93. The existing channel geometry was modified to account for new mining that occurred
after the Future Without Project condition model completed. The mining simulated in
Alternative N was more extensive than that which was assumed for Alternative E, F and
A. In the model for Alternative N, mining lowered the channel bed between River
Station 7.17 to 6.38 24 to 10 feet. The additional mining takes into account new
information provided by the mine operators.

94. Alternative N model needed a split flow condition at River Station 8.10 and 8.98 to
simulate a flow diversion occurring from station 9.04 to 8.01. This differed from the
Future Without Project model. In addition, because of the extensive mining that occurred
between River Station 7.17 and 6.38, it was assumed that the original north bank was
removed.

30



HYDRAULIC ANALYSIS

Results

95. Alternative N included the establishment of new vegetation in the active area of
conveyance, 10-Year area of inundation, and on the overbank. Areas where water
surface elevation are higher than Without Project conditions may not increase flood
damages. No additional changes were made to the design because Alternative N was not
the preferred alternative

96. The result of hydraulic modeling showed changes occurred along River Station 2.12
to 2.65 (Segment N-1), 4.24 to 6.45 (Segment FN-2), 6.45 to 7.24 (Segment N-3) and
7.91 to 9.04 (Segment N-4), Figure A-10. The changes in Segment N-1 and N-2 were a
result of the establishment of cottonwood/willow and wetland vegetation in the main
channel. Segment N-3 had lower water surface elevation due to the additional mining.
However, the drop in elevation at River Station 7.17 increased channel velocities from
station 6.85 to 7.28 and lowered velocities from 6.0 to 6.85. Segment F-4 had an
increase in water surface elevation due to the establishment of cottonwood/willow and
wetlands within the main channel.
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Figure A-10. Alternative N water surface profile for the 100-Year event.
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Model 8 — With Project (Alternative O)

97. Model 9, With Project Alternative O, represents the hydraulic model that included reshaping,
increased roughness due to vegetation and the inclusion of a drop structure. The Baseline
Condition geometry file was modified to take into account the features included in Alternative N
with additional vegetation in sub-areas 1 and 2. A low flow channel was included, channel
extended from River Station 2.78 to 2.13.

98. As with the other models a series of assumptions were developed based on the local
conditions. It was assumed that Manning’s roughness coefficient did not change with respect to
stage and was independent of vegetation maturity level. This was because both factors would
require a varying roughness coefficient and for the feasibility study it was believed this level of
detail was unnecessary. The maximum roughness coefficient was used for all vegetation types.
Cottonwood/Willow has a roughness coefficient of 0.098, Mesquite has a roughness coefficient
of 0.073, Upper Sonoran Desert has a roughness coefficient of 0.058, Wetland has a roughness
coefficient of 0.048 and river bottom has a roughness coefficient of 0.035. The area not altered
by the project has a roughness coefficient of 0.035. In other locations, the Baseline Condition
model was set with a roughness coefficient of 5 to make areas ineffective, this was preserved in
the Alternative N model.

99. Baseline Condition cross sections were modified to account for channel reshaping. No bank
stabilization was included in this alternative.

100. A drop structure was included in the design. The drop structure was necessary to prevent
head cutting upstream which would damage project features in sub-area 5.2 and 6.2 and the
Gilbert Road Bridge. The grade control structure is located at River Station 7.24.

101.  The existing channel geometry was modified to account for new mining that occurred
after the Future Without Project condition model completed. The mining simulated in
Alternative O was more extensive than that which was assumed for Alternative E, F and A. In
the model for Alternative O, mining lowered the channel bed between River Station 7.17 to 6.38
24 to 10 feet. The additional mining takes into account new information provided by the mine
operators.

102.  Alternative O model needed a split flow condition at River Station 8.10 and 8.98 to
simulate a flow diversion occurring from station 9.04 to 8.01. This differed from the Future
Without Project model. In addition, because of the extensive mining that occurred between
River Station 7.17 and 6.38, it was assumed that the original north bank was removed.
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Results

103.  Alternative O included the establishment of new vegetation in the active area of
conveyance, 10-Year area of inundation, sub-area 2.2, 2.3 and 2.4, and on the overbank. The
proposed low flow channel offset the addition of vegetation Figure 11. The abrupt drop in
elevation found in Segment O-3 and O-4 were due to mining operations.

104.  The result of hydraulic modeling showed minimal changes along River Station 1.22 to
2.12 (Segment O-1), 5.0 to 6.45 (Segment O-2), 6.45 to 7.24 (Segment O-3), and 7.91 to 9.04
(Segment O-4), Figure A-12. In Segment O-1 water surface elevation were slightly lower due to
the addition of a low flow channel that offset the reduction of conveyance because of vegetation.
Segment O-2 had higher water surface elevation due to additional vegetation between River
Station 4.5 and 6.0. The rise in water levels does not increase the 100-Year area of inundation.
The drop in elevation at River Station 7.17 was due future mining in the Gilbert Quarry area. The
change in elevation increased channel velocities from station 6.85 to 7.28 and lowered velocities
from 6.0 to 6.85, Figure A-12. To offset the change increase in velocity a drop structure was
proposed at this location. Segment O-3 had an increase in water surface elevation due to the
establishment of cottonwood/willow and wetlands within the main channel.
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Figure A-11. Alternative O vegetation layout.
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Figure 12. Alternative O water surface profile for the 100-Year event.
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SEDIMENTATION ANALYSIS
Without Project

105. The without project sedimentation analyses showed that the overall trend of the area
appears to be degrading, Figure A-14 and Figure A-16, (West, 2002). Quarry operations
had a significant impact on altering channel hydraulics to encourage deposition at quarry
locations and initiate scouring upstream and downstream of these locations. The
sedimentation analysis did not take into account future mining operations within the
study area.

106. The HEC6T model was calibrated by comparing the water surface elevation from
the HEC-6T model to the HEC-RAS model for the 5-, 10-, 20-, 50- and 100-Year peak
flows. The differences in the computed water surface elevations were on average less
than 0.01 feet and the channel velocity differences were within 0.5 feet per second. The
sedimentation model simulates 50 years of channel hydraulic conditions to estimate the
rates of scouring or deposition occurring along the Salt River from Granite Reef Dam to
the 101 Hwy.

107. Bed sediment samples were collected at 16 locations within the study area. The
measured bed gradation data were input into the HEC-6T model. The channel bed
materials were composed of sand (30 %), gravel (50 %) and cobbles (20 %). The channel
bed material is primarily sand and gravel. There is a high percentage of gravel in the bed
and thus WEST used the Toffaleti, Meyer-Peter and Muller (TMPM) combination
transport model in the HEC-6T sediment transport models to simulate the transportation
of gravel and sand.

108. The sediment transport model could not be directly calibrated to historic conditions
because detailed historic bed elevations are not available and sand and gravel mining and
channelization has changed the bed elevations. An equilibrium bed material load at the
upstream section of the study area was calculated for a range of discharges up to 200,000
ft*/s and this was used as the basis for inflowing sediment load for the HEC-6T model.

109. The upstream limit of the study area is Granite Reef Dam. The USACE suggested
that the equilibrium load be used as a reasonable estimate for the inflowing bed load
material because the Granite Reef Dam diverts water and does not store water, therefore
it does not significantly reduce the sediment load transported by the Salt River. WEST
did not find evidence of deposition or scour downstream of the Granite Reef Dam and
this confirms that the equilibrium load assumption is realistic. A more comprehensive
discussion for estimating the equilibrium bed load is found in the WEST report (West,
2002).

110. Overall, the VaShly Project area appeared to be degrading based on the
sedimentation analysis, Figure A-14, Model 11 and 2, Baseline and Future Without
Project Conditions. The longitudinal profile shows an overall lowering of the channel
invert. The Future Without Project conditions model does not take into account
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additional mining that has or will occur after year 2001, topographical information was
based on 2001 survey information. If the additional mining that was taken into account in
Models 3, 4, 5, 6, 9 and 11, was incorporated in the Future Without Project model, the
amount of scouring would increase predominantly in Areas C, E and G. A more
comprehensive evaluation of the sedimentation analysis is provided in the West report
(West, 2002) .

111. There are 7 areas that are of particular concern, Areas A, B, C, D, E, F and G,
Figure A-20. Areas A and B show a 50-Year aggradation trend from 1-9 ft, while Area C
shows some degradation, 4 to 9 ft. These areas appear to be directly influenced by
mining operations. The more severe areas are D, E, F and G., mining has altered the
channel profile causing scouring up to 22 ft, Area E and G, and aggradation up to 10 to
30 ft, Areas D and F. Areas D and F are old quarry pits that filled in during the 50-Year
simulation period. Refer to the West report for a more detailed discussion of without
project sedimentation analysis results (West, 2002).

With Project

112. Due to time constraints a detailed sediment transport analysis was not completed for
the with project conditions phase of the study. The without project sedimentation
analysis and with project hydraulic results were used to assess the with project
sedimentation trends. The preferred alternative will be analyzed in the PED phase of the
study using the 1-D sedimentation analysis computer program HEC-6T.

113. Mining operations are a factor impacting the sedimentation trends throughout the
project area. Based on the Without Project sedimentation analysis, seven areas were
identified as having depths of deposition or scouring that appeared to be greater than
would be considered stable, Figure A-16. These areas, under existing conditions could
damage project features or increase maintenance in and around these areas. Sub-area
numbers were used to refer to specific locations in the With Project sedimentation
analysis, as shown on Figure A-13. In addition, mining operations in the future will
impact project features. To prevent damages from occurring, future mining operations
need to be understood and taken into account in PED phases.

114. Alternative E. There are concerns for features in sub-area 2.2, because the features
appear susceptible to damage due to deposition. Sub-area 6.2, along the south bank, will
not be damaged due to deposition because the overflow spillway and bank stabilization
will reduce the amount of material flowing into this area. There appear to be no other
areas of concern. Features in sub-area 5.2 will be susceptible to damage due to
aggradation of coarse material and the lateral migration of the main channel.

115. Alternative F. There are concerns for features in sub-area 4.1, appear susceptible
to scouring. With the recommended modification in sub-area 6.2, the low flow channel
appears to be susceptible to some scouring during extreme events. Sub-area 3.2 and 3.1
appears to be susceptible to both scouring and deposition. Because the north and south
banks will be stabilized and spillways constructed in sub-area 5.2, bed load material will
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be confined to the main channel. The aggradation trend for the existing without project
condition will be reduced in Area D because water and bed material will be forced
through the existing main channel. There may be some damages but the features can be
designed in F5 to account for accumulation of material.

116. Alternative A. There are no sedimentation concerns

117. Alternative N. There are erosion concerns for features in sub-area 6.1 and 4.1. No
bank stabilization or diversion structures were included in Alternative N. This was
intended to allow the river to naturally aggrade and meander in Area D. To minimize
damage to features, cottonwood and mesquite vegetation was placed outside the Without
Project area of aggradation, Figure A-16.

118. Alternative O. There are erosion concerns for features in sub-area 2.2, 2.3 and 4.1.
No bank stabilization or diversion structures were included in Alternative O. This was
intended to reduce construction and maintenance costs. Under this situation, the Salt
River will continue to change, the most sensitive areas are in Area D, E and F.
Cottonwood and mesquite vegetation was placed outside the Without Project area of
aggradation to minimize damage to features. Cottonwood and wetland features located in
sub-area 2.2, 2.3 and 4.1 are susceptible to damage because they are located in the 10-
Year area of inundation and assumed a high velocity zone. This makes the features
susceptible to high velocities when flow events do occur. Mining in the future could
threaten the project features. To better understand the impact of mining further analysis
is necessary prior to construction during the PED phase. Refer to Figure A-16, Area F,
for quarry location, and erosion and deposition trends.
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Figure A-13. Sub-area and river station numbers for project area. Sub-area numbers are in yellow.
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Figure A-14. Without project water surface profiles for the 100-Year Event for the Baseline, Model 11, and Future Without Project, Model 2.
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Figure A-15. Baseline, Model 11, and Future Without Project, Model 2, main channel average velocity for the 100-Year Event.
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Figure A-16. Deposition and Scour Trends from 50-Year HEC-6T Simulation and sedimentation
areas of concern (West, 2002).
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GEOMORPHOLOGY DISCUSSION

119. Historic records indicate an increase in human influences on the Salt River
exemplified by the encroachment of urban, commercial and gravel mining areas. Long-
term channel responses are entirely dependent on future development in and around the
channel. If there is no additional gravel mining, the channel will reach a state of
equilibrium but only after all the gravel pits have reached a sediment transport balance
through the natural migration of the river system or restoration activities have been
conducted (West, 2002).

120. A significant concern on the stability of the river is the influence of gravel mining
on the erosion and planform evolution of the channel. Gravel pits in the channel act as a
reach of zero slope and serve to trap sediment. Downstream of the gravel pits, sediment
supply to the channel is reduced due to the trapping of sediments within the pits. In order
to meet sediment transport capacity, the downstream channel may erode its bed to reduce
its slope and corresponding sediment transport capacity. According to Lane (1957), as
the slope is reduced the channel would transition form a braided to intermediate planform
condition.

121. The historic migration of the Salt River from Granite Reef Dam to Price Road is
depicted in bank migration pattern from 1935 to 2002, Figure A-17. It clearly shows that
the Salt River still actively changes channel configuration, conforming to the river flows.
However, hard banking and other encroachments throughout the 100-Year Floodplain
have confined the lateral migration of the river.

122. For a more detailed discussion on the Geomorphology of the Salt River within the
study area refer to West report (West, 2002).

Erosion Concerns

123. Lehi Cemetery located along the south bank at River Station 6 is an area that does
not appear to be in any immediate threat to erosion. Currently, the river is constricted by
the Tri City Landfill on the north bank and a geological outcrop on the south bank. The
south bank has been actively eroding for the past 65 years, Figure A-17. Because of the
erosion that has occurred local sponsors have expressed erosion concerns over Lehi
Cemetery. Using aerial photos from 1935, 1957, 1979 and 2002, the bank lines were
determined and an average rate of migration calculated. From 1935 to 2002 the south
bank moved south 740 ft at an average rate of 11 ft/yr. This area has shown a consistent
pattern of change, that is, the channel has gradually got wider. Because bank migration
rates are dependent on the number of river flow events, peak discharge and duration, in
addition to changes in the channel geometry, it is difficult to determine a rate of
migration. For this report it was assumed that the average rate of migration was 11 ft/yr.
Assuming this rate the Lehi Cemetery will be impacted in 33 years. However, other
factors such as the mining operations have substantially changed the landscape and the
channel geometry. Steeper and taller channel banks may decrease bank stability which
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would encourage erosion. On the other hand due to the gradual widening of the channel
the boundary shear stress for a given discharge has reduced.

124. Another important point is that due to the increase in the Rio Salado Watershed
storage capacity upstream of the Granite Reef Dam, because of current climate conditions
and increased reservoir storage, flows in the future have a lower probable peak discharge
than in the past. Thus, unless climate conditions change, i.e. more precipitation, expected
river flows will be less.

125. Because of the complexity of estimating erosion and future erosion conditions it
was decided that another approach would be to compare flow conditions at Lehi
Cemetery to the entire study reach for the100-Year event. Baseline Conditions average
channel velocity in this area ranges from 6 to 10 ft/s for the 100-Year event. This range
is comparable to the other areas along the Salt River.

126. For the Future Without Project condition the average channel velocity remains
relatively the same, Figure A-15. With project conditions shows equal or lower channel
velocity conditions, model results found in appendix exhibits. Thus, for the Lehi
Cemetery area bank erosion was not a concern based on the feasibility analysis and no
bank stabilization was proposed for this area.

127. Another area of concern is the south bank at River Station 3. Because of the
geometry of the Salt River, a 45 degree bend, aerial photos indicate the south bank has
been actively eroding, Figure A-17.

128. Scouring affects the stability of the channel (changes in lateral and vertically
channel geometry) and hydraulic conditions (changes in velocity and water surface
elevations). These changes in the future would impact with project features by
increasing the potential of damages associated to scouring. Based on the existing
sedimentation model the areas most susceptible to damages for Alternative O are found
between River Station 9.5 to 7.5. In addition, results show that minimal amounts of
erosion occur downstream of Gilbert Quarry. Future mining was not taken into account
in the model. If additional mining was taken into account, it can be assumed that erosion
rates would be increased for future conditions.
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Figure A-17. Historic channel bank locations superimposed on 2002 imagery (West, 2002).
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RISK AND UNCERTAINTY ANALYSIS

129. Procedures outlined in EM 1110-2-1619, “Risk-Based Analysis for Flood Damage

Reduction Studies” (USACE, 1996b), were followed to determine the standard deviation
for computed water surface profiles at specific index locations. Specifically, Section 5-4,

“Uncertainty in Stage for Ungauged Stream Reaches,” and Section 5-5, “Uncertainty in
Stages for Computed Water Surface Profiles,” were followed. Only the 100-Year event

standard deviation was calculated using these methods because the computer program
HEC-FDA (HEC 1998) adjusts the standard deviation for the other stage discharge
values. For discharge values greater than the 100-Year event discharge, the standard
deviation is assumed equal to the standard deviation of the 100-year event discharge. For
discharge values smaller than the 100-Year event discharge, the standard deviation is the
standard deviation of error associated with the 100-Year event discharge multiplied by
the ratio of the given discharge to the 100-Year event discharge. A summary of the
uncertainty analysis for the different alternatives at the index locations is presented in
Table A-6. The standard deviation for each alternative is tabulated under the column

heading “Stotal.”

Table A-6. Risk analysis standard deviation.

Reach and Index Cross Section | Frequency Q Stotal |Reach and Index Cross Section Frequency Q Stotal
Rio Salado Vashly (cfs) (ft) Rio Salado Vashly (cfs) (ft)
500-YR] 246000 0.7] 500-YR] 250000 0.7]
200-YR| 207000 0.7 200-YR| 210000 0.7]
Reach 1 100-YR| 172000 0.7|Reach 6 100-YRl 175000 0.7]
Cross-Section .89 50-YR| 145000 0.6|Cross-Section 7.63 50-YR| 150000 0.6]
O0to 1.52 20-YR| 95000 0.4]6.45 to 8.98 20-YR| 100000 0.4
10-YR 58000 0.2 10-YR) 60000 0.2
5-YR 21000} 0.1 5-YR 22000 01
3-YR 2200 0.01 3-YR 2200 0.01
500-YR| 246000 0.7 500-YR| 250000 0.8]
200-YR] 207000 0.7] 200-YR| 210000 0.8
Reach 2 100-YR] 172000 0.7|Reach 7 100-YR] 175000 0.8
Cross-Section 2.47 50-YR| 145000 0.6|Cross-Section 9.64 50-YR| 150000 0.7]
1:5210'3.23 20-YR| 95000 0.4/8.98 to 10.06 20-YR| 100000 0.5
10-YR] 58000 0.3 10-YR] 60000 0.3
5-YR 21000} 0.1 5-YR 22000 0.1
3-YR 2200 0.01 3-YR 2200 0.01
500-YR| 246000 0.8 500-YR| 250000 0.8]
200-YR] 207000 0.8 200-YR| 210000 0.8
Reach 3 100-YR] 172000 0.8|Reach 8 100-YR} 175000 0.8
Cross-Section 3.76 50-YR| 145000 0.7|Cross-Section 11.05 50-YR| 150000 0.7
3.23t04.27 20-YR] 95000} 0.4{10.06 to 11.17 20-YR| 100000 0.5
10-YR] 58000 0.2 10-YR) 60000) 0.3]
5-YR 21000} 0.1 5-YR 22000} 0.1
3-YR 2200 0.01 3-YR 2200] 0.01
500-YR] 246000 0.7 500-YR] 250000 0.7
200-YR] 207000 0.7] 200-YR] 210000 0.7]
Reach 4 100-YR] 172000 0.7|Reach 9 100-YRl 175000 0.7]
Cross-Section 5.03 50-YR| 145000 0.6|Cross-Section 12.1 50-YR| 150000 0.7]
427 t0 5.88 20-YR) 95000 0.4{11.17 t0 12.33 20-YR| 100000 0.5
10-YR] 58000 0.2 10-YR) 60000 0.3
5-YR 21000 0.1 5-YR 22000 01
3-YR| 2200 0.01 3-YR 2200 0.01
500-YR] 246000 0.8 500-YR] 250000 0.7]
200-YR] 207000 0.8 200-YR] 210000 0.7
Reach 5 100-YR] 172000 0.8|Reach 10 100-YR] 175000 0.7]
Cross-Section 6.05 50-YR| 145000 0.7|Cross-Section 12.97 50-YR|] 150000 0.7]
5.88 to 6.40 20-YR) 95000 0.5[12.33 to 13.64 20-YR| 100000 0.5
10-YR] 58000 0.3 10-YR] 60000} 0.3]
5-YR 21000 0.1 5-YR| 22000 0.1
3-YR 2200 0.01 3-YR 220 0.01
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OPERATION AND MAINTENANCE

130. The Baseline Condition and With Project hydraulic results and the Without
Project sedimentation results were used to asses the operation and maintenance concerns
for this project. During this F5 phase of the study, the With Project sediment analysis
was not undertaken. Instead, results from the With Project hydraulic analysis and
Without Project sediment analysis (West, 2002) were used to estimate the frequency that
environmental features are damaged in each alternative. The method of analysis was to
compare the Baseline Condition area of inundation for the 5 and 10-Year events to the
vegetated area, Arc-View was used to perform this comparison. It was assumed that the
Baseline Condition 5 and 10-Year area of inundation represented the area of highest
velocities. Because the alternatives did not significantly alter the existing flow path, it
was assumed that the Baseline Condition area of inundation would be sufficient to
complete the With Project damage assessment. Damage due to duration of inundation
was not taken into account in this analysis. Note that the frequency of vegetation
replacement was not analyzed in this study.

Maintenance Considerations

131. It was assumed that all vegetated areas require an irrigation system to establish
and maintain the vegetation. Two types of irrigation systems were analyzed, surface
braided irrigation system and drip irrigation. An in depth maintenance assessment was
not be performed as a part of this analysis. Estimating the maintenance requirements for
the irrigation system required the assumption that the With Project vegetated area
inundated by the Baseline Condition 10-Year events would require maintenance. The
total vegetated area inundated is shown in Table A-7. The area represents Wetlands,
Cottonwood/Willow, Mesquite and Upper Sonoran Desert. The area damaged for the 20
to 500-Year events corresponds to a percentage of the vegetated area inundated by the
10-Year event. For the 5-Year event it was assumed that 50% of the area inundated was
damaged. For the 10-Year event, 70 % of the area inundated was damaged. For the 20-
Year event, 80% of the area and 90 % for the 50 to 500-Year events. These assumptions
are based on engineering judgment applicable for the F4 phase of this investigation.
Alternative F and Alternative O had the greatest amount of damages, Table A-8.

Table A-7. Vegetated area inundated by the 5 and 10-Year events
for the without project existing conditions.

5-Year 10-Year
Alternative | Area (acres)| Area (acres)
A 32 95
E 268 395
F 454 754
N 337 582
O 336 537
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Table A-8. Irrigation area requiring maintenance based on recurrence interval.

5-Year 10-Year 20-Year >50-Year
Alternative | Area (acres)| Area (acres) | Area (acres) | Area (acres)
A 16 67 76 86
E 134 277 316 356
F 227 528 603 679
N 169 407 466 524
O 168 376 430 483

132. A low flow channel was included in the design of Alternative F. It was assumed
that maintenance would be required when the low flow channel average velocity exceeds
the maximum permissible velocity for the bank material dso. The low flow channel from
River Station 9.6 to 7.65, the dso for the bank material = 0.9 mm. The corresponding
permissible velocity = 5 ft/s, permissible velocity for graded silt to cobble, noncolloidal,
for water transporting noncolloidal material (Julien, 1998). The low flow channel from
River Station 4.4 to 2.2, the dso for the bank material = 19.3 mm. The corresponding
permissible velocity = 6.5 ft/s, permissible velocity for small cobble and shingles, for
water transporting noncolloidal material (Julien, 1998).

133. The low flow channel from River Station 9.6 to 7.6, the main channel average
velocity exceeds the maximum permissible velocity for flows equal to or greater than the
5-Year event. Because the channel was designed to allow the channel to migrate
laterally, it was assumed that maintenance would occur after events greater than the 10-
Year event.

134. The low flow channel from River Station 4.4 to 2.2, the main channel average
velocity exceeds the maximum permissible velocity for flows equal to or greater than the
10-Year event. The channel was designed to allow the channel to migrate laterally and
thus it was assumed that some maintenance would occur after events greater than the 20-
Year event.

135. A water distribution channel will be incorporated in the design for Alternatives H,
B, C, E and G. Based on a similar analysis as performed for the low flow channel it was
assumed that for velocity’s greater than 5 ft/s, distribution channel will be damaged.
Because most of these channels will be planned in or near the 10-Year flow event it was
assumed that 40% of the channel was damaged for flow equal to the 5-Year event, 50%
for flows equal to the 10-Year event, 60% for flows equal to the 20-Year event and 80%
for flows greater than the 50-Year event. Percent damages were based on engineering
judgment. The resulting damage to the distribution channel is shown in Table A-9.
Alternative G and H have the most damages to the distribution channel.
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Figure A-9. Distribution channel damages based on recurrence interval.

Al Distribution Channel | 5-Year Level of | 10-Year Level of | 20-Year Level of | >50 - Year Level
Length (ft) Damage (ft) Damage (ft) Damage (ft) of Damage (ft)
G 68,500 27,400 34,250 41,100 54,800
H 68,500 27,400 34,250 41,100 54,800
C 25,000 10,000 12,500 15,000 20,000
B 3,000 1,200 1,500 1,800 2,400
= 3,000 1,200 1,500 1,800 2,400

136. Maintenance may also be necessary to minimize or control the spreading of large
woody vegetation into the main channel. This is necessary to maintain an area of
conveyance great enough to maintain existing conditions.

Vegetation Damage

137. The vegetation damage was evaluated using a similar method as was used for the
maintenance considerations. For the 5-Year event it was assumed that 50% of the area
inundated was damaged. For the 10-Year event, 70 % of the area inundated was
damaged. The area damaged for the 20 to 500-Year events corresponds to a percentage
of the vegetated area inundated by the 10-Year event. For the 5-Year event it was
assumed that 50% of the area inundated was damaged. For the 10-Year event, 70 percent
of the area inundated was damaged. For the 20-Year event, 80% of the area and 90 % for
the 50 to 500-Year events. These assumptions are based on engineering judgment
applicable for the F5 phase of this investigation. Alternative F and Alternative O had the
most damage, Table A-10.

Table A-10. Vegetation damaged area for a given recurrence interval.

5-Year 10-Year 20-Year > 50-Year
Alternative  |Area (acres) |Area (acres) |Area (acres) |Area (acres)
A 16 67 76 86
E 134 276 316 355
F 227 528 603 678
N 168 407 465 523
O 204 463 529 595
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PREFERRED ALTERNATIVE

Preferred Alternative: Alternative O

138. It was determined that the recommended alternative was Alternative O. The
following section provides additional information concerning project features, with
project hydraulic conditions and impact to project features.

139. Alternative O consists of the following vegetation types: 883 acres of
Cottonwood/Willow, 380 acres of Mesquite, 200 acres of wetland, and 24 acres of
Sonoran Desert. A majority of the vegetation planned for lies outside the 10-Year
(determined as the active area of conveyance), 336 acres of the total 1463 acres are
located within the 10-Year area of inundation. By minimizing the amount of vegetation
within the 10-Year area of inundation the impact to the hydraulic conditions was reduced
and the damage risk to vegetation minimized.

140. The Alternative O project features are shown on Figure A-23. The most significant
impediment to the river flows are the wetland features found in sub-area’s 1.1, 2.2, 2.3
and 4.1. It was assumed for the F5 hydraulic analysis study that the roughness value
would remain constant for all flows. This is a conservative estimate of what would
actually occur but for the scope of this study it was deemed appropriate. Some of the
cottonwood/willow vegetation along the river bank affects high flow conditions, but it
was deemed not significant based on water surface elevation profiles for the with project
condition. Where water levels were significantly impacted a low flow channel was
designed to offset the reduction of conveyance in the channel, sub-area 2.1 to 2.3.

141. In addition to high flows, mining operations impact the project features. Sub-areas
5.1,5.2, 6.2 and 6.3 are the areas with the greatest risk of damage due to mining activities
that have occurred in past and have been proposed in the future. It was assumed that
future mining activities would increase the pit size in sub-area 5.2 and 7.1. To minimize
the risk to project features, vegetation in 6.2 was placed only on the north bank and a
grade control structure was proposed in 5.2. The wetlands placed in sub-areas 1.1, 2.2,
2.3 and 4.1 have a higher associated risk but the damage can be minimized based on the
wetland design and the sponsor willingness to allow for some changes to the features.

Hydraulic Conditions

142. The with project conditions for Alternative O shows minor increases in water
surface elevations. Due to the minor change in water surface elevation it was assumed
that the area of inundation for flow events with a recurrence interval greater than the 50
or 20 Year events. Refer to Exhibit A-2 for additional hydraulic information

143. Hydraulic results for Alternative O are found in the Exhibits section of the
Hydraulics and Hydrology Appendix.
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Figure A-18 Project features for Alternative Q. Sub-Area shown in Red.
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Sedimentary Conditions

144. Having minimal vegetation in active areas of conveyance reduces the damage risk
due to excessive scouring and deposition. Several areas remain that may be susceptible
to sedimentary conditions. Mining occurring in sub-area 7.1, Higgley Plant, can cause
sediment starved flows that can cause excessive rates of erosion in sub-areas 6.2 and
upstream portions of 6.3. Based on existing topographic information it was assumed that
the disturbance would be focused along the southern bank of the Salt River. No
vegetation was proposed in this area. Future mining in sub-area 7.1 or 6.3 will
significantly impact vegetation in sub-area 6.2 and 6.3.

145. Gilbert Quarry Pit located in sub-area 5.2 has been extensively mined and will be
further mined in the future. In the development of the Alternative O, as well as all the
alternatives, the future mining was taken into account. It was assumed that the additional
mining would remove all material within the main channel of the Salt River. Future
mining 1s shown 1n yellow on Figure A-24. To prevent headcutting that would migrate
upstream and damage project features in sub-areas 5.2, 5.3 and 6.2, a grade control
structure was proposed in sub-area 5.2, shown in brown in Figure A-21.

Figure A-19. Assumed area of future mining (yellow). Proposed grade control structure (brown).

146. The with project sedimentation analysis for Alternative O was not completed for the
F5 phase and will be completed during PED. Because the vegetation had minimal affect
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on the hydraulic conditions, it can be assumed for the feasibility study that the vegetation
will have minimal additional affect on the sedimentary processes. The largest human
impact on the channel stability of the Salt River appears to be the mining operations.
Alternative O project features over laid with scouring and deposition trends are shown on
Figure A-20.

Risk Assessment

147. As discussed in the text above, the features with the highest risk are associated with
those features located in the main channel area, or within the 10-Year area of inundation.
However not all vegetation found in this area was or should be assumed to damages
during flow events. Because of the complexity of risk assessment to vegetation due to
hydraulic and sedimentary conditions, it was assumed that a percentage of vegetation
within these limits would be at risk to damage, see Operation and Maintenance,
Vegetation Damage Section, for more info. Based on those assumption the at risk area
amounts were determined, Table A—12. Of that amount, only a portion is located along
the riverbed where the highest stresses are found. The wetland features found in sub-
areas 1.1, 2.2, 2.3 and 4.1 are the features most susceptible to damage. In all, 167 acres
of wetlands are found in the 10-Year area of inundation. Wetlands can be engineered to
resist high shear stresses such that vegetation will reestablish after larger flow events.
Wetland design will be completed in the PED phase.

Table A-11. Vegetation amount within the 10-Year area of inundation

Vegetation Area (acres)
Cottonwood 368
Mesquite 2
Wetland 167
Sonoran Desert 0

Table A-12. Vegetation damaged area for a given recurrence interval

5-Year 10-Year 20-Year >50-Year
Alternative | Area (acres)| Area (acres) | Area (acres) | Area (acres)
O 168 376 430 483
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148. It was assumed that the main areas of concern would be associated to areas with
extreme rates of scouring or deposition (i.e. extreme was assumed to be rates of scouring
or deposition greater than 5 ft). Sedimentation results were based on without project
conditions, the grade control structure at Gilbert Quarry Pit was not included in the
model. Thus, scouring occurring upstream and downstream of Gilbert Road will be
reduced by to the addition of the grade control structure. The grade control structure will
also reduce the amount of deposition that occurs in sub-area 5.2. The with project
sedimentation analysis will be completed in the PED phase.
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Figure A-20. Scour and deposition trends with Alternative O project feature locations.
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SUMMARY

Summary of Results

149. Alternative O was the preferred alternative. The alternative did not significantly
raise water surface elevation, Figure A-15. To offset the addition of vegetation in areas 1
and 2 a low flow channel was proposed in sub-area 2.2 and 2.3 and a majority of the
woody vegetation was placed in low or no conveyance areas. Results show minor
changes in water surface elevation between the with project and Baseline conditions.

150. A more significant factor impacting the baseline hydraulic condition was the
influence of mining in the project area. It was assumed that additional mining would
occur in the Gilbert Quarry area. This additional mining lowered water surface
elevations but also increased velocity at the upstream transition point, River Station 7.10
or 7.32 depending on alternative. A grade control structure was included in the design to
prevent head cutting that could damage project features, culturally significant areas and
the Gilbert Road Bridge, sub-areas 5 and 6, Figure A-20. The sedimentation analysis
was not completed during the F5 phase, the sedimentation model for the final alternative
will be completed during the PED phase.

151. Vegetation will be damaged during flow events greater than the 5-year event. This
occurs naturally and is important in the design of this project. The SBIN or flood
irrigation systems allows the most flexibility for irrigating large areas of new vegetation
and the ability to modify irrigation patterns to respond to changes in the project area. It
also mimics more natural conditions and the recruitment of other species. The drawback
to the SBIN or flood irrigation compared to the drip irrigation is a higher water loss and
potentially more reshaping after flow events for greater than the 5 to 10-Year event.
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Exhibit A — Area Map

Exhibit B — HEC-RAS Model Figure, Baseline Condition (Model 11)
Exhibit C — Water Surface Profile, Baseline Condition (Model 11)
Exhibit D — Hydraulic Results, Baseline Condition (Model 11)
Exhibit E — HEC-RAS Model Figure, Alternative O (Model 9)
Exhibit F — Water Surface Profile, Alternative O (Model 9)

Exhibit G — Hydraulic Results, Alternative O (Model 9)

Exhibit H — Area of Inundation Map, Alternative O (Model 9)
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EXHIBIT B — HEC-RAS FIGURE BASELINE CONDITION
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EXHIBIT C - WATER SURFACE PROFILE, BASELINE CONDITION (MODEL 11)
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EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

l Exhibit D.1 Hvdraulic Results, Baseline Condition (Model 11) for the 3-Year event.

3. F

13.64 1288 1290.63 0.35

I 18.55 1288 1289.36 | 1289.5 |0.005398 3 0.54
13.44 1284 1286.96 | 1287.14 |0.002499 3.35 0.42

13.31 2200 1281.3 1286.05 | 1286.11 | 0.00055 1.95 0.21

l 13.19 2200 1284 1285.11 | 1285.4 [0.009344 4.31 0.73
13.07 2200 1276 1282.21 | 1282.27 |0.000397 1.9 0.18

12.97 2200 1280 1281.59 | 1281.88 | 0.00578 4.32 0.61

' 12.87 2200 1276 1279.95 | 1280.01 |0.000549 2.02 0.21
12.77 2200 1276 1279.56 | 1279.64 |0.000955 2.32 0.27

12.67 2200 1276 1279.18 | 1279.23 [ 0.000602 1.92 0.21

l 12.55 2200 1276 1278.82 | 1278.88 [0.000563 1.91 0.21
12.44 2200 1276 1278.32 | 1278.42 |0.001214 2.51 0.3

l 12.38 2200 1272 1277.91 | 1277.94 |0.000405 1.41 0.17
12.22 2200 1272 1277.29 | 1277.51 |0.002722 3.8 0.45

12.1 2200 1272 1274.32 | 1274.94 | 0.008089 6.32 0.76

l 12.06 2200 1268 1273.28 | 1273.53 |0.002117 4.08 0.41
11.99 2200 1268 1272.16 | 1272.51 |0.003692 4.73 0.53

11.88 2200 1267.94 | 1271.07 | 1271.16 |0.000815 2.49 0.26

' 11.78 2200 1268 1270.44 | 1270.57 |0.001683 2.92 0.35
11.62 2200 1264 1268.47 | 1268.62 |0.003616 3.17 0.47

11.49 2200 1263.04 | 1265.31 | 1265.61 |0.005977 4.4 0.62

l 11.41 2200 1260 1263.83 1264 [0.001338 3.32 0.33
11.32 2200 1260 1263.39 | 1263.49 |0.000835 2.6 0.26

11.25 2200 1256 1263.16 | 1263.22 |0.000463 2.03 0.2

' 11.17 2200 1256 1262.8 | 1262.92 |0.001551 2.78 0.33
11.14 2200 1256 1261.95 | 1262.37 |0.018316 5.21 0.66

11.1 2200 1256 1260.07 | 1260.18 | 0.00177 2.64 0.35

l 11.05 2200 1256 1259.91 | 1259.94 |0.000168 1.28 0.12
11 2200 1254.01 1259.89 | 1259.9 [0.000044 0.74 0.06

10.95 2200 1252 1259.89 | 1259.89 |0.000009 0.44 0.03

' 10.9 2200 1250.83 | 1259.89 | 1259.89 |0.000007 0.42 0.03
10.86 2200 1248 1259.88 | 1259.89 | 0.000004 0.38 0.02

. 10.81 2200 1248 1259.88 | 1259.89 [0.000002 0.3 0.02
10.78 2200 1248 1259.88" | 1259.89 |0.000002 0.3 0.02

10.73 2200 1248 1259.88 | 1259.88 |0.000002 0.31 0.02

l 10.67 2200 1248 1259.88 | 1259.88 | 0.000006 0.43 0.03
10.61 2200 1244.2 1259.88 | 1259.88 |0.000003 0.37 0.02

10.56 2200 1244 1259.88 | 1259.88 | 0.000003 0.35 0.02

l 10.52 2200 1234.97 | 1259.88 | 1259.88 |0.000001 0.23 0.01
10.46 2200 1240 1259.88 | 1259.88 |0.000003 0.35 0.02

10.41 2200 1247.67 | 1259.88 | 1259.88 |[0.000002 0.33 0.02

l 10.36 2200 1253 1259.77 | 1259.87 |0.000815 2.55 0.26
10.26 2200 1252 1259.61 | 1259.62 |0.000031 0.8 0.06

l 10.18 2200 1256 1259.46 | 1259.59 |0.001077 2.79 0.29




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

1258.68 | 1258.81 [0.001557
9.96 2200 1254.13 | 1258.07 | 1258.15 |0.000743
9.87 2200 1254.92 | 1257.29 | 1257.54 |0.005079
9.8 2200 1252 1255.71 | 1256.04 |0.003116
9.73 2200 1252 1254.9 [ 1255.06 |0.001687
9.67 2200 1250.78 | 1254.42 | 1254.55 | 0.001325
9.64 2200 1252 1253.9 | 1254.25 | 0.00632
9.61 2200 1248.2 | 1253.66 | 1253.72 |0.000361
9.59 2200 1244.4 | 1253.64 | 1253.67 | 0.00025
9.55 2200 1251.37 | 1253.34 | 1253.55 [0.004141
9.49 2200 1248 1252.34 | 1252.46 |0.002216
9.44 2200 1247.05 | 1252.13 | 1252.15 | 0.00015
9.39 2200 1236 1252.07 | 1252.12 [0.000093
9.33 2200 1244 1252.04 | 1252.08 |0.000173
9.26 2200 1247.57 | 1251.94 | 1251.99 [0.000389
9.2 2200 1248 1251.78 | 1251.84 |0.000512
9.13 2200 1248 1251.49 | 1251.58 |0.001021
9.04 2200 1248 1250.42 | 1250.75 | 0.00495
8.98 2200 1244 1249.08 | 1249.38 |0.003702
8.92 2200 1239.59 | 1248.66 | 1248.71 |0.000196
8.88 2200 1233.08 | 1248.66 | 1248.68 |0.000043
8.85 2200 1212 1248.67 | 1248.67 | 0.000002
8.81 2200 1204 1248.67 | 1248.67 0
8.77 2200 1206.87 | 1248.67 | 1248.67 0
8.74 2200 1220 1248.67 | 1248.67 |0.000001
8.68 2200 1244 1248.16 | 1248.63 |0.013099
8.63 2200 1216 1246.64 | 1246.64 |0.000001
8.6 2200 1196 1246.64 | 1246.64 0
8.57 2200 1198.17 | 1246.64 | 1246.64 0
8.52 2200 1208 1246.64 | 1246.64 0
8.44 2200 1192 1246.64 | 1246.64 0
8.36 2200 1212 1246.64 | 1246.64 0
8.29 2200 1204 1246.64 | 1246.64 0
8.2 2200 1202.29 | 1246.64 | 1246.64 0
8.1 2200 1212 1246.64 | 1246.64 [0.000001
8.01 2200 1240 1246.62 | 1246.64 [0.000057
7.91 2200 1244 1246.44 | 1246.57 [0.002274
7.83 2200 1244 1245.79 | 1245.84 |0.000936
771 2200 1243.41 | 1244.58 | 1244.78 | 0.00919
7.63 2200 1240 1242.13 | 1242.2 |0.001649
7.55 2200 1239.6 | 1241.72 | 1241.74 [0.000476
7.47 2200 1239.83 | 1241.41 | 1241.46 |0.001192
7.45 Bridge
7.44 2200 1238.53 | 1241.24 | 1241.26 [0.000518 1.23 0.18
7.4 2200 1239.06 | 1241.07 | 1241.11 [0.000995 1.65 0.25
7.36 2200 1238.07 | 1240.93 | 1240.95 | 0.000511 1.24 0.18




l EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)
l Hiver Sta | @ Total | Min Ch Bl (WG, Elav|E.G. Eley $ Ch
I 7.32 2200 1240 1240.65 | 1240.75 |0.007151 2.52 0.58
7.28 2200 1236 1239.19 | 1239.49 |0.006186 4.38 0.63
7.24 2200 1235.58 | 1236.78 | 1237.14 |0.019729 4.8 f
I 717 2200 1197.93 | 1214.63 | 1214.63 |0.000008 0.36 0.03
71 2200 1206.84 | 1214.63 | 1214.63 |0.000013 0.34 0.03
7.03 2200 1210.44 | 1214.62 | 1214.62 | 0.000056 0.61 0.07
I 6.99 2200 1200 1214.61 | 1214.61 0 0.12 0.01
6.91 2200 1198.45 | 1214.61 | 1214.61 |0.000001 0.18 0.01
6.8 2200 1196 1214.61 | 1214.61 |0.000001 0.17 0.01
I 6.69 2200 1197.62 | 1214.61 | 1214.61 |0.000019 0.46 0.04
6.56 2200 1188.55 1214.6 1214.6 [0.000001 0.15 0.01
l 6.5 2200 1192.83 1214.6 1214.6 |0.000001 0.22 0.01
6.45 2200 1180 1214.6 1214.6 0 0.08 0
6.4 2200 1196 1214.6 1214.6 0 0.1 0
' 6.38 2200 1195.4 1214.6 1214.6 |0.000001 0.21 0.01
6.35 2200 1194.53 1214.6 1214.6 |0.000003 0.39 0.02
6.32 2200 1192 1214.6 1214.6 |0.000002 0.35 0.02
I 6.27 2200 1194.49 1214.6 1214.6 |0.000002 0.34 0.02
6.22 2200 1203.46 | 1214.58 | 1214.6 |0.000041 1.11 0.07
6.18 2200 1192 1214.57 | 1214.59 |0.000034 1.02 0.06
' 6.14 2200 1196 1214.58 | 1214.58 | 0.000002 0.31 0.01
6.09 2200 1200 1214.58 | 1214.58 | 0.000006 0.45 0.03
6.05 2200 1204 1214.57 | 1214.58 |0.000015 0.59 0.04
' 6.01 2200 1204 1214.57 | 1214.57 |0.000518 0.67 0.04
5.99 2200 1200 1214.54 | 1214.55 | 0.000012 0.49 0.03
5.97 2200 1198.59 | 1214.54 | 1214.54 |0.000006 0.38 0.02
I 5.95 2200 1196 1214.54 | 1214.54 |0.000003 0.31 0.02
5.93 2200 1198.79 | 1214.54 | 1214.54 |0.000003 0.31 0.02
5.91 2200 1203.31 | 1214.54 | 1214.54 |0.000026 0.59 0.04
' 5.88 2200 1209.96 | 1214.24 | 1214.51 [0.024652 4.14 0.47
5.87 2200 1206.22 | 1213.79 | 1213.85 |0.002417 1.83 0.17
5.86 2200 1205.11 | 1213.75 | 1213.78 | 0.00013 1.36 0.11
. 5.85 2200 1208 1213.74 | 1213.77 |0.000046 1.46 0.12
5.84 2200 1204 1213.69 | 1213.76 |0.000379 2.16 0.18
I 5.82 2200 1204 1213.66 | 1213.72 |0.000367 2.04 0.18
5.8 2200 1204 1213.66 | 1213.68 | 0.00012 1.34 0.11
5.76 2200 1204 1213.6 | 1213.65 |0.000375 1.77 0.18
l 5.73 2200 1208 1212.95 | 1213.46 |0.017365 5.7 0.99
5.69 2200 1206.01 | 1210.55 | 1210.61 [0.000412 1.89 0.18
5.65 2200 1198.67 | 1210.55 | 1210.55 [0.000007 0.51 0.03
' 5.6 2200 1194.35 | 1210.55 | 1210.55 | 0.000002 0.34 0.02
5.56 2200 1208 1210.39 | 1210.53 |0.002365 3.01 0.4
5.53 2200 1192 1210.27 | 1210.27 |0.000004 0.46 0.02
I 5.47 2200 1208 1209.71 | 1210.22 |0.012738 5.71 0.88
5.4 2200 1196 1207.54 | 1207.56 |0.000033 1.05 0.06
l 5.26 2200 1179.01 | 1207.54 | 1207.54 [0.000005 0.43 0.02




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

Hiver Sta W
515 1207.42 | 1207.52 |0.001649 0.34
5.03 2200 1204 1206.01 | 1206.15 |0.002983 0.44
4.88 2200 1200 1204.84 | 1204.88 |0.000208 0.13
4.74 2200 1188 1204.77 | 1204.78 |0.000048 0.02
4.59 2200 1192 1204.71 | 1204.71 |0.000236 0.05
4.47 2200 1200 1204.34 | 1204.42 |0.002281 0.36
4.31 2200 1199.24 | 1200.65 1201 | 0.020282 1
4.27 2200 1192 1197.26 | 1197.62 |0.008383 0.72
4.22 2200 1178.19 | 1196.35 | 1196.35 | 0.00001 0.04
415 2200 1184 1196.33 | 1196.35 [0.000084 0.09
4.09 2200 1188 1196.29 | 1196.31 |0.000137 0.11
4.04 2200 1184 1196.28 | 1196.28 | 0.00002 0.04
3.89 2200 1174.66 | 1196.27 | 1196.28 |0.000001 0.01
3.76 2200 1188 1196.24 | 1196.27 |0.000293 0.15
3.64 2200 1192 1195.3 | 1195.86 |0.009471 6 0.8
3.5 2200 1186.84 | 1191.82 | 1191.88 [0.000475 1.9 0.2
3.48 Bridge
3.46 2200 1184 1191.77 | 1191.79 |0.000094 1.07 0.09
3.35 2200 1188 1191.54 | 1191.66 |0.001249 2.74 0.31
3.23 2200 1184.27 | 1191.15 | 1191.18 |0.000223 1.5 0.14
3.1 2200 1174.02 1191.09 | 1191.09 | 0.00001 0.54 0.03
2.98 2200 1180 1191.08 | 1191.08 | 0.000016 0.63 0.04
2.87 2200 1175.62 | 1191.07 | 1191.07 [0.000012 0.65 0.04
2.78 2200 1188 1190.93 | 1191.05 [0.002909 2.83 0.43
2.71 2200 1188 1190.18 | 1190.28 [0.001853 2.54 0.35
2.65 2200 1187.99 | 1188.85 | 1189.1 |0.012588 4.02 0.8
2.59 2200 1184 1186.69 | 1186.86 |0.002433 3.31 0.41
2.53 2200 1180 1184.7 | 1185.53 |0.008812 7.32 0.82
2.47 2200 1178.61 | 1183.39 | 1183.67 [0.001973 4.24 0.41
2.42 2200 1176 1183.19 | 1183.29 [0.000482 2.6 0.21
2.41 2200 1176 1183.19 | 1183.27 |0.000353 2.34 0.18
2.4 2200 1176 1183.18 | 1183.26 | 0.000286 2.27 0.17
2.38 2200 1175.59 | 1183.15 | 1183.21 |0.000255 1.91 0.15
2.33 2200 1180 1182.8 | 1183.05 |0.002782 4.02 0.46
2.31 Bridge
2.29 2200 1170.86 | 1180.46 | 1180.47 | 0.00003 0.78 0.06
2.21 2200 1176 1180.04 | 1180.35 [0.003393 4.45 0.5
2.13 2200 1176 1178.27 | 1178.6 |0.005598 4.65 0.62
2.12 2200 1176 1177.37 | 1177.97 |0.017088 6.25 1.01
2.1 2200 1158.27 | 1163.19 | 1163.43 [0.002249 3.91 0.42
2.07 2200 1156 1163.08 | 1163.18 |0.000539 2.44 0.22
2.04 2200 1156.31 | 1163.06 | 1163.09 | 0.00024 1.42 0.14
2.02 2200 1158.36 | 1163.05 | 1163.07 |0.000124 1.12 0.1
1.95 2200 1157.05 | 1162.96 1163 |0.000373 1.61 0.17
1.89 2200 1152.71 | 1162.56 | 1162.74 [0.014518 3.44 0.44
1.86 2200 1148 1161.65 | 1161.66 |0.000027 0.81 0.05




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

HiverSta [ Q7T W.S. Elsy

1.83 2200 1148 1161.6 | 1161.65 |0.000265 1.65 0.15
1.8 2200 1160 1161.05 | 1161.52 |0.017688 5.49 0.99
1.76 2200 1152.5 1159.28 | 1159.32 | 0.000247 1.56 0.15
1.65 2200 1154.51 | 1159.07 | 1159.12 [0.000611 1.83 0.21
1.52 2200 1144 1158.89 | 1158.89 |0.000001 0.24 0.01
1.39 2200 1147.32 | 1158.88 | 1158.89 [0.000013 0.45 0.03
1.3 2200 1152 1158.8 | 1158.87 | 0.00046 2.09 0.2
1.22 2200 1156 1158.44 | 1158.55 | 0.002427 2.67 0.39
T2 2200 1152 1157.82 | 1157.83 | 0.000056 0.92 0.07
1 2200 1152 1157.77 | 1157.79 |0.000104 1 0.09
0.89 2200 1156 1157.43 | 1157.65 | 0.005829 3.78 0.59
0.78 2200 1162 1155.49 | 1155.56 | 0.000928 2.18 0.26
0.65 2200 1151.5 1155.16 | 1155.18 |0.000175 1.05 0.12
0:51 2200 1152 1154.92 | 1154.97 | 0.00062 1.79 0.21
0.36 2200 1151.05 | 1154.35 | 1154.41 [0.000839 1.95 0.24
0.23 2200 1150.96 | 1153.68 | 1153.74 [0.001233 2.01 0.28
0.11 2200 1148 1153.21 | 1153.24 | 0.000305 1.44 0.15
0 2200 1148 1153.09 | 1153.1 |0.000124 0.97 0.1




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

Exhibit D.2 Hvdraulic Results, Baseline Condition (Model 11) for the 10-Year event.

L%

£

981

1

60000

1288

1299.07

1299.87

0.001845

13.64 0.45
13.55 60000 1288 1298.47 1299.09 0.001161 6.34 0.37
13.44 60000 1284 1297.75 1298.39 0.001181 6.42 0.37
13.31 60000 1281.3 1296.9 1297.58 0.001289 6.62 0.39
13.19 60000 1284 1295.58 1296.49 0.002178 7.67 0.49
13.07 60000 1276 1294.62 1295.32 0.001352 6.74 0.4
12.97 60000 1280 1293.09 1294.33 0.003102 8.91 0.58
12.87 60000 1276 1291.83 1292.98 0.001552 8.6 0.44
12:77 60000 1276 1290.92 1292.08 0.001886 8.64 0.48
12.67 60000 1276 1290.43 1291.14 0.001234 6.76 0.38
12.55 60000 1276 1289.7 1290.42 0.001113 6.8 0.37
12.44 60000 1276 1288.55 1289.54 0.002044 8 0.48
12.33 60000 1272 1287.95 1288.61 0.000914 6.48 0.34
12.22 60000 1272 1287.23 1287.95 0.001427 6.8 0.4
12.1 60000 1272 1286.13 1286.9 0.002032 7.05 0.47
12.06 60000 1268 1285.59 1286.38 0.002035 7.11 0.47
11.99 60000 1268 1284.02 1285.29 0.00435 9.03 0.66
11.88 60000 1267.94 1282.01 1283.1 0.003204 8.4 0.58
11.78 60000 1268 1281 1281.69 0.001652 6.67 0.43
11.62 60000 1264 1280.01 1280.49 0.00101 5.57 0.34
11.49 60000 1263.04 1278.82 1279.64 0.001589 7.24 0.43
11.41 60000 1260 1277.47 1278.72 0.002823 8.95 0.56
11.32 60000 1260 1276.08 1277.41 0.002989 9.24 0.58
11.25 60000 1256 1275.34 1276.34 0.001921 8 0.47
TILAZ 60000 1256 1274.63 1275.57 0.001694 (Y 0.45
11.14 60000 1256 1274.09 12751 0.005206 8.07 0.46
11.1 60000 1256 1273.75 1274.35 0.000778 6.21 0.31
11.05 60000 1256 1273.74 1274.16 0.000427 5.18 0.24

11 60000 1254.01 1273.71 1274.02 0.000257 4.5 0.19
10.95 60000 1252 1273.73 1273.94 0.000154 3.69 0.15
10.9 60000 1250.83 1273.69 1273.91 0.000153 3.75 0.15
10.86 60000 1248 1273.65 1273.87 0.000147 3.78 0.15
10.81 60000 1248 1273.64 1273.83 0.000104 3.47 0.13
10.78 60000 1248 1273.62 1273.81 0.000105 3.51 0.13
10.73 60000 1248 1273.57 1273.78 0.000115 3.67 0.13
10.67 60000 1248 1273.43 1273.73 0.000192 4.36 0.17
10.61 60000 1244.2 1273.38 1273.66 0.000168 4.32 0.16
10.56 60000 1244 1273.34 1273.62 0.000157 4.27 0.16
10.52 60000 1234.97 1273.39 1273.57 0.000079 3.4 0.11
10.46 60000 1240 1273.29 1273.53 0.000145 3.97 0.15
10.41 60000 1247.67 1273.29 1273.48 0.000106 3.49 0.13
10.36 60000 1253 1272.76 1273.39 0.000855 6.35 0.33
10.26 60000 1252 1272.63 1273 0.000369 4.84 0.22
10.18 60000 1256 1271.58 1272.64 0.002169 8.29 0.5




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

10.06 1270.09 1271.33 0.002115 0.5
9.96 1254.13 1269.17 1270.22 0.001603 8.41 0.45
9.87 1254.92 1268.64 1269.48 0.001402 7.6 0.41
9.8 1252 1268.26 1269 0.001146 7.33 0.38
9.73 1252 1268 1268.56 0.001005 6.45 0.35
9.67 1250.78 1267.89 1268.27 0.000532 5.53 0.27
9.64 1252 1267.87 1268.19 0.000471 5.03 0.25
9.61 60000 1248.2 1267.86 1268.12 0.000316 4.53 0.21
9.59 60000 1244 .4 1267.86 1268.07 0.000243 4.15 0.18
9.55 60000 1251.37 1267.75 1268.01 0.000306 4.38 0.2
9.49 60000 1248 1267.46 1267.86 0.000398 5.25 0.23
9.44 60000 1247.05 1266.98 1267.72 0.00062 7.12 0.3
9.39 60000 1236 1265.02 1267.28 0.002419 12.54 0.57
9.33 60000 1244 1265.12 1266.45 0.001492 9.51 0.44
9.26 60000 1247.57 1264.98 1265.86 0.001028 175 0.37
9.2 60000 1248 1264.76 1265.51 0.000854 7.13 0.34
9.13 60000 1248 1263.88 1265.07 0.001338 9 0.42
9.04 60000 1248 1260.71 1263.85 0.004819 14.66 0.77
8.98 60000 1244 1260.1 1262.24 0.003565 12.1 0.66
8.92 60000 1239.59 1259.78 1261.14 0.002061 9.62 0.51
8.88 60000 1233.08 1259.78 1260.71 0.001319 7.94 0.41
8.85 60000 1212 1260.02 1260.4 0.000331 5.09 0.22
8.81 60000 1204 1260.12 1260.3 0.000094 3.47 0.12
8.77 60000 1206.87 1260.14 1260.27 0.000054 3.03 0.1
8.74 60000 1220 1259.93 1260.24 0.000079 4.57 0.16
8.68 60000 1244 1256.52 1259.89 0.010266 15.16 1.03
8.63 60000 1216 1256.07 1256.36 0.000243 4.49 0.18
8.6 60000 1196 1256.2 1256.28 0.00003 2.52 0.07
8.57 60000 1198.17 1256.21 1256.27 0.000019 2.09 0.06
8.52 60000 1208 1256.21 1256.26 0.000014 1.89 0.05
8.44 60000 1192 1256.21 1256.26 0.000013 1.71 0.05
8.36 60000 1212 1256.2 1256.25 0.000017 1.83 0.05
8.29 60000 1204 1256.2 1256.24 0.000011 1.62 0.04
8.2 60000 1202.29 1256.19 1256.23 0.000013 1.8 0.05
8.1 60000 1212 1255.99 1256.2 0.000115 3.83 0.13
8.01 60000 1240 1255.65 1256.1 0.000728 5.48 0.3
7.91 60000 1244 1254.07 1255.39 0.003086 9.38 0.59
7.83 60000 1244 1253.17 1254.12 0.002193 7.86 0.49
7.71 60000 1243.41 1250.32 1252.08 0.005694 10.65 0.76
7.63 60000 1240 1248.88 1249.92 0.002605 8.2 0.53
7.55 58000 1239.6 1248.41 1248.97 0.001278 6 0.38
7.47 58000 1239.83 1247.67 1248.34 0.001768 6.56 0.44
7.45 Bridge
7.44 58000 1238.53 124714 1247.75 0.001569 6.29 0.41
7.4 58000 1239.06 1246.66 1247.35 0.002203 6.83 0.48
7.36 58000 1238.07 1246.34 1246.88 0.001757 5.94 0.42
132 58000 1240 1245.88 1246.48 0.002259 6.23 0.47




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

River Sis Min Ch El | W.B, Elev | E.G. Elev | E.G. Slope Froude # Ch
7.28 1236 1244.42 1245.77 0.006977 0.8
7.24 58000 1235.58 1241.71 1243.61 0.010667 1
7.17 58000 1197.93 1227.34 1227.39 0.000058 0.09
71 58000 1206.84 1227.32 1227.37 0.000049 0.08
7.03 58000 1210.44 1227.23 1227.34 0.000112 0.12
6.99 58000 1200 1227.27 1227.3 0.00002 0.06
6.91 58000 1198.45 1227.24 1227.29 0.000043 0.08
6.8 58000 1196 1227.21 1227.27 0.000034 0.07
6.69 58000 1197.62 1227.11 1227.23 0.000111 0.12
6.56 58000 1188.55 1227.11 1227.16 0.000028 0.07
6.5 58000 1192.83 1227.05 1227.14 0.000057 0.09
6.45 58000 1180 1227.09 1227.11 0.000009 0.04
6.4 58000 1196 1227.08 1227.11 0.000014 0.05
6.38 58000 1195.4 1227 12271 0.000064 0.1
6.35 58000 1194.53 1226.71 1227.06 0.000242 0.19
6.32 58000 1192 1226.71 1227.02 0.000198 0.17
6.27 58000 1194.49 1226.71 1226.93 0.000185 0.16
6.22 58000 1203.46 1226 1226.79 0.001193 0.38
6.18 58000 1192 1226.1 1226.51 0.000556 0.26
6.14 58000 1196 1226.19 1226.36 0.000133 0.14
6.09 58000 1200 1226.08 1226.31 0.000222 0.17
6.05 58000 1204 1225.8 1226.21 0.000465 0.25
6.01 58000 1204 1225.46 1226.03 0.022449 0.3
5.99 58000 1200 1224.42 1224.82 0.000688 0.24
5.97 58000 1198.59 1224.4 1224.75 0.000596 0.22
5.95 58000 1196 1224.39 1224.66 0.000317 0.18
5.93 58000 1198.79 1224.37 1224.62 0.000408 0.18
5.91 58000 1203.31 1224.15 1224.55 0.000789 0.27
5.88 58000 1209.96 1222.39 1224.16 0.014327 0.82
5.87 58000 1206.22 1222.18 1223.65 0.004639 0.69
5.86 58000 1205.11 1222.03 1223.18 0.02146 0.54
5.85 58000 1208 1221.74 1222.35 0.001035 0.35
5.84 58000 1204 1221.64 1222.28 0.001043 0.35
5.82 58000 1204 1221.6 1222.16 0.000861 0.32
5.8 58000 1204 1221.52 1222.08 0.000816 6 0.32
5.76 58000 1204 1221.11 1221.88 0.00131 7.01 0.39
5.73 58000 1208 1220.21 1221.47 0.002689 9.01 0.55
5.69 58000 1206.01 1220.24 1221 0.001144 6.96 0.37
5.65 58000 1198.67 1220.35 1220.72 0.000365 4.92 0.22
5.6 58000 1194.35 1220.42 1220.59 0.000122 3.35 0.13
5.56 58000 1208 1219.33 1220.45 0.002219 8.49 0.5
5.53 58000 1192 1219.59 1219.99 0.00044 5.01 0.24
5.47 58000 1208 1218.16 1219.65 0.004243 9.82 0.67
5.4 58000 1196 1217.69 1218.39 0.000952 6.73 0.34
5.26 58000 1179.01 1217.44 1217.81 0.000376 4.87 0.22
5.15 58000 1204 1216.53 1217.4 0.001718 7.52 0.44
5.03 58000 1204 1215.49 1216.33 0.001587 7.34 0.43




l EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)
l 8 E.G. B Slops Froude #
{) (N
4.88 1200 1213.9 1214.99 0.001784 0.46
I 4.74 1188 1213.32 1213.58 0.001377 0.18
4.59 1192 1212 1212.36 0.001661 0.27
' 4.47 1200 1209.71 1210.78 0.003588 0.6
4.31 1199.24 1206.78 1207.88 0.003422 0.58
4.27 1192 1206.75 1207.21 0.000923 0.33
l 4.22 1178.19 1206.71 1206.97 0.000383 0.22
4.15 1184 1206.4 1206.79 0.000753 5 0.29
4.09 1188 1206.26 1206.54 0.000594 419 0.26
I 4.04 1184 1206.23 1206.39 0.000213 3.2 0.16
3.89 1174.66 1206.18 1206.26 0.00006 2.28 0.09
3.76 1188 1205.64 1206.14 0.000812 5.66 0.31
l 3.64 1192 1204.17 1205.28 0.002748 8.48 0.55
3.5 1186.84 1202.99 1203.6 0.001062 6.24 0.36
3.48
l 3.46 1184 1202.78 1203.27 0.000669 5.6 0.29
3:35 1188 1202.04 1202.71 0.001136 6.6 0.37
3.23 1184.27 1200.65 1201.78 0.001922 8.54 0.48
I 3.4 1174.02 1200.08 1200.71 0.0007 6.38 0.3
2.98 1180 1199.36 1200.22 0.000894 7.42 0.34
2.87 1175.62 1198.99 1199.6 0.000912 6.25 0.33
l 2.78 1188 1198.16 1198.95 0.00198 7.18 0.46
2.71 1188 1197.4 1198.28 0.002157 7.54 0.49
2.65 1187.99 1196.24 1197.39 0.002759 8.58 0.55
l 2.59 1184 1195.64 1196.6 0.002179 7.85 0.49
2.53 1180 1194.94 1195.85 0.002246 7.67 0.5
l 2.47 1178.61 1194.06 1195.1 0.002472 8.17 0.52
2.42 1176 1193.76 1194.5 0.001429 6.91 0.41
2.41 1176 1193.72 1194.44 0.001358 6.82 0.4
l 2.4 1176 1193.65 1194.38 0.001383 6.86 0.4
2.38 1175.59 1193.38 1194.17 0.001584 7.13 0.43
2.33 1180 1192.42 1193.6 0.002954 8.71 0.57
l 2.31
2.29 1170.86 1189.41 1190.01 0.000915 6.19 0.33
2.21 1176 1187.8 1189.15 0.00375 9.32 0.63
' 2.13 1176 1186.41 1187.69 0.003231 9.1 0.59
2.12 1176 1184.65 | 1187.21 0.010359 12.85 1
2.1 1158.27 1172.15 1173.78 0.005572 10.23 0.75
l 2.07 1156 1171.61 1173.01 0.003825 9.47 0.64
2.04 1156.31 1171.5 1172.38 0.001714 7.53 0.45
2.02 1158.36 1171.5 1172.16 0.000989 6.49 0.35
l 1.95 1157.05 1171.15 1171.77 0.001095 6.31 0.36
1.89 1152.71 1170.57 1171.31 0.00173 6.89 0.44
1.86 1148 1170.36 1171.05 0.001678 6.69 0.43
l 1.83 1148 1169.48 1170.62 0.003487 8.57 0.6
1.8 1160 1169.24 1170.03 0.00227 714 0.49
l 1.76 1152.5 1169.31 1169.6 0.000486 4.36 0.24




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

B wesy S $6 8l
Frouds ¥ Ghi

1154.51

0.000664

1168.97 1169.29 0.27

1144 1168.81 1168.96 0.000138 0.14

1147.32 1168.63 1168.83 0.000256 0.18

1152 1168.19 1168.62 0.000914 0.32

1156 1167.89 1168.27 0.00073 0.29

1152 1167.55 1167.89 0.000592 0.27

1152 1167.22 1167.55 0.000538 0.25

1156 1166.55 1167.1 0.001249 0.37

1152 1166.07 1166.46 0.0007 0.29

1151:5 1165.78 1166.06 0.000384 0.22

1152 1165.41 1165.74 0.000485 0.24

0.36 58000 1151.05 1165 1165.34 0.000521 0.25
0.23 58000 1150.96 1164.68 1165 0.000473 0.24
0.11 58000 1148 1164.29 1164.67 0.000569 0.26
0 58000 1148 1164.04 1164.36 0.000401 0.23




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

l Exhibit D.3 Hydraulic Results, Baseline Condition (Model 11) for the 100-Year event.

13.64 175000 1288 1306.99 1308.6 0.001536 10.17 0.46
I 13.55 175000 1288 1306.41 1307.88 0.001284 9.76 0.43
13.44 175000 1284 1305.53 1307.09 0.001344 10.01 0.44

13.31 175000 1281.3 1304.54 1306.14 0.001566 10.15 0.46 i
' 13.19 175000 1284 1303.47 1305.04 | 0.001771 10.07 0.48
13.07 175000 1276 1302.66 1303.98 0.001361 9.21 0.43
12.97 175000 1280 1301.64 1303.2 0.001722 10 0.48
l 12.87 175000 1276 1300.58 1302.17 0.001857 10.12 0.49
12.77 175000 1276 1299.28 1301.17 0.001846 11.03 0.5
12.67 175000 1276 1298.58 1300.26 0.001436 10.41 0.45
l 12.55 175000 1276 1297.49 1299.31 0.001632 10.83 0.48
12.44 175000 1276 1295.68 1298.09 0.002469 12.47 0.58
12.33 175000 1272 1294.69 1296.82 0.001747 11.72 0.5
' 1222 175000 1272 1293.7 1295.7 0.001973 11.35 0.52
12.1 175000 1272 1292.71 1294.37 0.001966 10.34 0.51
12.06 175000 1268 1292.39 1293.83 0.001736 9.65 0.48
l 11.99 175000 1268 1291.29 1293.05 0.002375 10.64 0.55
11.88 175000 1267.94 1289.94 1291.78 0.002079 10.89 0.52
11.78 175000 1268 1289.45 1290.75 0.001178 9.14 0.41
' 11.62 175000 1264 1288.86 1289.79 0.000821 .75 0.34
11.49 175000 1263.04 1287.72 1289.08 0.001288 9.36 0.42
l 11.41 175000 1260 1287.01 1288.45 0.001614 9.63 0.46
11.32 175000 1260 1286.36 1287.77 0.00134 9.79 0.43
11.25 175000 1256 1285.72 1287.26 0.001162 10.14 0.41
' 11T 175000 1256 1285.14 1286.77 0.001151 10.31 0.41
11.14 175000 1256 1284.75 1286.44 0.003492 10.48 0.42
11.1 175000 1256 1284.52 1285.9 0.000814 9.45 0.35
l 11.05 175000 1256 1284.54 1285.67 0.000583 8.51 0.31
11 175000 1254.01 1284.48 1285.47 0.000448 7.99 0.27
10.95 175000 1252 1284.59 1285.29 0.000298 6.7 0.22
l 10.9 175000 1250.83 1284.48 1285.22 0.000311 6.89 0.23
10.86 175000 1248 1284.35 1285.14 0.000314 Z.11 0.23
10.81 175000 1248 1284.33 1285.05 0.000261 6.82 0.21
I 10.78 175000 1248 1284.25 1284.99 0.000279 6.92 0.22
10.73 175000 1248 1284.1 1284.92 0.000293 7.28 0.23
10.67 175000 1248 1283.7 1284.78 0.000435 8.34 0.27
l 10.61 175000 1244.2 1283.5 1284.63 0.000425 8.54 0.27
10.56 175000 1244 1283.38 1284.53 0.000421 8.61 0.27
10.52 175000 1234.97 1283.58 1284.33 0.000237 7.03 0.21
' 10.46 175000 1240 1283.5 1284.24 0.000298 716 0.23
10.41 175000 1247.67 1283.47 1284.16 0.000251 6.75 0.21
10.36 175000 1253 1282.68 1283.99 | 0.000839 9.37 0.36
l 10.26 175000 1252 1282.5 1283.56 0.000567 8.29 0.3
10.18 175000 1256 1281.26 1283.11 0.001536 10.93 0.47




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

10.06 175000 1256 1281.03 1282.17 0.000851 : 0.36
9.96 175000 1254.13 1280.47 1281.69 0.000823 9.51 0.36
9.87 175000 1254.92 1280.2 1281.31 0.000712 8.89 0.33
9.8 175000 1252 1280.23 1280.98 0.000485 7.63 0.28
9.73 175000 1252 1280.31 1280.74 0.000306 5.97 0.22
9.67 175000 1250.78 1280.24 1280.65 0.000259 5.95 0.21
9.64 175000 1252 1280.25 1280.6 0.000227 5.48 0.19
9.61 175000 1248.2 1280.24 1280.57 0.000196 5.35 0.18
9.59 175000 1244.4 1280.24 1280.53 0.000169 5.08 0.17
9.55 175000 1251.37 1280.09 1280.48 0.000224 5.66 0.19
9.49 175000 1248 1279.58 1280.34 0.000397 7.64 0.26
9.44 175000 1247.05 1278.5 1280.14 0.000834 11.17 0.37
9.39 175000 1236 1275.23 1279.52 0.002914 18.65 0.67
9.33 175000 1244 1275.83 1278.37 0.001565 13.97 0.5
9.26 175000 1247.57 1276 1277.64 0.00099 11.17 0.4
9.2 175000 1248 1275.87 1277.26 0.000854 10.26 0.37
9.13 175000 1248 1274.43 1276.75 0.001442 13.29 0.48
9.04 175000 1248 1267.84 1275.11 0.006714 23.41 0.98
8.98 175000 1244 1267.26 1271.89 0.004426 18.75 0.79
8.92 175000 1239.59 1267.32 1270.3 0.002619 15.04 0.62
8.88 175000 1233.08 1267.58 1269.63 0.001712 12.46 0.5
8.85 175000 1212 1268.05 1269.14 0.000656 9.1 0.32
8.81 175000 1204 1268.28 1268.91 0.000261 6.87 0.21
8.77 175000 1206.87 1268.31 1268.83 0.000181 6.23 0.18
8.74 175000 1220 1267.6 1268.72 0.000478 9.21 0.28
8.68 175000 1244 1262.56 1268.01 0.008526 20.36 1.04
8.63 175000 1216 1263.83 1264.71 0.000535 8.17 0.29
8.6 175000 1196 1264.17 1264.5 0.000108 5.27 0.14
8.57 175000 1198.17 1264.21 1264.46 0.000069 4.53 0.11
8.52 175000 1208 1264.22 1264.43 0.000055 4.11 0.1
8.44 175000 1192 1264.22 1264.4 0.000049 3.7 0.1
8.36 175000 1212 1264.17 1264.37 0.000059 3.9 0.11
8.29 175000 1204 1264.17 1264.34 0.00004 3.56 0.09
8.2 175000 1202.29 1264.11 1264.32 0.000049 3.98 0.1
8.1 175000 1212 1263.48 1264.22 0.00032 7.58 0.23
8.01 175000 1240 1263.05 1264 0.000848 8.4 0.35
7.91 175000 1244 1260.18 1263.1 0.00342 14.39 0.68
7.83 175000 1244 1259.5 1261.58 0.002331 12 0.56
7.71 175000 1243.41 1256.06 1259.5 0.004908 15.21 0.79
7.63 175000 1240 1254.89 1257.36 0.002947 12.73 0.62
7.55 172000 1239.6 1254.61 1256.12 0.001644 9.87 0.47
7.47 172000 1239.83 1253.59 1255.32 0.002057 10.53 0.52
7.45 Bridge
7.44 172000 1238.53 1252.44 1254.22 0.002239 10.72 0.54
7.4 172000 1239.06 1251.6 1253.62 0.003015 11.71 0.61
7.36 172000 1238.07 1251.58 1252.7 0.001677 8.7 0.46
7.32 172000 1240 1251.08 1252.33 0.001961 9.09 0.49




l EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)
7.28 172000 1248.59 1251.59 0.0063 0.85

l 7.24 172000 1235.58 1245.75 1249.65 0.008952 15.85 1
7147 172000 1197.93 1237.34 1237.48 0.00008 3.03 0.11
7:1 172000 1206.84 1237.29 1237.45 0.000084 3:23 0.12
l 7.03 172000 1210.44 1237.08 1237.39 0.00019 4.51 0.17
6.99 172000 1200 1237.16 1237.32 0.000058 3.21 0.1
6.91 172000 1198.45 1237.11 1237.29 0.000083 3.36 0.12
l 6.8 172000 1196 1237.02 1237.24 0.000085 3.78 0.12
6.69 172000 1197.62 1236.73 1237.15 0.000212 5.18 0.18

I 6.56 172000 1188.55 1236.78 1236.98 0.000075 3.61 0.11
6.5 172000 1192.83 1236.59 1236.94 0.000148 4.74 0.16
| 6.45 172000 1180 1236.75 1236.84 0.000027 2.4 0.07
| l 6.4 172000 1196 1236.68 1236.82 0.000044 3.01 0.09
6.38 172000 1195.4 1236.38 1236.79 0.000166 4.89 0.16
6.35 172000 1194.53 1235.22 1236.64 0.000662 9.61 0.33

l 6.32 172000 1192 1235.25 1236.52 0.000562 9.09 0.31
6.27 172000 1194.49 1235.43 1236.24 0.000413 7.26 0.26
6.22 172000 1203.46 1235.37 1236.1 0.000459 6.91 0.26
l 6.18 172000 1192 1235.27 1236.01 0.000466 7 0.27
6.14 172000 1196 1235.31 1235.87 0.000276 6.09 0.21
6.09 172000 1200 1235.03 1235.77 0.000404 7.01 0.25

l 6.05 172000 1204 1234.67 1235.63 0.000625 7.84 0.31
6.01 172000 1204 1234.11 1235.37 0.031706 8.99 0.38
5.99 172000 1200 1232.7 1233.62 0.001225 7.69 0.33
' 5.97 172000 1198.59 1232.58 1233.5 0.001172 7.74 0.32
5.95 172000 1196 1232.59 1233.31 0.000672 6.79 0.27
5.93 172000 1198.79 1232.63 1233.22 0.000647 6.2 0.24
' 5.91 172000 1203.31 1232.49 1233.13 0.000792 6.47 0.27
5.88 172000 1209.96 1231.94 1232.95 0.001083 8.19 0.38

5.87 172000 1206.22 1231.68 1232.87 0.001201 8.76 0.4
l 5.86 172000 1205.11 1231.13 1232.72 0.011654 10.12 0.44
5.85 172000 1208 1230.87 1232.29 0.001107 9.56 0.4

l 5.84 172000 1204 1230.67 1232.21 0.001193 9.95 0.41
5.82 172000 1204 1230.62 1232.07 0.001032 9.66 0.39
5.8 172000 1204 1230.48 1231.96 0.001032 9.78 0.39
l 5.76 172000 1204 1229.87 1231.71 0.001427 10.88 0.45
5.73 172000 1208 1228.53 1231.25 0.002438 13.24 0.58
5.69 172000 1206.01 1228.67 1230.73 0.001516 11.5 0.47
I 5.65 172000 1198.67 1229.07 1230.22 0.000725 8.6 0.33
5.6 172000 1194.35 1229.22 1229.94 0.000319 6.8 0.23
5.56 172000 1208 1227.22 1229.65 0.002438 12:51 0.58
I 5.53 172000 1192 1227.75 1228.99 0.000873 8.93 0.36
5.47 172000 1208 1225.87 1228.48 0.002876 13 0.62
5.4 172000 1196 1225.43 1227.4 0.001625 11.43 0.48
' 5.26 172000 1179.01 1225.08 1226.3 0.000776 9.07 0.34
515 172000 1204 1223.48 1225.57 0.002035 11.85 0.53
I 5.03 172000 1204 1222.13 1224.24 0.002089 11.92 0.54




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

Fiver Sia W,
{018} 1LY, ) L9 z‘ﬁ

4.88 172000 1200 1219.45 1222.22 0.00313 ;
4.74 172000 1188 1219.23 1220.23 0.000817 8.23 0.34
4.59 172000 1192 1218.48 1219.53 0.000941 8.39 0.36
4.47 172000 1200 1216.91 1218.6 0.00207 10.67 0.52
4.31 172000 1199.24 1215.5 1217.04 0.001573 9.85 0.46
4.27 172000 1192 1215.66 1216.61 0.000775 7.88 0.33
4.22 172000 1178.19 1215.69 1216.35 0.000453 6.41 0.26
415 172000 1184 1215.32 1216.16 0.000657 7.34 0.31
4.09 172000 1188 1215.33 1215.9 0.000453 5.98 0.26
4.04 172000 1184 1215.36 1215.74 0.000268 4.86 0.2
3.89 172000 1174.66 1215.26 1215.55 0.000139 4.37 0.15
3.76 172000 1188 1214.26 1215.31 0.000894 8.23 0.36
3.64 172000 1192 1213.14 1214.54 0.001648 9.51 0.46
3.5 172000 1186.84 1212.46 1213.4 0.000775 LA T 0.33
3.48 Bridge

3.46 172000 1184 1212.26 1213.07 0.000606 7.23 0.3
3.35 172000 1188 1210.69 1212.33 0.001317 10.28 0.44
3.23 172000 1184.27 1209 1211.27 0.002074 12.09 0.54
3.1 172000 1174.02 1208.16 1209.87 0.001412 10.5 0.45
2.98 172000 1180 1207.72 1209.05 0.000943 9.28 0.37
2.87 172000 1175.62 1206.51 1208.32 0.001429 10.79 0.45
2.78 172000 1188 1205.87 1207.51 0.001621 10.28 0.47
2.71 172000 1188 1205.08 1206.93 0.001831 10.92 0.5
2.65 172000 1187.99 1203.55 1206.09 0.002605 12.78 0.59
2.59 172000 1184 1203.11 1205.28 0.002134 11.82 0.54
2.53 172000 1180 1202.61 1204.54 0.001889 11.17 0.51
2.47 172000 1178.61 1201.6 1203.86 0.002259 12.06 0.55
2.42 172000 1176 1201.35 1203.24 0.00167 11.02 0.48
2.41 172000 1176 1201.3 1203.17 0.001627 10.96 0.48
2.4 172000 1176 1201.23 1203.1 0.001642 10.97 0.48
2.38 172000 1175.59 1200.93 1202.85 0.001828 11.11 0.5
2.33 172000 1180 1199.53 1202.15 0.002793 12.98 0.61
2.31 Bridge
2.29 172000 1170.86 1196.83 1198.6 0.001424 10.68 0.45
2.21 172000 1176 1194.29 1197.34 0.003603 14.03 0.69
2.13 172000 1176 1192.78 1195.85 0.003607 14.06 0.69
2.12 172000 1176 1190.15 1195.29 0.008219 18.19 1
2.1 172000 1158.27 1180.87 1183.13 0.002325 12.06 0.56
2.07 172000 1156 1180.58 1182.78 0.00207 11.91 0.54
2.04 172000 1156.31 1180.55 1182.37 0.001475 10.8 0.46
2.02 172000 1158.36 1180.48 1182.18 0.001175 10.47 0.42
1.95 172000 1157.05 1180.28 1181.69 0.001045 9.5 0.39
1.89 172000 1152.71 1180.05 1181.28 0.001056 8.89 0.39
1.86 172000 1148 1179.95 1181.12 0.001 8.68 0.38
1.83 172000 1148 1179.57 1180.9 0.001327 9.28 0.42
1.8 172000 1160 1179.6 1180.62 0.000899 8.11 0.36
1.76 172000 1152.5 1179.77 1180.36 0.00041 6.19 0.25




EXHIBIT D - HYDRAULIC RESULTS, BASELINE CONDITION (MODEL 11)

i 3‘-’?_:3 \ -;9{} §IWERS

1.65 172000 | 1154.51 1179.61 1180.12 | 0.000377 0.24
1.52 172000 1144 1179.42 1179.89 | 0.000237 0.19
1.39 172000 | 1147.32 1179.18 1179.7 0.000297 0.22
1.3 172000 1152 1178.78 1179.5 0.000532 0.28
1.22 172000 1156 1178.6 1179.28 | 0.000474 0.27
1.12 172000 1152 1178.36 1179.03 | 0.000436 0.26
1 172000 1152 1178.1 1178.76 | 0.000429 0.25
0.89 172000 1156 1177.63 1178.46 | 0.000608 0.3
0.78 172000 1152 1177.39 11781 0.000471 0.27
0.65 172000 1151.5 1177.18 1177.8 0.000352 0.23
0.51 172000 1152 1176.85 1177.51 0.000395 0.25
0.36 172000 | 1151.05 1176.51 1177.2 0.000411 0.25
0.23 172000 1150.96 1176.24 1176.92 0.000394 0.25
0.11 172000 1148 1175.9 1176.65 | 0.000442 0.26
0 172000 1148 1175.65 1176.39 | 0.000403 0.25




EXHIBIT E — HEC-RAS FIGUREL, ALTERNATIVE O (MODEL 9)
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EXHIBIT F — WATER SURFACE PROFILE, ALTERNATIVE O (MODEL 9)
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EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

Exhibit G.1 Hyvdraulic Results, Alternative O (Model 9) for the 3-Year event.

South Quarry Pit 0.83 2172.87 1248 1252.09 1252.17 0.005025 2.3 0.23
uth Quarry Pit 0.77 2172.87 1244 1250.22 1250.35 0.006842 2.82 0.27
outh Quarry Pit 0.71 2172.87 1239.17 1249.11 1249.15 0.000803 1.61 0.1
South Quarry Pit 0.68 2172.87 1233.05 1249.04 1249.05 0.000209 1.01 0.05
touth Quarry Pit 0.64 2172.87 1230.33 1249.03 1249.03 0.00004 0.55 0.03
outh Quarry Pit 0.6 2172.87 1230 1249.02 1249.02 0.000015 0.36 0.02
South Quarry Pit 0.57 2172.87 1225.78 1249.02 1249.02 0.00001 0.3 0.01
outh Quarry Pit 0.53 2172.87 1230.95 1249.02 1249.02 0.000017 0.36 0.02
outh Quarry Pit 0.47 2172.87 1244 1248.84 1248.99 0.015998 3.1 0.37
South Quarry Pit 0.42 2172.87 1224.75 1246.66 1246.66 0.000024 0.42 0.02
outh Quarry Pit 0.4 2172.87 1220.72 1246.66 1246.66 0.000011 0.28 0.01
outh Quarry Pit 0.37 2172.87 1230.18 1246.66 1246.66 0.000007 0.23 0.01
outh Quarry Pit 0.31 2172.87 1221.68 1246.66 1246.66 0.000005 0.2 0.01
outh Quarry Pit 0.24 2172.87 1221.31 1246.65 1246.65 0.000003 017 0.01
South Quarry Pit 0.15 2172.87 1229.55 1246.65 1246.65 0.000004 0.19 0.01
outh Quarry Pit 0.08 2172.87 1221.16 1246.65 1246.65 0.000005 0.19 0.01
outh Quarry Pit 0 2172.87 1229.85 1246.65 1246.65 0.000005 0.21 0.01
Salt River VaShly US 13.64 2200 1288 1290.63 1290.75 0.001711 2.81 0.35

Salt River VaShly US 13.55 2200 1288 1289.36 1289.5 0.005398 3 0.54

Salt River VaShly US 13.44 2200 1284 1286.96 1287.14 0.002499 3.35 0.42

Salt River VaShly US 13.31 2200 1281.3 1286.05 1286.11 0.00055 1.95 0.21

' Salt River VaShly US 13.19 2200 1284 1285.11 1285.4 0.009344 4.31 0.73
Salt River VaShly US 13.07 2200 1276 1282.21 1282.27 0.000397 1.9 0.18

l Salt River VaShly US 12.97 2200 1280 1281.59 1281.88 0.00578 4.32 0.61
' Salt River VaShly US 12.87 2200 1276 1279.95 1280.01 0.000549 2.02 0.21
Salt River VaShly US 12.77 2200 1276 1279.56 1279.64 0.000955 2.32 0.27

L Salt River VaShly US 12.67 2200 1276 1279.18 1279.23 0.000602 1.92 0.21
' Salt River VaShly US 12.55 2200 1276 1278.82 1278.88 0.000563 1.91 0.21
Salt River VaShly US 12.44 2200 1276 1278.32 1278.42 0.001214 2.51 0.3

Salt River VaShly US 12.33 2200 1272 1277.91 1277.94 0.000405 1.41 0.17

Salt River VaShly US 12.22 2200 1272 1277.29 1277.51 0.002722 3.8 0.45

Salt River VaShly US 12.1 2200 1272 1274.32 1274.94 0.008089 6.32 0.76

Salt River VaShly US 12.06 2200 1268 1273.28 1273.53 0.002117 4.08 0.41

Salt River VaShly US 11.99 2200 1268 1272.16 1272.51 0.003691 4.73 0.53

Salt River VaShly US 11.88 2200 1267.94 | 1271.07 1271.16 0.000815 2.5 0.26

Salt River VaShly US 11.78 2200 1268 1270.44 1270.57 0.001683 2.92 0.35

l Salt River VaShly US 11.62 2200 1264 1268.47 1268.62 0.003617 317 0.47
Salt River VaShly US 11.49 2200 1263.04 1265.31 1265.61 0.005975 4.4 0.62

Salt River VaShly US 11.41 2200 1260 1263.83 1264 0.001337 3.32 0.33

' Salt River VaShly US 11.32 2200 1260 1263.39 1263.49 0.000834 2.6 0.26
Salt River VaShly US 11.25 2200 1256 1263.16 1263.22 0.000463 2.02 0.2

' SaltRiver | VaShiyus | 11.17 2200 1256 1262.8 1262.92 | 0.001548 2.78 0.33




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

River Reach |RiverSia| QTolal | MinC W.S. Elev E.G. Slope

SaltRiver | vashlyus | 11.14 2200 1256 1261.95 1262.37 | 0.018196 5.19 0.66
Salt River | VaShly US 11.1 2200 1256 1260.1 1260.2 0.001685 2.6 0.34
Salt River | Vashlyus | 11.05 2200 1256 1259.95 1259.97 | 0.000162 1.27 0.12
Salt River | VaShly US 11 2200 1254.01 1259.93 1259.93 | 0.000043 0.73 0.06
Salt River | Vashlyus | 10.95 2200 1252 1259.92 1259.93 | 0.000008 0.44 0.03
Salt River | VaShly US 10.9 2200 1250.83 1259.92 1259.93 0.000007 0.42 0.03
Salt River | Vashlyus | 10.86 2200 1248 1259.92 1259.92 0.000004 0.38 0.02
Salt River | Vashlyus | 10.81 2200 1248 1259.92 1259.92 0.000002 0.3 0.02
Salt River | Vashlyus | 10.78 2200 1248 1259.92 1259.92 0.000002 0.3 0.02
SaltRiver | Vashlyus | 10.73 2200 1248 1259.92 1259.92 0.000002 0.31 0.02
SaltRiver | Vashlyus | 10.67 2200 1248 1259.92 1259.92 0.000006 0.43 0.03
Salt River | Vashlyus | 10.61 2200 1244.2 1259.92 1259.92 0.000003 0.37 0.02
Salt River | VaShlyus | 10.56 2200 1244 1259.92 1259.92 0.000003 0.35 0.02
Salt River | Vashlyus | 10.52 2200 1234.97 1259.92 1259.92 0.000001 0.23 0.01
Salt River Vashlyus | 10.46 2200 1240 1259.91 1259.92 0.000003 0.35 0.02
Salt River | Vashlyus | 10.41 2200 1247.67 1259.91 1259.92 0.000002 0.33 0.02
Salt River | Vashlyus | 10.36 2200 1253 1259.81 1259.91 0.000785 2,62 0.25
Salt River | Vashlyus | 10.26 2200 1252 1259.66 1259.67 0.00003 0.8 0.06
Salt River | Vashlyus | 10.18 2200 1256 1259.52 1259.63 0.001022 2.74 0.29
Salt River VaShlyus | 10.06 2200 1256 1258.82 1258.94 | 0.001304 2.75 0.31
Salt River | VaShly US 9.96 2200 1254.13 1258.33 1258.39 0.00056 2.01 0.21
Salt River | VaShly US 9.87 2200 1254.92 1257.83 1257.97 | 0.002516 2.95 0.37
Salt River | VaShly US 9.8 2200 1252 1256.99 1257.09 0.00225 2.54 0.29
Salt River | VaShly US 9.73 2200 1252 1256.18 1256.24 | 0.002074 2.02 0.19
Salt River | VaShly US 9.67 2200 1250.78 1255.51 1255.58 0.001943 1.99 0.19
Salt River | VaShly US 9.64 2200 1252 1255.1 1255.21 0.005247 2.69 0.3

Salt River | VaShly US 9.61 2200 1248.2 1254.75 1254.78 0.0008 1.39 0.12
Salt River | VaShly US 9.59 2200 1244.4 1254.67 1254.69 | 0.000495 1.14 0.1

Salt River | VaShly US 9.55 2200 1251.37 1254.44 1254.51 0.00343 2.14 0.24
Salt River | VaShly US 9.49 2200 1248 1253.6 1253.64 | 0.001611 1.65 0.17
Salt River | VaShly US 9.44 2200 1247.05 1253.4 1253.41 0.000289 1.03 0.08
Salt River | VaShly US 9.39 2200 1236 1253.29 1253.33 | 0.000285 1.42 0.08
Salt River | VaShly US 9.33 2200 1244 1253.2 1253.23 | 0.000429 1.37 0.1

Salt River | VaShly US 9.26 2200 1247.57 1252.99 1253.02 0.000788 1.44 0.12
Salt River | VaShly US 9.2 2200 1248 1252.69 1252.72 0.001048 1.5 0.14
Salt River | VaShly US 9.13 2200 1248 1252.12 1252.18 0.002291 1.87 0.2

Salt River _|VaShlyus2| 9.04 27.13 1248 1252.17 1252.18 0.002578 0.39 0.17
Salt River _|VaShlyus2| 8.98 27.13 1250.19 1250.8 1250.83 0.013193 1.29 0.41
Salt River |VaShlyus2| 8.92 27.13 1244 1248.81 1248.81 0.000003 0.05 0.01
Salt River _|VaShlyus2| 8.88 27.13 1248 1248.81 1248.81 0.00057 0.42 0.1

Salt River _|VaShlyus2| 8.85 2713 1248 1248.68 1248.69 | 0.000963 0.58 0.13
SaltRiver |VaShlyus2| 8.81 27.13 1248 1248.45 1248.45 | 0.001275 0.49 0.13
Salt River |VaShlyus2| 8.77 27.13 1245.26 1248.32 1248.32 0.000012 0.11 0.02
SaltRiver _|VaShlyus2| 8.74 27.13 1248 1248.3 1248.32 0.011151 1.04 0.37




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

' Salt River _|VaShlyuUs2| 8.68 1246.66 1246.66 0.00006 0.06
Salt River |VaShlyUs2| 8.63 1244 1246.65 1246.65 | 0.000013 0.15 0.02
| Salt River _|VaShlyus2| 8.6 1244 1246.65 1246.65 | 0.000003 0.09 0.01
. Salt River _|VaShlyus2| 8.57 1244 1246.65 1246.65 | 0.000001 0.06 0.01
Salt River |VvaShlyus2| 8.52 1240 1246.65 1246.65 0 0.01 0
| Salt River _|VaShlyus2| 8.44 1240 1246.65 1246.65 0 0.02 0
. Salt River _|VaShlyus2| 8.36 1244 1246.65 1246.65 0 0.05 0.01
Salt River _|VvaShlyus2| 8.29 1240 1246.65 1246.65 0 0.02 0
[ Salt River _|VaShlyus2| 8.2 1240 1246.65 1246.65 0 0.02 0
I Salt River | VaShly DS 8.1 1237.27 1246.65 1246.65 | 0.000004 0.34 0.02
Salt River | VaShly DS 8.01 1240 1246.63 1246.64 | 0.000057 0.85 0.07
Salt River | VaShly DS 7.91 1244 1246.45 1246.58 | 0.002235 2.82 0.38
Salt River | VaShly DS 7.83 1244 1245.8 1245.85 | 0.000955 1.81 0.25
Salt River | VaShly DS 7.71 1243.41 1244.58 1244.78 | 0.009177 3.6 0.7
Salt River | VaShly DS 7.63 1240 1242.12 1242.19 | 0.001674 2.14 0.32
Salt River | VaShly DS 7.55 1239.6 1241.7 1241.73 0.00049 1.3 0.18
Salt River | VaShly DS 7.47 1239.83 1241.39 1241.44 0.00126 1.76 0.28
Salt River VaShly DS 7.45
Salt River | VaShly DS 7.44 1238.53 1241.21 1241.24 | 0.000555 1.25 0.19
Salt River | VaShly DS 74 1239.06 1241.06 1241.09 | 0.000883 1.51 0.23
Salt River | VaShly DS 7.36 1238.07 1240.93 1240.95 | 0.000511 1.24 0.18
l Salt River | VaShly DS 7.32 1240 1240.65 1240.75 | 0.007151 2.52 0.58
Salt River | VaShly DS 7.28 1236 1239.19 1239.49 | 0.006186 4.38 0.63
Salt River | VaShly DS 7.24 1235.58 1236.78 1237.14 | 0.019729 4.8 1
q Salt River | VaShly DS LT 1197.93 1214.45 1214.45 | 0.000009 0.37 0.03
Salt River | VaShly DS 7.1 1206.84 1214.45 1214.45 | 0.000015 0.36 0.04
' Salt River | VaShly DS 7.03 1210.44 1214.43 1214.44 | 0.000071 0.65 0.07
Salt River | VaShly DS 6.99 1200 1214.43 1214.43 0 0.12 0.01
Salt River | VaShly DS 6.91 1198.45 1214.43 1214.43 | 0.000001 0.19 0.01
' Salt River | VaShly DS 6.8 1196 1214.43 1214.43 | 0.000001 0.17 0.01
Salt River | VaShly DS 6.69 1197.62 1214.42 1214.43 | 0.000022 0.48 0.04
Salt River | VaShly DS 6.56 1188.55 1214.42 1214.42 | 0.000001 0.15 0.01
Salt River | VaShly DS 6.5 1192.83 1214.42 1214.42 | 0.000001 0.22 0.01
Salt River | VaShly DS 6.45 1180 1214.42 1214.42 0 0.08 0
Salt River | VaShly DS 6.4 1196 1214.42 1214.42 0 0.1 0
Salt River | VaShly DS 6.38 1195.4 1214.42 1214.42 | 0.000001 0.21 0.01
Salt River | VaShly DS 6.35 1194.53 1214.41 1214.42 | 0.000003 0.4 0.02
Salt River | VaShly DS 6.32 1192 1214.41 1214.42 | 0.000002 0.35 0.02
Salt River | VaShly DS 6.27 1194.49 1214.41 1214.42 | 0.000002 0.35 0.02
Salt River | VaShly DS 6.22 1203.46 1214.39 1214.41 0.000044 1.14 0.07
Salt River | VaShly DS 6.18 1192 1214.39 1214.4 0.000033 1.04 0.06
Salt River | VaShly DS 6.14 1196 1214.39 1214.4 0.000002 0.32 0.02
Salt River | VaShly DS 6.09 1200 1214.39 1214.4 0.000006 0.46 0.03
‘ Salt River | VaShly DS 6.05 1204 1214.39 1214.39 | 0.000017 0.61 0.04




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

River Reach |River Sta]| Q Total Ei | WS Elev | EG.Elav | E pe
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Salt River VaShly DS 6.01 2200 1204 1214.38 1214.39 0.000558 0.69 0.04
Salt River VaShly DS 5.99 2200 1200 1214.35 1214.36 0.000013 0.5 0.08
Salt River VaShly DS 5.97 2200 1198.59 1214.35 1214.36 0.000006 0.39 0.02
Salt River VaShly DS 5.95 2200 1196 1214.35 1214.35 0.000004 0.32 0.02
Salt River VaShly DS 5.93 2200 1198.79 1214.35 1214.35 0.000004 0.31 0.02
Salt River VaShly DS 5.91 2200 1203.31 1214.35 1214.35 0.000046 0.6 0.04
Salt River VaShly DS 5.88 2200 1209.96 1213.97 1214.3 0.011879 4.67 0.56
Salt River VaShly DS 5.87 2200 1206.22 1213.89 1213.94 0.0009 1.79 0.17
Salt River VaShly DS 5.86 2200 1205.11 1213.87 1213.9 0.000317 1.33 0.11
Salt River VaShly DS 5.85 2200 1208 1213.85 1213.88 0.000354 1.43 0.11
Salt River VaShly DS 5.84 2200 1204 1213.77 1213.84 0.000951 212 0.18
Salt River VaShly DS 5.82 2200 1204 1213.7 1213.76 0.000669 2.02 0.18
Salt River VaShly DS 5.8 2200 1204 1213.67 1213.7 0.000221 1.33 0.11
Salt River VaShly DS 5.76 2200 1204 1213.6 1213.65 0.000375 11747 0.18
Salt River VaShly DS 5.73 2200 1208 1212.95 1213.46 0.017365 5.7 0.99
Salt River VaShly DS 5.69 2200 1206.01 1210.58 1210.63 0.000403 1.88 0.18
Salt River VaShly DS 5.65 2200 1198.67 1210.57 1210.57 0.000007 0.51 0.03
Salt River VaShly DS 5.6 2200 1194.35 1210.57 1210.57 0.000002 0.34 0.02
Salt River VaShly DS 5.56 2200 1208 1210.42 1210.55 0.002267 2.96 0.39
Salt River VaShly DS 5.53 2200 1192 1210.3 1210.3 0.000005 0.46 0.02
Salt River VaShly DS 5.47 2200 1208 1209.84 1210.26 0.009722 5.19 0.78
Salt River VaShly DS 5.4 2200 1196 1208.18 1208.2 0.000076 0.96 0.08
Salt River VaShly DS 5.26 2200 1179.01 1208.16 1208.16 0.000008 0.4 0.02
Salt River VaShly DS 5.156 2200 1204 1208.09 1208.15 0.001899 1.86 0.23
Salt River VaShly DS 5.03 2200 1204 1206.31 1206.4 0.004695 2.5 0.34
Salt River VaShly DS 4.88 2200 1200 1204.39 1204.43 0.000301 1.7 0.16
Salt River VaShly DS 4.74 2200 1188 1204.3 1204.3 0.000007 0.37 0.02
Salt River VaShly DS 4.59 2200 1192 1204.29 1204.29 0.000031 0.6 0.05
Salt River VaShly DS 4.47 2200 1200 1204.13 1204.24 0.002081 2.68 0.49
Salt River VaShly DS 4.31 2200 1199.24 1200.87 1201.07 0.023119 3.64 0.67
Salt River VaShly DS 4.27 2200 1192 1197.25 1197.61 0.008405 4.83 0.73
Salt River VaShly DS 4.22 2200 1178.19 1196.33 1196.34 0.00001 0.67 0.04
Salt River VaShly DS 4.15 2200 1184 1196.31 1196.33 0.000084 1.4 0.09
Salt River VaShly DS 4.09 2200 1188 1196.28 1196.3 0.000138 1.09 0.11
Salt River VaShly DS 4.04 2200 1184 1196.27 1196.27 0.00002 0.51 0.04
Salt River VaShly DS 3.89 2200 1174.66 1196.26 1196.26 0.000001 0.24 0.01
Salt River VaShly DS 3.76 2200 1188 | 1196.23 1196.26 0.000298 1.32 0.15
Salt River VaShly DS 3.64 2200 1192 1195.21 1195.83 0.010864 6.31 0.85
Salt River VaShly DS 3.5 2200 1186.84 1191.14 1191.23 0.000972 2.44 0.27
Salt River VaShly DS 3.48 Bridge

Salt River VaShly DS 3.46 2200 1184 1191.06 1191.09 0.000148 1.28 0.11
Salt River VaShly DS 3.35 2200 1188 1190.62 1190.89 0.007405 4.16 0.52
Salt River VaShly DS 3.23 2200 1183.78 1188.15 1188.22 0.001044 2.16 0.21
Salt River VaShly DS 3.1 2200 1173.54 1187.81 1187.82 0.000048 0.85 0.05
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Salt River VaShly DS 2.98 1179.21 1187.79 1187.79 0.00003 ! 0.04

Salt River VaShly DS 2.87 1175.62 1187.77 1187.78 0.000015 0.68 0.04

Salt River VaShly DS 2.78 1185.67 1187.63 1187.75 0.002222 2.81 0.38

Salt River VaShly DS 2.71 1185.2 1186.85 1186.97 0.002665 2.76 0.41

rSalt River VaShly DS 2.65 1184.02 1185.99 1186.1 0.002148 2.75 0.38

l Salt River VaShly DS 2.59 1183.07 1185.41 1185.53 0.001711 2.86 0.35

Salt River VaShly DS 2.53 1182.76 1184.6 1184.78 0.003249 3.44 0.47

Salt River VaShly DS 2.47 1180.75 1183.13 1183.22 0.009582 2.48 0.3

Salt River VaShly DS 2.42 1175.84 1181.93 1181.94 0.000026 0.71 0.05

Salt River VaShly DS 2.41 1175.97 1181.93 1181.94 0.000043 0.85 0.06

Salt River VaShly DS 2.4 1176.34 1181.92 1181.94 0.000062 0.98 0.08

Salt River VaShly DS 2.38 1176.14 1181.92 1181.93 0.000043 0.84 0.06

‘ Salt River VaShly DS 2.33 1179.92 1181.76 1181.9 0.002681 2.94 0.42
Salt River VaShly DS 2.31

Salt River VaShly DS 2.29 1170.86 1178.65 1178.66 0.00007 1.02 0.08

Salt River VaShly DS 221 1176 1178.54 1178.6 0.000773 2.03 0.24

Salt River VaShly DS 2.13 1175.43 1177.82 1178.06 0.003773 3.93 0.51

Salt River VaShly DS 2:12 1175.83 1177.11 1177.59 0.017858 5.54 0.99

l Salt River VaShly DS 2.1 1158.27 1161.79 1162.52 0.02594 i 0.97

Salt River VaShly DS 2.07 1155.35 1157.6 1157.88 0.004316 4.22 0.54

Salt River VaShly DS 2.04 1153.78 1157.14 1157.26 0.00245 2.78 0.31

I Salt River VaShly DS 2.02 1152.83 1157 1157.05 0.000731 1.91 0.18

Salt River VaShly DS 1.95 1153.57 1156.49 1156.62 0.002774 2.94 0.33

Salt River VaShly DS 1.89 1152.14 1155.93 1156 0.000826 2.1 0.19

F Salt River VaShly DS 1.86 1148 1155.91 1155.92 0.000077 0.96 0.07

Salt River VaShly DS 1.83 1148 1155.87 1155.9 0.000256 1.43 0.11

' Salt River VaShly DS 1.8 1147.44 1155.86 1155.87 0.000051 0.82 0.05

Salt River VaShly DS 1.76 1146.98 1155.85 1155.86 0.000026 0.82 0.05

L Salt River VaShly DS 1.65 1144.47 1155.84 1155.85 0.000012 0.48 0.03

l Salt River VaShly DS 1.52 1144 1155.84 1155.84 0.000005 0.3 0.02

Salt River VaShly DS 1.39 1146.14 1155.83 1155.83 0.00006 0.61 0.05

Salt River VaShly DS 1.3 1150.23 1155.78 1155.79 0.000102 0.96 0.08

Salt River VaShly DS 1.22 1150.27 1155.73 1155.75 0.00012 1.03 0.09

Salt River VaShly DS 1.12 1152 1155.65 1155.67 0.000168 1.14 0.11

Salt River VaShly DS 1 1148.57 1155.6 1155.61 0.000021 0.61 0.04

Salt River VaShly DS 0.89 1148 1155.59 1155.6 0.000023 0.7 0.05

Salt River VaShly DS 0.78 1152 1155.49 1155.56 0.000928 2.18 0.26

Salt River VaShly DS 0.65 1151.5 1155.16 1155.18 0.000175 1.05 0.12

Salt River VaShly DS 0.51 1152 1154.92 1154.97 0.00062 1.79 0.21

Salt River VaShly DS 0.36 1151.05 1154.35 1154.41 0.000839 1.95 0.24

Salt River VaShly DS 0.23 1150.96 1153.68 1153.74 0.001233 2.01 0.28

Salt River VaShly DS 0.11 1148 1153.21 1153.24 0.000305 1.44 0.15

Salt River VaShly DS 0 1148 1153.09 1153.1 0.000124 0.97 0.1
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EXHIBIT G — HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

Exhibit G.2 Hydraulic Results, Alternative O (Model 9) for the 10-Year event.

§E887 {Hh [S13] i i
South Quarry Pit 1248 1262.48 1263.04 0.005108 6.05 0.29
South Quarry Pit 0.77 24591.44 1244 1260.45 1261.18 0.006856 7.03 0.33
South Quarry Pit 0.7 24591.44 | 1239.17 1258.97 1259.47 0.003786 6.09 0.26
South Quarry Pit 0.68 24591.44 | 1233.05 1258.53 1258.89 0.002455 4.96 0.21
South Quarry Pit 0.64 24591.44 | 1230.33 1258.37 1258.55 0.00086 3.5 0.13
South Quarry Pit 0.6 24591.44 1230 1258.3 1258.39 0.000373 2.41 0.09
South Quarry Pit 0.57 24591.44 | 1225.78 1258.25 1258.32 0.000277 2.1 0.07
South Quarry Pit 0.53 24591.44 | 1230.95 1258.16 1258.25 0.000448 2.46 0.09
South Quarry Pit 0.47 24591.44 1244 1257.47 1257.96 0.00961 5.63 0.36
South Quarry Pit 0.42 24591.44 | 1224.75 1256.26 1256.38 0.000712 2.72 0.11
South Quarry Pit 0.4 24591.44 | 1220.72 1256.25 1256.3 0.000275 1.82 0.07
South Quarry Pit 0.37 24591.44 | 1230.18 1256.22 1256.26 0.000174 1.58 0.06
South Quarry Pit 0.31 24591.44 | 1221.68 1256.18 1256.21 0.000129 1.4 0.05
South Quarry Pit 0.24 24591.44 | 1221.31 1256.14 1256.16 0.000096 1.24 0.04
South Quarry Pit 0.15 24591.44 | 1229.55 1256.09 1256.12 0.00011 1.3 0.05
South Quarry Pit 0.08 24591.44 | 1221.16 1256.05 1256.08 0.00012 1.35 0.05
South Quarry Pit 0 24591.44 | 1229.85 1255.98 1256.02 0.000144 1.55 0.05
Salt River VaShly US 13.64 60000 1288 1299.07 1299.87 0.001845 7.15 0.45
Salt River VaShly US 13.55 60000 1288 1298.47 1299.09 0.001161 6.34 0.37
Salt River VaShly US 13.44 60000 1284 1297.75 1298.39 0.001181 6.42 0.37
Salt River VaShly US 13.31 60000 1281.3 1296.9 1297.58 0.001289 6.62 0.39
Salt River VaShly US 13.19 60000 1284 1295.58 1296.49 0.002178 7.67 0.49
Salt River VaShly US 13.07 60000 1276 1294.62 1295.32 0.001352 6.74 0.4
Salt River VaShly US 12.97 60000 1280 1293.09 1294.33 0.003101 8.91 0.58
Salt River VaShly US 12.87 60000 1276 1291.83 1292.98 0.001552 8.6 0.44
Salt River VaShly US 12.77 60000 1276 1290.92 1292.08 0.001886 8.64 0.48
Salt River VaShly US 12.67 60000 1276 1290.43 1291.14 0.001234 6.76 0.38
Salt River VaShly US 12.55 60000 1276 1289.7 1290.42 0.001113 6.8 0.37
Salt River VaShly US 12.44 60000 1276 1288.55 1289.54 0.002044 8 0.48
Salt River VaShly US 12.33 60000 1272 1287.95 1288.61 0.000913 6.48 0.34
Salt River VaShly US 12.22 60000 1272 1287.23 1287.95 0.001426 6.8 0.4
Salt River VaShly US 12.1 60000 1272 1286.13 1286.9 0.002031 7.05 0.47
Salt River VaShly US 12.06 60000 1268 1285.6 1286.38 0.002034 7.11 0.47
Salt River VaShly US 11.99 60000 1268 1284.03 1285.29 0.004339 9.02 0.66
Salt River VaShly US 11.88 60000 1267.94 1282.02 1283.11 0.003173 8.38 0.58
Salt River VaShly US 11.78 60000 1268 1281.03 1281.72 0.001629 6.64 0.42
Salt River VaShly US 11.62 60000 1264 1280.06 1280.54 0.00099 5.53 0.34
Salt River VaShly US 11.49 60000 1263.04 1278.9 1279.7 0.001555 7.18 0.42
Salt River VaShly US 11.41 60000 1260 1277.6 1278.81 0.002722 8.81 0.55
Salt River VaShly US 11.32 60000 1260 1276.34 1277.58 0.002741 8.95 0.55
Salt River VaShly US 11.25 60000 1256 1275.68 1276.6 0.001716 772 0.45
Salt River VaShly US 11147 60000 1256 1275.06 1275.92 0.001467 7.42 0.42
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Salt River VaShly US
Salt River VaShly US 1256 1274.32 1274.87 0.00067
Salt River VaShly US 1256 1274.32 1274.7 0.000377
Salt River VaShly US 1254.01 1274.29 1274.58 0.000231
Salt River VaShly US 1252 1274.31 1274.51 0.00014
Salt River VaShly US 1250.83 1274.27 1274.48 0.000139
Salt River VaShly US 1248 1274.23 1274.44 0.000134
Salt River VaShly US 1248 1274.23 1274.41 0.000096
Salt River VaShly US 1248 1274.2 1274.39 0.000097
Salt River VaShly US 1248 1274.16 1274.36 0.000106
Salt River VaShly US 1248 1274.03 1274.31 0.000175
Salt River VaShly US 1244.2 1273.98 1274.25 0.000154
tSalt River VaShly US 1244 1273.95 1274.22 0.000145
Salt River VaShly US 1234.97 1273.99 1274.16 0.000073
Salt River VaShly US 1240 1273.9 1274.13 0.000132
Salt River VaShly US 1247.67 1273.91 1274.08 0.000097
Salt River VaShly US 1253 1273.45 1274 0.000704
Salt River VaShly US 1252 1273.34 1273.67 0.000317
Salt River VaShly US 1256 1272.52 1273.39 0.001603
Salt River VaShly US 1256 1271.79 1272.53 0.001098
Salt River VaShly US 1254.13 1271.:29 1271.96 0.000854
t Salt River VaShly US 1254.92 1271.02 1271.52 0.000842
Salt River VaShly US 1252 1270.76 1271.17 0.001028
Salt River VaShly US 1252 1270.64 1270.77 0.000837
Salt River VaShly US 1250.78 1270.47 1270.57 0.000521
Salt River VaShly US 1252 1270.3 1270.48 0.001007
Salt River VaShly US 1248.2 1270.22 1270.36 0.000673
Salt River VaShly US 1244.4 1270.17 1270.27 0.000464
Salt River VaShly US 1251.37 1270.01 1270.15 0.000752
Salt River VaShly US 1248 1269.66 1269.84 0.001011
Salt River VaShly US 1247.05 1269.28 1269.55 0.001426
Salt River VaShly US 1236 1268.4 1268.92 0.003474
Salt River VaShly US 1244 1267.41 1267.93 0.003502
Salt River VaShly US 1247.57 1266.06 1266.61 0.003674
Salt River VaShly US 1248 1264.54 1265.22 0.004754
Salt River VaShly US 60000 1248 1262.22 1263.16 0.006087
Salt River VaShly US 2 33408.56 1248 1262.03 1263.03 0.005012
Salt River VaShly US 2 33408.56 | 1250.19 1260.78 1261.36 0.004798
Salt River VaShly US 2 33408.56 1244 1260.2 1260.37 0.000901
Salt River VaShly US 2 33408.56 1248 1259.96 1260.17 0.001319
Salt River VaShly US 2 33408.56 1248 1259.65 1259.89 0.002122
Salt River VaShly US 2 33408.56 1248 1259.11 1259.42 0.002277
Salt River VaShly US 2 33408.56 | 1245.26 1258.71 1258.98 0.001921
Salt River | VaShly US 2 33408.56 1248 1258.26 1258.55 | 0.002787
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EXHIBIT G — HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

Fiver Heach Miver Sta | @ G, Froude § O
Salt River VaShly US 2 8.68 33408.56 | 1245.3 1257.81 1258.05 0.000518 0.24
Salt River | VaShly US 2 8.63 33408.56 1244 1257.58 1257.87 0.000779 0.28
Salt River | VaShly US 2 8.6 33408.56 1244 1257.5 1257.76 0.000726 0.26
Salt River VaShly US 2 8.57 33408.56 1244 1257.42 1257.65 0.000547 0.25
Salt River VaShly US 2 8.52 33408.56 1240 1257.41 1257.5 0.000178 0.13
Salt River | VaShly US 2 8.44 33408.56 1240 1257.21 1257.4 0.000342 0.2
Salt River | VaShly US 2 8.36 33408.56 1244 1256.65 1257.1 0.002868 0.36
Salt River | VaShly US 2 8.29 33408.56 1240 1255.95 1256.39 0.00084 0.31
Salt River VaShly US 2 8.2 33408.56 1240 1255.73 1256.03 0.000606 0.25
Salt River VaShly DS 8.1 58000 1237.27 1255.8 1256 0.0002 0.17
Salt River VaShly DS 8.01 58000 1240 1255.35 1255.83 0.000872 0.32
Salt River VaShly DS 7.91 58000 1244 1254.16 1255.12 0.002369 0.5
Salt River VaShly DS 7.83 58000 1244 1253.15 1254.07 0.002377 0.48
Salt River VaShly DS 7.71 58000 1243.41 1250.22 1251.92 0.005624 ; 0.76
Salt River VaShly DS 7.63 58000 1240 1248.81 1249.8 0.002511 8 0.52
Salt River VaShly DS 7.55 58000 1239.6 1248.3 1248.88 0.001356 6.09 0.39
Salt River VaShly DS 7.47 58000 1239.83 1247.51 1248.21 0.001968 6.71 0.45
Salt River VaShly DS 7.45 Bridge
Salt River VaShly DS 7.44 58000 1238.53 1247.07 1247.69 0.001757 6.35 0.42
Salt River VaShly DS 7.4 58000 1239.06 1246.64 1247.3 0.002041 6.52 0.46
Salt River VaShly DS 7.36 58000 1238.07 1246.35 1246.89 0.001685 5.94 0.42
Salt River VaShly DS 7.32 58000 1240 1245.91 1246.5 0.002222 6.2 0.47
Salt River VaShly DS 7.28 58000 1236 1244.51 1245.8 0.006911 9.13 0.77
Salt River VaShly DS 7.24 58000 1235.58 1241.71 1243.61 0.011253 11.05 1
Salt River VaShly DS N7 58000 1197.93 1227.55 1227.6 0.000055 1.78 0.09
Salt River VaShly DS 7.1 58000 1206.84 1227.53 1227.58 0.000047 1.8 0.08
Salt River VaShly DS 7.03 58000 1210.44 1227.44 1227.55 0.000107 2.59 0.12
Salt River VaShly DS 6.99 58000 1200 1227.48 1227.52 0.00002 1.55 0.06
Salt River VaShly DS 6.91 58000 1198.45 1227.45 1227.5 0.000042 1.8 0.08
Salt River VaShly DS 6.8 58000 1196 1227.43 1227.48 0.000033 1.87 0.07
Salt River VaShly DS 6.69 58000 1197.62 1227.33 1227.45 0.000106 2.78 0.12
Salt River VaShly DS 6.56 58000 1188.55 1227.33 1227.38 0.000027 1.74 0.06
Salt River VaShly DS 6.5 58000 1192.83 1227.28 1227.36 0.000056 2.36 0.09
Salt River VaShly DS 6.45 58000 1180 1227.31 1227.33 0.000008 1.1 0.04
Salt River VaShly DS 6.4 58000 1196 1227.3 1227.33 0.000013 1.37 0.05
Salt River VaShly DS 6.38 58000 11954 1227.22 1227.32 0.000062 2.35 0.09
Salt River VaShly DS 6.35 58000 1194.53 1226.93 1227.28 0.000234 4.69 0.19
Salt River VaShly DS 6.32 58000 1192 1226.94 1227.24 0.000192 4.39 0.17
Salt River VaShly DS 6.27 58000 1194.49 1226.94 1227.16 0.000177 3.72 0.16
Salt River VaShly DS 6.22 58000 1203.46 1226.26 1227.03 0.001117 7 0.37
Salt River VaShly DS 6.18 58000 1192 1226.36 1226.76 0.000517 5.04 0.26
Salt River VaShly DS 6.14 58000 1196 1226.46 1226.61 0.000127 3.19 0.13
Salt River VaShly DS 6.09 58000 1200 1226.35 1226.57 0.00021 3.8 0.17
Salt River VaShly DS 6.05 58000 1204 1226.08 1226.48 0.000435 5.05 0.24




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

! Hiver Heach River Sta 8in Ch Bl | WS, Elsv Chi
Salt River VaShly DS 6.01 1204 1225.77 1226.31 0.020786 5.9 0.29
Salt River VaShly DS 5.99 1200 1224.81 1225.19 0.000634 4.96 0.23
Salt River VaShly DS 5.97 1198.59 1224.79 1225.12 0.00041 4.62 0.21
Salt River VaShly DS 5.95 1196 1224.79 1225.05 0.000296 4.07 0.18
Salt River VaShly DS 5.93 1198.79 1224.78 1225.02 0.000374 3.94 0.18
Salt River VaShly DS 5.91 1203.31 1224.57 1224.94 0.001229 4.85 0.25

. Salt River VaShly DS 5.88 1209.96 1223.87 1224.58 0.005431 6.76 0.48
Salt River VaShly DS 5.87 1206.22 1223.73 1224.34 0.00391 6.25 0.4
Salt River VaShly DS 5.86 1205.11 1223.51 1224.12 0.00487 6.27 0.36
Salt River VaShly DS 5.85 1208 1223.41 1223.86 0.002561 5.39 0.28
Salt River VaShly DS 5.84 1204 1223.19 1223.68 0.002797 5.61 0.29
Salt River VaShly DS 5.82 1204 1223 1223.44 0.001603 5:32 0.27

i Salt River VaShly DS 5.8 1204 1222.83 1223.28 0.001643 5.36 0.27
Salt River VaShly DS 5.76 1204 1222.45 1223.04 0.000865 6.17 0.33
Salt River VaShly DS 5.73 1208 1221.92 1222.79 0.001455 7.46 0.42
Salt River VaShly DS 5.69 1206.01 1221.96 1222.52 0.000708 6.01 0.3
Salt River VaShly DS 5.65 1198.67 1222.03 1222.34 0.000258 4.43 0.19
Salt River VaShly DS 5.6 1194.35 1222.09 1222.24 0.000132 3.08 0.12
Salt River VaShly DS 5.56 1208 1221.41 1222.13 0.001986 6.79 0.38
Salt River VaShly DS 5.53 1192 1221.44 1221.74 0.000879 4.39 0.2
Salt River VaShly DS 5.47 1208 1220.43 1221.24 0.008791 7.26 0.44
Salt River VaShly DS 5.4 1196 1218.7 1219.29 0.000727 6.19 0.3
Salt River VaShly DS 5.26 1179.01 1218.43 1218.73 0.000576 4.47 0.2
Salt River VaShly DS 5.15 1204 1217.51 1218.16 0.002534 6.57 0.37
Salt River VaShly DS 5.03 1204 1215.53 1216.3 0.003309 7-13 0.42
Salt River VaShly DS 4.88 1200 1212.3 1213.77 0.003005 9.78 0.59
Salt River VaShly DS 4.74 1188 1211.85 121217 0.000411 4.51 0.21
Salt River VaShly DS 4.59 1192 1211.31 1211.72 0.000828 5:13 0.29
Salt River VaShly DS 4.47 1200 1210.47 1210.92 0.002007 5.88 0.4
Salt River VaShly DS 4.31 1199.24 1207.27 1208.19 0.008414 7.95 0.56
Salt River VaShly DS 4.27 1192 1206.55 1207.03 0.000991 5.56 0.34
Salt River VaShly DS 4.22 1178.19 1206.51 1206.78 0.000408 4.02 0.22
Salt River VaShly DS 4.15 1184 1206.17 1206.58 0.000818 5.13 0.31
Salt River VaShly DS 4.09 1188 1206.01 1206.31 0.000654 4.31 Q.27
Salt River VaShly DS 4.04 1184 1205.98 1206.15 0.000227 3.28 0.17
Salt River VaShly DS 3.89 1174.66 1205.93 1206.01 0.00006 2.31 0.1
Salt River VaShly DS 3.76 1188 1205.36 1205.89 0.000889 5.82 0.33
Salt River VaShly DS 3.64 1192 1203.68 1204.94 0.002998 9.04 0.57
Salt River VaShly DS 35 1186.84 1202.49 1203.17 0.001257 6.62 0.38
Salt River VaShly DS 3.48
Salt River VaShly DS 3.46 1184 1202.34 1202.83 0.000801 5.62 0.32

' Salt River VaShly DS 3.35 1188 1201.41 1202.16 0.001754 6.92 0.39
Salt River VaShly DS 3.23 1183.78 1199.62 1200.78 0.002796 8.64 0.48

' Salt River VaShly DS 3.1 1173.54 1198.46 1199.24 0.00126 7.09 0.34
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EXHIBIT G — HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

River

Sesme Chm

WS, Eley

} {f {ty (i
Salt River VaShly DS 2.98 58000 1179.21 1197.83 0.00099 0.3
Salt River VaShly DS 2.87 58000 1175.62 1197.39 1198.01 0.000703 6.34 0.34
Salt River VaShly DS 2.78 58000 1185.67 1196.87 1197.52 0.001528 6.48 0.4
Salt River VaShly DS 2.71 58000 1185.2 1196.46 1197.05 0.001295 6.16 0.36
Salt River VaShly DS 2.65 58000 1184.02 1195.73 1196.51 0.001672 7.08 0.41 !
Salt River VaShly DS 2.59 58000 1183.07 1195 1195.94 | 0.002095 7.79 0.48
Salt River VaShly DS 2.53 58000 1182.76 1194.43 1195.25 0.001859 7.25 0.46 |
Salt River VaShly DS 2.47 58000 1180.75 1193.28 1194.19 0.015537 7.66 0.47 |
Salt River VaShly DS 2.42 58000 1175.84 1191.41 1191.95 0.000814 5.89 0.32 J
Salt River VaShly DS 2.41 58000 1175.97 1191.27 1191.9 0.001053 6.39 0.36 |
Salt River VaShly DS 2.4 58000 1176.34 1191.08 1191.84 0.001418 7 0.41
Salt River VaShly DS 2.38 58000 1176.14 1190.91 1191.64 0.001292 6.83 0.39
Salt River VasShly DS 2.33 58000 1179.92 1189.83 1191.16 | 0.003502 9.27 0.61
Salt River VaShly DS 2.31 Bridge
Salt River VaShly DS 2.29 58000 1170.86 1188.04 1188.79 0.0013 6.91 0.39
Salt River VaShly DS 2.21 58000 1176 1185.7 1187.8 0.004356 11.62 0.7
Salt River VaShly DS 2.13 58000 1175.43 1184.59 1185.98 0.003421 9.46 0.61
Salt River VaShly DS 2.12 58000 1175.83 1183.01 1185.3 0.006805 12.15 0.85
Salt River VaShly DS 2.1 58000 1158.27 1171.52 1173.14 0.008015 10.52 0.81
Salt River VaShly DS 2.07 58000 1155.35 1171.35 1172.21 0.001932 7.59 0.47
Salt River VaShly DS 2.04 58000 1153.78 1171.33 1171.86 0.001132 5.91 0.32
Salt River VaShly DS 2.02 58000 1152.83 1171.29 1171.72 0.000795 5.31 0.26
Salt River VaShly DS 1.95 58000 1153.57 1171 1171.42 0.000848 5.15 0.27
Salt River VaShly DS 1.89 58000 1152.14 1170.57 1171 0.002245 5.28 0.29
Salt River VaShly DS 1.86 58000 1148 1170.19 1170.64 0.002775 5.41 0.31
Salt River VaShly DS 1.83 58000 1148 1169.48 1170.12 0.003036 6.44 0.39
Salt River VaShly DS 1.8 58000 1147.44 1169.33 1169.65 0.001447 4.55 0.25
Salt River VaShly DS 1.76 58000 1146.98 1169.2 1169.41 0.000636 3.64 0.18
Salt River VaShly DS 1.65 58000 1144.47 1168.99 1169.14 0.000255 3.18 0.16
Salt River VaShly DS 1.52 58000 1144 1168.83 1168.97 0.000226 3.03 0.13
Salt River VaShly DS 1.39 58000 1146.14 1168.59 1168.75 0.000538 3.23 0.15
Salt River VaShly DS 1.3 58000 1150.23 1168.23 1168.45 0.000699 3.84 0.2
Salt River VaShly DS 1.22 58000 1150.27 1167.93 1168.15 0.000761 3.82 0.2
Salt River VaShly DS 1.12 58000 1152 1167.38 1167.67 0.000998 4.31 0.23
Salt River VaShly DS 1 58000 1148.57 1166.91 1167.14 0.000695 3.87 0.2
Salt River VaShly DS 0.89 58000 1148 1166.51 1166.81 0.000462 4.41 0.24
Salt River VaShly DS 0.78 58000 1152 1166.07 1166.46 0.0007 5.06 0.29
Salt River VaShly DS 0.65 58000 1151.5 1165.78 1166.06 0.000384 4.25 0.22
Salt River VaShly DS 0.51 58000 1152 1165.41 1165.74 0.000485 4.57 0.24
Salt River VaShly DS 0.36 58000 1151.05 1165 1165.34 0.000521 4.7 0.25
Salt River VaShly DS 0.23 58000 1150.96 1164.68 1165 0.000473 4.57 0.24
Salt River VaShly DS 0.11 58000 1148 1164.29 1164.67 0.000569 4.9 0.26
Salt River VaShly DS 0 58000 1148 1164.04 1164.36 0.000401 4.54 0.23 |




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

Exhibit G.3 Hydraulic Results, Alternative O (Model 9) for the 100-Year event.

T2 sany Oba
MIVEY 08

G Total
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0.005442

oy e

South Quarry Pit 0.83 0.33
outh Quarry Pit 0.77 60810.77 1244 1269.18 1270.78 0.00764 10.31 0.38
outh Quarry Pit 0.71 60810.77 | 1239.17 1267.58 1268.71 0.004918 9.07 0.31

South Quarry Pit 0.68 60810.77 | 1233.05 1267.01 1267.9 0.003673 7.83 0.27

Eouth Quarry Pit 0.64 60810.77 | 1230.33 1266.8 1267.32 0.001708 6.04 0.19
outh Quarry Pit 0.6 60810.77 1230 1266.72 1266.98 0.000781 4.24 0.13

South Quarry Pit 0.57 60810.77 | 1225.78 1266.61 1266.83 0.000637 3.84 0.12
outh Quarry Pit 0.53 60810.77 | 1230.95 1266.37 1266.67 0.000969 4.43 0.14
outh Quarry Pit 0.47 60810.77 1244 1265.46 1266.16 0.005339 6.72 0.3

South Quarry Pit 0.42 60810.77 | 1224.75 1264.78 1265.1 0.001273 4.56 0.16

Fth Quarry Pit 0.4 60810.77 | 1220.72 1264.78 1264.94 0.000548 3.21 0.1
outh Quarry Pit 0.37 60810.77 | 1230.18 1264.73 1264.85 0.000377 2.86 0.09
outh Quarry Pit 0.31 60810.77 | 1221.68 1264.65 1264.75 0.000294 2.56 0.08
outh Quarry Pit 0.24 60810.77 | 1221.31 1264.56 1264.64 0.000228 2.3 0.07

South Quarry Pit 0.15 60810.77 | 1229.55 1264.45 1264.54 0.000251 2.38 0.07
outh Quarry Pit 0.08 60810.77 | 1221.16 1264.34 1264.44 0.000279 2.5 0.08
outh Quarry Pit 0 60810.77 | 1229.85 1264.17 1264.3 0.000352 2.91 0.09

Salt River VaShly US 13.64 175000 1288 1306.99 1308.6 0.001536 10.17 0.46
Salt River VaShly US 13.55 175000 1288 1306.41 1307.88 0.001284 9.76 0.43
Salt River VaShly US 13.44 175000 1284 1305.53 1307.09 0.001344 10.01 0.44
Salt River VaShly US 13.31 175000 1281.3 1304.54 1306.14 0.001566 10.15 0.46
Salt River VaShly US 13.19 175000 1284 1303.47 1305.04 0.001771 10.07 0.48
Salt River VaShly US 13.07 175000 1276 1302.66 1303.98 0.001361 9.21 0.43
Salt River VaShly US 12.97 175000 1280 1301.64 1303.2 0.001722 10 0.48
' Salt River VaShly US 12.87 175000 1276 1300.58 1302.17 0.001857 10.12 0.49
Salt River VaShly US 12.77 175000 1276 1299.28 1301.17 0.001846 11.03 0.5
Salt River VaShly US 12.67 175000 1276 1298.57 1300.26 0.001437 10.41 0.45
. Salt River VaShly US 12.55 175000 1276 1297.48 1299.31 0.001632 10.83 0.48
Salt River VaShly US 12.44 175000 1276 1295.68 1298.09 0.00247 12.48 0.58
Salt River VaShly US 12.33 175000 1272 1294.69 1296.82 0.001748 1172 0.5
i Salt River VaShly US 12.22 175000 1272 1293.69 1295.69 0.001975 11.35 0.52
Salt River VaShly US 12.1 175000 1272 1292.7 1294.36 0.001969 10.34 0.51
Salt River VaShly US 12.06 175000 1268 1292.38 1293.83 0.001738 9.65 0.48
Salt River VaShly US 11.99 175000 1268 1291.28 1293.04 0.002381 10.65 0.55
Salt River VaShly US 11.88 175000 1267.94 1289.92 1291.77 0.002087 10.9 0.52
Salt River VaShly US 11.78 175000 1268 1289.44 1290.73 0.001182 9.15 0.41
Salt River VaShly US 11.62 175000 1264 1288.84 1289.77 0.000824 7.75 0.34
Salt River VaShly US 11.49 175000 1263.04 1287.7 1289.06 0.001294 9.37 0.42
I Salt River VaShly US 11.41 175000 1260 1286.98 1288.43 0.001625 9.65 0.46
! Salt River VaShly US 11.32 175000 1260 1286.33 1287.74 0.001351 9.81 0.43
Salt River VaShly US 11.25 175000 1256 1285.68 1287.22 0.001171 10.17 0.41
i Salt River VaShly US 11.17 175000 1256 1285.1 1286.73 0.00116 10.34 0.41




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

Heach WS, Elay
Salt River VaShly US 11.14 175000 1284.71 1286.41 0.003522 10.51 0.42
Salt River VaShly US 11.1 175000 1256 1284.47 1285.86 0.00082 9.47 0.36
Salt River VaShly US 11.05 175000 1256 1284.5 1285.63 0.000587 8.53 0.31
Salt River VaShly US 11 175000 1254.01 1284.43 1285.43 0.00045 8.01 0.27
Salt River VaShly US 10.95 175000 1252 1284.54 1285.24 0.0003 6.72 0.22
Salt River VaShly US 10.9 175000 1250.83 1284.43 1285.17 0.000313 6.9 0.23
Salt River VaShly US 10.86 175000 1248 1284.3 1285.09 0.000316 7.12 0.23
Salt River VaShly US 10.81 175000 1248 1284.28 1285 0.000263 6.83 0.21
Salt River VaShly US 10.78 175000 1248 1284.2 1284.94 0.00028 6.93 0.22
Salt River VaShly US 10.73 175000 1248 1284.05 1284.87 0.000294 7.29 0.23
Salt River VaShly US 10.67 175000 1248 1283.65 1284.73 0.000437 8.36 0.27
Salt River VaShly US 10.61 175000 1244.2 1283.45 1284.58 0.000427 8.56 0.27
Salt River VaShly US 10.56 175000 1244 1283.32 1284.48 0.000423 8.63 0.27
Salt River VaShly US 10.52 175000 1234.97 1283.53 1284.28 0.000238 7.04 0.21
Salt River VaShly US 10.46 175000 1240 1283.45 1284.19 0.0003 717 0.23
Salt River VaShly US 10.41 175000 1247.67 1283.41 1284.1 0.000253 6.76 0.21
Salt River VaShly US 10.36 175000 1253 1282.61 1283.94 0.000848 9.4 0.36
Salt River VaShly US 10.26 175000 1252 1282.43 1283.5 0.000572 8.31 0.3
Salt River VaShly US 10.18 175000 1256 1281.17 1283.05 0.001562 10.98 0.47
Salt River VaShly US 10.06 175000 1256 1280.94 1282.09 0.000867 9.24 0.36
Salt River VaShly US 9.96 175000 1254.13 1280.37 1281.6 0.00084 9.57 0.36
Salt River VaShly US 9.87 175000 1254.92 1280.04 1281.16 0.000957 8.97 0.34
Salt River VaShly US 9.8 175000 1252 1279.92 1280.7 0.001046 7.77 0.28
Salt River VaShly US 9.73 175000 1252 1279.96 1280.22 0.000776 4.39 0.16
Salt River VaShly US 9.67 175000 1250.78 1279.85 1280 0.000455 3.64 0.13
Salt River VaShly US 9.64 175000 1252 1279.74 1279.93 0.000649 4.27 0.15
Salt River VaShly US 9.61 175000 1248.2 1279.67 1279.85 0.00057 4.2 0.14
Salt River VaShly US 9.59 175000 1244 .4 1279.47 1279.75 0.000701 4.75 0.16
Salt River VaShly US 9.55 175000 1251.37 1279.43 1279.59 0.000536 3.66 0.14
Salt River VaShly US 9.49 175000 1248 1278.77 1279.3 0.001414 5.8 0.22
Salt River VaShly US 9.44 175000 1247.05 1278.01 1278.85 0.002303 7.38 0.28
Salt River VaShly US 9.39 175000 1236 1277.74 1278.18 0.001734 6.11 0.24
Salt River VaShly US 9.33 175000 1244 1277.23 1277.69 0.001742 6.17 0.24
Salt River VaShly US 9.26 175000 1247.57 1275.53 1276.76 0.003703 9.01 0.35
Salt River VaShly US 9.2 175000 1248 1273.63 1275.28 0.005142 10.34 0.41
Salt River VaShly US 9.13 175000 1248 1270.82 1272.96 0.007066 12.36 0.48
Salt River  [VaShly US 2 9.04 111189.2 1248 1269.33 1272.82 0.008424 15.08 0.64
Salt River  [VaShly US 2 8.98 111189.2 | 1250.19 1269.04 1270.2 0.003813 8.67 0.4
Salt River  |VaShly US 2 8.92 111189.2 1244 1268.76 1269.24 0.001172 5.63 0.23
Salt River  [VaShly US 2 8.88 111189.2 1248 1268.47 1269 0.001425 5.91 0.26
Salt River  [VaShly US 2 8.85 111189.2 1248 1268.28 1268.73 0.001508 5.4 0.25
Salt River  [VaShly US 2 8.81 111189.2 1248 1267.63 1268.34 0.001909 6.78 0.3
Salt River  [VaShly US 2 8.77 111189.2 | 1245.26 1267.34 1267.95 0.001618 6.25 0.28
Salt River  [VaShly US 2 8.74 111189.2 1248 1267.09 1267.62 0.001716 5.84 0.27




EXHIBIT G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)
! Hiver Reach | RiverSta | @ Total | Min Ch Bl | WS, EBley | E.G. Blev | E. Froude # Chl
{ofs} {1} {f1} () {FH
Salt River  [VaShly US 2 8.68 111189.2 1245.3 1266.73 1267.29 0.000482 6.02 0.26
Salt River  |VaShly US 2 8.63 111189.2 1244 1266.48 1267.13 0.000601 6.46 0.28
Salt River  |VaShly US 2 8.6 111189.2 1244 1266.42 1267.04 0.000626 6.36 0.27
Salt River _ [VaShly US 2 8.57 111189.2 1244 1266.42 1266.92 0.000454 5.67 0.25
Salt River  [VaShly US 2 8.52 111189.2 1240 1266.5 1266.75 0.000216 4.02 0.16
Salt River  [VaShly US 2 8.44 111189.2 1240 1266.11 1266.61 0.000407 5.68 0.24
l Salt River  [VaShly US 2 8.36 111189.2 1244 1265.64 1266.29 0.002595 6.48 0.31
Salt River  [VaShly US 2 8.29 111189.2 1240 1264.4 1265.19 0.003124 712 0.35
tSalt River  |VaShly US 2 8.2 111189.2 1240 1263.44 1264.26 0.001103 7.48 0.32
Salt River VaShly DS 8.1 172000 1237.27 1263.5 1264.24 0.000425 6.91 0.26
Salt River VaShly DS 8.01 172000 1240 1262.55 1263.91 0.001149 9.34 0.4
Salt River VaShly DS 7.91 172000 1244 1260.56 1262.96 0.002772 12.61 0.59
* Salt River VaShly DS 7.83 172000 1244 1259.53 1261.7 0.002635 12 0.56
Salt River VaShly DS 7.71 172000 1243.41 1255.85 1259.42 0.005117 15.4 0.8
Salt River VaShly DS 7.63 172000 1240 1254.55 1257.18 0.003209 13.06 0.65
Salt River VaShly DS 7.55 172000 1239.6 1254.22 1255.82 0.001847 10.16 0.49
Salt River VaShly DS 7.47 172000 1239.83 1253.04 1254.92 0.002585 11.01 0.55
Salt River VaShly DS 7.45 Bridge
Salt River VaShly DS 7.44 172000 1238.53 1252.06 1253.96 0.002823 11.06 0.56
Salt River VaShly DS 7.4 172000 1239.06 1251.66 1253.35 0.002433 10.53 0.55
Salt River VaShly DS 7.36 172000 1238.07 1251.64 1252.77 0.001655 8.75 0.46
Salt River VaShly DS 7.32 172000 1240 1251.12 1252.4 0.001981 9.16 0.49
Salt River VaShly DS 7.28 172000 1236 1248.88 1251.67 0.006182 13.43 0.81
Salt River VaShly DS 7.24 172000 1235.58 1245.75 1249.65 0.01012 15.85 1
Salt River VaShly DS 707 172000 1197.93 1238.5 1238.63 0.000068 2.89 0.1
Salt River VaShly DS i 172000 1206.84 1238.45 1238.6 0.000072 3.08 0.11
' Salt River VaShly DS 7.03 172000 1210.44 1238.26 1238.55 0.000159 4.27 0.16
Salt River VaShly DS 6.99 172000 1200 1238.34 1238.49 0.000055 3.09 0.1
L Salt River VaShly DS 6.91 172000 1198.45 1238.36 1238.44 0.000041 2.43 0.08
. Salt River VaShly DS 6.8 172000 1196 1238.2 1238.4 0.000076 3.63 0.12
Salt River VaShly DS 6.69 172000 1197.62 1237.95 1238.32 0.000182 4.93 0.17
Salt River VaShly DS 6.56 172000 1188.55 1237.99 1238.18 0.000066 3.48 0.11
Salt River VaShly DS 6.5 172000 1192.83 1238.03 1238.13 0.000043 2.63 0.09
Salt River VaShly DS 6.45 172000 1180 1238.04 1238.12 0.000024 2.32 0.07
Salt River VaShly DS 6.4 172000 1196 1237.98 1238.11 0.000039 2.9 0.08
Salt River VaShly DS 6.38 172000 1195.4 1237.7 1238.08 0.000144 4.69 0.15
Salt River VaShly DS 6.35 172000 1194.53 1236.65 1237.94 0.000567 9.16 0.31
Salt River VaShly DS 6.32 172000 1192 1236.68 1237.84 0.000485 8.68 0.29
Salt River VaShly DS 6.27 172000 1194.49 1236.86 1237.59 0.000349 6.89 0.24
Salt River VaShly DS 6.22 172000 1203.46 1236.82 1237.47 0.000377 6.52 0.24
Salt River VaShly DS 6.18 172000 1192 1236.75 1237.4 0.000375 6.55 0.24
Salt River VaShly DS 6.14 172000 1196 1236.78 1237.28 0.000229 5.74 0.19
Salt River VaShly DS 6.09 172000 1200 1236.53 1237.2 0.000336 6.65 0.23
Salt River VaShly DS 6.05 172000 1204 1236.26 1237.08 0.000489 7.27 0.27
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EXHIBIT G — HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

River Reach | RiverSta | Q Tota W.S, Elsy : E.G. Slops Frouds # Chi
{ofs) {#1) {8 1§71

Salt River | VaShly DS 6.01 172000 1235.84 1236.88 0.023402 0.33
Salt River | VaShly DS 5.99 172000 1200 1234.85 1235.58 0.000831 0.27
Salt River | VaShly DS 5.97 172000 1198.59 1234.76 1235.5 0.000662 0.27
Salt River VaShly DS 5.95 172000 1196 1234.8 1235.37 0.000493 0.23
Salt River VaShly DS 5.93 172000 1198.79 1234.83 1235.3 0.000461 0.21
Salt River VaShly DS 5.91 172000 1203.31 1234.74 1235.23 0.000802 0.22
Salt River | VaShly DS 5.88 172000 1209.96 1234.33 1235.05 0.001521 0.3
Salt River | VaShly DS 5.87 172000 1206.22 1234.05 1234.93 0.001888 0.32
Salt River VaShly DS 5.86 172000 1205.11 1233.58 1234.78 0.0039 0.36
Salt River VaShly DS 5.85 172000 1208 1233.46 1234.55 0.002762 0.32
Salt River | VaShly DS 5.84 172000 1204 1233.16 1234.35 | 0.003081 0.34
Salt River VaShly DS 5.82 172000 1204 1232.93 1234.09 0.001926 0.33
Salt River | VaShly DS 5.8 172000 1204 1232.68 1233.88 0.002052 0.33
Salt River | VaShly DS 5.76 172000 1204 1232.13 1233.58 0.000967 0.38
Salt River VaShly DS 5.73 172000 1208 1231.33 1233.29 0.001479 0.46
Salt River VaShly DS 5.69 172000 1206.01 1231.44 1232.96 0.000968 0.39
Salt River VaShly DS 5.65 172000 1198.67 1231.67 1232.57 | 0.000888 0.28
Salt River VaShly DS 5.6 172000 1194.35 1231.71 1232.31 0.000337 0.2
Salt River | VaShly DS 5.56 172000 1208 1230.47 1232.09 0.002464 0.43
Salt River | VaShly DS 5.53 172000 1192 1230.57 1231.51 0.001589 0.29
Salt River | VaShly DS 5.47 172000 1208 1228.97 1230.7 0.007394 0.46
Salt River VaShly DS 54 172000 1196 1227.23 1228.99 0.001266 0.43
Salt River VaShly DS 5.26 172000 1179.01 1227.01 1227.89 | 0.001043 0.28
Salt River | VaShly DS 5.15 172000 1204 1225.52 1226.96 0.0027 0.42
Salt River | VaShly DS 5.03 172000 1204 1223.7 1225.11 0.003027 0.43
Salt River | VaShly DS 4.88 172000 1200 1220.11 1222.53 0.003392 0.66
Salt River | VaShly DS 4.74 172000 1188 1219.57 1220.55 0.000802 0.34
Salt River VaShly DS 4.59 172000 1192 1218.89 1219.82 0.000975 0.34
Salt River VaShly DS 4.47 172000 1200 1218.21 1219.01 0.001396 0.37
Salt River | VaShly DS 4.31 172000 1199.24 1215.62 1217.17 | 0.004517 0.48
Salt River | VaShly DS 4.27 172000 1192 1215.45 1216.41 0.000795 0.34
Salt River | VaShly DS 4.22 172000 1178.19 1215.47 1216.15 0.00047 0.26
Salt River VaShly DS 4.15 172000 1184 1215.09 1215.95 0.000687 0.31
Salt River VaShly DS 4.09 172000 1188 1215.09 1215.68 0.000475 0.26
Salt River VaShly DS 4.04 172000 1184 1215.13 1215.51 0.00028 0.2
Salt River VaShly DS 3.89 172000 1174.66 1215.02 1215.32 0.000137 0.15
Salt River VaShly DS 3.76 172000 1188 1214 1215.08 0.000922 0.36
Salt River | VaShly DS 3.64 172000 1192 1212.78 1214.27 | 0.001795 0.48
Salt River | VaShly DS 3.5 172000 1186.84 1212.16 1213.13 | 0.000821 0.34
Salt River VaShly DS 3.48 Bridge

Salt River | VaShly DS 3.46 172000 1184 1212 1212.85 0.000727 7.43 0.31
Salt River | VaShly DS 3.35 172000 1188 1210.53 1212.17 | 0.001698 10.28 0.43
Salt River VaShly DS 3.23 172000 1183.78 1208.71 1210.86 0.002519 11.79 0.52
Salt River VaShly DS 3.1 172000 1173.54 1207.29 1209.16 0.002068 10.97 0.48




EXHIBIT

G - HYDRAULIC RESULTS, ALTERNATIVE E (MODEL 9)

I River Heach Q Total W.S. Elev E.G. Slope Froude # Chl
Salt River VaShly DS 172000 1179.21 1206.8 0.001057 0.35
Salt River VaShly DS 172000 1175.62 1205.6 0.001176 0.44
Salt River VaShly DS 172000 1185.67 1205.15 0.001539 0.42
Salt River VaShly DS 172000 1185.2 1204.64 0.001484 0.41
Salt River VaShly DS 172000 1184.02 1203.37 0.00228 0.5
Salt River VaShly DS 172000 1183.07 1202.58 0.002063 0.53
' Salt River VaShly DS 172000 1182.76 1202.17 0.001695 0.49
Salt River VaShly DS 172000 1180.75 1200.89 0.015677 0.53
Salt River VaShly DS 172000 1175.84 1199.05 0.001235 0.42
Salt River VaShly DS 172000 1175.97 1198.8 0.001463 0.46
Salt River VaShly DS 172000 1176.34 1198.49 0.001777 0.5
Salt River VaShly DS 172000 1176.14 1198.28 0.001755 0.49
‘ Salt River VaShly DS 172000 1179.92 1196.62 0.003357 0.67
Salt River | VaShly DS Bridge
Salt River VaShly DS 172000 1170.86 1194.2 0.002274 0.56
Salt River VaShly DS 172000 1176 1193.04 0.002547 0.59
Salt River VaShly DS 172000 1175.43 1190.68 0.004276 0.74
Salt River VaShly DS 172000 1175.83 1188.38 0.007589 1
Salt River VaShly DS 172000 1158.27 1181.99 0.001871 0.48
Salt River VaShly DS 172000 1155.35 1182 0.001088 0.4
Salt River VaShly DS 172000 1153.78 1182.05 0.000997 0.33
Salt River VaShly DS 172000 1152.83 1181.88 0.000969 0.31
Salt River VaShly DS 172000 1153.57 1181.65 0.000916 0.3
Salt River VaShly DS 172000 1152.14 1181.35 0.001657 0.29
Salt River VaShly DS 172000 1148 1181.1 0.001851 0.29
Salt River VaShly DS 172000 1148 1180.66 0.001986 0.33
Falt River VaShly DS 172000 1147.44 1180.62 0.001114 0.25
Salt River VaShly DS 172000 1146.98 1180.57 0.000596 0.2
[ Salt River VaShly DS 172000 1144.47 1180.39 0.000307 0,17
. Salt River VaShly DS 172000 1144 1180.06 0.000367 0.18
Salt River VaShly DS 172000 1146.14 1179.72 0.000676 0.19
Salt River VaShly DS 172000 1150.23 1179.33 0.000641 0.22
Salt River VaShly DS 172000 1150.27 1179.05 0.00071 0.21
Salt River VaShly DS 172000 1152 1178.55 0.000795 0.24
Salt River VaShly DS 172000 1148.57 1178.14 0.000691 0.22
Salt River VaShly DS 172000 1148 1177.74 0.00038 0.24
Salt River VaShly DS 172000 1152 1177.39 0.000471 0.27
Salt River VaShly DS 172000 1151.5 1177.18 0.000352 0.23
Salt River VaShly DS 172000 1152 1176.85 0.000395 0.25
Salt River VaShly DS 172000 1151.05 1176.51 0.000411 0.25
Salt River VaShly DS 172000 1150.96 1176.24 0.000394 0.25
Salt River VaShly DS 172000 1148 1175.9 0.000442 0.26
Salt River VaShly DS 172000 1148 1175.65 0.000403 0.25
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Introduction

Purpose

1. The With Project Water Budget consisted of a preliminary design for the water
distribution system and an estimation of the annual and monthly water demand takes into
account plant water demand and irrigation losses. Monthly and annual water demand
was estimated for cottonwood/willow, mesquite, upper sonoran desert and wetland
vegetation types. Results were assessed for vegetation type, sub-areas and water
sources. Five water sources were identified for project water: City of Mesa wastewater
treatment effluent, stormwater runoff, agriculture tailwater, groundwater and Salt River
Project (SRP) water made available by the Salt River Pima Maricopa Indian Community
(SRPMIC). Features and results presented in this section are referenced with respect to
sub-areas, sub-area locations are shown on Figure B-2.

Description of Study Area

2. The Va Shly’ay Akimel study area is located within Maricopa County in central
Arizona. The study area includes the section of the Salt River that begins at Granite Reef
Diversion Dam (Granite Reef) on the east side of the study area and extends downstream
to the west for a distance of approximately 15 miles to the Pima Freeway (State 101),
Figure B-1.

3. The majority of the study area is within the jurisdiction of the Salt River Pima-
Maricopa Indian Community (SRPMIC). A portion of the project is within the
jurisdiction of the City of Mesa located in the southwest part of the study area.

4. The channel of the Salt River within the study area contains several active and
historic sand and gravel mining pits. Salt River Project (SRP) operates the Granite Reef
Underground Storage Project (GRUSP) on the Salt River overbank area in the central
part of the study area and the City of Mesa operates a recharge project on the west end of
the study area.

5. The Salt River was a perennial stream until the construction of upstream dams, with
associated reservoirs, regulated the flow. There are four dams on the Salt River and two
dams on the Verde River, a tributary to the Salt River. These structures control the flow
changed the character of the Salt River within the study area into an ephemeral stream.
Granite Reef Dam is a diversion structure, not a water storage or flood control structure.
This dam diverts the flow in the Salt River into two major irrigation canals, the Arizona
Canal on the northside and the Southern Canal on the southside. Flows only occur
through the study area when there are flood releases from the upstream reservoirs. The
flood flows vary in duration, quantity and magnitude depending on the nature of the flood
releases. Historically, the flood releases over Granite Reef Dam have gone from zero to
200,000 ft*/s in less than a week. Due to these modifications the Salt River has become a
ephemeral river with events occurring on average once every three years.
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6. The winter months are typically when large regional storms or series of storms occur.
These storms may include an accumulation and subsequent melt of the snow pack in the
Salt River and Verde River watersheds and result in the releases of water into the Salt
River system that can flow over Granite Reef Dam into the study area. While the river
stages may be high for an extended period, the quantity and intensity of accompanying
storm precipitation is generally reduced in the lower elevations, including the study area.

7. During the middle to late summer months the monsoon storm pattern is typical. These
storms produce intense, short-duration thunderstorms with significant precipitation.
During these storms the river stages are low because the storms are localized and because
the upstream reservoirs usually have the capacity to store the local runoff from the
watershed.

8. For a more detailed discussion on the runoff and surface water refer to Appendix A,
Runoff Discussion, the without project water budget analysis (Piésold, 2002a) and
interior drainage report (Piésold, 2002b)

9. Depth to the groundwater table varies throughout the study area as a result of the
hydrogeologic conditions and dams constructed on the Salt and Verde Rivers. Granite
Reef Dam was constructed to divert the Salt River flow into the Arizona Canal and the
Southern Canal. This dam marks the upstream boundary of the project area. Although not
intended to be a storage reservoir, some water is retained up stream of the dam at all
times. Small flood flows can be released to the Salt River through radial gates while
larger flood flows are allowed to pass over the dam crest. SRP reported that water seeps
through the radial gates because the gates do not form a tight seal with the granite
bedrock. The result is a continuous flow of water downstream from the dam. SRP does
not monitor the seepage and does not have flow records.

10. On average the depth to groundwater ranges from 100 feet to 120 feet in the project
area. In certain areas, downstream of Granite Reef Dam, near the GRUSP site and at the
City of Mesa wastewater treatment facility, the depth to groundwater is much less. This
is due to recharge from local surface water sources, seepage from Granite Reef Dam,
SRP recharge water and recharge from wastewater effluent, respectively.



INTRODUCTION

Figure B-1. VaShly Akimel Reach Map.



INTRODUCTION

Table B-2. Project sub-area locations and river stations.




Plant Water Demand

11. Various sources were referenced to come up with an appropriate estimate for the
water demand for cottonwood/willow, mesquite, upper sonoran desert and wetland
vegetation types. It was decided that the annual average evapotranspiration rates
presented in the USACE Feasibility Study reports for the Rio Salado and Tres Rios
restoration projects best represented the water demand for this project area. Summary of
the evapotranspiration rates are shown in Table B-1.

Table B-1. Annual Evapotranspiration Rate.

5 5 Tres Rios Del - Rio John
Source Va Shly'ay Paseo Norte** Tres Rios Salado™** Moeur
Cottonwood/Willow 6.3 6 6.03 6.3 7-8.5 4-8.5
Mesquite 1.7 3 1.6 1.6 2-4.5
Sonoran Desert 4 2 3-4 0.5-2.5
Wetlands 12 6.5 (open water) 197 7.5-16.5 9-16

*”Pasco de las Iglesias Environmental Restoration Study Tucson, Arizona Draft Groundwater and Water Budget Analysis™ (Present
Condition), October 2002.

** “Tres Rios Del Norte Draft Groundwater and Water Budget Analysis™, 8/20/2002.

***»Tres Rios, Arizona Feasibility Report April 2000”;’Greeley & Hansen, 1998. Tres Rios, Arizona Fesibility Study, Salt/Gila
Groundwater Analysis. Task-2 Water Budget Analyses and Development, Salt and Gila River Technical Memorandum, February 1998.
*#%% “Rio Salado Salt River, Arizona Feasibility Report, Technical Appendices™, April 1998.

*¥kx* John Moeur, personal communciation, USACE, 2002.

12. The monthly evapotranspiration pattern for each of the vegetation types was assumed
to be similar to the monthly consumptive use pattern, et, for the Salt River vegetation
determined in the Tres Rios project study, Table B-2 (Piesold, 2002a).

Table B-2. Monthly evapotranspiration rate pattern.

et
Month (ft/m onth)

January 0.185
February 0.185
March 0.185
April 0.37
May 0.37
June 0.555
July 0,553
August 0.555
September 0.185
October 0.1835
November 0.185
December 0.185
Annual 3.7

13. Assuming this pattern, the monthly evapotranspiration rate for the different
vegetation types, et;, for month 1, corresponds to the normalized monthly



evapotranspiration rate, n;, Table B-3, where n equals the monthly evapotranspiration rate
divided by the annual evapotranspiration rate.

Table B-3. Monthly normalized evapotranspiration rate pattern.

Month n;
January 0.05
February 0.05
March 0.05
April 0.1
May 0.1
June 015
July 0.15
August 0:15
September 0.05
October 0.05
November 0.05
December 0.05

14. Thus, for a given month 1 the monthly evapotranspiration rate is,

et, =n,ET eq. B-1

15. where ET is the annual evapotranspiration rate, Table B-4.

Table B-4. Monthly vegetation evapotranspiration rate.

Cot\ﬁn wood/ Mesquite | Wetland Sch)ﬁggn

i Desert
et et et et

Month (ft/month) [ (f/month) | (ft/month) [ (ft/month)
January 0.3 0.2 0.5 0.1
February 0.3 0.2 0.5 0.1
March 0.3 0.2 0.5 0.1
April 0.6 0.3 0.9 0.2
May 0.6 0.3 0.9 0.2
June 0.9 0.5 1.4 0.3
July 0.9 0.5 14 0.3
August 0.9 0.5 1.4 0.3
September 0.3 0.2 0.5 0.1
October 0.3 0.2 0.5 0.1
November 0.3 0.2 0.5 0.1
December 0.3 0.2 0.5 0.1
Annual 6.3 3.0 9.0 2.0
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Project Features

Project Water Supply

16. The water supply for the project will come from five water sources in varying
amounts: City of Mesa wastewater treatment effluent, stormwater runoff, agriculture
tailwater, groundwater and SRP water made available by the SRPMIC. The project will
require commitments to provide an adequate water supply for at least 50 years.

Pump Station

17. A pumping station will be designed to pump groundwater to support sub-areas 5.2
and 6.1 and to have the capacity to support sub-area 5.1. The estimated pump capacity
ranges from 1,500 to 5,000 gal/minute. Alternatives A, D and I do not have a pump
station in the design.

18. A landfill located north of the project area, west of Gilbert Road, had groundwater
guidelines that restricted raising the local groundwater table to a specified elevation. The
pumping station can be used to control water levels near the landfill, offsetting incidental
recharge caused by irrigation of vegetated areas.

19. Additional pumps will be needed to pump water from the SRPMIC irrigation
channels on the north bank to vegetated areas along the main channel and on the south
bank. Pump stations will be located at Alma School Road and Country Club Road.

Water Distribution Channel

20. A distribution channel will be designed to distribute surface water from water source
to vegetated area. The distribution channel will be incorporated in Alternatives B, C, E,

H and G. The channels will be lined have no water loss due to infiltration. The channel
will be 40 feed wide and 3 feet deep. They will be designed to be a perennial source of

water for project features.

Water Distribution Pipe

21. A 12-inch pvc pipe will be buried through out the project area to convey water from
the pump station, wastewater effluent sources and existing SRPMIC irrigation system to
the vegetated areas. Diversion structures will be designed to divert water to the
distribution pipe from the SRPMIC system and the City of Mesa wastewater treatment
source.

22. Stormwater and irrigation tailwater will be used when available. The diversion
structures will be integrated into these sources where applicable. The diversion structures
will be designed to divert both project water and excess water to the project area.




Project Features

Irrigation Systems

23. Water distributed to the vegetated area will then be used for irrigation purposes using
three systems: drip irrigation, flood irrigation and surface braided irrigation (SBIN).

24. Drip irrigation is a common system for irrigation however it is not an advantageous
method for encouraging incidental growth and the irrigation of large areas. The drip
irrigation system had an assumed irrigation efficiency of 80%.

25. SBIN distributes water through a network of shallow ditches, 6 inches deep and 2-3 ft
wide. Channels maybe lined or unlined. Maintenance of these channels may be
necessary after larger flow events. Water distribution will need to be manually controlled
for the life of the project. The unlined SBIN method had an assumed irrigation efficiency
of 50%. Note that the irrigation efficiency for a lined system will be higher than that of
an unlined system.

Figure B-4. Surface Braided Irrigation Network (SBIN) Diagram.

| Tree poles
planted in

| Shallow excavated 4 B 2 3¢ :
ditches. AN ; o W% v

26. The flood irrigation method consists of inundating an area by overland flow. This
method has a low irrigation efficiency; vegetation water demand divided by total water
demand (vegetation water demand plus water losses), but has low maintenance
requirements and construction costs. Water distribution will need to be manually
controlled for the life of the project. The flood irrigation method had an assumed
irrigation efficiency of 20%. The flood irrigation method results can be assumed equal to
the unlined SBIN system for the feasibility study.




Wetland Feature

27. Many of the alternatives will have wetland features in their design. For the feasibility
study it was assumed that engineering of the wetland area will be required to create and
maintain these area. It was assumed that 7 feet will be excavated at the wetland area. A
2 foot clay area will be placed to decrease the permeability at the wetland. A 2 foot
gravel layer will be placed on top of the clay layer to prevent damage to the clay layer.
Some topsoil may need to be placed on top of the coarse material to allow for the
establishment of wetland vegetation.

28. An inlet structure will be designed to protect the wetland substrate from high velocity
flows entering the wetland.




Water Budget Analysis

29. Water budget for the project alternatives were calculated based on the
evapotranspiration rate for the vegetation cover type. The drip irrigation and SBIN
irrigation systems were also evaluated for irrigation efficiency and water demand.
Infiltration losses for the distribution channel and the wetland were not taken into
account. Depending on the lining of the channel and the wetland, the infiltration loss can
be substantial and will need to be taken into account in the final design.

30. It was assumed that precipitation, agriculture tailwater and stormwater runoff did not

to contribute to the irrigation of vegetated area.

Vegetation Water Demand

31. Each Alternative was broken up into their vegetated area and multiplied by the annual
evapotranspiration rate to estimate annual alternative vegetation water demand, Table B-

5.
Table B-5. Annual alternative vegetation water demand.
Wetland Wetland (onqnwxwd/ ghlimmenodi i Mesquite Mesquite Sendrn Sonoran Desert Total Total
Willow low Desert
i Arca Water Demand | Water Demand Arca Water Demand Area Water Demand Area Water Demand
Alesmaie (acres) (acre-ft/yr) Area {aeres) (acre-ft/yr) (acres) (acre-ft/yr) (acres) (acre-ft/yr) (acres) (acre-ft/yr)

A 0 0 0 0 0 0 496 992 496 992
B 0 0 0 0 267 802 685 1,370 952 2,172
C 29 260 238 1,500 166 497 720 1.440 1,152 3.696
D 103 930 259 1,635 313 939 63 126 739 3.629
E 52 229 287 1.808 296 888 808 1,615 1.416 4,540
F 187 1.682 701 4,418 558 1,673 266 531 1,711 8,304
G 64 578 470 2,959 454 1.363 395 790 1.383 5690
H 64 578 9 55 870 2.609 395 790 1,338 4,032
I 196 1,765 443 2,788 6 18 174 348 819 4.920
J 32 735 556 3.501 556 1,668 92 183 1,285 6,087
K 146 1,318 493 3,103 558 1,675 104 208 1,301 6,304
L 143 1,286 495 3,117 400 1,199 0 0 1,037 5,602
M 222 2,002 412 2,598 587 1,762 63 126 1,285 6,488
N 131 1,178 853 5,371 380 1,139 24 47 1.387 7.736
O 200 1,798 883 35,566 380 1.139 24 47 1.486 8,550

32. The total water demand ranges from 990 acre-ft/yr (Alternative A) to 8,600 acre-ft/yr
(Alternative O). Generally, cottonwood/willow vegetation type tends to have the largest

annual water demand because of the high evapotranspiration rate, 6.3 ft/yr, and large

areas of re-vegetation.

Monthly Water Demand

33. Monthly water demand was estimated for each alternative based on the monthly

evaporation distribution presented in Plant Water Demand section, Table B-6.

10




Water Budget Analysis

Figure B-6. Annual alternative vegetation water demand.
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Water Budget Analysis

Table B-6. Monthly alternative water demand.

Alternative A B C D E F G H | J K L M N O
Month Water Demand| Water Demand|Water Demand| Water Demand| Water Demand| Water Demand| Water Demand| Water Demand| Water Demand| Water Demand| Water Demand|Water Demand| Water Demand|Water Demand|Water Demand
(acre-ft/month)| (acre-ft/month)| (acre-ft/month)| (acre-f/month)| (acre-ft/month)| (acre-ft/month)| (acre-ft/month)| (acre-ft/month)| (acre-ft/month)| (acre-fymonth) [ (acre-fymonth)| (acre-fymonth) | (acre-ft/month)| (acre-ft/month)| (acre-ft/month)
January 50 109 185 181 227 415 285 202 246 304 315 280 324 387 427
February 50 109 185 181 227 415 285 202 246 304 315 280 324 387 427
March 50 109 185 181 227 415 285 202 246 304 315 280 324 387 427
April 99 217 370 363 454 830 569 403 492 609 630 560 649 774 855
May 99 217 370 363 454 830 569 403 492 609 630 560 649 774 855
June 149 326 554 544 681 1,246 854 605 738 913 946 840 973 1,160 1,282
July 149 326 554 544 681 1,246 854 605 738 913 946 840 973 1,160 1,282
August 149 326 554 544 681 1,246 854 605 738 913 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>