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Preliminary Drainage Study Revision C Introduction / Purpose

1.0 INTRODUCTION / PURPOSE

Burns and McDonnell Engineering Company Inc. has been retained by HDSI, LLC to provide
engineering and permitting support for the High Desert Solar Project (Project). The purpose of this
drainage study is to describe and document drainage management and to support a Conditional Use
Permit (CUP) through the City of Victorville, CA.

The Project is planned to be a nominal 108-Megawatt AC (MWac) solar photovoltaic (PV) power plant
and will interconnect to the existing High Desert Power Plant located in the northwest portion of the City
of Victorville, California. In addition to the PV arrays, the development will include internal access roads,
equipment pads, chain link perimeter security fences, and an overhead transmission line (gen-tie) to the
point of interconnection. The project site consists of approximately 607 acres and is located east of the
intersection of Colusa Road and Helendale Road (Figure 2-1). The owner and future operator of the

Project is:

HDSI, LLC
200 West Madison St., Suite 3810
Chicago, IL 60606

High Desert Solar Project 1-1 Burns & McDonnell
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2.0 SITE DISCUSSION

The High Desert Solar Project is a large single development located within portions of Sections 2 and 11
Township 6 North, Range 5 West, of the San Bernardino Meridian (34.6310°, -117.3726°). It is
approximately 8 miles northwest of Victorville, California, within San Bernardino County. The site is
considered part of Zone 6 of the San Bernardino County Flood Control District Overall District Zones.
Due to the location and distance away from the City of Victorville, the High Desert Solar Project does not

tie into the Victorville Master Plan of Drainage.

The property and surrounding areas are mostly vacant desert terrain with sparse, native desert scrub.
However, the site also contains several disturbed/developed areas consisting of old structures and illegal
dumping as well as large tracks of undeveloped land. There are several underground utilities that cross the
site, including: a natural gas pipeline, reclaimed water pipeline(s), and telecom communications cables.

See Figure 2-1 for an aerial view of the site.

The site falls within the Alto (Upper Basin) subarea of the Mojave River Watershed. The Mojave River is
approximately ¥z mile east of the eastern border of the site. The existing site is divided by a small ridge
running north to south. To the west of the ridge, the property slopes gradually toward the northwest with
grades between 0-2%. To the east of the ridge, the property slopes east toward the Mojave River with
varying grades up to 10%.

The soils information was gathered through the United States Department of Agriculture’s (USDA) Web
Soil Survey. The site consists of National Resource Conservation Service (NRCS) soil groups A and C. A
further report of the site’s properties may be found in Appendix B.

For the hydrologic analysis, the site was divided into eleven separate subareas. Topographical features
such as flowlines, ridges, etc. and post-developed roads determined how the subareas were divided. See
Figure 2-2 for the division of subareas. A topographical survey with 1’ contours was used to subdivide

the northern half of the site while 20” USGS contours were used for the southern portion of the site.

The Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM), Numbers
06071C5150J and 06071C5125H covers the Project. The effective dates of these are August 28, 2008,
last revised on September 2, 2016 and August 28, 2008. The entire Project site falls within Zone X,
which is defined as “areas determined to be outside the 0.2% annual chance floodplain.” The Zone X is
not regulated by FEMA nor the local floodplain administrator. The FEMA FIRM can be found in
Appendix G.

High Desert Solar Project 2-2 Burns & McDonnell
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In its pre-developed state, the site has little impervious surfaces; primarily existing foundations for old
homes. The net gain of impervious areas due to the construction of the solar farm was estimated to be

approximately 0.28%, a minimal increase to the pre-developed site conditions.

High Desert Solar Project 2-3 Burns & McDonnell



Revision C Site Discussion

nnnnnnnnnnnnnnn



Revision Site Discussion

o
ddddddddd

// //BF”\ )))
o

g / f

e Ui

8 &BURNS | | 98975
o| \NwWONNELL | HiGH DESERT SOLAR
RRRRRRRRRRRRRRRRRRRRRRRRR

CCCCCCCC

nnnnnnnnnnnnnnn



Preliminary Drainage Study Revision C Rainfall Data

3.0 RAINFALL DATA

Rainfall data for the site was collected through the NOAA National Weather Service — Precipitation
Frequency Data Server. The results for each can be found in Appendix C. The data from these tables were
used to calculate the pre- and post- development peak flow rates and runoff volumes. The pre- and post-
development hydrographs were also created for the 100 year and 10-year events, and can be found in

Appendix D.
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4.0 ONSITE RUNOFF

The site was subdivided into eleven separate drainage areas based on the site characteristics explained in
Section 2.0, each with their respective downstream outlets (Figure 5-1). The Rational Method was used to

estimate the peak flow rates across the site.

4.1 Rational Method
The methodology for calculating peak flow discharge and runoff volume was adapted from the San
Bernardino Hydrology Manual. As advised by the manual, the Rational Method is preferred for sites less

than 640 acres when determining the peak flow discharge:

Q=CIA
where Q = Peak flow discharge (cfs)
C = Runoff coefficient
| = Intensity (in/hr), and
A = Area (acre)

To estimate the intensity for each subarea, a rainfall duration was needed for each subarea, in combination
with NOAA’s rainfall frequency data. A time of concentration (Tc) was calculated for each subarea by
using the length of the most distant point from the outlet. The times of concentration were then used as
the rainfall durations to find the NOAA intensities. A runoff coefficient was estimated for each subarea
using the methods of the Hydrology Manual. See Appendix A for further information regarding the

Rational Method Calculations.

Columns 3 and 4 of Tables 4-1 and 4-2 show the results of the Rational Method peak flow rate results.
The tables show the peak flow rates generated from the 607 acres site under both pre- and post- developed
conditions for the 10-year and 100-year storm events in respect to the time of concentration estimated for
each subarea. The results for both the 10-year and 100-year are provided in accordance with City of

Victorville’s requirements. The detailed calculations can be found in Appendix A.
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4.2  Pre-Developed
Table 4-1: Pre-developed Characteristics
Subarea | Area (acre) | 100yr Q (cfs) | 10yr Q (cfs) 100yr/24hr 100yr/1hr 10yr/24hr
V (ac-ft) V (ac-ft) V (ac-ft)
A 16.35 22.74 9.76 2.03 0.20 0.83
B 78.76 66.67 22.42 9.77 0.98 4.01
C 35.90 13.89 0.74 4.45 0.45 1.83
D 7.91 21.15 10.56 0.98 0.10 0.40
E 119.70 64.70 0.00 3.83 0.09 0.50
F 41.86 40.64 14.91 5.19 0.52 2.13
G 24.57 41.01 15.31 0.79 0.02 0.10
H 39.74 54.39 23.27 4.93 0.49 2.02
I 10.58 10.75 4.04 131 0.13 0.54
J 197.52 64.81 0.00 6.32 0.15 0.82
K 33.67 46.40 19.90 4.18 0.42 1.71
Total 606.56 447.13 120.92 43.76 3.56 14.88

Q = Peak flow rate

V = Volume

cfs = cubic feet per second

ac-ft = acre-feet

High Desert Solar Project 4-8 Burns & McDonnell
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4.3 Post-Developed
Table 4-2: Post-developed Characteristics
100yr/24hr V | 100yr/ihr V | 10yr/24hr V
Subarea Area (acre) | 100yr Q (cfs) | 10yr Q (cfs) (ac-ft) (ac-ft) (ac-ft)
A 16.35 22.76 9.79 2.03 0.20 0.83
B 78.76 66.78 22.53 9.77 0.98 4,01
C 35.90 13.94 0.80 4.45 0.45 1.83
D 7.91 21.16 10.57 0.98 0.10 0.40
E 119.70 64.98 0.28 3.84 0.09 0.50
F 41.86 40.70 14.97 5.19 0.52 2.13
G 24.57 41.06 15.37 0.79 0.02 0.10
H 39.74 54.45 23.33 4,93 0.49 2.02
| 10.58 10.76 4.06 131 0.13 0.54
J 197.52 65.28 0.38 6.35 0.15 0.83
K 33.67 46.45 19.94 4.25 0.44 1.76
Total 606.56 448.33 122.02 43.90 3.58 14.96
Q = Peak flow rate
V =Volume
cfs = cubic feet per second
ac-ft = acre-feet
High Desert Solar Project 4-9 Burns & McDonnell




Preliminary Drainage Study Revision C Onsite Runoff

4.4  Site Plan

The civil sitework will primarily consist of cutting and crushing the existing site vegetation as necessary
to accommodate the new solar arrays, minimized grading focusing on the eastern portion of the site,
installation of compacted dirt roads around the perimeter of the site, interior dirt access roads throughout

the site, and construction of chain link fences around the perimeter of the site.

Because the site is relatively flat, slopes generally less than 1%, it is conducive to solar development.
Little to no grading is anticipated for roughly 80% the site. Additionally, to minimize the impact of the
development of solar arrays, the existing vegetation will be cut and crushed in place. The existing
vegetation will be cut using a skid-steer mounted bush whacker that will leave roots intact and mulch the
cut material on-site. This method will allow for the vegetation to remain/regrow helping to stabilize the
ground surface. The vegetation will largely remain in place throughout the life of the project with
operations and maintenance trimming the vegetation under the solar arrays. The maintenance plan for the
site will include trimming the existing vegetation every 6 months or as necessary to prevent shading of
the panels.

Grading will primarily be focused on the eastern portion of the site where large elevation changes occur.
For solar sites, slopes of 10% or less are preferred for the constructability of the solar arrays. Therefore,
Sub-basins A, D, F, G, and H will undergo moderate grading where slopes exceed 10%. The smooth, near
planar ground surfaces will promote sheet-flows which exhibit less scour potential as compared to
concentrated flows. For the west side of the site, the existing topography and drainage will be maintained.

Chain link fencing is proposed around the site perimeters for security, which will allow passage of runoff.

The solar racking system throughout the site will be elevated above the ground, supported on vertical
posts driven into the ground with no excavation nor concrete foundations. The ground surfaces beneath
the solar cells will remain as bare ground, consisting of the native, on-site soil. Precipitation will fall on
the solar cells, run off the lower edges onto the ground surface, sheet flow across the site under the solar
cells, and infiltrate into the ground similar to the pre-developed conditions. Concrete equipment
foundations for inverter skids and substation equipment will be located sporadically throughout the site.
Excess runoff will primarily be shallow sheet-like flows across the surfaces of the site. After flowing
across the site, the majority of the runoff will have sheet-like flows off the site in a manner similar to pre-
project conditions. However, to compensate for the impact of the addition of impervious areas, small
retention swales will be installed adjacent to the roadway at most of the historic outfall locations with a
retention basin being constructed downstream of the substation and battery storage area in sub-basin K.

As part of final designs, erosion control will be designed where flows enter and exit the retention basins.

High Desert Solar Project 4-10 Burns & McDonnell
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In general, existing runoff locations and characteristics entering and leaving the site will be preserved to
the greatest extent practical.

The Project also includes the construction of a two-mile transmission line. As shown on Figure 4-1 the
point of interconnection is on the southeast corner of the site. There will be no grading for the

transmission line, and thus is not included in the preliminary drainage report.

Figure 4-1 below details the planned site for the High Desert Solar Project.

High Desert Solar Project 4-11 Burns & McDonnell
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Figure 4-1: Site Plan
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Preliminary Drainage Study Revision C Offsite Flows

5.0 OFFSITE FLOWS

Figure 5-1 is an aerial overview of the conditions existing outside the project site. Shown below are the
United States Geological Survey (USGS) existing 20 ft contours and flow lines off the site. The majority
of the offsite runoff enters at the southeast corner of the project as sheet flow, and will follow its historical
flow path across the site. The Rational Method was used to calculate the offsite flows, similar to the
method used in Section 4.0. The approximate 100-YR, 24-HR flow rate is 120 CFS at the southern
boundary. The velocity was estimated using the Rational Method calculation for velocity of shallow,
concentrated flow. Using the slope and approximate length of the flow line, the velocity is calculated to
be 1 ft/s. These flows do not pose a threat for erosion of native soil, therefore, mitigation of these flows is

not anticipated.

High Desert Solar Project 5-13 Burns & McDonnell
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Preliminary Drainage Study Revision C Stormwater Treatment

6.0 STORMWATER TREATMENT

A stormwater retention basin will be installed along the downstream boundary of sub-basin K where the
substation and battery storage areas will be located. The basin will be installed at the historic discharge
locations as shown on Figure 6-1. There is an existing pond located in sub-basin H which will be
preserved for stormwater retention. The remaining sub-basins on the site do not require a large volume for
stormwater treatment, so low-water crossings will be installed at the historic outfall locations to allow
maintenance vehicles drive the perimeter of the site. Roads adjacent to the low-water crossings may be
elevated up to 1’ above existing grade which will create a natural swale/retention area at the crossing. The
swale will be designed to have sufficient volume to retain the increase of pre-versus-post runoff. In Rip
rap will be placed at the outfall points of each basin/swale to protect from erosion as stormwater leaves
the site. Additional techniques to control erosion may be developed during final design. The following

methods were used to size the retention basins for the site.

1. Catchment Yield Fraction Method
2. LID BMP Design Capture Volume (DCV)

The LID BMP Design Capture Volume resulted in the largest retention volume; therefore, this method

was selected for retention basin volume sizing. The two methods are explained below:

6.1 Catchment Yield Fraction Method

To estimate site stormwater volume, the catchment yield fraction method was used, consistent with the
San Bernardino County Hydrology Manual. The methodology for this process included the following
parameters: the NRCS curve numbers, initial abstraction values, and the NOAA Atlas 14 precipitation
depths.

The minimum design volumes of the storm water retention basins vary dependent on the subarea they
serve. To determine the controlling methodology for retention volume, the runoff volume was initially

calculated using the following formula (San Bernardino County Hydrology Manual):

V=Y*PyuxA
where V = Volume (ac-ft)
Y = Yield fraction
P24 = 24-hour precipitation depth (in), and
A = Area (acre)

High Desert Solar Project 6-15 Burns & McDonnell



Preliminary Drainage Study Revision C Stormwater Treatment

Columns 5 through 7 on Tables 4-1 and 4-2 show the results of the Catchment Yield Fraction Method.
The tables show the flood volumes generated under the 10yr- 24hr, 100yr - 1hr, and 100yr - 24hr storm
events. The results for both the 10-year and 100-year are provided in accordance with City of
Victorville’s requirements. The detailed calculations can be found in Appendix A. Retention basin

volumes will be designed to retain the 100yr-24hr stormwater volume.

6.2 LID BMP Design Capture Volume

Because the site is located within the Mojave River Watershed, an alternate methodology for calculating
retention volume was performed based on the Mojave River Watershed Water Quality Management Plan.
As advised by Form 4.2-1 “LID BMP Performance Criteria for Design Capture Volume”, the equation for

calculating retention volume is as follows:

DCV = AR P¢C,
where DCV = Design Capture Volume (ft%)
A = Area (ft?)
Rc = Runoff Coefficient
Ps = Mean 6-hr Precipitation (inches)
Cz = Function of drawdown rate

New storm retention has been designed along the downstream boundaries of the site, designed to retain
the Design Capture Volume (DCV) in accordance with the Mojave River Watershed Water Quality
Management Plan. See Appendix A, sheet “Retention” for detailed calculations. The proposed retention

basin locations are shown on Figure 6-1.

6.3 Retention Basin Design

As noted in Table 6-1, the total combined minimum required stormwater retention volume using the San
Bernardino County method was determined to be 0.014 ac-ft (post-construction conditions for the 100
year — 24 hour storm event). These values were then compared with the values calculated from Form 4.2-
1 LID BMP Performance Criteria for Design Capture VVolume. Results from this methodology show that
the total required stormwater retention volume should be 1.64 ac-ft. To be conservative, the larger of the
two volumes was chosen for the retention basin sizing. . The site will utilize an existing basin located in
sub-basin H to achieve the volume needed for the WQMP and San Bernardino County Hydrology

Manual.
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Table 6-1: Retention Volume

Mojave River
San Bernardino County Hydrology Manual WQMP
Subarea Pre-dev Post-dev Retention LID BMP Basin Volume
100yr-24hr 100yr-24hr Volume Design Capture Provided
V (ac-ft) V (ac-ft) Required Volume V (ac-ft)
Required V (ac-
(A Pre vs. ft)
Post)
V (ac-ft)

A 2.03 2.03 0.00 0.04 0.04
B 9.77 9.77 0.00 0.21 0.86
C 4.45 4.45 0.00 0.09 0.09
D 0.98 0.98 0.00 0.02 0.03
E 3.83 3.83 0.00 0.31 0.86
F 5.19 5.19 0.00 0.11 0.11
G 0.79 0.79 0.00 0.06 0.07
H* 4.93 4.93 0.00 0.10 1.20
I 131 131 0.00 0.03 0.03

J* 6.32 6.34 0.02 0.53
K 4.18 4.24 0.06 0.13 0.27
Total 43.76 43.84 0.08 1.64 3.56

V =Volume

ac-ft = acre-feet

*The retention basin in Subarea H will utilize an existing topography to assist in providing retention for the LID BMP Design

Capture Volume
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Figure 6-1: Drainage Map
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7.0 CONCLUSION

The increase in total combined peak flow between pre- and post- development conditions for the
proposed High Desert Solar Project site for the 100yr — 24hr design storm event will be 1.19 cfs. These
flows will be mitigated by routing them to retention basins/swales located at the historic discharge
locations across the site. The total retention provided for the Project is approximately 3.82 ac-ft. The
preliminary grading design and retention areas were designed to maintain the pre-developed flow rates,
volumes, locations, and characteristics leaving the site in order to avoid adverse impacts downstream.
Also, rip rap will be used to protect outfall locations from erosion and to provide stabilized access road at

low water crossings along the site perimeter

Grading will be minimized to the greatest extent practical; and existing drainage patterns on the site will
be kept as close as possible to their existing conditions. Vegetation will largely remain in place and
maintained to keep low growth under the solar panels. Erosion potential appears to be within practical
tolerances. However, it is recommended for full design to consider cost-effective erosion control devices
such as riprap. The proposed drainage controlling facilities will require future maintenance to ensure their
functionality.
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O BURNS

Client : HDSI
c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975

WORKSHEET TITLE: Pre Evaluation - High Desert Solar CALCULATION NO.: 98975-C001
ISSUED DATE: 2/22/2019 REVISION: Cc
PERFORMED BY: BNS REVIEWED BY: NT
OBJECTIVE: Estimate Pre Construction Site Conditions

REFERENCES:

Williamson and Schmid, Civil Engineers. (August 1986). San Bernardino Hydrology Manual. San Bernardino County, (1). Retrieved August, 2018.
NOAA's National Weather Service. (n.d.). NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: CA. Retrieved August, 2018.
Victorville, CA. (2005, August). Storm Water Management Program for the Mojave River Watershed. Retrieved August, 2018.

4 United States Department of Agriculture. (1986, June). Urban Hydrology for Small Watersheds. Retrieved August, 20187.

DESIGN INPUTS/ASSUMPTIONS:

1 10 and 100 year storm

2 Sheet flow exists up to 200ft

3 Shallow concentrated flow exists up to 1200ft
4 Channel flow exists beyond 1400ft

5 Vchannel flow = 5ft/sec

EQUATIONS:

1 Rational Method
Q=CIA

2 Time of Concentration

Tc = Tsheet + Tshallow + Tchannel

3 Tsheet
0.007(n * Ly)%8
Tsheet = ( )
\/'[TZ(SDecimal)o'4

4 Vshallow (unpaved)
Vshatiow = 16.1345\/Specimar

5 Tshallow
Length

Tsnattow = Vshallow

6 Potential Max Retention

o100 o
~ CN
7 Initial Abstraction
I, =028

Prepared by: Brett Svor
2/22/2019
1 of 20 Z:\Clients\ENR\MiddleRiverP\98975_MRP-HDSolar-OE\Design\Civil\Calculations\Design Notes BNS.xIsx



O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
8 Storm Runoff Yield
Y = (P24 - Ia)z
(Poa —Ig + S)Pys

9 Peak Volume

V:Y*P24*A

10 I—FE))a
0.9(a; +¢,forl > F,
C =
0.90q;, for I < F,

VARIABLES:

1Q peak runoff rate (cubic feet per second)
2C runoff coefficient dependent on land use
31 rainfall intensity (inches per hour)
4 A drainage area served by detention basin (acres)
5Tc time of concentration
6n Manning's rougness coefficient for sheet flow (smooth surfaces/gravel)
7 Lo Distance to collection point (Limited to 200ft)
8 P2 2yr, 24hr rainfall (in)
9 Sdecimal Slope of hydraulic grade line

10 CN Cuve number

11 P24 24 hour precipitation depth (in)

12 la Initial abstraction (in)

13 8 Potential max retention (in)

14Y Storm runoff yield

15 Fp Infiltration rate for pervious area (in/hr)

PROCEDURE FOR PEAK DISCHARGE (PRECON):

1 Determine watershed boundaries based on aerial survey

Watershed Area (SF)  Area (AC)  Area Fraction Notes

A 712026.948 16.35 0.03
B 3430953.27 78.76 0.13
C 1563588.6 35.90 0.06
D 344433.029 791 0.01
E 5214136.51 119.70 0.20
F 1823631.26 41.86 0.07
G 1070254.88 24.57 0.04
H 1730866.09 39.74 0.07
| 460879.566 10.58 0.02
J 8603971.2 197.52 0.33
K 1466787.25 33.67 0.06
Total 26421528.6 606.55 1.00
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O BURNS

Client : HDSI
c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
2 Solve for Tsheet using EQ3

Establish values:

n= 0.025
Lo= 200
P2= 1.03

Watershed Approx High | Approx Low E Approx Distance Sdecimal Tsheet (hrs) Tsheet (min)

A 2797 2796.01543 200 0.00492287 0.20939577 12.5637463
B 2801.71 2801 200 0.00355 0.23865146 14.3190874
C 2799 2798.93 200 0.00035 0.6028763 36.1725782
D 2801 2792.96 200 0.0402 0.09039929 5.42395728
E 2800.31 2795.94 200 0.02185 0.11536521 6.9219125
F 2801.48 2801 200 0.0024 0.27910713 16.7464279
G 2801 2789.2 200 0.059 0.07753801 4.65228034
H 2801 2799.08 200 0.0096 0.16030495 9.61829711
| 2801 2798.17 200 0.01415 0.1372628 8.23576803
J 2810.3 2809.61 200 0.00345 0.24139473 14.4836841
K 2820 2817.53 200 0.01235 0.14494013 8.69640783

Offsite 2820.002 2819.741 200 0.001305 0.35613219 21.3679312

3 Solve for Vshallow using EQ4

Watershed Approx High | Approx Low E Approx Distance Sdecimal Vshallow (ft/s)

A 2796.01543 2754.59 1200 0.03452119 2.99777045
B 2801 2789.11 1200 0.00990833 1.606038
C 2798.93 2793.92 1200 0.004175 1.04251845
D 2792.96 2759.54 462.7049 0.07222746 4.33617384
E 2795.94 2789.05 1200 0.00574167 1.22257215
F 2801 2783.8 1200 0.01433333 1.931653
G 2789.2 2731.12 1200 0.0484 3.54959
H 2799.08 2768.09 1200 0.025825 2.59283975
| 2798.17 2793.58 1183 0.00387997 1.00500791
J 2809.61 2804.28 1200 0.00444167 1.07529715
K 2817.53 2800.08 1200 0.01454167 1.94564053
Offsite 2819.741 2814.039 1200 0.00475167 1.11218874

4 Solve for Tshallow using EQ5

Watershed Approx Distar Vshallow Tshallow (s) Tshalllow (min)
A 1200 2.99777045 400.297494  6.6716249
B 1200 1.606038 747.1803302 12.4530055
C 1200 1.04251845 1151.058761 19.1843127
D 462.7049 4.33617384 106.7081066 1.77846844
E 1200 1.22257215 981.5371612 16.3589527
F 1200 1.931653 621.2295909 10.3538265
G 1200 3.54959 338.0672134 5.63445356
H 1200 2.59283975 462.8130215 7.71355036
| 1183 1.00500791 1177.105158 19.6184193
J 1200 1.07529715 1115.9706 18.59951
K 1200 1.94564053 616.7634684 10.2793911
Offiste 1200 1.11218874 1078.953557 17.9825593
5 Solve for Tchannel
Watershed Approx Distar Vchannel Tchannel (s) Tchannel (min)
A 98.2559 5 19.65118 0.32751967
B 2153.7825 5 430.7565 7.179275
C 1184.1708 5 236.83416 3.947236
D 0 5 0 0
E 3050.7491 5 610.14982 10.1691637
F 522.6395 5 104.5279 1.74213167
G 277.2042 5 55.44084 0.924014
H 834.8433 5 166.96866 2.782811
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O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975

| 5 0 0
J 3626.2708 5 725.25416 12.0875693
K 281.7598 5 56.35196 0.93919933
Offsite 3881 5 776.2 12.9366667
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O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
6 Solve for Tc using EQ2

Watershed Tsheet (min) Tshalllow (mi Tchannel (min) Tc (min)

14.4836841 18.59951 12.08756933 45.1707634
8.69640783 10.2793911 0.939199333 19.9149983
Offsite 21.3679312 17.9825593 12.93666667 52.2871572

A 12.5637463 6.6716249 0.327519667 19.5628909
B 14.3190874 12.4530055 7.179275 33.9513679
C 36.1725782 19.1843127 3.947236 59.3041268
D 5.42395728 1.77846844 0 7.20242572
E 6.9219125 16.3589527 10.16916367 33.4500289
F 16.7464279 10.3538265 1.742131667 28.8423861
G 4.65228034 5.63445356 0.924014 11.2107479
H 9.61829711 7.71355036 2.782811 20.1146585
| 8.23576803 19.6184193 0 27.8541873
J

K

7a Solve rainfall intensity by interpolating rain data from NOAA (ref 2)

100yr

Watershed X X1 X2 Y1 Y2 Y Intensity (in/hr)
A 19.5628909 15 30 2.31 1.55 2.07881353 2.07881353
B 33.9513679 30 60 1.55 0.946 1.47044579 1.47044579
C 59.3041268 30 60 1.55 0.946 0.96001025 0.96001025
D 7.20242572 5 10 4 2.87 3.50225179 3.50225179
E 33.4500289 30 60 1.55 0.946 1.48053942 1.48053942
F 28.8423861 15 30 2.31 1.55 1.60865244 1.60865244
G 11.2107479 10 15 2.87 2.31 2.73439624 2.73439624
H 20.1146585 15 30 2.31 1.55 2.0508573 2.0508573
| 27.8541873 15 30 2.31 1.55 1.65872118 1.65872118
J 45.1707634 30 60 1.55 0.946 1.24456196 1.24456196
K 19.9149983 15 30 2.31 1.55 2.06097342 2.06097342
Offsite 52.2871572 30 60 1.55 0.946 1.10128524 1.10128524

7b 10yr

Watershed X X1 X2 Y1 Y2 Y Intensity (in/hr)
A 19.5628909 15 30 1.33 0.892 1.19676359 1.19676359
B 33.9513679 30 60 0.892 0.545 0.84629584 0.84629584
C 59.3041268 30 60 0.892 0.545 0.55304893 0.55304893
D 7.20242572 5 10 2.3 1.65 2.01368466 2.01368466
E 33.4500289 30 60 0.892 0.545 0.85209467 0.85209467
F 28.8423861 15 30 1.33 0.892 0.92580233 0.92580233
G 11.2107479 10 15 1.65 1.33 1.57251213 1.57251213
H 20.1146585 15 30 1.33 0.892 1.18065197 1.18065197
| 27.8541873 15 30 1.33 0.892 0.95465773 0.95465773
J 45.1707634 30 60 0.892 0.545 0.71652484 0.71652484
K 19.9149983 15 30 1.33 0.892 1.18648205 1.18648205
Offsite 52.2871572 30 60 0.892 0.545 0.63421188 0.63421188

8 Find Fp using Figure C-6 of San Bernardino County Hydrology Manual

Watershed Area Fraction Land use Soil group CN Fp

A 0.02694874 Desert shrub C 85 0.533 60522290.6
B 0.12985446 Desert shrub C 85 0.53 291631028
C 0.05917858 Desert shrub C 85 0.53 132905031
D 0.01303608 Desert shrub C 85 0.53 29276807.4
E 0.19734424 Desert shrub A 63 0.88 328490600
F 0.06902066 Desert shrub C 85 0.53 155008657
G 0.04050693 Desert shrub A 63 0.88 67426057.4
H 0.06550969 Desert shrub C 85 0.53 147123618
| 0.01744333 Desert shrub C 85 0.53 39174763.1
J 0.32564245 Desert shrub A 63 0.88 542050186
K 0.05551485 Desert shrub C 85 0.53 124676916
Offsite 1 Desert shrub C 85 0.54
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O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
9 Solve C using EQ 10

100yr
Watershed Intensity (in/h Fp (in/hr) ai ap C
A 2.07881353 0.533 0 1 0.66924337
B 1.47044579 0.53 0 1 0.57560858
C 0.96001025 0.53 0 1 0.4031303
D 3.50225179 0.53 0 1 0.76380191
E 1.48053942 0.88 0 1 0.36505984
F 1.60865244 0.53 0 1 0.60347852
G 2.73439624 0.88 0 1 0.61035654
H 2.0508573 0.53 0 1 0.66741434
| 1.65872118 0.53 0 1 0.61242906
J 1.24456196 0.88 0 1 0.26363152
K 2.06097342 0.53 0 1 0.66855597
Offsite 1.10128524 0.54 0 1 0.45869743
10yr
Watershed Intensity (in/h Fp (in/hr) ai ap C
A 1.19676359 0.533 0 1 0.49916895
B 0.84629584 0.53 0 1 0.33636731
C 0.55304893 0.53 0 1 0.03750851
D 2.01368466 0.53 0 1 0.66312081
E 0.85209467 0.88 0 1 0
F 0.92580233 0.53 0 1 0.38477122
G 1.57251213 0.88 0 1 0.39634729
H 1.18065197 0.53 0 1 0.49598594
| 0.95465773 0.53 0 1 0.40034448
J 0.71652484 0.88 0 1 0
K 1.18648205 0.53 0 1 0.49797116
Offsite 0.63421188 0.54 0 1 0.13369458
9 Solve peak discharge using EQ1
100yr
Watershed Area (ac) Intensity (in/h Runoff coefficient Q (cfs) Q (gpm)
A 16.3458895 2.07881353 0.669 22.74 10336.7852
B 78.7638491 1.47044579 0.576 66.67 30302.6443
C 35.8950552 0.96001025 0.403 13.89 6314.41699
D 7.90709432 3.50225179 0.764 21.15 9614.4035
E 119.700103 1.48053942 0.365 64.70 29407.3489
F 41.8648131 1.60865244 0.603 40.64 18473.5566
G 245696713 2.73439624 0.610 41.01 18638.9615
H 39.7352179  2.0508573 0.667 54.39 24722.0167
| 10.580339 1.65872118 0.612 10.75 4885.46699
J 197.52 1.24456196 0.264 64.81 29457.9323
K 33.6728018 2.06097342 0.669 46.40 21089.5218
Total 606.554835 20.8502233 0.459 44713 203243.055
Offsite 235.64 1.10128524 0.000 0 0
10yr
Watershed Area (ac) Intensity (in/h Runoff coefficient Q (cfs) Q (gpm)
A 16.3458895 1.19676359 0.499168954 9.76 4438.55711
B 78.7638491 0.84629584 0.336367314 22.42 10191.5502
C 35.8950552 0.55304893 0.037508507 0.74 338.458383
D 7.90709432 2.01368466 0.663120805 10.56 4799.30503
E 119.700103 0.85209467 0 0.00 0
F 41.8648131 0.92580233 0.384771223 1491 6778.71425
G 245696713 1.57251213 0.396347289 15.31 6960.59815
H 39.7352179 1.18065197 0.495985937 23.27 10576.5537
| 10.580339 0.95465773 0.400344485 4.04 1838.05475
J 197.52 0.71652484 0 0.00 0
K 33.6728018 1.18648205 0.497971162 19.90 9043.19588
Total 606.554835 11.9985187 0.463948209 120.92 54964.9874
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O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
Procedure for Runoff Volume (PRECON):

1 Determine CN of each watershed based on NRCS guidelines

Watershed Area Fraction Land use Soil group CN

A 0.02694874 Desert shrub C 85
B 0.12985446 Desert shrub C 85
C 0.05917858 Desert shrub C 85
D 0.01303608 Desert shrub C 85
E 0.19734424 Desert shrub A 63
F 0.06902066 Desert shrub C 85
G 0.04050693 Desert shrub A 63
H 0.06550969 Desert shrub C 85
| 0.01744333 Desert shrub C 85
J 0.32564245 Desert shrub A 63
K 0.05551485 Desert shrub C 85

2 Solve potential max retention using EQ6
Watershed CN S
85 1.76470588
85 1.76470588
85 1.76470588
85 1.76470588
63 5.87301587
85 1.76470588
63 5.87301587
85 1.76470588
85 1.76470588
63 5.87301587
85 1.76470588

X" IOmMMOO >

3 Solve initial abstraction using EQ7
Watershed S la

1.76470588 0.35294118
1.76470588 0.35294118
1.76470588 0.35294118
1.76470588 0.35294118
5.87301587 1.17460317
1.76470588 0.35294118
5.87301587 1.17460317
1.76470588 0.35294118
1.76470588 0.35294118
5.87301587 1.17460317
1.76470588 0.35294118

X" IOmMMmMOO >

4a Solve storm runoff yield using EQ8

100yr/24hr
P24= 2.88
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.35294118 1.764705882 0.51665699 0.01392326 2.03
B 0.12985446 0.35294118 1.764705882 0.51665699 0.06709021 9.77
C 0.05917858 0.35294118 1.764705882 0.51665699 0.03057503 4.45
D 0.01303608 0.35294118 1.764705882 0.51665699 0.00673518 0.98
E 0.19734424 1.17460317 5.873015873 0.13325397  0.0262969 3.83
F 0.06902066 0.35294118 1.764705882 0.51665699 0.03566 5.19
G 0.04050693 1.17460317 5.873015873 0.13325397 0.00539771 0.79
H 0.06550969 0.35294118 1.764705882 0.51665699 0.03384604 4.93
| 0.01744333 0.35294118 1.764705882 0.51665699 0.00901222 1.31
J 0.32564245 1.17460317 5.873015873 0.13325397 0.04339315 6.32
K 0.05551485 0.35294118 1.764705882 0.51665699 0.02868214 4.18
Total 1 6.34733894 31.73669468 4.53301785 0.30061184 43.76
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O BURNS Client : HDSI

c
S\MEDONNELL. Project Name : High Desert Solar

Project Number : 98975
4b 100yr/1hr

P24= 0.946
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.35294118 1.764705882 0.15768992 0.00424955 0.20
B 0.12985446 0.35294118 1.764705882 0.15768992 0.02047674 0.98
C 0.05917858 0.35294118 1.764705882 0.15768992 0.00933187 0.45
D 0.01303608 0.35294118 1.764705882 0.15768992 0.00205566 0.10
E 0.19734424 1.17460317 5.873015873 0.00978711 0.00193143 0.09
F 0.06902066 0.35294118 1.764705882 0.15768992 0.01088386 0.52
G 0.04050693 1.17460317 5.873015873 0.00978711 0.00039645 0.02
H 0.06550969 0.35294118 1.764705882 0.15768992 0.01033022 0.49
| 0.01744333 0.35294118 1.764705882 0.15768992 0.00275064 0.13
J 0.32564245 1.17460317 5.873015873 0.00978711  0.0031871 0.15
K 0.05551485 0.35294118 1.764705882 0.15768992 0.00875413 0.42
Total 0.07434764 3.56

4c¢ 10yr/24hr

P24= 1.74
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.35294118 1.764705882 0.35082192 0.00945421 0.83
B 0.12985446 0.35294118 1.764705882 0.35082192 0.04555579 4.01
C 0.05917858 0.35294118 1.764705882 0.35082192 0.02076114 1.83
D 0.01303608 0.35294118 1.764705882 0.35082192 0.00457334 0.40
E 0.19734424 1.17460317 5.873015873 0.02853505 0.00563123 0.50
F 0.06902066 0.35294118 1.764705882 0.35082192 0.02421396 2.13
G 0.04050693 1.17460317 5.873015873 0.02853505 0.00115587 0.10
H 0.06550969 0.35294118 1.764705882 0.35082192 0.02298223 2.02
| 0.01744333 0.35294118 1.764705882 0.35082192  0.0061195 0.54
J 0.32564245 1.17460317 5.873015873 0.02853505 0.00929222 0.82
K 0.05551485 0.35294118 1.764705882 0.35082192 0.01947583 1.71
Total 0.11134554 14.88
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Client : HDSI
Project Name : High Desert Solar
Project Number : 98975

> BURNS
S\.MEDONNELL.

WORKSHEET TITLE: Post Evaluation - High Desert Solar CALCULATION NO.: 98975-C002
ISSUED DATE: 2/22/2019 REVISION: C
PERFORMED BY: BNS REVIEWED BY: NT
OBJECTIVE: Estimate Post Construction Site Conditions

REFERENCES:

1 Williamson and Schmid, Civil Engineers. (August 1986). San Bernardino Hydrology Manual. San Bernardino County, (1). Retrieved July, 2017.
2 NOAA's National Weather Service. (n.d.). NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: CA. Retrieved July, 2017.
3 Victorville, CA. (2005, August). Storm Water Management Program for the Mojave River Watershed. Retrieved July, 2017.

4 United States Department of Agriculture. (1986, June). Urban Hydrology for Small Watersheds. Retrieved July, 2017.

DESIGN INPUTS/ASSUMPTIONS:

1 10 and 100 year storm

2 Sheet flow exists up to 200ft

3 Shallow concentrated flow exists up to 1200ft
4 Channel flow exists beyond 1400ft

5 Vchannel flow = 5ft/sec

EQUATIONS:

1 Rational Method
Q=CIA

2 Time of Concentration

Tc = Tsheet + Tshallow + Tchannel

3 Tsheet
0.007(n * Ly)°8

\/FZ(SDecimal)OA

4 Vshallow (unpaved)

Vshattow = 161345/ Specimai

Tsheet =

5 Tshallow
Length

Tsnatiow = Vshallow

6 Potential Max Retention

§= 1000 10
" CN
7 Initial Abstraction
I, =028
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Client : HDSI
Project Name : High Desert Solar
Project Number : 98975

> BURNS
S\.MEDONNELL.

8 Storm Runoff Yield
_ (P24- — Ia)z
(Pea— I+ S)Pyy

9 Peak Volume

V=Y*P24*A

10 I—F))a
o 0.9(q; +(1¢,f0r1 > F,

0.90qa;, for I < F,

VARIABLES:

1Q peak runoff rate (cubic feet per second)
2C runoff coefficient dependent on land use
31 rainfall intensity (inches per hour)
4 A drainage area served by detention basin (acres)
5 Tc time of concentration
6 n Manning's rougness coefficient for sheet flow (smooth surfaces/gravel)
7 Lo Distance to collection point (Limited to 200ft)
8 P2 2yr, 24hr rainfall (in)
9 Sdecimal Slope of hydraulic grade line

10 CN Cuve number

11 P24 24 hour precipitation depth (in)

12 la Initial abstraction (in)

13 S Potential max retention (in)

14Y Storm runoff yield

15 Fp Infiltration rate for pervious area (in/hr)

PROCEDURE FOR PEAK DISCHARGE (POSTCON):

1 Determine wateshed boundaries based on aerial survey

Watershed Area (SF) Area (AC) Area Fraction Notes
A 712026.948 16.35 0.03
B 3430953.27 78.76 0.13
C 1563588.6 35.90 0.06
D 344433.029 7.91 0.01
E 5214136.51 119.70 0.20
F 1823631.26 41.86 0.07
G 1070254.88 24.57 0.04
H 1730866.09 39.74 0.07
| 460879.566 10.58 0.02
J 8603971.2 197.52 0.33
K 1466787.25 33.67 0.06
Total 26421528.6 606.55 1.00
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Client : HDSI
Project Name : High Desert Solar
Project Number : 98975

> BURNS
S\.MEDONNELL.

2 Solve for Tsheet using EQ3

Establish values:

n= 0.025
Lo= 200
p2= 1.03
Watershed Approx High | Approx Low EL (ft) Approx Distar Sdecimal Tsheet (hrs) Tsheet (min)
A 2797 2796.015425 200 0.00492287 0.20939577 12.5637463
B 2801.71 2801 200 0.00355 0.23865146 14.3190874
C 2799 2798.93 200 0.00035 0.6028763 36.1725782
D 2801 2792.96 200 0.0402 0.09039929 5.42395728
E 2800.31 2795.94 200 0.02185 0.11536521 6.9219125
F 2801.48 2801 200 0.0024 0.27910713 16.7464279
G 2801 2789.2 200 0.059 0.07753801 4.65228034
H 2801 2799.08 200 0.0096 0.16030495 9.61829711
| 2801 2798.17 200 0.01415 0.1372628 8.23576803
J 2810.3 2809.61 200 0.00345 0.24139473 14.4836841
K 2820 2817.53 200 0.01235 0.14494013 8.69640783
3 Solve for Vshallow using EQ4
Watershed Approx High | Approx Low EL (ft) Approx Distar Sdecimal Vshallow (ft/s)
A 2796.01543 2754.59 1200 0.03452119 2.99777045
B 2801 2789.11 1200 0.00990833 1.606038
C 2798.93 2793.92 1200 0.004175 1.04251845
D 2792.96 2759.54 462.7049 0.07222746 4.33617384
E 2795.94 2789.05 1200 0.00574167 1.22257215
F 2801 2783.8 1200 0.01433333 1.931653
G 2789.2 2731.12 1200 0.0484 3.54959
H 2799.08 2768.09 1200 0.025825 2.59283975
| 2798.17 2793.58 1183 0.00387997 1.00500791
J 2809.61 2804.28 1200 0.00444167 1.07529715
K 2817.53 2800.08 1200 0.01454167 1.94564053
4 Solve for Tshallow using EQ5
Watershed Approx Distar Vshallow Tshallow (s) Tshalllow (min)
A 1200 2.997770453 400.297494 6.6716249
B 1200 1.606037996 747.18033 12.4530055
C 1200 1.042518454 1151.05876 19.1843127
D 462.7049 4.336173838 106.708107 1.77846844
E 1200 1.222572153 981.537161 16.3589527
F 1200 1.931652995 621.229591 10.3538265
G 1200 3.54959 338.067213 5.63445356
H 1200 2.592839752 462.813022 7.71355036
| 1183 1.005007914 1177.10516 19.6184193
J 1200 1.075297145 1115.9706 18.59951
K 1200 1.945640528 616.763468 10.2793911
5 Solve for Tchannel
Watershed Approx Distar Vchannel Tchannel (s) Tchannel (min)
A 98.2559 5 19.65118 0.32751967
B 2153.7825 5 430.7565 7.179275
C 1184.1708 5 236.83416 3.947236
D 0 5 0 0
E 3050.7491 5 610.14982 10.1691637
F 522.6395 5 104.5279 1.74213167
G 277.2042 5 55.44084 0.924014
H 834.8433 5 166.96866 2.782811
| 0 5 0 0
J 3626.2708 5 725.25416 12.0875693
K 281.7598 5 56.35196 0.93919933
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6 Solve for Tc using EQ2

Watershed Tsheet (min) Tshalllow (min) Tchannel (mii Tc (min)

A 12.5637463 6.671624901 0.32751967 19.5628909
B 14.3190874 12.4530055 7.179275 33.9513679
C 36.1725782 19.18431268 3.947236 59.3041268
D 5.42395728 1.778468443 0 7.20242572
E 6.9219125 16.35895269 10.1691637 33.4500289
F 16.7464279 10.35382652 1.74213167 28.8423861
G 4.65228034 5.634453557 0.924014 11.2107479
H 9.61829711 7.713550358 2.782811 20.1146585
| 8.23576803 19.6184193 0 27.8541873
J 14.4836841 18.59950999 12.0875693 45.1707634
K 8.69640783 10.27939114 0.93919933 19.9149983

7a Solve rainfall intensity by interpolating rain data from NOAA (ref 2)

100yr

Watershed X X1 X2 Y1 Y2 Y Intensity (in/hr)
A 19.5628909 15 30 2.31 1.55 2.07881353 2.07881353
B 33.9513679 30 60 1.55 0.946 1.47044579 1.47044579
C 59.3041268 30 60 1.55 0.946 0.96001025 0.96001025
D 7.20242572 5 10 4 2.87 3.50225179 3.50225179
E 33.4500289 30 60 1.55 0.946 1.48053942 1.48053942
F 28.8423861 15 30 2.31 1.55 1.60865244 1.60865244
G 11.2107479 10 15 2.87 2.31 2.73439624 2.73439624
H 20.1146585 15 30 2.31 1.55 2.0508573 2.0508573
| 27.8541873 15 30 2.31 1.55 1.65872118 1.65872118
J 45.1707634 30 60 1.55 0.946 1.24456196 1.24456196
K 19.9149983 15 30 2.31 1.55 2.06097342 2.06097342

7b 10yr

Watershed X X1 X2 Y1 Y2 Y Intensity (in/hr)
A 19.5628909 15 30 1.33 0.892 1.19676359 1.19676359
B 33.9513679 30 60 0.892 0.545 0.84629584 0.84629584
C 59.3041268 30 60 0.892 0.545 0.55304893 0.55304893
D 7.20242572 5 10 2.3 1.65 2.01368466 2.01368466
E 33.4500289 30 60 0.892 0.545 0.85209467 0.85209467
F 28.8423861 15 30 1.33 0.892 0.92580233 0.92580233
G 11.2107479 10 15 1.65 1.33 1.57251213 1.57251213
H 20.1146585 15 30 1.33 0.892 1.18065197 1.18065197
| 27.8541873 15 30 1.33 0.892 0.95465773 0.95465773
J 45.1707634 30 60 0.892 0.545 0.71652484 0.71652484
K 19.9149983 15 30 1.33 0.892 1.18648205 1.18648205

8 Find Fp using Figure C-6 of San Bernardino County Hydrology Manual

Watershed Area Fraction Land use Soil group  CN Fp
A 0.02694874 Newly Graded Areas C 85.0 0.533 60529245.8
B 0.12985446 Newly Graded Areas C 85.0 0.53 291664542
C 0.05917858 Newly Graded Areas C 85.0 0.53 132920305
D 0.01303608 Newly Graded Areas C 85.0 0.53 29280171.9
E 0.19734424 Newly Graded Areas A 63.0 0.88 328627726
F 0.06902066 Newly Graded Areas C 85.0 0.53 155026471
G 0.04050693 Newly Graded Areas A 63.0 0.88 67454203.9
H 0.06550969 Newly Graded Areas C 85.0 0.53 147140525
| 0.01744333 Newly Graded Areas C 85.0 0.53 39179265
J 0.32564245 Newly Graded Areas A 63.1 0.88 542644548
K 0.05551485 Newly Graded Areas C 85.4 0.53 125231399
72.6565987
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9 Solve C using EQ 10

100yr

Watershed Intensity (in/h Fp (in/hr) ai ap C

A 2.07881353 0.533 0.003 0.997 0.66993564
B 1.47044579 0.53 0.003 0.997 0.57658175
C 0.96001025 0.53 0.003 0.997 0.40462091
D 3.50225179 0.53 0.003 0.997 0.76421051
E 1.48053942 0.88 0.003 0.997 0.36666466
F 1.60865244 0.53 0.003 0.997 0.60436809
G 2.73439624 0.88 0.003 0.997 0.61122547
H 2.0508573 0.53 0.003 0.997 0.6681121
| 1.65872118 0.53 0.003 0.997 0.61329178
J 1.24456196 0.88 0.003 0.997 0.26554063
K 2.06097342 0.53 0.003 0.997 0.6692503
10yr

Watershed Intensity (in/h Fp (in/hr) ai ap C

A 1.19676359 0.533 0.003 0.997 0.50037145
B 0.84629584 0.53 0.003 0.997 0.33805821
C 0.55304893 0.53 0.003 0.997 0.04009598
D 2.01368466 0.53 0.003 0.997 0.66383144
E 0.85209467 0.88 0.003 0.997 0.0027
F 0.92580233 0.53 0.003 0.997 0.38631691
G 1.57251213 0.88 0.003 0.997 0.39785825
H 1.18065197 0.53 0.003 0.997 0.49719798
| 0.95465773 0.53 0.003 0.997 0.40184345
J 0.71652484 0.88 0.003 0.997 0.0027
K 1.18648205 0.53 0.003 0.997 0.49917725

9 Solve peak discharge using EQ1

100yr

Watershed Area (ac) Intensity (in/hr) Runoff coeffic Q (cfs) Q (gpm)

A 16.35 2.078813529 0.66993564 22.76 10347.4777
B 78.76 1.470445793 0.57658175 66.78 30353.8766
C 35.90 0.960010246 0.40462091 13.94 6337.76509
D 7.91 3.502251787 0.76421051 21.16 9619.54671
E 119.70 1.480539419 0.36666466 64.98 29536.625
F 41.86 1.608652437 0.60436809 40.70 18500.7877
G 24.57 2.734396236 0.61122547 41.06 18665.4967
H 39.74 2.050857304 0.6681121 54.45 24747.8627
| 10.58 1.658721175 0.61329178 10.76 4892.34902
J 197.52 1.244561963 0.26554063 65.28 29671.2539
K 33.67 2.060973419  0.6692503 46.45 21111.4245
Total 606.554835 20.85022331  #DIV/0! 448.33 203784.466
10yr

Watershed Area (ac) Intensity (in/hr) Runoff coeffic Q (cfs) Q (gpm)

A 16.35 1.196763587 0.50037145 9.79 4449.24955
B 78.76 0.846295844 0.33805821 22.53 10242.7825
C 35.90 0.553048933 0.04009598 0.80 361.806485
D 7.91 2.013684656 0.66383144 10.57 4804.44824
E 119.70 0.852094666 0.0027 0.28 125.176688
F 41.86 0.925802325 0.38631691 14.97 6805.94541
G 24.57 1.572512135 0.39785825 15.37 6987.1334
H 39.74 1.180651973 0.49719798 23.33 10602.3997
| 10.58 0.95465773 0.40184345 4.06 1844.93678
J 197.52 0.716524837 0.0027 0.38 173.693437
K 33.67 1.186482049 0.49917725 19.94 9065.0985
Total 606.55 9.140854119  #DIV/0! 122.02 55462.6706

Prepared by: Brett Svor
2/22/2019
13 of 20 Z:\Clients\ENR\MiddleRiverP\98975_MRP-HDSolar-OE\Design\Civil\Calculations\Design Notes BNS.xlIsx



Client : HDSI
Project Name : High Desert Solar
Project Number : 98975

> BURNS
S\.MEDONNELL.

PROCEDURE FOR RUNOFF VOLUME (POSTCON):
Determine CN of each watershed based on NRCS guidelines
Watershed Area Fraction Land use Soilgroup  CN

1A 0.02694874 Desert shrub - poor C 85.0097681
B 0.12985446 Desert shrub - poor C 85.0097681
C 0.05917858 Desert shrub - poor C 85.0097681
D 0.01303608 Desert shrub - poor C 85.0097681
E 0.19734424 Desert shrub - poor A 63.0262988
F 0.06902066 Desert shrub - poor C 85.0097681
G 0.04050693 Desert shrub - poor A 63.0262988
H 0.06550969 Desert shrub - poor C 85.0097681
| 0.01744333 Desert shrub - poor C 85.0097681
J 0.32564245 Desert shrub - poor A 63.06908
K 0.05551485 Desert shrub - poor C 85.3780255
Solve potential max retention using EQ6
Watershed CN S

2A 85.0097681 1.763354046
B 85.0097681 1.763354046
C 85.0097681 1.763354046
D 85.0097681 1.763354046
E 63.0262988 5.866392578
F 85.0097681 1.763354046
G 63.0262988 5.866392578
H 85.0097681 1.763354046
| 85.0097681 1.763354046
J 63.06908 5.855630047
K 85.3780255 1.712615678
Solve initial abstraction using EQ7
Watershed S la

3A 1.76335405 0.352670809
B 1.76335405 0.352670809
C 1.76335405 0.352670809
D 1.76335405 0.352670809
E 5.86639258 1.173278516
F 1.76335405 0.352670809
G 5.86639258 1.173278516
H 1.76335405 0.352670809
| 1.76335405 0.352670809
J 5.85563005 1.171126009
K 1.71261568 0.342523136
Solve storm runoff yield using EQ8

4a 100yr/24hr
P24= 2.88
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.352670809 1.76335405 0.5168978 0.01392975 2.03
B 0.12985446 0.352670809 1.76335405 0.5168978 0.06712148 9.77
C 0.05917858 0.352670809 1.76335405 0.5168978 0.03058928 4.45
D 0.01303608 0.352670809 1.76335405 0.5168978 0.00673832 0.98
E 0.19734424 1.173278516 5.86639258 0.13355444 0.0263562 3.84
F 0.06902066 0.352670809 1.76335405 0.5168978 0.03567663 5.19
G 0.04050693 1.173278516 5.86639258 0.13355444 0.00540988 0.79
H 0.06550969 0.352670809 1.76335405 0.5168978 0.03386181 4.93
| 0.01744333 0.352670809 1.76335405 0.5168978 0.00901642 1.31
J 0.32564245 1.171126009 5.85563005 0.13404392 0.04365039 6.35
K 0.05551485 0.342523136 1.71261568 0.52603339 0.02920267 4.25
Total 0.30155282 43.90
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4b 100yr/1hr

P24= 0.946
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.352670809 1.76335405 0.15790616 0.00425537 0.20
B 0.12985446 0.352670809 1.76335405 0.15790616 0.02050482 0.98
C 0.05917858 0.352670809 1.76335405 0.15790616 0.00934466 0.45
D 0.01303608 0.352670809 1.76335405 0.15790616 0.00205848 0.10
E 0.19734424 1.173278516 5.86639258 0.00968311 0.00191091 0.09
F 0.06902066 0.352670809 1.76335405 0.15790616 0.01089879 0.52
G 0.04050693 1.173278516 5.86639258 0.00968311 0.00039223 0.02
H 0.06550969 0.352670809 1.76335405 0.15790616 0.01034438 0.49
| 0.01744333 0.352670809 1.76335405 0.15790616 0.00275441 0.13
J 0.32564245 1.171126009 5.85563005 0.00951509 0.00309852 0.15
K 0.05551485 0.342523136 1.71261568 0.16621653 0.00922749 0.44
Total 0.07479005 3.58

4c 10yr/24hr

P24= 1.74
Watershed Area Fraction la S Y Yfraction Runoff Volume (ac-ft)
A 0.02694874 0.352670809 1.76335405 0.35107917 0.00946114 0.83
B 0.12985446 0.352670809 1.76335405 0.35107917 0.04558919 4.01
C 0.05917858 0.352670809 1.76335405 0.35107917 0.02077637 1.83
D 0.01303608 0.352670809 1.76335405 0.35107917 0.00457669 0.40
E 0.19734424 1.173278516 5.86639258 0.02869253 0.00566231 0.50
F 0.06902066 0.352670809 1.76335405 0.35107917 0.02423171 213
G 0.04050693 1.173278516 5.86639258 0.02869253 0.00116225 0.10
H 0.06550969 0.352670809 1.76335405 0.35107917 0.02299909 2.02
| 0.01744333 0.352670809 1.76335405 0.35107917 0.00612399 0.54
J 0.32564245 1.171126009 5.85563005 0.02894965 0.00942723 0.83
K 0.05551485 0.342523136 1.71261568 0.36088322 0.02003438 1.76
Total 0.17004436 14.96
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WORKSHEET TITLE: Retention Analysis CALCULATION NO.: 98975-C003
ISSUED DATE: 2/22/2019 REVISION: C
PERFORMED BY: BNS REVIEWED BY: NT
OBJECTIVE: Determine Retention Quantities

RUNOFF ESTIMATION:

100yr/24hr
Watershed Pre Post Retention Req (ac-ft)  Basin V (CF)
A 2.03 2.03 0.00 41.15
B 9.77 9.77 0.00 198.29
C 4.45 4.45 0.00 90.37
D 0.98 0.98 0.00 19.91
E 3.83 3.84 0.01 376.00
F 5.19 5.19 0.00 105.40
G 0.79 0.79 0.00 77.18
H 4.93 4.93 0.00 100.03
| 1.31 1.31 0.00 26.64
J 6.32 6.35 0.04 1631.22
4.18 4.25 0.08 3300.76
Total 43.76 43.90 0.14 5966.94 0.136982083
0.14
100yr/1hr
Watershed Pre Post Retention Req (ac-ft)  ft"3
A 0.20 0.20 0.00 12.14
B 0.98 0.98 0.00 58.49
C 0.45 0.45 0.00 26.65
D 0.10 0.10 0.00 5.87
E 0.09 0.09 0.00 -42.75
F 0.52 0.52 0.00 31.09
G 0.02 0.02 0.00 -8.78
H 0.49 0.49 0.00 29.51
| 0.13 0.13 0.00 7.86
J 0.15 0.150 0.00
0.42 0.44 0.02 985.95
Total 3.56 3.58 0.02 921.51
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10yr/24hr

Watershed Pre Post Retention Req (ac-ft)  ft"3
A 0.83 0.83 0.00 26.56
B 4.01 4.01 0.00 127.98
C 1.83 1.83 0.00 58.32
D 0.40 0.40 0.00 12.85
E 0.50 0.50 0.00 119.06
F 213 213 0.00 68.02
G 0.10 0.10 0.00 24.44
H 2.02 2.02 0.00 64.56
| 0.54 0.54 0.00 17.19
J 0.82 0.83 0.01 517.24
1.71 1.76 0.05 2139.88
Total 14.88 14.96 0.07 3176.10
648284.511 651460.6124 3176.101349 138350974.8

FLOW RATE ESTIMATION:

100yr
Watershed Pre Post Increase (cfs)
A 22.74 22.76 0.02
B 66.67 66.78 0.11
C 13.89 13.94 0.05
D 21.15 21.16 0.01
E 64.70 64.98 0.28
F 40.64 40.70 0.06
G 41.01 41.06 0.06
H 54.39 54.45 0.06
| 10.75 10.76 0.02
J 64.81 65.28 0.47
46.40 46.45 0.05
Total 447.13 448.33 1.19
10yr
Watershed  Pre Post Increase (cfs)
A 9.76 9.79 0.02
B 22.42 22.53 0.11
C 0.74 0.80 0.05
D 10.56 10.57 0.01
E 0.00 0.28 0.28
F 14.91 14.97 0.06
G 15.31 15.37 0.06
H 23.27 23.33 0.06
| 4.04 4.06 0.02
J 0.00 0.38 0.38
19.90 19.94 0.05
Total 120.92 122.02 1.09
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MAXIMUM WATER QUALITY CAPTURE VOLUME (DCV)

1 Compute the project site drainage area

Watershed Area
A 16.34588954 712026.9483 0.918308401
B 78.76384908 3430953.266 4.424935342
C 35.8950552 1563588.605 2.016576135
D 7.90709432 344433.0286 0.444218782
E 119.7001034 5214136.506 6.724724913
F 41.86481312 1823631.26 2.351955793
G 24.56967126 1070254.88 1.38031861
H 39.73521795 1730866.094 2.232315615
| 10.58033898 460879.566 0.594401066
J 197.52 8603971.2 11.09662921
33.67280177 1466787.245 1.891730436
Total 606.55 26421528.6

2 Compute 'C' as a function of site imperviousness (ASCE and WEF, 1998)

Dirt Area Impervious Area i c
A 711491.9347 535.0135956 0.00075 0.041
B 3428375.264 2578.001644 0.00075 0.041
C 1562413.732 1174.872894 0.00075 0.041
D 344174.2233 258.8053072 0.00075 0.041
E 5210218.629 3917.876882 0.00075 0.041
F 1822260.992 1370.267684 0.00075 0.041
G 1069450.696 804.1843259 0.00075 0.041
H 1729565.53 1300.564388 0.00075 0.041
| 460533.2633 346.3026706 0.00075 0.041
J 8586989.418 16981.78223 0.00197 0.042
1424134.708 42652.53682 0.02908 0.062
3 Determine 2yr - 1hr rainfall depth
P21= 0.317
4 Compute mean storm rainfall depth by multiplying P21 by appropriate coefficient (a1 - given) for Mojave Rivershed
al= 1.2371
P6= 0.3921607
5 Calculate DCV
a2 = drawdown time (1.582 for 24hr, or 1.963 for 48hr)
DCV=Area*C*a2*P6/12
Watershed Area C a2 P6 DCV (CF) DCV (ac-ft)
A 712026.9483 0.041 1.963 0.3921607 1853.6 0.04
B 3430953.266 0.041 1.963 0.3921607 8931.9 0.21
C 1563588.605 0.041 1.963 0.3921607 4070.5 0.09
D 344433.0286 0.041 1.963 0.3921607 896.7 0.02
E 5214136.506 0.041 1.963 0.3921607 13574.1 0.31
F 1823631.26 0.041 1.963 0.3921607 4747.5 0.11
G 1070254.88 0.041 1.963 0.3921607 2786.2 0.06
H 1730866.094 0.041 1.963 0.3921607 4506.0 0.10
| 460879.566 0.041 1.963 0.3921607 1199.8 0.03
J 8603971.2 0.042 1.963 0.3921607 22919.6 0.53
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K 1466787.245 0.062 1.963 0.3921607 5821.6 0.13
Total  26421528.6 0.040 1.963 0.3921607 71307.5 1.64
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WORKSHEET TITLE: Retention Analysis CALCULATION NO.: 98975-C004
ISSUED DATE: 2/22/2019 REVISION: A
PERFORMED BY: BNS REVIEWED BY: NT
OBJECTIVE: Determine Impervious Area
Total Area Inverters per basin |SF for all inverters [Steel posts per acre |SF for steel posts |Total Impervious [CN Total Dirt Area |CN Weighted Average |Percent Impervious
A 712026.9483 0.97 473.37 1988.38 61.64 535.01 98 711491.93 85 85.01 0.000751
B 3430953.266 4.66 2280.99 9581.14 297.02 2578.00 98 3428375.26 85 85.01 0.000751
C 1563588.605 2.12 1039.51 4366.42 135.36 1174.87 98 1562413.73 85 85.01 0.000751
D 344433.0286 0.47 228.99 961.85 29.82 258.81 98 344174.22 85 85.01 0.000751
E 5214136.506 7.07 3466.49 14560.79 451.38 3917.88 98 5210218.63 63 63.03 0.000751
F 1823631.26 2.47 1212.40 5092.60 157.87 1370.27 98 1822260.99 85 85.01 0.000751
G 1070254.88 1.45 711.53 2988.75 92.65 804.18 98 1069450.70 63 63.03 0.000751
H 1730866.094 2.35 1150.72 4833.55 149.84 1300.56 98 1729565.53 85 85.01 0.000751
| 460879.566 0.63 306.40 1287.03 39.90 346.30 98 460533.26 85 85.01 0.000751
J 8603971.2 11.67 5720.14 24027.11 744.84 16981.78 98 8586989.42 63 63.07 0.001974
K 1466787.245 1.99 975.16 4096.09 126.98 42652.54 98 1424134.71 85 85.38 0.029079
SF Quantity

Inverter Foundations 490 34

Steel Posts 0.031 70000

Substation foundations 5000 2

BESS foundations 2104 20




APPENDIX B — SITE CONDITIONS

Table 2-2a  Runoff curve numbers for urban areas ¥

—
Curve numbsers for
Cover deseription ———hydrologle soll group
Average percent
Cover type and hydrologle condition Impervious area A B C

Fudly developed urban areas (vegetation established )

Open space (lawns, parks, golf courses, cemeteries, ete.) 4:

Poor condition (grass eover < H08) 68 7 B6
Fair condition {grass cover 500 to TH%) 49 69 i
Good condition (2rass cover = TEE] . s 30 [} T
Impervious areas:
Paved parking lots, roofs, diiveways, ete.
(excluding Hght-Of-Way) s e ag a8 ag
Streets and roads:
Paved; curbs and storm sewers (excluding
right-of-way) ag a8 ag
Paved; open ditches (Including right-of-way) .. 323 B9 92
Gravel (Ineluding Nght-of-way) i i3 85 80
Dirt (Including fght-of-way)........... T2 B2 BT
Western desert urban areas:
Watural desert landscaping (pervious areas onlv) & 63 T 85
Artificial desert landseaping (Impervious weed barmer,
desert shrub with 1- to 2-inch sand or gravel muleh
And Basin BOTAETS) ..o s as e s a6 96 a6
Urban districts:
Commeretal and BUsIiEsS s B85 B 92 44
Industrial ........... 2 51 bt 91
Resldential districis by average lot size:
1/8 acre or less (town houses) ... li's} 77 85 90
1/4 acre B 6l 7 53
142 acre a0 &7 () 51
1/2 acre b1 bd T B0
I T OSSOSO SOOI 20 51 68 T
g T e OSSOSO 12 46 5] T
Developing urban areas
Newly graded areas
{pervious areas only, no vegetatlon) & . 77 B6 91

Idle lands (CN's are determined using cover types
similar to those In table 2-2¢].

BEEER & BEE

HERZHE BR B 0B

£




Table 2-2d  Runoff curve numbers for arid and semiarid rangelands

Curve numbers for

Cover description hydrologic soil group
Hydrologic

Cover type condition 2 Ay B C D
Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85
Qak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain rnh.hogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80
Good 41 61 71
Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86
palo verde, mesquite, and cactus. Good 49 68 79 84

I Average runoff condition, and I, = 0.25. For range in humid regions, use table 2-2c.
2 Poor: <30% ground cover (litter, grass, and brush overstory).

Fair: 30 to 70% ground cover.
Good: > T0% ground cover.

3 Curve numbers for group A have been developed only for desert shrub.
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[TSI8TY. United States'Department of Agriculturs . ATl 2 3 b
T NamrarResonrces-Gonseryation-Senic I g U -
Contact Us | Subscribe | Archived Soil Surveys | Soil Survey Status | Glossary ‘ Preferences | Link | Logout | Help |A | A | A |

Area of Interest (AOI) Soil Map Soil Data Explorer Download Soils Data Shopping Cart (Free)

formation By Use: | a|l Uses

Intro to Soils Suitabilities and Limitations for Use Soil Properties and Qualities Ecological Site Assessment Soil Reports

Soil Map

R 2 @121 €] | @1 2 & sete] [corrosa

Wdon ey

Retongg g

T

Henol 1Rl

D 3[BRLIA

) I 0 000 ft
Absence of an entry indicates that the data were not estimated. The dash indicates no documented presence.
Open All| close Al San Bernardino County, California, Mojave River Area
Map symbol and soil name Pct. of map Surface Hydrologic Soil Group

anit " Runor
105—BRYMAN LOAMY FINE SAND, 0 TO 2
R oA

Soil Chemical Properties
Soil Erosion Bryman

https://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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https://www.nrcs.usda.gov/wps/portal/nrcs/site/soils/home/
https://websoilsurvey.nrcs.usda.gov/app/HomePage.htm?TARGET_APP=Web_Soil_Survey_application_3rj2boads1tzrgdbrr0ixewd

8/14/2018 Web Soil Survey

Soil Health San Bernardino County, California, Mojave River Area

Soil Physical Properties 106—BRYMAN LOAMY FINE SAND, 2 TO 5

Soil Qualities and Features PERCENT SLOPES

Vegetative Productivity Bryman 80 — C

Waste Management

113—CAJON SAND, 2 TO 9 PERCENT

Water Features SLOPES
Cajon 85 Very low A
View Description| View Soil ReportI 114—CAJON SAND, 9 TO 15 PERCENT
Options SLOPES
Include minor soils? Cajon, S|0pe 85 — A

130—HAPLARGIDS-CALCIORTHIDS
COMPLEX, 15 TO 50 PERCENT SLOPES

Haplargids 50 - -

View Description| View Soil ReportI

Water Features

Water Management

Irrigation - General and Sprinkler

Irrigation - Micro Water Features

Irrigation - Surface This table gives estimates of various soil water features. The estimates are used in land use planning that involves

Wildlife Management engineering considerations.

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned to one of four groups according to
the rate of water infiltration when the soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly wet. These consist mainly of deep,
well drained to excessively drained sands or gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist chiefly of moderately deep or deep,
moderately well drained or well drained soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of soils having a layer that
impedes the downward movement of water or soils of moderately fine texture or fine texture. These soils have a slow
rate of water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet. These consist chiefly of
clays that have a high shrink-swell potential, soils that have a high water table, soils that have a claypan or clay layer at
or near the surface, and soils that are shallow over nearly impervious material. These soils have a very slow rate of water
transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for drained areas and the second is for
undrained areas.

Surface runoff refers to the loss of water from an area by flow over the land surface. Surface runoff classes are based on
slope, climate, and vegetative cover. The concept indicates relative runoff for very specific conditions. It is assumed that
the surface of the soil is bare and that the retention of surface water resulting from irregularities in the ground surface is
minimal. The classes are negligible, very low, low, medium, high, and very high.

FOIA | Accessibility Statement | Privacy Policy | Non-Discrimination Statement | Information Quality | USA.gov | White House
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General Information

Precipitation
Frequency

Probable Maximum
Precipitation

Miscellaneous

Contact Us

NOAA's National Weather Service

w Hydrometeorological Design Studies Cent

Precipitation Frequency Data Server {PFD

PF Map: Contiguous US

Search

® NWS

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: CA

Al NOAA| Go

“u Na,

Data description

Data type: | Precipitation depth ¥ | Units: English ¥

Time series type: Partial duration ¥

Select location
1) Manually:

a) By location (decimal degrees, use "-" for S and W):

b) By station (list of CA stations): | Select station

Latitude: | Longitude: Submit

c) By address [ Search

[Q])

v

2) Use map (if ESRI interactive map is not loading, try adding the host: https://js.arcgis.com/ to the firewall, or contact us at hdsc.questions@noaa.gov):

=
)
Map v 2 g a) Select location
@ Terrain N T Move crosshair or double click
o A
& ' b) Click on station icon
Show stations on map
Desert Flower Rd L r
i Location information:
L Name: Victorville, California, USA*
% Latitude: 34.6406°
2 g Longitude: -117.3734°
w ‘o; Elevation: 2788.97 ft **
2 | &
— — é
W,
k)
o
9:1‘» H
> :
Sonoma Rd |
=
[
N Martin Hollow Rd
2
&
2
+
0.4km Shady Hill Rd
* Source: ESRI Maps
.2mi ** Source: USGS
=
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 6, Version 2
PF tabular 5 Print page
PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)1
. Average recurrence interval (years)
Duration
1 2 5 10 25 50 100 200 500 1000
5.min 0.081 0.112 0.155 0.192 0.245 0.288 0.333 0.382 0.451 0.506
(0.066-0.099) || (0.092-0.137) || (0.127-0.191) || (0.156-0.238) || (0.193-0.314) || (0.222-0.377) || (0.251-0.447) || (0.280-0.526) || (0.317-0.647) || (0.344-0.752)
10-min 0.116 0.160 0.222 0.275 0.351 0.413 0.478 0.547 0.646 0.725
(0.095-0.142) || (0.132-0.197) || (0.182-0.274) || (0.224-0.341) || (0.277-0.450) || (0.318-0.540) || (0.360-0.640) || (0.401-0.754) || (0.455-0.927) || (0.493-1.08)
15-min 0.140 0.194 0.269 0.333 0.425 0.499 0.578 0.662 0.781 0.877
(0.115-0.171) || (0.160-0.238) || (0.221-0.331) || (0.271-0.413) || (0.335-0.544) || (0.385-0.653) || (0.435-0.774) || (0.485-0.912) || (0.550-1.12) (0.597-1.30)
30-min 0.187 0.260 0.360 0.446 0.569 0.669 0.774 0.887 1.05 1.18
(0.154-0.230) || (0.214-0.319) || (0.296-0.443) || (0.363-0.553) || (0.448-0.729) || (0.516-0.875) || (0.584-1.04) (0.650-1.22) (0.737-1.50) (0.800-1.75)
60-min 0.229 0.317 0.440 0.545 0.695 0.817 0.946 1.08 1.28 1.44
(0.189-0.281) || (0.261-0.390) || (0.361-0.542) || (0.444-0.676) || (0.548-0.891) || (0.631-1.07) (0.713-1.27) (0.795-1.49) (0.900-1.84) (0.977-2.13)
2hr 0.315 0.425 0.577 0.707 0.893 1.04 1.20 1.37 1.60 1.79
(0.260-0.387) || (0.350-0.522) || (0.474-0.711) || (0.576-0.877) || (0.703-1.14) (0.805-1.37) (0.905-1.61) (1.00-1.89) (1.13-2.30) (1.22-2.66)
3hr 0.371 0.495 0.666 0.813 1.02 1.19 1.37 1.56 1.82 2.02
(0.305-0.454) || (0.407-0.607) || (0.547-0.820) || (0.662-1.01) (0.805-1.31) (0.919-1.56) (1.03-1.83) (1.14-2.14) (1.28-2.61) (1.38-3.00)
6-hr 0.485 0.643 0.859 1.04 1.31 1.51 1.73 1.96 2.29 2.54
(0.400-0.594) || (0.529-0.789) || (0.705-1.06) (0.849-1.29) (1.03-1.67) (1.17-1.98) (1.31-2.32) (1.44-2.71) (1.61-3.28) (1.73-3.77)
12-hr 0.596 0.805 1.09 1.33 1.66 1.93 2.20 249 2.88 3.19
(0.491-0.731) || (0.663-0.988) || (0.895-1.34) (1.08-1.65) (1.31-2.13) (1.49-2.52) (1.66-2.95) (1.83-3.43) (2.03-4.14) (2.17-4.73)
24-hr 0.739 1.03 1.42 1.74 218 253 2.88 3.25 3.76 4.15
(0.655-0.850) (0.910-1.18) (1.25-1.63) (1.52-2.02) (1.85-2.62) (2.10-3.11) (2.34-3.63) (2.56-4.21) (2.84-5.08) (3.03-5.80)
2-da 0.801 1.14 1.59 1.97 247 2.87 3.27 3.68 4.24 4.66
Y (0.711-0.922) (1.01-1.31) (1.41-1.84) (1.72-2.29) (2.10-2.98) (2.38-3.52) (2.65-4.12) (2.90-4.77) (3.20-5.72) (3.40-6.51)
3-day 0.866 1.24 1.75 217 273 3.17 3.61 4.06 4.68 5.15
(0.768-0.996) (1.10-1.43) (1.55-2.02) (1.90-2.53) (2.32-3.29) (2.63-3.89) (2.92-4.55) (3.20-5.27) (3.53-6.32) (3.76-7.19)

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ca
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http://www.nws.noaa.gov/
http://www.noaa.gov/
http://www.nws.noaa.gov/
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/ohd_sitemap.html
http://www.nws.noaa.gov/pa/
http://www.nws.noaa.gov/organization.html
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/hdsc/current_projects.html
http://www.nws.noaa.gov/oh/hdsc/FAQ.html
http://www.nws.noaa.gov/oh/hdsc/glossary.html
https://hdsc.nws.noaa.gov/hdsc/pfds/index.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_gis.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_maps.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_series.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_temporal.html
http://www.nws.noaa.gov/oh/hdsc/currentpf.htm
http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html
http://www.nws.noaa.gov/oh/hdsc/relevant_publications.html
http://www.nws.noaa.gov/oh/hdsc/aep_storm_analysis/index.html
http://www.nws.noaa.gov/oh/hdsc/record_precip/record_precip.html
http://www.nws.noaa.gov/oh/hdsc/contact.html
https://www.usa.gov/
ftp://hdsc.nws.noaa.gov/pub/hdsc/data/xlslists/ca.xls
mailto:HDSC.questions@noaa.gov
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.6406&lon=-117.3734&data=depth&units=english&series=pds

8/7/2018 PF Map: Contiguous US
4-day 0.908 1.31 1.86 2.31 291 3.37 3.85 4.33 4.98 5.47
(0.805-1.04) (1.16-1.51) (1.64-2.15) (2.02-2.69) (2.47-3.51) (2.80-4.15) (3.12-4.85) (3.41-5.61) (3.76-6.73) (3.99-7.65)
7-da 0.949 1.38 1.98 247 3.14 3.65 4.16 4.67 5.35 5.85
Y |l (0.841-1.09) (1.22-1.59) (1.75-2.28) (2.16-2.87) (2.66-3.78) (3.03-4.49) (3.37-5.24) (3.68-6.05) (4.05-7.23) (4.27-8.18)
10-da 0.980 1.44 2.08 2.61 3.34 3.90 4.46 5.02 5.78 6.33
Y| (0.869-1.13) (1.27-1.65) (1.84-2.40) (2.28-3.04) (2.83-4.03) (3.24-4.80) (3.61-5.62) (3.96-6.51) (4.37-7.81) (4.62-8.84)
20-da: 1.09 1.65 246 3.14 4.13 4.90 5.68 6.49 7.53 8.31
Y| (0.968-1.25) (1.46-1.90) (2.17-2.84) (2.75-3.66) (3.50-4.97) (4.07-6.02) (4.60-7.16) (5.11-8.40) (5.69-10.2) (6.06-11.6)
30-da 1.20 1.84 2.80 3.63 4.86 5.83 6.81 7.83 9.18 10.2
Y|l (1.07-1.38) (1.63-2.12) (2.47-3.23) (3.18-4.23) (4.12-5.85) (4.84-7.16) (5.52-8.58) (6.17-10.1) (6.94-12.4) (7.41-14.2)
45-day 1.37 213 3.29 4.33 5.89 717 8.48 9.83 1.7 13.0
(1.21-1.57) (1.89-2.45) (2.91-3.80) (3.79-5.04) (4.99-7.09) (5.95-8.81) (6.87-10.7) (7.75-12.7) (8.81-15.7) (9.50-18.2)
60-da 1.49 234 3.66 4.86 6.67 8.19 9.79 1.4 13.7 15.4
Y (1.32-1.72) (2.07-2.69) (3.23-4.22) (4.26-5.66) (5.65-8.03) (6.80-10.1) (7.93-12.3) (9.00-14.8) (10.3-18.5) (11.2-21.5)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP)
estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
Estimates from the table in CSV format: | Precipitation frequency estimates ¥ || Submit

Main Link Categories:

Home | OWP

US Department of Commerce

National Oceanic and Atmospheric Administration
National Weather Service

Office of Water Prediction (OWP)

1325 East West Highway

Silver Spring, MD 20910

Page Author: HDSC webmaster

Page last modified: April 21, 2017

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ca
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mailto:HDSC.questions@noaa.gov
https://www.weather.gov/credits.php#googlemapping
http://www.nws.noaa.gov/disclaimer.php
http://www.nws.noaa.gov/credits.php
http://www.nws.noaa.gov/glossary/
http://www.nws.noaa.gov/privacy.php
http://www.nws.noaa.gov/admin.php
http://www.nws.noaa.gov/careers.php

8/15/2018 PF Map: Contiguous US

Www.nws.noaa.gov

NOAA's National Weather Service ] \*"Hr,
&“’ Hydrometeorological Design Studies Cent s z
Precipitation Frequency Data Server (PFD Keset)
Search ® NWS All NOAA M _'

General Information NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: CA

Data description

Data type: | Precipitation intensity ¥ = Units: | English ¥ | Time series type:  Partial duration ¥

Precipitation Select location
Frequency
1) Manually:
a) By location (decimal degrees, use "-" for S and W): Latitude: | 34.6406 Longitude: -117.3734 | Submit
b) By station (list of CA stations): | Select station v
c) By address [ Search l O\ ]
Probable Maximum
Precipitation 2) Use map (if ESRI interactive map is not loading, try adding the host: https://js.arcgis.com/ to the firewall, or contact us at hdsc.questions@noaa.gov):
—
o T =y
Miscellaneous Map v California e 3T v a) Select location
alil () i e > Move crosshair or double click
Terrain i e
\ b) Click on station icon
N (28] , Visalia = . ] Show stations on map
L5 J Las Vegas./

H e_ndérsdn 3

Contact Us

Location information:

San Luis Bakersfield g Name: Victorville, California, USA*
i - a5
Obispo —— e Latitude: 34.6406°
4 \"“"L_______ = Longitude: -117.3734°
e Mariu OF 4 Elevation: 2788.97 ft **
flore Lancaster I e
2 2 oPalmdal®= 3 Ttorville
:fﬂ"l" Barbara _Santa Clarita }
Oxnard
o E
B | oRiverside
O Cathedr‘a
Long Beacho "~ ¢ \I"d'o |
antiAhg Y S Dazir— D e | e e
(\ }Mumela .
\J(q: insfde
100k
m * Source: ESRI Maps
60mi \"‘_::‘_Hk ** Source: USGS
=
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 6, Version 2
PF tabular & print page
PDS-based precipitation frequency estimates with 90% confidence intervals (in incheslhour)1
. Average recurrence interval (years)
Duration
1 2 5 10 25 50 100 200 500 1000
5.min 0.972 1.34 1.86 2.30 2.94 3.46 4.00 4.58 5.41 6.07
(0.792-1.19) (1.10-1.64) (1.52-2.29) (1.87-2.86) (2.32-3.77) (2.66-4.52) (3.01-5.36) (3.36-6.31) (3.80-7.76) (4.13-9.02)
10-min 0.696 0.960 1.33 1.65 2.1 2.48 2.87 3.28 3.88 4.35
(0.570-0.852) || (0.792-1.18) (1.09-1.64) (1.34-2.05) (1.66-2.70) (1.91-3.24) (2.16-3.84) (2.41-4.52) (2.73-5.56) (2.96-6.46)
15-min 0.560 0.776 1.08 1.33 1.70 2.00 231 2.65 3.12 3.51
(0.460-0.684) || (0.640-0.952) || (0.884-1.32) (1.08-1.65) (1.34-2.18) (1.54-2.61) (1.74-3.10) (1.94-3.65) (2.20-4.48) (2.39-5.21)
30-min 0.374 0.520 0.720 0.892 1.14 1.34 1.55 1.77 2.09 235
(0.308-0.460) || (0.428-0.638) || (0.592-0.886) || (0.726-1.11) (0.896-1.46) (1.03-1.75) (1.17-2.08) (1.30-2.44) (1.47-3.01) (1.60-3.49)
60-min 0.229 0.317 0.440 0.545 0.695 0.817 0.946 1.08 1.28 1.44
(0.189-0.281) || (0.261-0.390) || (0.361-0.542) || (0.444-0.676) || (0.548-0.891) || (0.631-1.07) || (0.713-1.27) || (0.795-1.49) || (0.900-1.84) || (0.977-2.13)
2hr 0.158 0.212 0.288 0.354 0.446 0.522 0.600 0.684 0.802 0.895
(0.130-0.194) || (0.175-0.261) || (0.237-0.356) || (0.288-0.438) || (0.352-0.572) || (0.402-0.682) || (0.452-0.804) || (0.502-0.942) || (0.564-1.15) (0.609-1.33)
3hr 0.124 0.165 0.222 0.271 0.340 0.397 0.456 0.518 0.605 0.674
(0.102-0.151) || (0.136-0.202) || (0.182-0.273) || (0.220-0.336) || (0.268-0.436) || (0.306-0.519) || (0.343-0.610) || (0.380-0.714) || (0.426-0.868) || (0.458-1.00)
6-hr 0.081 0.107 0.143 0.174 0.218 0.253 0.289 0.328 0.382 0.424
(0.067-0.099) || (0.088-0.132) || (0.118-0.177) || (0.142-0.216) || (0.172-0.279) || (0.195-0.331) || (0.218-0.388) || (0.240-0.452) || (0.269-0.548) || (0.288-0.629)
12-hr 0.049 0.067 0.091 0.110 0.138 0.160 0.183 0.207 0.239 0.265
(0.041-0.061) || (0.055-0.082) || (0.074-0.111) || (0.090-0.137) || (0.109-0.177) || (0.124-0.209) || (0.138-0.245) || (0.151-0.285) || (0.168-0.343) || (0.180-0.393)
24-hr 0.031 0.043 0.059 0.072 0.091 0.105 0.120 0.136 0.157 0.173
(0.027-0.035) (0.038-0.049) (0.052-0.068) (0.063-0.084) (0.077-0.109) (0.087-0.129) (0.097-0.151) (0.107-0.176) (0.118-0.211) (0.126-0.242)
2-da 0.017 0.024 0.033 0.041 0.052 0.060 0.068 0.077 0.088 0.097
Y |l (0.015:0.019) || (0.021-0.027) || (0.029-0.038) || (0.036-0.048) || (0.044-0.062) || (0.050-0.073) || (0.055-0.086) || (0.060-0.099) || (0.067-0.119) || (0.071-0.136)
3-day 0.012 0.017 0.024 0.030 0.038 0.044 0.050 0.056 0.065 0.071
(0.011-0.014) || (0.015-0.020) || (0.022-0.028) || (0.026-0.035) || (0.032-0.046) || (0.037-0.054) || (0.041-0.063) || (0.044-0.073) || (0.049-0.088) || (0.052-0.100)
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http://www.nws.noaa.gov/
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/ohd_sitemap.html
http://www.nws.noaa.gov/pa/
http://www.nws.noaa.gov/organization.html
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/hdsc/current_projects.html
http://www.nws.noaa.gov/oh/hdsc/FAQ.html
http://www.nws.noaa.gov/oh/hdsc/glossary.html
https://hdsc.nws.noaa.gov/hdsc/pfds/index.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_gis.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_maps.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_series.html
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_temporal.html
http://www.nws.noaa.gov/oh/hdsc/currentpf.htm
http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html
http://www.nws.noaa.gov/oh/hdsc/relevant_publications.html
http://www.nws.noaa.gov/oh/hdsc/aep_storm_analysis/index.html
http://www.nws.noaa.gov/oh/hdsc/record_precip/record_precip.html
http://www.nws.noaa.gov/oh/hdsc/contact.html
https://www.usa.gov/
ftp://hdsc.nws.noaa.gov/pub/hdsc/data/xlslists/ca.xls
mailto:HDSC.questions@noaa.gov
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.6406&lon=-117.3734&data=intensity&units=english&series=pds

8/15/2018 PF Map: Contiguous US
4-da 0.009 0.014 0.019 0.024 0.030 0.035 0.040 0.045 0.052 0.057
Y (0.008-0.011) (0.012-0.016) (0.017-0.022) (0.021-0.028) (0.026-0.037) (0.029-0.043) (0.032-0.050) (0.036-0.058) (0.039-0.070) (0.042-0.080)
7-da 0.006 0.008 0.012 0.015 0.019 0.022 0.025 0.028 0.032 0.035
Y |l (0.005-0.006) || (0.007-0.009) || (0.010-0.014) || (0.013-0.017) || (0.016-0.022) || (0.018-0.027) || (0.020-0.031) || (0.022-0.036) || (0.024-0.043) || (0.025-0.049)
10-day 0.004 0.006 0.009 0.011 0.014 0.016 0.019 0.021 0.024 0.026
(0.004-0.005) || (0.005-0.007) || (0.008-0.010) || (0.010-0.013) || (0.012-0.017) || (0.013-0.020) || (0.015-0.023) || (0.016-0.027) || (0.018-0.033) || (0.019-0.037)
20-da 0.002 0.003 0.005 0.007 0.009 0.010 0.012 0.014 0.016 0.017
Y| (0.002-0.003) || (0.003-0.004) || (0.005-0.006) || (0.006-0.008) || (0.007-0.010) || (0.008-0.013) || (0.010-0.015) || (0.011-0.018) || (0.012:0.021) || (0.013-0.024)
30-da 0.002 0.003 0.004 0.005 0.007 0.008 0.009 0.011 0.013 0.014
Y || (0.001-0.002) || (0.002-0.003) || (0.003-0.004) || (0.004-0.006) || (0.006-0.008) || (0.007-0.010) || (0.008-0.012) || (0.009-0.014) || (0.010-0.017) | (0.010-0.020)
45-da 0.001 0.002 0.003 0.004 0.005 0.007 0.008 0.009 0.011 0.012
Y (0.001-0.001) (0.002-0.002) (0.003-0.004) (0.004-0.005) (0.005-0.007) (0.006-0.008) (0.006-0.010) (0.007-0.012) (0.008-0.015) (0.009-0.017)
60-da 0.001 0.002 0.003 0.003 0.005 0.006 0.007 0.008 0.009 0.011
Y 1| (0.001-0.001) || (0.001-0.002) || (0.002-0.003) || (0.003-0.004) || (0.004-0.006) || (0.005-0.007) || (0.006-0.009) || (0.006-0.010) || (0.007-0.013) || (0.008-0.015)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP)
estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Estimates from the table in CSV format: | Precipitation frequency estimates ¥ || Submit

Main Link Categories:

Home | OWP

US Department of Commerce

National Oceanic and Atmospheric Administration
National Weather Service

Office of Water Prediction (OWP)

1325 East West Highway

Silver Spring, MD 20910

Page Author: HDSC webmaster

Page last modified: April 21, 2017
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APPENDIX D — HYDROGRAPHS
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APPENDIX F — PARCEL MAPS
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