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EXECUTIVE SUMMARY

The following is a summary of methodology and results for the Existing Condition hydrologic and

hydraulic analysis for the overall Rio Mesa Solar project. The objective of this report is to provide a

description of the existing condition flow patterns and storm water runoff for the proposed solar field

site. The information presented in this report will also be used to support the Drainage Erosion and
Sedimentation Control Plan and the Storm Water Pollution Prevention Plan (SWPPP).

VTN

HYDROLOGIC ANALYSIS

A. SITE DESCRIPTION

The Rio Mesa Solar project (RMS) is located 15 miles southwest of Blythe California, within
Riverside County. The site’s southern boundary is the Riverside / Imperial County border.
Overall, the area of the site is +9,794 acres. The site is made up to two proposed parcels.
The MWD parcel is the original site boundary which encompasses +6,741 acres (southern
portion), and makes up the largest portion of the site. The BLM augmentation area was
subsequently incorporated into the site and encompasses an additional +3,054 acres of area
(northern portion). Both parcels are treated as one contiguous site in the hydrologic and
hydraulic analyses summarized in this report. The figures, however, show the boundaries of
each separate parcel. Note that the site boundary for the BLM augmentation parcel
contains an additional 160-acre parcel along the western portion of the site between the
original MWD parcels and the BLM augmentation area. Brightsource Energy informed VTN
that they will be pursuing this area to be incorporated into the project and requested that
VTN this area as part of the site for this report.

The site generally slopes in a west to eastern direction through a series of large flood
corridors containing numerous braided washes, smaller washes, and overland topography.
Sparse desert vegetative brush covers most of the surface within the site with the exception
of barren- hilly areas located along the north-western boundary of the site.

B. WATERSHED AREA DESCRIPTION

The tributary watershed to the RMS consists of +49.7 square miles. The majority of the
watershed is located west and southwest of the site location and slopes in an eastern
direction into the Palo Verde Mesa region. A series of mountain ranges are located west,
northwest, and southwest of the site and serve as the tributary watershed divides (within
Riverside and Imperial Counties). Specifically, the Palo Verde Mountain Range is located
southwest of the site and the Mule Mountain Range is located to west and northwest.
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The vegetation within the tributary watershed areas vary depending on the elevation and
terrain. Higher mountain areas within the watershed contain extremely sparse vegetation

and are characteristic of barren land.

The eastern (lower elevation) portion of the

watershed contains a greater density of desert shrub, especially along the banks of washes.

The offsite watershed was subdivided into 27 hydrologic drainage basins based on a
combination of United States Geological Survey (USGS) Quadrangle (Quad) Map topography
with 10-meter contour intervals and 4-ft Map Mart topography. For the onsite project area,
23 different basins were delineated based on more accurate 1-ft flown topography. Table 1

shown below summarizes the basin areas.

Table 1: Basin Area Summary

Basin Label Basin Area (sq.mi) ‘ Corresponding S-Graph
OFFSITE BASINS
M1 0.76 Desert
M2 24.30 Mountain
M3 0.57 Desert
M4 2.71 Mountain
M5 0.39 Desert
M5A 0.17 Desert
M5B 0.18 Desert
M6 1.32 Mountain
M7 0.16 Desert
M8 1.04 Mountain
M9 1.80 Mountain
M10 0.38 Desert
M11 1.30 Mountain
M12 3.98 Mountain
M13 7.18 Mountain
MX 0.01 Mountain
M17 0.67 Mountain
M18 0.12 Desert
M19 0.11 Desert
M20 0.49 Mountain
M21 0.17 Mountain
M22 0.07 Desert
M23 0.18 Mountain
M24 0.66 Mountain
M25 0.15 Mountain
M26 0.53 Desert
M27 0.22 Desert
Total Area = 49.65
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ONSITE BASINS
ONA 0.87 Desert
ONB 2.83 Desert
ONC 0.30 Desert
OND 1.34 Desert
ONE1 1.61 Desert
ONE2 2.59 Desert
ONF 0.50 Desert
ONG 0.14 Desert
ONH 0.20 Mountain
ONI 0.05 Mountain
ONJ 0.07 Mountain
ONK 0.68 Desert
ONL 0.73 Desert
ONM 0.10 Desert
ONN 0.08 Desert
ONO 0.55 Desert
ONP 1.47 Desert
ONQ 0.66 Desert
ONR 0.27 Desert
ONS 0.04 Desert
ONT 0.04 Desert
ONU 0.05 Desert
ONV 0.12 Desert
Total Area = 15.30 sg.mi.

Overall, the majority of the offsite watershed combines within 6 separate defined major

washes which traverse the site.

The labels “Sand Wash” and “Dry Wash” are used

interchangeably on the USGS quad map to label numerous washes within the watershed of
the site. Therefore, an alternative labeling system was determined for the onsite washes
which are depicted on Figures 7323HYD100 and -404 and are consistent with the FLO-2D

and HEC-RAS analyses completed in this report.

A description of the major washes is

provided below (refer to Figure 7323HYD100 for pertinent wash locations):

e “Wash 45” - The largest wash, with the most area tributary, is located along the

site’s southern boundary on the Imperial and Riverside County border. The wash is

shown to originate from the Palo Verde Mountains and traverses through the site’s

southwest corner and exits near the southeast corner in the shape of a curve with

an average radius of +6,525-ft.

Offsite drainage basins tributary to this wash

include: M1, M2, M3, M4, and a portion of M13.
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e  “Wash 30” - This second major wash is located +0.75-miles north of Wash 45. This
wash traverses the site in a west to east direction. Offsite drainage basins tributary
to this wash include: M5, M5A, M5B, and M6.

e “Wash 25B” - This third major wash is located +2.4-miles north of Wash 45. Wash
25B traverses through the site’s western boundary and eventually exits along the
eastern property line. This particular wash originates high within the Mule
Mountain range. Offsite drainage basins tributary to Wash 25B include: M7, M8,
and M9. Due to the complex braided wash system present along the northwestern
property boundary, additional flow from basins M10, M11, and M12 also contribute
to Wash 25B.

e “Wash 0” — This fourth major wash traverses through the site’s northern boundary
and is located +1.1-miles north of Wash 25B. This particular wash originates from
the Mule Mountains. Wash 0 has a curve shape with an average radius of +3,625-ft.
A complex braided channel system is also present within Wash 0, which allows some
of the tributary flows to split off in a southern direction to combine with flows in
Wash 25B (as mentioned above). Tributary basins to Wash 0 include: M10, M11,
M12, M14, and M15.

e “Wash 70” — A fifth major wash traversing the northern part of the RMS site in a
north-eastern direction. The watershed tributary to Wash 70 originates from the
Mule Mountains and drains to a complex system of incised channels that meander
around small hills. The meandering portions around the small hills cause several
flow splits to occur, which eventually cause flow to be distributed to different major
washes. Wash 70 receives portions of the flow generated by offsite basins M12 and
M11 due to such flow splits. In addition, offsite basins entirely tributary to Wash 70
include: MX, M17, M18, M19, and M20. It was noted during a field investigation
that tributary basin M20 drains to an existing open pit mine located 0.33-mi west of
the RMS western boundary. This open pit mine was modeled in the hydrologic
analysis with stage-storage based on available topographic information to
determine any possible reduction in peak flow or volumes tributary to the site.

e “Wash 90” — The sixth major (most northern) wash traverses the site in a south-
eastern direction. The tributary watershed to this particular wash originates from
the Mule Mountains. Offsite basins tributary to Wash 90 include: M21, M22, M23,
M24, M25, and M26.

C. FLOOD ZONES
The site is encompassed within several Federal Emergency Management Agency (FEMA)
Flood Insurance Rate Map (FIRM) panel numbers. According to the FIRM Index

VTN
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(06065CIND2A, sheets 1 and 2) all of the encompassing panels are currently not printed, and
so these areas are considered to be Zone D, which is denoted as undetermined risk areas.
The encompassing panels (which are not printed) include: 06065C3775G, 06065C3200G,
06065C3225G, and 06065C3780G. Panel 06025C0275C (effective date of September 26,
2008) is published as the southern half of panel 06065C3775G, however it does not show
any flood hazard information outside of Imperial County. Although the FIRM’s do not
currently depict any special flood hazard areas impacting the site, research revealed that the
California Department of Water Resources (DWR) has recently published a study which
delineates “awareness floodplains” or “100-year floodplains based upon best available
data.” The DWR study denotes 6 separate 100-year flood plains traversing the site (refer to
Figure 7323HYD404). These delineated floodplains coincide with Washes 45, 30, 258, 0, 70,
and 90 mentioned in Section |.B. of this report. Based on a telephone conversation with
Riverside County Flood Control staff, the “awareness floodplains” are treated as 100-year
floodplains for the purpose of development. This means that 100-year water surfaces would
need to be defined (this is done in this study) and that structures would need to be raised
above the 100-year water surface or the structures would need to be flood proofed to
protect against the 100-year water surface. Riverside County Flood Control staff indicated
that no FEMA submittal is required for developing within an “awareness floodplain”.

D. HYDROLOGIC CRITERIA

The site boundary is located within Riverside County California. The basis for the analysis
was the Riverside County Flood Control and Water Conservation District Hydrology Manual
(Riverside County Manual). Riverside County Flood Control staff was consulted in the
appropriateness of use of this manual since the site is located outside of the seven
jurisdictional zones of the Riverside County Flood Control District. Riverside County TLMA
GIS system was used to determine if the site lies within any local area flood control districts.
Based on information from the website, it does not appear that the site is within a local
flood control district. According to Riverside County Flood Control staff, for areas that do
not fall within any local flood control districts, the Riverside County Flood Control District is
the default agency.

The California Energy Commission (CEC) will be the governing agency for all submittals for
this project since the power plant will be larger than 50 MW in power output. The CEC
requires that project design meets the requirements of all federal, state and local floodplain
regulations.

E. HYDROLOGIC CALCULATIONS

1. Storm Event

The hydrologic models included in this report are based on the 24-hour, 100, 25,
10, 5, and 2-year events. For the storm event distribution, the Los Angeles District
Pre-Processor to HEC-1 Version 2.0 (LAPRE-1) program was utilized to compute
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the hyetograph. The use of this pre-processor was based on recommendations
from Riverside County Flood Control staff. The LAPRE-1 program has numerous
storm event hyetographs internally pre-programmed for the Los Angeles district.
The design storm hyetograph chosen for the RMS hydrologic models is shown in
the table below.

Table 2: Design Storm Hyetograph Summary

Storm Event

LAPRE-1 Storm # (SP Value 1)

Description

24 Hour (100, 25, 10, 5,
2-year)

14

Southern California intermediate storm
(Feb. 16, 1980); 24-hour duration

2. Loss Parameters

Loss parameters were referenced from 2 sources: the Riverside County Manual
and the National Resource Conservation Service (NRCS) Technical Release 55 (TR-
55). The SCS Curve Number was incorporated into the hydrologic analysis to
account for precipitation losses (initial abstraction, depression storage, and
infiltration) within the watershed. It should be noted that the Riverside County
Manual specifies loss parameters as “Runoff Index numbers” which are
synonymous to the Curve Number. As required per the Riverside County Manual,
all curve numbers used in the hydrologic analysis are representative of the
Antecedent Moisture Condition (AMC) Il, which represents a condition between
dry and saturated for soils prior to the storm event.

The NRCS General Soil Survey for the state of California was used to determine the
soil types within the watershed (See Figures 7323HYD101 and -102). Information
from the General Soil Survey includes the soil group composition and hydrologic
type to which the soils belong to (A through D). The soil survey information was
used to establish a composite Curve Number for each soil type and subsequently
for each individual drainage basin. The basin composite curve number also takes
into account the land cover type. Based on field observations and aerial
photography examination, it was determined that 2 main land covers exist within
the watershed: a desert vegetative shrub and barren (rockland). The barren land
cover is primarily present in the mountainous region of basins, while the desert
shrub cover is located in lower elevations and throughout the entire onsite area.
A percentage of each land cover was approximated by the aerial photos and
applied in the composite curve number calculation. The table shown below
summarizes the land cover break down and composite curve number for all
watershed basins.
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Table 3: Basin Composite Curve Number Summary

BASIN Land Cover Breakdown
LABEL Barren Desert Shrub Composite CN
(AMC 1)
OFFSITE BASINS
M1 0% 100% 77.3
M2 75% 25% 86.2
M3 20% 80% 79.1
M4 80% 20% 85.3
M5 0% 100% 74.6
M5A 100% 0% 86.2
M5B 100% 0% 86.2
M6 45% 55% 83.8
M7 0% 100% 77.3
M8 70% 30% 85.6
M9 65% 35% 86.2
M10 20% 80% 79.1
M11 45% 55% 82.3
M12 70% 30% 87.1
M13 75% 25% 88.4
MX 100% 0% 91.6
M17 40% 60% 84.5
M18 100% 0% 83.1
M19 100% 0% 83.1
M20 100% 0% 90.4
M21 80% 20% 82.5
M22 70% 30% 79.7
M23 50% 50% 82.1
M24 95% 5% 91.3
M25 74% 26% 85.4
M26 25% 75% 75.9
M27 0% 100% 71.9
ONSITE BASINS

ONA 0% 100% 76.1
ONB 4% 96% 73.4
ONC 0% 100% 71.9
OND 0% 100% 71.9
ONE1 0% 100% 73.7
ONE2 13% 87% 74.5
ONF 0% 100% 71.9
ONG 0% 100% 71.9
ONH 49% 51% 81.7
ONI 21% 79% 79.1
ONJ 24% 76% 79.4
ONK 0% 100% 71.9
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ONL 0% 100% 71.9
ONM 0% 100% 71.9
ONN 0% 100% 71.9
ONO 0% 100% 71.9
ONP 0% 100% 71.9
ONQ 0% 100% 71.9
ONR 0% 100% 71.9
ONS 0% 100% 71.9
ONT 0% 100% 71.9
ONU 0% 100% 71.9
ONV 0% 100% 72.0

3. Precipitation Values

Precipitation values used in the hydrologic models were referenced from the
National Oceanic and Atmospheric Administration (NOAA) Atlas 14, Volume 1,
Version 4.0: Semiarid Southwest. A centroid was identified for the entire
watershed (offsite and onsite basins) and point precipitation frequency estimates
were obtained at that location since isopluvial contours vary minimally
throughout this region. Subsequently, additional onsite parcels (BLM
augmentation area) were added to the RMS project, and a second centroid for the
additional watershed (extra onsite and offsite basins) was identified and the
rainfall obtained at that point.

F. HEC-1 ANALYSIS

The U.S. Army Corps of Engineers (USACE) hydrograph package HEC-1 program was utilized
to establish storm water runoff values for all offsite hydrologic basins within the watershed.
The Riverside County Manual was referenced during the preparation of the hydrologic
models for this project. According to the referenced manual, the Unit Hydrograph Method
is to be implemented for hydrologic studies where the watershed exceeds 300 to 500-acres.
The Unit Hydrograph Method requires the development of unit hydrographs for each
individual hydrologic basin from an appropriate S-Graph. A mountain S-Graph was selected
for drainage basins extending high into surrounding mountain ranges, while a desert S-
Graph was chosen for flatter basins within the lower elevations.

To aid in the development of the unit hydrographs, the Los Angeles District Pre-Processor to
HEC-1 V2.0 (LAPRE-1) program was utilized to compute the unit hydrograph ordinates. The
LAPRE-1 program has many different S-Graphs pre-programmed into the software to select
from depending on the geographic location within southern California. During a
conversation with RCFD&WCD staff, it was recommended that the appropriate mountain
and desert S-Graphs to be used within Riverside County are the #1 OC-Mountain and #9
Whitewater River average respectively. After the appropriate S-graph was chosen for each
individual basin, the physical parameters (Length, slope, centroid length, and manning’s n-
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value) were input into the LAPRE-1 software. The LAPRE-1 output file is the HEC-1 input
(.dat) file with the unit hydrograph ordinates written for each basin. Subsequently, the HEC-
1 program was utilized to determine the runoff hydrograph for each basin, as well as the
hydrograph combination points. Resulting flows from the HEC-1 analysis are discussed in
Section IlI.A of this report and shown on Figure 7323HYD100.

G. FLO-2D ANALYSIS

FLO-2D is a 2-dimensional flood routing program with the ability to generate storm flow
runoff (hydrographs) and determine flow depths and velocities. The FLO-2D program was
utilized for the onsite areas where 1-foot contour topography is available. 2-foot contour
topography was utilized to extend the grid system along the western boundary of the site.
The elevations on the 1-foot and 2-foot topography matched well enough that the two
topography sources could be merged to extend the grid system where required. FLO-2D
also has the capability to import hydrographs from external sources into the model. This
was utilized to bring in all hydrographs created by the HEC-1 model for the offsite tributary
areas northwest, west and southwest of the site.

1. Grid Size

The grid size used in the FLO-2D analysis was set to 75-ft x 75-ft. This grid size was
determined from the recommendations of the FLO-2D user manual to set peak
discharge divided by the surface area of an individual grid element to less than 1
cfs/ft"2.

2. Roughness Coefficients

Manning’s roughness coefficients (n-values) were referenced from FLO-2D
reference manuals and based on guidelines from Open Channel Hydraulics by
Chow, 1959. Based on these sources and site visits, an n-value of 0.065 was used
for the natural desert areas of the site. Note that this value may seem higher than
would normally be used in a 1-dimensional model like HEC-RAS. However, since
FLO-2D is a 2-dimensional model, it requires that the roughness coefficient
account for flow in 8 directions which tends to increases the friction potential
when compared to 1-dimensional modeling.

3. Loss Parameters
SCS Curve Number loss parameters were used with the FLO-2D program as
discussed in the Hydrologic Calculations portion of this memorandum.

4. FLO-2D Analysis

The FLO-2D model is used to simulate onsite precipitation and runoff for the
onsite areas and incorporates the HEC-1 hydrographs for offsite areas. The flow
simulations for the 24-hour, 100, 25, 10, 5, and 2-year storms have been
completed. Results for these analyses are discussed in section I11.B of this report.

BSE Document Control Number: 7323HYD101



10

II. HYDRAULIC ANALYSIS

A. HEC-RAS ANALYSIS

For determination of water surface extent, flow depths, and velocities for the defined
channels within the site, the USACE HEC-RAS Water Surface Profiling software was utilized.
Cross-sections for the model were cut based on the 1 foot-contour topography obtained for
the site. The HEC-RAS analysis was run in mixed flow regime to allow the model to move
between subcritical and supercritical results as necessary. Flow values used in the HEC-RAS
analysis were calibrated with the FLO-2D analysis completed with the site. FLO-2D is a 2-
dimensional model that can accurately determine the division of flow in complicated
channel networks and at flow breakout locations. For this reason, the FLO-2D model is the
best for predicting the flow quantities within the washes through the site. The FLO-2D
calibrated HEC-RAS analysis provides the most accurate determination of flow depths and
velocities within the washes since the cross-sections are based on 1-foot topography.

1. Roughness Coefficients

Manning’s roughness coefficients (n-values) were determined for the floodplain
areas, and the main wash of the flood zones. N-values were based on field visits
and reference information from Open Channel Hydraulics by Chow, 1959. For the
analysis, the overbank areas were set to 0.050, and the main channel was set to
0.040.

2. Junctions

The main washes impacting the site are modeled with one continuous analysis
through the use of stream reaches and junctions. The Energy Method was used at
the junctions to determine all losses and to balance the Energy Grade Line
between the reaches.

3. Boundary Conditions

The upstream and downstream boundary conditions for the model utilize the
normal depth option within HEC-RAS. The upstream and downstream normal
depth slopes were based on the 1-foot contour topography for the area.

4. HEC-RAS Analysis

The HEC-RAS analysis has been completed for the 24-hour 100, 25, 10, 5, and 2-
year storm events for onsite washes. Results for these analyses are discussed in
Section III.B of this report. Figures 7323HYD300A-E included in Appendix, show
the location of cross-sections, river reaches, and water surface extents.

B. FLO-2D
Water surface extent, flow depths, and velocities for onsite areas were determined within
the FLO-2D software program. The FLO-2D analysis is used to determine the flow conditions
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for the site in overland sheet flow areas, shallow washes not modeled by HEC-RAS, and
within complex channel networks with numerous flows split and breakout locations. The
Results of the FLO-2D analysis are shown on Figures 7323HYD200 through 7323HYD209 for
the 100, 25, 10, 5, and 2-year storm events.

1. Channels

FLO-2D has the ability to include defined channels superimposed onto the grid
system to give more accurate results where defined channels are present. The
HEC-RAS channels were imported into the FLO-2D model to provide additional
detail of the conveyance area of the onsite washes. Due to the numerous braided
washes within the channels, the FLO-2D model was experiencing volume
conservation problems due to the large variation of conveyance areas between
cross-sections. It was also observed that several flow breakout areas from the
main wash areas in the floodplain only model were not shown in the channel and
floodplain model. The 1-dimenisional limitations of the channel sub-routine in
FLO-2D may have been limiting the ability for the model to share flows at some of
the critical breakout locations. Based on the 1-foot topography for the site, the
relatively small grid size of 75 feet used for the floodplain grid system provides
results very comparable to the HEC-RAS analysis completed for the onsite washes.
For these reasons, the final FLO-2D model does not incorporate HEC-RAS channels
for the majority of the onsite area. The one exception is in the northwest portion
of the site where a flow split is observed (See cross section 1 on Figure
7323HYD200). The split to the south is a well-defined channel with vertical banks
on both sides. The initial floodplain only model was not conveying a reasonable
amount of flow into the southern channel. This was most likely due to the grid
cells being too large to provide an accurate estimate of the conveyance area for
the split to the south. A channel was incorporated into this location to ensure
that the FLO-2D model contained accurate conveyance area for the split to the
south at this critical flow split location.

2. lIrrigation Channel and Levee

The FLO-2D analysis includes a levee downstream of the eastern site boundary to
replicate an existing berm just west of the irrigation channel. The grid system
extends east of the irrigation channel and outflow nodes are placed downstream
of the channel to allow flow to be routed off of the grid.
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SUMMARY OF ANALYSIS RESULTS

A. HYDROLOGIC ANALYSIS RESULTS

Table 4 shows the hydrologic analysis results for the 24-Hour 100, 25, 10, 5, and 2-year
storm runoff values computed by the HEC-1 analysis. The HEC-1 analysis includes onsite
basins to provide peak flows and volumes for all areas routed through the site. The final
peak flow and flow volumes reported and used within the hydraulic analysis are based on
the FLO-2D analysis. The HEC-1 values are provided for comparison to the FLO-2D values but
it should be noted that the HEC-1 values do not take into account onsite storage that is
reflected in the FLO-2D results.

Due to the intricate nature of the channel located near basins ONH through ONJ (refer to
Figure 7323HYD100), 3 complex flow splits occur according to the FLO-2D analysis
performed in parallel to the HEC-1 analysis. The flow splits occurring at combination point
CP1 divert runoff towards Washes 70, 0, and 25B. To determine the percentage of the flow
tributary to each respective wash from CP1, cross sections were placed within the FLO-2D
model near the flow split in apparent break out locations impacting both Washes 70 and
25B.

Results from the FLO-2D cross sections were used to determine a percentage of flow
impacting these washes. These percentages were then input into the HEC-1 diversion cards
accordingly. Diversion and retrieval cards FS1/RET1 represent the portion of flow tributary
to Wash 70, while FS2/RET2 represents flow tributary to Wash 25B. The remaining flow
after both diversions (FS1 and FS2) is tributary to Wash 0. A third diversion (FS3) was
modeled in HEC-1 at the outlet of basin M13. In this diversion, it was assumed that 50% of
the flow generated travels east in lieu of continuing on towards Wash 45. Cards DIV1
through DIV3 represent the remaining hydrograph flow after respective diversions. The
HEC-1 runoff results summarized in Table 4 reflect such diversions.

Table 4: HEC-1 Analysis Runoff Results Summary

24-Hr 24-Hr 24-Hr 24-Hr 24-Hr
Basin / Combination Area Q100 Q25 Q10 Q5 Q2
Point Label (sg. mi.) (cfs) (cfs) (cfs) (cfs) (cfs)
OFFSITE BASINS
M1 0.76 162 98 63 40 15
M2 24.30 4,520 2,934 2,021 1,410 697
M3 0.57 125 77 50 33 13
M4 2.71 598 389 268 186 91
M5 0.39 77 45 27 17 5
M5A 0.17 46 30 22 15 8
M5B 0.18 49 33 23 17 9
M6 1.32 316 204 140 96 46
VTN
BSE Document Control Number: 7323HYD101




13

M7 0.16 35 21 14 9 3
M8 1.04 265 175 122 86 44
M9 1.80 439 289 203 143 73
M10 0.38 85 53 34 22 9
M11 1.30 300 191 128 87 39
M12 3.98 954 634 446 318 165
M13 7.18 1,607 1,075 764 550 294
MX 0.01 3 2 2 1 1
M17 0.67 189 124 86 59 30
M18 0.12 34 22 15 10 5
M19 0.11 31 20 14 9 5
M20 0.49 155 107 79 58 34
M21 0.17 47 30 21 14 7
M22 0.07 18 12 8 5 2
M23 0.18 49 31 21 14 7
M24 0.66 210 147 108 80 48
M25 0.15 43 29 20 14 7
M26 0.53 120 72 45 27 10
M27 0.22 45 25 15 8 2

ONSITE BASINS

ONA 0.87 176 104 65 40 14
ONB 2.83 459 257 151 86 21
ONC 0.30 55 31 18 10 2
OND 1.34 234 131 76 43 9

ONE1 1.61 284 162 97 56 15

ONE2 2.59 444 254 152 89 25
ONF 0.50 91 51 30 17 4
ONG 0.14 26 15 9 5 1
ONH 0.20 49 31 21 14 6
ONI 0.05 12 7 5 3 1
ONJ 0.07 16 10 7 4 2
ONK 0.68 119 67 39 22 5
ONL 0.73 146 83 48 27 7

ONM 0.10 21 12 7 4 1
ONN 0.08 16 9 6 3 1
ONO 0.55 108 61 36 20 5
ONP 1.47 289 163 95 52 13
ONQ 0.66 132 74 44 24 6
ONR 0.27 56 32 19 11 3
ONS 0.04 8 5 3 2 0
ONT 0.04 9 5 3 2 0
ONU 0.05 11 6 4 2 1
ONV 0.12 23 13 8 4 1

DIVERSIONS, ROUTE, AND STORAGE CARDS (REFER TO HEC-1 RUN)
FS1 - 65 38 22 13 3
DV1 - 1,341 880 613 432 218
FS2 - 671 438 370 257 157
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DV2 -- 671 442 244 174 61
FS3 -- 803 538 382 275 147
DV3 -- 803 538 382 275 147
RET1 -- 65 38 22 13 3
RET2 -- 671 438 370 257 157
RMONU -- 11 6 4 2 1
RMONT -- 8 5 3 2 1
RM20 -- 154 106 14 0 0
RM24 -- 210 146 108 80 48
RM27 -- 45 25 15 8 2
RCP17 -- 482 318 141 94 43
RCP23 -- 481 316 218 150 77
STOR1 -- 154 106 14 0 0
HYDROGRAPH COMBINATION POINTS
CPA 1.64 288 161 94 53 11
CP1 5.98 1,406 918 636 444 221
CP2 6.10 693 454 251 178 62
CP3 6.24 718 469 259 183 63
CP4 7.42 924 584 326 221 71
CP5 2.84 694 457 320 225 114
CP6 2.84 1,365 896 689 482 271
CP6A 1.77 316 181 108 63 18
CP6B 4.61 1,671 1,069 793 542 286
CP7 7.20 2,100 1,313 937 624 307
CP8 1.67 410 267 184 128 63
CP9 2.06 487 312 212 144 67
CP10 4.89 918 549 347 218 81
CP11 3.28 721 464 317 218 104
CP12 7.94 960 632 442 312 16l
CP12A 27.58 5,192 3,359 2,309 1,605 789
CP12B 35.52 6,070 3,934 2,706 1,883 928
CP13 36.39 6,232 4,026 2,764 1,917 940
CP14 0.01 69 40 24 14 4
CP14A 0.05 77 45 27 16 4
CP15 0.72 265 169 112 74 34
CP16 0.60 184 125 16 9 5
CP17 1.44 483 314 141 94 43
CP18 291 760 471 230 141 54
CP19 0.78 155 87 51 27 7
CP20 0.59 116 65 38 20 5
CpP21 0.57 158 102 70 47 23
CP22 1.19 329 218 152 106 57
CP23 1.76 482 316 218 151 77
CP24 2.42 612 389 261 174 83
CP25 0.49 99 56 32 17 4
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B. HYDRAULIC ANALYSIS RESULTS

The following table shows the maximum flow depths and velocities for each reach within
the HEC-RAS analysis for the site (refer to Exhibit 7323HYD300A-E for location of river
reaches and cross-sections).

Table 5: HEC-RAS Results Summary

HEC-RAS Hydraulic Analysis Maximum Depth and Velocity Results
24-Hour, 100-Year

River Discharge | Max. Depth Max. Velocity Cross Section

Reach (cfs) (ft.) (ft/s) (Max Depth Section/Max Vel. Section)
Wash 90 491.00 2.14 4.43 800.13/800.13
Wash 60 64.00 1.16 3.21 3746.65/2826.26
Wash 80 242.00 2.24 4.34 6827.33/7287.57
Wash 75 189.00 1.22 2.85 908.89/546.93
Wash 70 443.00 1.71 3.78 1029.2/2036.83
Wash 0 788.00 2.23 6.07 12718.16/767.81
Wash 10A 160.00 1.68 4.76 22483.47/22483.47
Wash 4 105.00 1.71 4.57 813.29/1076.68
Wash 10B 280.24 2.16 4.12 19884.32/18600
Wash 5 445.31 2.44 5.02 2398.41/676.61
Wash 20 726.22 2.62 4.68 16100/16636.71
Wash 15 676.15 2.89 4.59 3100/600
Wash 25A 1350.96 2.38 3.73 10806.78/8100
Wash 23 195.52 1.65 4.00 3479.12/3038.38
Wash 25B 1336.02 3.59 4.80 1368.02/2100
Wash 30 305.83 1.65 3.60 7500/8000
Wash 45 6154.09 3.92 4.60 2500/378.44
Wash 35 614.76 2.36 4.34 4063.78/1600
Wash 40 4640.71 4.47 4.64 10653.2/9616.88

HEC-RAS Hydraulic Analysis Maximum Depth and Velocity Results
24-Hour, 25-Year

River Discharge | Max. Depth Max. Velocity Cross Section

Reach (cfs) (ft.) (ft/s) (Max Depth Section/Max Vel. Section)
Wash 90 283.00 1.75 4.29 800.13/800.13
Wash 60 38.00 0.96 2.61 1155.84/2826.26
Wash 80 147.00 1.75 4.17 6827.33/8711.54
Wash 75 84.00 0.90 2.59 908.89/908.89
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Wash 70 217.00 1.40 3.41 3191.72/3521.27
Wash 0 520.00 1.93 5.34 12718.16/767.81
Wash 10A 105.00 1.43 4.31 22271.22/22483.47
Wash 4 70.00 1.59 4.07 813.29/1076.68
Wash 10B 175.00 1.82 441 19884.32/18600
Wash 5 288.23 2.22 4.55 2398.41/676.61
Wash 20 456.88 2.41 4.39 16100/15600
Wash 15 581.60 2.79 4.23 3100/600
Wash 25A 678.31 1.82 3.09 10806.78/10806.78
Wash 23 29.35 1.15 2.86 3479.12/3038.38
Wash 25B 671.57 3.12 3.95 1368.02/6600
Wash 30 85.71 1.32 3.26 7500/3000
Wash 45 3958.27 3.57 4.00 2500/378.44
Wash 35 392.02 2.25 3.75 1600/1600
Wash 40 3007.84 4.14 4.70 10033.98/7943.06
HEC-RAS Hydraulic Analysis Maximum Depth and Velocity Results
24-Hour, 10-Year

River Discharge | Max. Depth Max. Velocity Cross Section

Reach (cfs) (ft.) (ft/s) (Max Depth Section/Max Vel. Section)
Wash 90 117.00 1.38 3.32 800.13/800.13
Wash 60 22.00 0.77 2.41 3746.65/1155.84
Wash 80 98.00 1.53 3.81 6827.33/7287.57
Wash 75 43.00 0.72 2.31 546.93/546.93
Wash 70 99.00 1.19 2.83 3191.72/358.04
Wash 0 359.00 1.70 4.63 4232/767.81
Wash 10A 71.83 1.32 4.00 22271.22/22483.47
Wash 4 47.90 1.49 3.64 813.29/1076.68
Wash 10B 119.78 1.61 4.05 19884.32/18600
Wash 5 200.86 1.83 4.28 2398.41/2138.83
Wash 20 311.95 2.21 4.17 16100/15600
Wash 15 536.71 2.74 4.00 3100/600
Wash 25A 404.51 1.58 2.92 8600/7100
Wash 23 1.00 0.23 1.01 2630.84/3479.12
Wash 25B 401.33 2.85 4.17 1368.02/3600
Wash 30 9.95 0.44 2.08 7500/9000
Wash 45 2690.40 3.34 3.68 2500/378.44
Wash 35 265.68 2.14 3.91 1600/2500
Wash 40 2069.07 3.74 4.39 10033.98/7943.06
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HEC-RAS Hydraulic Analysis Maximum Depth and Velocity Results
24-Hour, 5-Year

River Discharge | Max. Depth Max. Velocity Cross Section

Reach (cfs) (ft.) (ft/s) (Max Depth Section/Max Vel. Section)
Wash 90 61.00 1.17 2.88 800.13/800.13
Wash 60 13.00 0.66 2.16 1902.48/1155.84
Wash 80 64.00 1.32 3.53 6827.33/8711.54
Wash 75 4.00 0.36 1.95 546.93/546.93
Wash 70 53.00 1.07 2.72 3191.72/1321.01
Wash 0 233.00 1.51 4.17 4232/767.81
Wash 10A 49.26 1.21 3.60 22271.22/22483.47
Wash 4 32.84 1.37 3.48 813.29/1076.68
Wash 10B 82.10 1.38 3.63 19884.32/18600
Wash 5 140.45 1.61 4.52 2398.41/2138.83
Wash 20 214.77 1.85 3.70 16100/15600
Wash 15 458.57 2.64 3.54 3100/600
Wash 25A 210.76 1.38 3.22 8600/8100
Wash 23 1.00 0.21 1.44 3038.38/3479.12
Wash 258 206.14 1.26 3.13 2600/3600
Wash 30 1.00 0.22 1.50 9500/9000
Wash 45 1843.41 3.15 3.43 2500/5500
Wash 35 183.81 1.63 5.75 1600/1600
Wash 40 1435.73 3.42 3.79 10653.2/7943.06

HEC-RAS Hydraulic Analysis Maximum Depth and Velocity Results
24-Hour, 2-Year

River Discharge | Max. Depth Max. Velocity Cross Section

Reach (cfs) (ft.) (ft/s) (Max Depth Section/Max Vel. Section)
Wash 90 8.00 0.67 2.08 800.13/800.13
Wash 60 3.00 0.40 1.68 1902.48/1902.48
Wash 80 22.00 0.85 3.03 6827.33/8711.54
Wash 75 0.10 0.12 0.83 546.93/546.93
Wash 70 0.10 0.09 1.2 3191.72/1321.01
Wash 0 67.00 1.02 3.02 11096.81/767.81
Wash 10A 23.35 0.83 3.11 22271.22/22483.47
Wash 4 15.57 1.27 2.95 813.29/1076.68
Wash 10B 38.92 1.03 2.96 19884.32/18600
Wash 5 71.41 1.28 3.69 2398.41/2138.83
Wash 20 85.80 1.42 2.63 16100/15600
Wash 15 204.54 2.27 3.83 3100/600
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Wash 25A 40.21 1.07 2.58 8600/9100
Wash 23 1.00 0.21 1.44 3038.38/3479.12
Wash 25B 24.74 1.84 2.62 2600/5600
Wash 30 1.00 0.22 1.5 9500/9000
Wash 45 787.74 2.39 3.39 2500/3500
Wash 35 78.56 1.12 4.56 1600/1600
Wash 40 700.95 2.83 3.32 10653.2/9616.88

VTN

The following tables show the results from the FLO-2D analysis for the onsite portion of the
site. Table 6 summarizes the peak flow and max depth for the thirteen separate cross
sections that were delineated into the FLO-2D model to give representative results at the
cross section locations (Refer to Exhibit 7323HYD200 for the location of the cross sections).

Each cross-section is located at the downstream end of the site to determine the flow

depths of the discharge exiting the site. The FLO-2D cross section will be used to compare
flow rates and flow depths in the post-construction analysis to those determined in the
existing condition analysis.

Table 6: FLO-2D Cross Sections

FLO-2D Flood Plain Cross Section Summary
24-Hour, 100-Year
Cross Max. Depth
Section Max Discharge (cfs) (ft.)
cs1 672.15 0.64
Ccs2 0 0.10
CS3 1335.99 1.77
(Y] 0 0.10
CS5 298.96 0.95
CS6 6142.51 2.51
Ccs7 64.11 0.45
Ccs8 787.90 1.07
Cs9 45.35 0.37
Cs10 42.52 0.47
CS11 443.09 1.79
CS12 490.93 1.05
CS13 33.71 0.46
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24-Hour, 25-Year

CSs1 437.57 0.51
CS2 0 0.05
CSs3 671.94 1.27
Cs4 0 0.05
CS5 67.09 0.52
CSe6 3940.49 2.31
cs7 38.27 0.32
Cs8 519.67 0.89
CSs9 0 0.06
Cs10 0 0.06
CSs11 216.65 1.47
CS12 282.61 0.80
CS13 6.86 0.10
24-Hour, 10-Year
CSs1 370.11 0.39
CS2 0 0.03
CS3 350.25 0.92
Cs4 0 0.03
CS5 0 0.03
CSe6 2680.20 1.97
Cs7 22.08 0.28
cs8 359.31 0.75
CSs9 0 0.03
Cs10 0 0.03
Cs11 99.18 1.19
CS12 117.19 0.58
CS13 0 0.03
24-Hour, 5-Year
Cs1 257.17 0.29
CS2 0 0.01
CS3 144.76 0.64
Cs4 0 0.01
CS5 0 0.01
CSe 1822.64 1.67
Cs7 13.06 0.24
cs8 232.76 0.70
Cso9 0 0.02
CS10 0 0.02
Cs11 53.08 1.01
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CS12 61.28 0.47
Cs13 0 0.02
24-Hour, 2-Year
Cs1 256.93 0.18
CS2 0 0
Cs3 8.47 0.24
cs4 0 0
CS5 0 0
CS6 757.55 1.21
CS7 3.36 0.16
CS8 67.00 0.46
CS9 0 0
Cs 10 0 0
Cs11 0 0
CS12 7.76 0.19
Cs13 0 0

20

The volume results reported in Table 7 were obtained from the “Floodplain Outflow Hydrograph” in the
SUMMARY.OUT files. The runoff volume represents all the flow volume that leaves the site during each

storm event.

Table 7: FLO-2D Runoff Volumes

Runoff Volume Summary

24-Hour, 100-Year Event

Existing Condition — Runoff Volume =

5215.33 ac-ft

24-Hour, 25-Year Event

Existing Condition — Runoff Volume =

2895.91 ac-ft

24-Hour, 10-Year Event

Existing Condition — Runoff Volume =

1783.23 ac-ft

24-Hour, 5-Year Event

Existing Condition — Runoff Volume =

1072.56 ac-ft

24-Hour, 2-Year Event

Existing Condition — Runoff Volume =

412.30 ac-ft

Several of the onsite washes contained numerous braided washes upstream of the start of the HEC-RAS

analysis completed for this site. These braided washes were more readily modeled by the FLO-2D grid

system than by HEC-RAS. Table 8 below shows the maximum flow depths and velocities determined by
FLO-2D for these areas upstream of the HEC-RAS washes.
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Table 8: FLO-2D Depths & Velocities

FLO-2D Results Upstream of HEC-RAS Washes
. Max Depth Max Velocity
River (ft) (ft/s)
24-Hour, 100-Year
WASH90 2.76 2.68
WASH75 1.89 2.2
WASHO 6.17 8.05
WASH15 2.11 3.52
24-Hour, 25-Year
WASH90 2.25 2.35
WASH75 1.62 1.89
WASHO 493 6.91
WASH15 1.42 2.8
24-Hour, 10-Year
WASH90 1.8 1.76
WASH75 1.29 1.64
WASHO 4.08 6.03
WASH15 1.15 2.42
24-Hour, 5-Year
WASH90 1.23 1.63
WASH75 0.56 0.81
WASHO 3.45 5.23
WASH15 0.95 2.01
24-Hour, 2-Year
WASH90 0.63 1.04
WASH75 0 0
WASHO 2.57 2.86
WASH15 0.69 0.91

EVALUATION OF CHANNEL STABILITY AND ALLUVIAL PROCESSES

A. OFFSITE BASINS

An offsite basin evaluation was conducted to determine the adequacy of the USGS
topography used for basin delineations and the stability of channels within the offsite basin
watershed. The evaluation was intended to determine if there was potential for lateral

migration of the offsite channels that could change flow patterns impacting the site. As part

of the evaluation, the basin delineations were compared to imagery available from Google
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Earth and three channels were physically walked within the offsite watershed. The channels
walked were within basins M9, M8, and M4. A summary of the findings are reported below.
Refer to figure 7323HYD100 for overall basin locations and flow magnitudes.

Basins M8 — M9: The main channel within basin M9 runs close to the northern boundary of
basin M8. Based on Google Earth imagery, there appeared to be a few small breakout
washes from the main channel that crossed the boundary and discharged into basin M8. The
Photo Documentation Exhibit included in Appendix of this report provides photos and
detailed notes taken during the investigation. The investigation found that the channel is
deeply incised with a bank depth of 3 to 5 feet, nearly vertical, along the southern edge. The
nearly vertical slope of the southern bank of the channel suggests that the channel is subject
to erosion. However, the area to the south is at the same elevation as the channel top for
several hundred feet before reaching another channel. The amount of earth that the
channel would need to cut through to move the channel out of the M9 basin and into basin
M8, does not seem feasible in the 50-year operation lifetime of the project.

The small channels that appear to breakout of the main channel were observed during the
site evaluation. The channels are shallow with depths in general of less than one foot. The
flow depths required to allow flows to overtop the main channel into these washes did not
seem consistent with the magnitude of the design flows computed or with the conveyance
capacity of the main channel. In order for the flows to approach the required depths to
overtop the channel, the entire channel or a substantial portion of it, would need to fill to
heights of 3 to 5 feet. The main channel was observed to be between 100 and 300 feet wide
throughout this location, which would require a far greater flow value than what is being
determined during the 100-year storm event. Based on the field conditions observed, it is
believed that these washes may be historical washes that were part of a braided system of
small washes that conveyed flows prior to the carving of the main channel shown presently.
This would coincide with the site observations that the small washes do not appear to
currently convey any significant flows and that they are elevated towards the top of the
main channel, at the level of the ground on either side of the main channel.

Basins M8-M7: Among having similar concerns as the wash in basin M9, the main channel
within basin M8 contains a relatively sharp curve from the northeast to the east direction.
These concerns warranted that this location be physically walked during the investigation.
Similar to the M9 channel, the M8 channel is a deeply concise channel between 3 and 10
feet deep with nearly vertical banks. As shown in the Photo Documentation Exhibit included
in the Appendix, the wash would need to cut through several hundred feet of earth in either
direction before breaking through to another wash location.

Basins M4-M5, M5A,& M5B: The main wash within basin M4 contains several sharp turns
that, based on photo imagery, may have been subject to breakout into basins M5, M5A, and
M5B. The channel was consistent with the channels within basins M8 and M9 in that it
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contained nearly vertical banks and was at a depth of 4-10 feet. Photos of the channel and
overbank areas show that the channel is cutting into the overbank area around bends but
would need to cut several hundred feet of earth before it would migrate to another wash
location.

The three channels evaluated are a typical representation of the washes within the offsite
area and should provide a good estimate of the conditions within the offsite watershed. In
addition, the northern portion of the watershed (basins M10, M11, and M12) are located in
more mountainous regions that tend to have more defined channels that are carved
through bed rock and are less prone to migration. Based on the investigation conducted and
the imagery available through Google Earth, it is concluded that the basin delineations
determined from the USGS topography should provide a reasonable assessment of the flow
locations from the offsite watershed.

B. ONSITE AREA

An onsite evaluation was conducted to determine whether the flow patterns established by
the FLO-2D and HEC-RAS models computed for this site are adequate given the site
conditions. The evaluation included comparing the 1-foot topography for the site with
imagery from Google Earth, historical photographs from USGS, and an onsite walk of the
main channel corridors.

1. Onsite Channel Breakout Location

Based on a comparison of timeline imagery available from Google Earth and ESRI
ArcMap, a flow breakout was found in a channel located in the northwest portion
of the site. The breakout location is shown on Figure 7323HYD400A-E, Onsite
Breakout Area, included in the Appendix. Based on the available timeline imagery
of the area, the breakout was determined to have occurred between April 2005
and May of 2009. The breakout channel is approximately 80 foot wide and varies
in depth from 3 to 10 feet. A 3-D rendering of the breakout location was created
from the 1-foot topography DTM surface for the site and is shown on Figures
7323HYD403A and B.

The nearly shear and perfectly straight cut of the channel suggest that the channel
may have been man-made and not the product of a storm event or series of storm
events. Heavy equipment tracks were found within the breakout channel
however, the tracks were too new to have been the cause of the channel.
Although the tracks were too new to be the cause of the breakout, there appears
to be evidence of heavy equipment being operated in the area. The breakout
channel occurs at the location within the sharp bend that would be expected if a
breakout was to occur. Due to the location of the breakout and the lack of any
conclusive physical evidence of it being man-made, it is assumed to be the
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product of flooding events for this report. Detailed photos are included in the
Photo Documentation Exhibit within the Appendix.

The finding of this breakout channel has spurred the onsite and offsite evaluation
conducted with this report to determine if the same situation could occur at other
locations. The results determined are reported below.

2. Historical Photo Analysis

Historical photos available from Google Earth and USGS were used to determine if
the onsite channels have shown tendencies for migration in the past. Imagery for
the area is limited, but photos were found from 1948, 1996, 2005, 2009, and
2010. In addition, the USGS quad map dated 1983, established blue streamlines
indicating the major flow corridors. These images and maps were used to create a
historical document to determine if other breakout areas and lateral migration of
the main washes have occurred over the 63 year period of available records. The
current location of major flow corridors were delineated based on the most
current aerial imagery and the FLO-2D analysis water surface extents based on the
1-foot topography for the site. These current flow corridors were then
superimposed over the historical photos and quad maps to determine if the
background images show contradictions in the current flow locations. The
historical photo document labeled Figure 7323HYD401A-E is included in Appendix.

The conclusions drawn from this analysis are that the major flow corridors within
the site today have been, by and large, stable for the last 63 years. Other than the
one isolated break out location discussed above, no major discrepancies were
found between the location of the major flow corridors on the historical images
and the current location of the corridors. There is some evidence that the one
breakout location found may have been man-made. However, even if it was
caused by storm runoff, the physical conditions found at the breakout location are
not observed at other locations within the site.

3. Overall Onsite Flow Patterns

The onsite area was walked extensively to determine the characteristics of the
main flow corridors and the overland flow areas of the site. Photos and notes
taken during the evaluations are included in the Photo Documentation Exhibits
within the Appendix. The overall flow patterns determined for the site are shown
on Figure 7323HYD402 and discussed below.

Major Flow Corridors: Based on the site walk, historic photo evaluation and the
FLO-2D analysis completed for the site, the major flow corridors are shown in light
blue on Figure 7323 HYD402. For these areas, it is concluded that the peak flows,
flow depths, and velocities determined in the analysis completed with this report,
are suitable for use in design of the site. These areas may be subject to isolated
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breakout flows and lateral migration of the washes within the corridor, but for the
most part, the FLO-2D and HEC-RAS analyses give accurate representation of the
flow conditions during the design events determined in this report. An erosion
and scour analysis will need to be completed to determine if it is feasible to locate
heliostats within portions of the Major Flow Corridors. In general, it is expected
that there will be areas of high flow depths and velocities within these areas that
will not be suitable for heliostat placement.

Some of the bank locations along the Major Flow Corridors are nearly vertical.
These areas pose a concern to heliostats adjacent to them due to the continued
cutting of the banks. The banks show a tendency to be undermined by flows
which cause pieces of the bank to break off and fall into the channel. This
condition is shown within the Photo Documentation Exhibit within the Appendix.
It is recommended that the geotechnical engineer perform bank stability analysis
over the vertical sections of the banks to determine an adequate buffer zone
between the bank and the heliostats.

Breakout & Lateral Migration Areas: These areas are shown in green on Figure
7323HYD402 and are located adjacent to main flow corridors. They consist of
areas that show previous flow breakout locations from the main corridors. They
also include areas that are adjacent to main corridors and subject to lateral
migration of flows due to lack of topographic relief. Due to the potential of
breakout flows and lateral migration of channels into these areas, the peak flows,
flow depths, and velocities determined in the FLO-2D and HEC-RAS analyses may
not be accurate for these areas. The flows determined by FLO-2D for these areas
assume the current terrain and does not predict any physical alteration of the
existing terrain. Therefore, the flows used for determination of erosion and scour
potential of these areas may need to be conservatively based on the flows
upstream of these areas prior to any breakouts or flow splits. Those flows can be
determined from the HEC-1 and FLO-2D analysis completed with this report.

These areas need to be studied in detail to determine the best alternative for
mitigation. It may be feasible that heliostats can be driven to below the potential
scour and erosion depths. It may also be shown that bank stabilization of the
Major Flow Corridors adjacent to these areas may reduce the heliostat burial
depths to a point of being a more feasible option. A third option would be to not
place heliostats in some of the areas shown to have the highest scour potential.
All of these alternatives will be evaluated with the scour and erosion analysis and
site mitigation alternatives analysis that will be completed for the site.

Channel Head Cut Areas: These areas extend along a north/south axis near the
middle of the site. For the most part, the site’s predominant downgrade direction

BSE Document Control Number: 7323HYD101



VTN

26

is west to east until this location is reached. Large portions of the western part of
the site consist of flows traveling as sheet flow or within very shallow swales.
When the sheet flow gets to the middle of the site, the downgrade direction turns
either north or south due to the site being slightly elevated to the east. This
turning has caused flows that have been traveling from the upstream area as
sheet flow, to be concentrated back into channel flow as they are now routed to
the north and to the south. The channels formed during this process are
considered part of the Major Flow Corridor system. The small channels formed
around the main channel are considered within the Channel Head Cut Area and
are shown in orange color on Figure 7323HYD402. As the sheet flow is collected
along the north/south running channels, head cutting is occurring where the flows
meet the channel banks. Over time, this head cutting has proceeded in the
upstream direction to form small channels that lead into the larger channel. Due
to this, special attention needs to be paid to this area to understand the rate of
head cutting and the extent of the newly formed channels. Based on the Historic
Photo exhibit, the main north and south channels have not extended much past
the current location in the last 63 years. However, the smaller head cut channels
could be growing wider and deeper over time. Due to the limited resolution of the
1948 photograph, it is hard to determine the change in length or size of the head
cut channels.

In general it is assumed that the erosion and scour analysis will show that these
areas are adequate for heliostat placement with proper burial depths. Alternative
mitigation measures may be available to reduce the rate of head cutting or stop it
all together. These mitigation alternatives will be explored in future reports and
may have a substantial benefit in reducing the burial depths of heliostats in these
areas.
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BREAKOUT LOCATION j

KEY MAP

Photo Source / Date: ESRI ArcMap -National MDOQ,/ 1996

ONSITE BREAKOUT AREA

Photo Source / Date: Google Earth / April 2005
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Photo Source /Date: Google Earth / May 2009

ONSITE BREAKOUT AREA

Photo Source / Date: ESRI ArcMap -NAIP California / 2010
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ONSITE BREAKOUT AREA

Photo Source / Date: North American Mapping (NAM) / 2011
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ONSITE BREAKOUT AREA
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Picture 00314 Below:

North-East flow direction 1
(along historic channel path).

g

ONSITE BREAKOUT AREA

Picture 00316 Below:

Picture 00318 Right:

7323HYD400E

South-East flow direction
(along eroded channel path).
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3-D Representation of Breakout Area - Looking Northwest

1274.54 cfs During 24-Hour,
100-Year Storm Event
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3-D Representation of Breakout Area - Looking Southeast

676.15 cfs During 24-Hour,
100-Year Storm Event
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AREA 1: M8-M9 WASH AND M8-M7 WASH
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BASIN M8-M9 WASH

IMG445

Standing on south bank of the main channel within the M9 basin looking southeast. Bank nearly vertical at this location however
there are no signs of breakout channels forming to the south. Location of photo is approximately 6600 feet upstream of where
the channel crosses the western boundary of the site. 100-year flow was determined to be 439 cfs.

IMG443

Photo taken approximately 70 feet south of southern bank of wash. Determined in the field that this was the boundary
between flows breaking towards the channel and flows going southeast away from the channel. The location matches
well with the basin delineations for M8 and M9 from the USGS topography.
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IMG440

Looking downstream along southern bank in the north-northwest direction. Photo taken approximately 8400 feet upstream of site
boundary with wash. Photo shows the steep bank and how incised the channel is below the ground level to the south. A tremendous
amount of earth would need to be cut before the channel migrates out of the M9 Basin.

BASIN M8-M7 WASH

IMG327

Looking downstream to the southeast just below the confluence of the M9 and M8 channels as they enter the site. Wash is wide and
flat at this location. Bed does not show signs of erosion at this location. 100-year flow at this location was determined to be 726 cfs.
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IMG439

Looking upstream in the northwest direction at the confluence of the M8 and M9 channels.

IMG432

M8 channel approximately 2100 feet downstream of west boundary of site. Photo shows southern bank of channel looking
upstream at the location of a slight bend in channel. Channel is 5-6 feet deep at this location.

BSE Document Control Number: 7323HYD101



IMG433

Same location as Image 432 but standing on the top of the bank looking to the southeast. Cutting of the southern bank may be occurring.
But as shown in the photo, the channel would have to cut through a very large area to migrate out of its current location.

IMG429

M8 channel just downstream of west boundary of site. Photo looking south at the southern bank of the channel. Bank is
approximately 4.5 feet high and about 80 feet from the thalweg of the channel. No signs of excessive erosion in the channel.
100-year flow determined for basin M8 is 265 cfs.
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IMG427

M8 channel approximately 2000 feet upstream of west site boundary. Photo looking northeast at the southern bank of the channel.
Location is at the bend in the channel which has caused the vertical face of the southern bank. Flows undermining the bank is causing the
upper parts to break off creating the vertical face.

IMG425

M8 channel approximately 2700 feet upstream of west site boundary. Looking east in the downstream direction at the southern bank.
This location is at a sharp turn in the channel which has caused the steepening of the bank. However the ground beyond the bank is at the
same level as the top of bank approximately 10 feet above the channel bottom.
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AREA 2: M4-M5, M5A AND M5B / ONSITE CENTRAL-EAST
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BASIN M4-M5, M5A AND M5B WASH

IMG413

Looking southwest between M4 channel and Wash 45. The area could be inundated during storm events but there are no signs
of excessive erosion or scour.

IMG408

South bank of M4 Channel. Location is at a sharp turn causing the vertical cutting of the bank. Bank appears to be undercut by
flows causing the upper portions of the bank to collapse into the channel. Areas like this within the site will need a bank stability
analysis to determine a proper buffer zone between the bank and heliostats.
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IMG415

Standing north of the M4 channel and looking to the south. The area is a wide floodplain most likely subject to shallow, slow moving
flows. The 100-year flow determined for the M4 basin at this location was 599 cfs.

IMG418

M4 channel approximately 4900 feet upstream of where the wash meets the western boundary. Area is in a sharp turn and shows a low
flow channel established along the north bank of the channel. Channel bank is nearly vertical due to the cutting cause by the turning flows.
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IMG333

Same location as image 418 but standing at the top of bank looking downstream to the southeast. As shown, the bank is subject to
erosion but would need to erode several hundred feet prior to the channel migrating into a new location.

IMG420

M4 channel approximately 8800 feet upstream of where the channel meets the western boundary of the site. Location is along a sharp
curve with the north bank subject to heavy cutting. There are no washes to the north within several hundred feet which the channel could
migrate into.
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IMG422

M4 channel approximately 11,000 feet upstream of the western boundary of the site. Flows are contained by high banks to the
north and to the south. The area is in a sharp bend but the elevation of the ground to the north prevents flows from breaching
the main channel.

ONSITE EAST-CENTRAL WASH

IMG331

Photo looking east downstream of where offsite basin M7 discharges onto site. Flows are conveyed in shallow channels and as overland

sheet flow through this area. The 100-year flow for basin M7 was determined to be 35 cfs.
BSE Document Control Number: 7323HYD101



IMG329

Looking north across the shallow floodplain created by offsite basin M7. The channel from basin M8 is in the background of the photo.

IMG438

Looking downstream to the east within the M6 channel. The wash splits downstream with flows on the left side of the picture continuing
east and flows on the right side routed to the southeast. The 100-year flow determined for basin M6 near this location was 316 cfs.
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IMG437

Terminus of the east fork of the M6 channel downstream of the flow split in image 438. Channel dissipated to sheet flow in
approximately a thousand feet from the split.

IMG434

Southeast fork of the M6 channel after flow split. Channel is much more defined than the east fork and appears to continue for
several thousand feet downstream.
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AREA 3: ONSITE BREAKOUT
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ONSITE BREAKOUT AREA

IMGO050

Looking south in downstream direction of channel breach. Low flow channel along western bank is approximately 2 feet deep. Flows
determined to breach to the south during the 100-year storm is 676 cfs.

IMGO051

The east bank of the breach is unusually uniform. This along with the straight vertical cuts in the banks, and short time frame for
such a large uniform channel to be cut, implies that the breach may have been man made. An abandon gravel pit is located within a
half mile of the breach.
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IMG315

Standing at the breach location on the east bank of the low flow channel and looking upstream.

IMG318

Standing at the top of the west bank looking to the northeast at the breach and the floodplain upstream of it. Flow splits to the east
before reaching the breach within the wide floodplain shown in the foreground of the picture. Total flow before the breach is
approximately 1300 cfs.
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IMG319

Standing on the top of the west bank looking southeast in the direction of the breach channel. The channel cut is approximately 80 feet wide
and nearly perfect in uniform.

IMG313

Standing downstream of the breach looking into the upstream direction.
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AREA 4: WASH 45 AND WASH 30
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WASH 45

IMG339

Photo location is approximately 1 mile downstream of where Wash 45 crosses the western site boundary. As shown, the wash is 20-
40 feet below the site grade to the north and the floodplain is approximately 1000 to 1500 feet wide.

IMG340

Photo taken at the same location as image 339 but standing at the bottom of the channel looking east at the northern bank. Some
erosion of the bank is shown along the bottom due to the bend in the channel at this location. Due to the width of the floodplain,
flows depths and velocities are relatively lower considering the +6,000 cfs 100-year flow at this location.
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IMG342

Photo location approximately 3400 feet downstream of image 340. Looking south into Wash 45 floodplain, this is approximately where the
wash crosses the southern boundary of the site and discharges off of the site.

WASH 30

IMG344

Wash 30 near power line road looking east in the downstream direction. Channel is well defined and approximately 1-2 feet deep. 100-
year flow determined at this location is approximately 300 cfs. This is one of two main washes in this location of the Wash 30 flood plain.
The other main wash is located approximately 100 feet north of this one and the entire flood plain is 500-700 feet wide.
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IMG346

Same wash as image 344 approximately 220 feet upstream. Photo looking east in downstream direction of Wash 30.

IMG348

Wash 30 approximately 540 feet upstream of image 346, looking upstream in the west direction. Location is upstream of flow split that
divides the channel into two. Wash is larger in width at this location but remains 1-2 feet in depth. Sandy bottom with no signs of
significant erosion occurring.
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IMG350

Wash 30 approximately 750 feet upstream of image 348. Wash is fairly uniform in this area.

IMG459

One of the headcutting channels that is being formed as flows are collected into Wash 30. Wash 30 becomes perpendicular to the direction
of upstream flow causing headcutting as the shallow upstream sheet flows are discharged over the west bank and into the channel. Those
headcuts are creating new channels such as this one in the upstream direction away from the main channel.
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IMG457

Another example of a head cut channel north of the one shown on image 459. Channel varies from 5-10 feet wide and 0.5 to 1.5 feet in depth

IMG456

Example of another head cut channel to the north of image 459.
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IMG455

In the main channel approximately 1650 feet upstream of image 350. Photo is looking north in upstream direction of Wash 30.

IMG453

Another head cut formed channel feeding into Wash 30, looking south. The head cut channel shown on images 456,457, and 459 are mainly
within upstream watershed made up of onsite area and offsite basin M5. This channel and those upstream are from onsite area and portions
of offsite basin M6 that splits to the south.
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IMG451

At this point, Wash 30 has split with two main washes that proceed in the upstream direction. One wash continues north and the other to the
northwest. This wash is the split that veers to the northwest. The channel continues for approximately 800 feet to the northwest. Above that
point, flows seem to be sheet flow or in very small swales.

IMG447

This channel feeds into the north main wash upstream of the split discussed in image 451. The channel is typical of the numerous
channels in this area that feed into and form Wash 30. The depths range from 0.5 to 2 feet and the width from 5 to 15 feet.
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IMG448

Photo is looking upstream in the northwest direction. Channels have dissipated upstream of this point and flow travel mostly in shallow
swales or as sheet flow. Channel are continuing to cut in the upstream direction but rate of cut seems to be very slow based on
comparison of the historical photos with the current imagery.
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AREA 5: WASH 25B AND WASH 0
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WASH 25B

IMG354

Wash 25B standing at the top of bank looking north into the wash. Very wide and deep floodplain with numerous braided
channels within it. Flow can migrate through the floodplain but potential for migration out of the floodplain is low.

IMG364

Standing in the wash and looking south at the southern bank. Bank has some erosion caused by local onsite flows overtopping
into the wash.
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IMG357

Photo is near the center of Wash 25B looking upstream to the west. This is one of the numerous braided channels within the wash. The
channels all typically have sand bottoms and are 2 to 3 feet in depth. 100-year flow determined for Wash 25B at this location is 1336 cfs.

IMG355

Another braided channel within Wash25B to the north of image 357. Photo is looking north and the north bank of Wash 25B can be
seen in the background.
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IMG321

Photo is looking north in the upstream direction of the break out channel shown in Area 3 of this document. The flows in this channel are
routed into Wash 25B. Prior to the breakout, this flow would have been tributary to Wash 0 to the north.

WASH 0

IMG366

Photo is from top of south bank looking north into Wash 0. Erosion is from local flows that travel north into the wash.
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IMG369

Channel close to the south bank with Wash 0. Channels are similar to those in Wash 25B with sandy bottom and typically 1 to 3 foot in
depth.

IMG470

Erosion of south bank of Wash 0 occurring near a sharp bend in the wash. A geotechnical evaluation of slope stability will be needed to
provide an adequate buffer between the bank and heliostats.
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IMG460

Photo looking upstream into the most southern channel collecting flows into Wash 0. The channel travels southwest and collects flows
from the local onsite area and local offsite area just north of the site boundary. The other channels within Wash 0 are mostly formed by
the large offsite tributary basins M10, M11, and M12, west of the site.

IMG461

This is the southernmost channel within Wash 0 that is formed by the large offsite basins M10, M11 and M12. The 100-year flow
determined for Wash 0 is 745 cfs.
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IMG462

Channel within Wash 0 just north of channel shown on image 461.

IMG463

Channel north of previous image. All of these channels are similar in width and depth, suggesting that the flow is spread out across the
wash.
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IMG464

Channel to the north of image 463.

IMG467

Channel in the northern portion of Wash 0. Channels have cut around an island forming the 2-3 foot bank on the left side of the
photo.
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IMG468

Most northern channel within Wash 0 looking upstream to the west.
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AREA 6: BASINS M19, M20, & WASH 80

BSE Document Control Number: 7323HYD101



IMG372

Sheet flow and shallow flooding area north of Wash 80. Photo looking northwest.

IMG373

Northern most channel within Wash 80. Photo is looking northwest in upstream direction. Channel is 0.5 to 1.0 deep in this location.
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IMG375

Standing within Wash 80 looking into the floodplain in northwest direction. In the center of the picture, a small channel is forming as
flows discharge from the floodplain into the wash. This type of channel cutting is typical within the area. Most of the channels cutting
into the wash are 0.5 to 1.0 feet in depth.

IMG471

Photo taken along existing roadway alignment, looking south-east. Noticed erosion occurring on both sides of road as water is routed
over the road and along alignment.
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IMG472

Photo of minor washes looking west that cuts through the existing roadway running northwest.

IMG473

Photo of wash crossing existing roadway alignment looking west. Wash varies in depth from 1 to 2 feet.
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IMG475

Photo of wash tributary to existing road looking west.

IMG478

Photo of erosion along east side of existing roadway.
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IMG479

Photo of wash crossing existing roadway, looking in the west direction.

IMG481

Photo of wash crossing existing roadway, looking in the east direction.
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IMG482

Photo of wash crossing existing roadway, looking in the west direction.

IMG485

Photo of area located north of existing open pit mine. This area drains to the east along existing roadway. A small drainage basin is
confined to this area.

