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RIDGECREST SOLAR POWER PROJECT (09-AFC-9) 
CEC STAFF DATA REQUEST NUMBERS 175-177, 180, 181, 185, 191, 192 

Technical Area:  Soils and Water (AFC Section 5.12 and 5.17) Response Date:  February 23, 2010 
 

S&W-1 

DR-S&W-175 

Information Required: 

Please include in the peak discharge table values taken from the effective Flood Insurance Study 
(FIS) for the area as well values calculated using the appropriate USGS Regional Regression 
Equation for the subject area. In addition, please consult the local BLM office to obtain relevant 
information from previous studies related to El Paso Wash and include this data in the drainage 
report. 

Response: 

The flow rates from the FIS as well as the other calculated flow rates and the City of Ridgecrest Master 
Drainage Plan are provided with the new Project Drainage Report in Attachment DR-S&W-175. 
 

DR-S&W-176 

Information Required: 

Please provide a map showing the extents of soil types within each watershed as well as 
information correlating the specific soil types with the designated hydrologic soil groups. 

Response: 

This information is provided with the new Project Drainage Report in Attachment DR-S&W-175. 
 

DR-S&W-177 

Information Required: 

Please provide a detailed analysis of the depth and extent of the existing and developed floodplain 
using an industry accepted methodology such as HEC-RAS. This analysis should utilize recent 
detailed topography and should accurately model the transitions from natural floodplain to constructed 
channel and back to natural floodplain. This analysis should follow FEMA guidelines for mapping 
riverine type drainages and for providing an acceptable tie-to the existing mapped floodplain. 

Response: 

This information is provided with the new Project Drainage Report in Attachment DR-S&W-175.  

 

DR-S&W-180 

Information Required: 

Provide a detailed explanation of the data and assumptions used to complete the above referenced 
analysis as well as all associated data including digital input and output files for all hydraulic models. 

Response: 

This information will be provided with the new Project Drainage Report in Attachment DR-S&W-175. 
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CEC STAFF DATA REQUEST NUMBERS 175-177, 180, 181, 185, 191, 192 

Technical Area:  Soils and Water (AFC Section 5.12 and 5.17) Response Date:  February 23, 2010 
 

S&W-2 

 

DR-S&W-181 

Information Required: 

Please provide a CLOMR application, completed to FEMA standards, so the extent of modifications 
to the existing FEMA mapped floodplains can be reviewed. 

Response: 

The CLOMR application with supporting materials is provided in Attachment DR-S&W-181. 

 

DR-S&W-185 

Information Required: 

Please provide documentation and analysis for establishing project specific non-erosive channel 
velocities based onsite soils, incoming sediment load, and the calculated 10-year flow. 

Response: 

A new Project Drainage Report is provided in Attachment DR-S&W-175.  This report verifies that the 
velocities in the engineered channels for the calculated 10 year flow are non-erosive.  The drainage 
channels have been provided with drop structures (protected with soil cement) and relatively flat channel 
slopes to create a non-erosive channel profile. 

 

DR-S&W-191 

Information Required: 

Please provide detailed information on the estimated discharges at each of the onsite drainage 
outfall locations, as well as detailed design plans to demonstrate how these points of outfall would 
be protected from erosion. 

Response: 

A new Project Drainage Report is provided in Attachment DR-S&W-175.  The detailed information at the 
outfall locations are documented in the drainage report in pages 1-3 of Appendix 2.  At these locations, 
standard connection details (Kern County or APWA) will be provided such as headwalls, storm drain pipes, 
protected down-drains, and/or soil cement channel aprons.  The Conceptual Engineering Plans, provided on 
February 10, 2010, provides references to these details. 
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Technical Area:  Soils and Water (AFC Section 5.12 and 5.17) Response Date:  February 23, 2010 
 

S&W-3 

DR-S&W-192 

Information Required: 

The Drainage Report and associated hydrologic modeling must specifically address the issue of 
potential increases to downstream peak discharges. The hydrologic modeling must accurately 
represent the existing and proposed condition with respect to differences in runoff potential, 
floodplain routing and potential peak flood attenuation. In reference to the routing reach geometry 
used in the existing conditions model, Section 2.5 in the Drainage Report states “These bottom 
widths are conservative in that the actual channels will be wider and shallower that would lead to a 
slower velocity.” This approach may lead to an overestimated existing peak discharge by not 
appropriately accounting for existing floodplain attenuation. It may also under estimate the 
difference between existing and developed peak discharges once the engineered channels are 
constructed and provide little flood peak attenuation. The analysis must demonstrate the proposed 
design would not increase downstream peak discharges. 

Response: 

A new Project Drainage Report is provided in Attachment DR-S&W-175.  This report provides the analysis, 
mapping, and discussions related to the flows adjacent to and from the Project site, the peak discharges, 
the floodplain depths, and the flows downstream of the site. 
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EXECUTIVE SUMMARY 

This report provides results of analysis of offsite and onsite, pre- and post-development 
drainage conditions at the proposed Ridgecrest Solar Power Project site (RSPP).  This report 
utilizes USGS topographic maps, topographic site data (LIDAR), and a site grading plan to 
establish the pre- and post-development drainage patterns and design flow rates for the site. 
The U.S. Army Corps of Engineers (USACE) Hydrological Modeling System (HMS) and Hydrologic 
Engineering  Centers  River  Analysis  System  (HEC-RAS)  programs  are  used  in  this  report  to  
analyze the onsite drainage and major drainage washes.  
 
The project site lies on the southern edge of the Indian Wells Valley and north of the El Paso 
Mountains.  The general stormwater flow pattern is from the higher elevations in the 
mountains located approximately 6 miles south to the lower elevations in Indian Wells Valley to 
the  north.   The  stormwater  from  the  project  site  flows  northeast  to  China  Lake  which  is  a  
depression in the Indian Wells Valley with no identifiable outlet. 
 
The major watercourse in the project area is El Paso Wash which drains approximately 20 
square  miles  from  the  El  Paso  Mountains  and  exits  the  mountains  to  the  south  of  the  site.   
Flows  in  El  Paso  Wash  are  not  diverted  by  the  project  footprint.   However,  flows  in  two  un-
named watersheds are conveyed around the proposed solar fields as part of this project.  These 
modifications are discussed in detail within this report. 
 
The site hydrology was analyzed using a 100 year storm and the channels which convey this 
water adjacent to or through this site are sized for this 100 year storm event. The 10-year and 
25-year storm events were also analyzed inasmuch as these level storm events have a higher 
probability of occurrence over the life of this facility.  The site will be substantially occupied by 
long rows of concave mirrors, but these mirrors will be elevated above the ground and thus the 
ground below the mirrors remains as a pervious surface.  The only portions of the site that will 
be impervious are the administration building, the main warehouse, portions of the power 
block area, the access road between these areas, and the parking lots associated with these 
areas.   
 
The  amount  of  impervious  area  being  created  as  a  result  of  this  project  is  less  than  1%  
difference from the existing condition. The soil on this site is very dense, highly compacted silt 
with  little  to  no  permeability.  Compaction  of  the  soil  as  part  of  the  grading  operation  is  not  
anticipated to affect the porosity, void ratio, or permeability, inasmuch as the soil is denser and 
more compact in its current condition than it will be in its finished condition.  Percolation tests 
on  this  site  also  indicated  very  low  permeability.   For  these  reasons  both  the  pre-  and  post-
development calculations have used an on-site curve number of 95 (CN = 95).  
 
The proposed drainage modifications to this site seek to replicate the existing flow patterns as 
nearly as possible.  There are three primary washes that receive flow from the pre-developed 
site and these washes were analyzed for both the pre and post development condition.  The 
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post-development condition of the site deals with the drainage in each wash in a different 
method depending on its location relevant to the proposed site.   

 The Westerly Wash (located in the southwest corner of the south solar field) remains 
nearly unchanged in the pre versus post-development condition.  The storm water in 
this  wash  requires  only  a  slight  diversion  from  its  current  flow  path  as  a  result  of  the  
site, and the flow rate is maintained in the post development condition.  This diversion 
is accomplished by installation of cut-off dike at the south end of the south field, re-
directing the water slightly to the west, which keeps the storm water from draining into 
the solar field.  This method of drainage diversion was preferred by the BLM rather than 
collecting the water into a man-made channel and then discharging into the existing 
wash at a downstream location. 

 The El Paso Wash (the existing large wash in the center of the site) remains relatively 
undisturbed.  The mainstream bed is neither modified nor channelized in the post-
development condition.  The side-slopes (banks) are also left undisturbed by the 
proposed project.  The only disturbance to this existing wash from the proposed site is 
at the locations where drainage from the solar site is directed into this channel.  There 
are eight locations along the course of the El Paso Wash where drainage is discharged 
into the wash.  The location and number of connections to the El Paso Wash were 
designed to spread the flow back into the channel in small increments, reflecting the 
existing drainage patterns into the wash.  The flows at these connection points are 
shown on pages 1-3 of Appendix 2A. 

 The North-easterly channel was designed to intercept the small localized flows east and 
southeast of the north solar field prior to their entry to the site and convey them in a 
natural re-aligned channel to approximately the same location where their combined 
flow currently exits the site under existing conditions. This new channel is designed 
using native material with 3:1 side slopes.  The proposed channel was designed to 
maintain flow velocity below five feet per second in order to prevent soil erosion in the 
bottom and side slope of the channel. To accomplish this, a series of grade drop 
structures have been added to this channel.   

 
Onsite flows inside the proposed solar fields are initially directed to small shallow swales 
located between solar collector loops which run parallel to the loops. The spacing of the swales 
was designed to prevent runoff from concentrating and creating erosion concerns on the side 
slope of the swales. These swales function as a sediment trap and minor infiltration areas 
before discharging to collector channels that flow perpendicular to the solar collector loops. 
These collector channels then flow to a storm drain system or a secondary collector channel 
within the solar field prior to connection to a diversion channel adjacent to the field.  Onsite 
flows are ultimately directed to the El Paso Wash or to a tributary wash, just as the existing 
stormwater from this site is directed to these existing washes. The post-development onsite 
and offsite flow rates and velocities are approximately equivalent to pre-development 
conditions.   
 
The LIDAR survey shows substantial vertical drop across the site from south to north. Because 
of this, elevation change, a series of soil cement drop structures have been incorporated into 
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the Northeast Channel to maintain a non-erosive flow regime. Because the solar arrays are 
essentially flat, the site must be stepped between arrays in order to follow the elevation 
change. The drop structures in the East Channel are designed to generally correspond to the 
total  terracing  drop  across  the  arrays  of  the  solar  fields.   Additionally,  drop  structures  have  
been added to the eight small discharge channels prior to connecting the on-site flows to El 
Paso Wash to avoid scour. 
 
In order to analyze whether the proposed improvements have a significant impact on the 
downstream watercourses, the pre- and post-development flow rates were compared.  Table 1 
shows the pre- and post-development peak flow rates. 
 
In general, there is good correlation between the pre- and post-development peak flow rates 
showing  that  the  site  does  not  have  significant  impacts  downstream.   All  the  flows  listed  in  
Table 1 were calculated by using the US Army Corps of Engineers HMS hydrology program.  A 
single method for both pre-development and post-development flow was used in order to be 
able to compare the results.  In fact, the flow in the main portion of El Paso Wash is 221 cfs less 
in the post-development condition than in the pre-development condition.  A portion of this 
flow difference (171 cfs) is attributable to a minor diversion of water from El Paso Wash into 
the West Wash.  The West Wash connects to the main El Paso Wash approximately 1,500 feet 
northwest of the proposed site so the flow comparison of the pre-development versus post-
development  at  this  point  would  show  that  there  is  a  49  cfs  reduction  (0.5%)  of  flow  in  the  
post-development condition to El Paso Wash downstream of the project site.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
PRE- AND POST-DEVELOPMENT PEAK FLOW RATES 

Watercourse* 
Pre-

Development  10 
Year 

Post-
Development 10 

year 
West Wash 724.9 788.0 

El Paso Wash 2,447.1 2,383.9 
North-East Ch. 939.7 787.5 

Watercourse* 
Pre-

Development    
25 Year 

Post-
Development 25 

Year 
West Wash 1,139.4 1,239.2 

El Paso Wash 4,005.7 3,890.1 
North-East Ch. 1,227.4 1,056.7 

Watercourse* 
Pre-

Development    
100 Year 

Post-
Development 

100 Year 
West Wash 1977.8 2148.8 

El Paso Wash 7270.3 7048.6 
North-East Ch. 1745.3 1566.5 
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Tables 2, 3, and 4 below provide a summary of average wash (channel) flow parameters for the 
10, 25, and 100 year storm events. 

TABLE 2 

10-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site  
(cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site *  
(cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash (1) 2,447.1 2,383.9 N/A 2.42 5.45 394.3 21,477 
Ridgecrest 
Wash/N-E 
Channel (2) 

939.7 787.5 10 3.61 2.78 60.90 11,562 

West Wash (3) 724.9 788.0 N/A N/A N/A N/A N/A 
 

TABLE 3 

25-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site 
 (cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site * 
(cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash (1) 4,005.7 3,890.1 N/A 2.88 6.22 463.91 21,477 
Ridgecrest 
Wash/N-E 
Channel (2) 

1,227.4 1,056.7 10 4.04 3.22 63.84 11,562 

West Wash (3) 1,139.4 1,239.2 N/A N/A N/A N/A N/A 

 

TABLE 4 
100-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site  
(cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site * 
 (cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash (1) 7,270.3 7,048.6 N/A 3.53 7.46 539.99 21,477 
Ridgecrest 
Wash/N-E 
Channel (2) 

1,745.3 1,566.5 10 4.69 3.87 68.41 11,562 

West Wash (3) 1,977.8 2,148.8 N/A N/A N/A N/A N/A 
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* The changes in peak flow rates in the three channels are attributed to the difference in time of concentrations between the 
existing condition and the proposed condition and slight shifting in contributing drainage areas from the existing to the 
proposed condition.  The proposed flow rates leaving the site are generally lower than the existing flow rates, due to the fact 
that the times of concentrations for the proposed on-site drainage areas are longer than the existing times of concentrations 
for the existing overland flow. 

 
(1) El Paso Wash is an existing wash that remains unchanged in post-development conditions. The hydraulic 

characteristics represent the post-development discharge in the existing wash. 
(2) The North-East Channel is a new channel that outlets into the existing North Ridgecrest Wash which is where the 

pre-development flows are also directed.  The hydraulic characteristics in this table represent the North-East 
Channel, and the discharge relates to flow in the Ridgecrest Wash at the property boundary. 

(3) No hydraulic HEC-RAS model was created for the West Wash.  The discharge was calculated to provide a comparison 
between pre- and post-development conditions at the connection point into the West Wash.  Upstream from this 
connection point, water tends to sheet flow and not be contained in a defined wash.  Based on BLM requests, these 
flow areas have been designed as “flow across the natural  terrain” with a barrier dike at  the solar fields acting as 
one side of the flow area and the other side being uncontained by any man-made structures. 

 

See Figure 1, Figure 2, and Appendix 5 for site layout, existing flow paths, and proposed 
drainage channels.  Pre and post development hydrology maps, drainage basin parameters, 
hydrology calculations, and hydraulic calculations to support the data presented in the previous 
tables can be found in the various appendices at the end of this report.   
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1.  PROJECT DESCRIPTION 

1.1  Introduction 

Solar  Millennium  LLC  proposes  to  locate  RSPP,  a  solar  power  plant  near  Ridgecrest,  in  Kern  
County, California, on land administered by the Bureau of Land Management (BLM). The 
proposed power plant consists of one 250 MW parabolic trough solar thermal power plant 
which has a “solar field” comprised of rows of parabolic mirrors focusing solar energy on 
collector  tubes.  These collector  tubes carry heated oil  to a  boiler  which sends live steam to a 
Rankine – Cycle reheat steam turbine. The boiler turbine, and other associated equipment are 
located  at  the  power  block  in  the  center  of  each  solar  field.  The  solar  field  and  power  
generation equipment would be put into operation each morning after sunrise and insolation 
build-up, and shut down in the evening when insolation drops. Electricity would be produced by 
each plant’s solar receiver boiler and the steam turbine generator. 
 
This  report  was  completed  to  analyze  pre-  and  post-development  surface  water  drainage  
characteristics at the proposed Ridgecrest site. LIDAR one-foot contour-interval topography 
collected over the site was utilized as a portion of the model input parameters to develop pre- 
and post-development hydrology and hydraulic analysis. Significant offsite storm flows tributary 
to the site from the south, as well as storm flows generated by rain falling directly on the site, 
are identified in this report. 
 
With the development of the site, it will be necessary to direct offsite storm flows around or 
through the proposed site using channels, barrier dikes, or the existing El Paso Wash.  These 
diversion channels or barrier dikes intercept the flows prior to their entry to the site, re-direct 
them around or through the site, and convey them to the same locations where the drainage 
washes exit the site under existing conditions. The Northeast Channel carrying off-site flow is 
being sized to contain the peak flow of the 100-year, 24-hour storm event.  The El Paso Wash is 
not being channelized, but it has sufficient capacity to convey the 100 year storm.  The 100 year 
event was chosen to insure that even in extreme events both on and offsite flows would be 
channelized and conveyed around or through the site. The new Northeast Channel and the El 
Paso  Wash  will  prevent  contact  between  the  solar  arrays  and  any  large  flood  flows,  avoiding  
potential damage to the site.  Refer to the map on the following page for the site layout and 
Appendix 5 for the project site plans. 

1.2  Site Description 

The proposed project site consists of approximately 3995 acres with a total disturbed area of 
approximately  1,994  acres  and  is  located  6  miles  southwest  of  Ridgecrest,  California  and  
immediately  west  of  U.S.  Route 395.  Access to the site is  from the South Brown Road exit  on 
U.S.  Route  395.  The  250  MW  facility  will  occupy  approximately  1448  acres.   The  rest  of  the  
acreage  will  be  occupied  by  ancillary  facilities,  consisting  of  an  administration  building,  a  
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parking area, a maintenance building, switchyard, bioremediation areas, wastewater treatment 
facilities, onsite access and maintenance roadways, perimeter fencing, utilities and a central 
230 kV transmission line.  Figure 1 and 2 show the general site layout, while Appendix 5 has 
detailed project site plans.   
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2.  PRE-DEVELOPMENT CONDITION 

2.1 Pre-Development Flow Patterns 

2.1.1 Offsite Flow Patterns 

 
Offsite  hydrology  drains  a  combined  set  of  distinct  watersheds  totaling  approximately  37  
square miles, which generally drains from local topographic highs located south of the project 
site northward to relatively more gradual-sloped areas at the southern and northern solar 
fields.  See the existing condition hydrology map in Appendix A for the location and extent of 
the  drainage  areas.   Natural  vegetation  within  the  watersheds  can  be  described  as  sporadic  
scrub brush typical of the local high desert conditions. 

 
Figure 1: Site Layout 

 
There are three watercourses that run through the Project site.  These watercourses are 
described below. 
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 El Paso Wash, which drains 22 square miles upstream of the Project site (Area E2), 
runs approximately through the center of the Project site.  This wash drains water 
from the south hills and crosses Brown Road inside the property boundary.  
Currently,  El  Paso Wash flows over Brown Road at  two low points  in  the road and 
continues sloping in a northwest direction adjacent to the project site.   

 An unnamed water course drains 4 square miles (Area E1) southwest of the project 
site.  This watercourse crosses the southwest section of the Project area continuing 
in  the  northwest  direction  toward  Brown  Road.   A  small  water  course  drains  0.8  
square miles toward the center of the southern field area (Area E1b).  Collected 
water on this drainage area flows westward along the road moving water away from 
the project site.   

 The eastern drainage area (Area E3) extends south of the project site and includes 
drainage areas east and west of the U.S. Highway 395 (Three Flags Highway) 
covering 10 square miles.  Drainage water crosses U.S. Highway 395 at several points 
in both east-west and west-east directions, hydraulically connecting all the 
catchments in this drainage area.  This drainage area was studied as part of the City 
of Ridgecrest Master Drainage Plan and it was noted that the water in this drainage 
basin was substantially impacted by the construction of Highway 395 when it was 
built in the 1930’s.  The resultant effect of these changes is that the drainage water 
in this drainage basin generally collects and is retained at each of the many culvert 
crossings  of  the  highway  prior  to  reaching  the  intersection  with  Brown  Road.   At  
Brown Road, the drainage that has reached this point on the east side of US Highway 
395, partially flows westward toward the project site through a 24 inch culvert 
below U.S. Route 395.  The balance of the drainage water on the east side of the 
intersection continues north along Highway 395.  The drainage water passing 
through the 24 inch culvert generally flows westerly toward the project site and 
eventually changes direction inside the project site to a more northward direction.   

 
An  elevated  abandoned  railroad  grade  is  located  south  and  west  of  the  project  site  (See  
Figure 2).  The railroad grade interrupts several natural drainage paths concentrating flows 
to several water courses that cross the railroad grade through pipes, concrete culverts and 
timber bridges.    Existing flow patterns in the project site drainage area are illustrated in 
Appendix A.  The pre-development flow rates at the downstream end of the washes being 
analyzed are shown in Table 5 below. 
 

TABLE 5 
PRE-DEVELOPMENT FLOW RATES 

Watercourse* 
10-Year 

Peak Flow 
Rate (cfs) 

25-Year 
Peak Flow 
Rate (cfs) 

100-Year 
Peak Flow 
Rate (cfs) 

 West Wash 724.9 1139.4 1977.8 
El Paso Wash 2447.1 4005.7 7270.3 

North-East Ch. 939.7 1227.4 1745.3 
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2.1.2 Onsite Flow Patterns 

 
Aerial photography and vegetation patterns indicate that the overall drainage pattern inside 
the project area concentrates flows in several well defined washes through the area.  Storm 
flows generated by the existing site itself generally sheet to washes in the northeast and 
northwest directions.  See Figure 2 for the flow paths and flow spread across the site.   Please 
refer to Appendix 1A for the pre-development hydrology map showing the pre-development 
onsite watercourses.  The final pre-development flow rates at the downstream end of the site 
for the washes being analyzed by this report are shown in Table 5. 
 

 
Figure 2: Existing Flow Paths and Proposed Channels 
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2.2 Pre-Development Hydrology 
 
2.2.1 Precipitation Data 
 
Statistical representation of precipitation data for this study has been obtained from the Kern 
County Hydrology Manual (KCHM).  Sources of precipitation data referred in the KCHM include 
the National Oceanic and Atmospheric Administration (NOAA) - National Weather Service, U.S. 
Army Corps of Engineer, U.S. Geological Survey, and other private and governmental 
cooperative weather observers.  Precipitation data include the 100, 10 and 25 year events to 
illustrate a range of hydrologic conditions, with 10 and 25 year events being the more probable 
storm events on the site. 

 
Isohyetal maps of point precipitation values for different return periods are provided by Kern 
County.  Digital versions of the isohyetal maps were obtained through the Kern County GIS 
Online Mapping System for the 100-yr-24-h and 10-yr-24-h.  The 100-yr-24-hour point 
precipitation in the project drainage area ranges from 3.5 inches in the upper part of the 
catchment to 2.8 inches the lower part of the catchment while the 10-yr-24-hour point 
precipitation ranges between 2.0 inches and 1.8 inches.  The area-averaged precipitation over 
the studied drainage area for 100-yr-24-h was computed as 3.22 inches and for the 10-y-24-h 
event was 1.99 inches.  KCHM propose an adjustment of the point precipitation values for area 
of catchments.  The areal adjustment for 24-hour events and catchment areas smaller than 20 
square  mile  ranges  from  98%  to  100%  of  the  average  point  precipitation  (Kern  County  
Hydrology Manual – Figure E-4).  A factor of 99% was used in the representative precipitation 
calculation.  
 
A representative 25-yr-24-h point precipitation was computed for additional illustration of 
more frequent events.  The KCHM methodology was used to estimate the point precipitation 
value based on the 100 year and 10 year isohyets.  The 25-yr-24-h precipitation was estimated 
as 2.43 inches using the KCHM Figure D-3 (Appendix B) with the area weighted 100-yr-24-h and 
10-yr-24-h point precipitation.  
 
Appendix B shows the spatially interpolated precipitation for the project site drainage area for 
the 100-yr 24-h and the 10-yr-24-h precipitation events, the KCHM areal adjustment guideline, 
as well as the KCHM rainfall-return period relationship (Figure D-3).  
 
The U.S. Soil Conservation Service (now NRCS), U.S. Department of Agriculture (USDA) in June 
1986 Technical Release 55: Urban Hydrology for Small Watersheds recommends a SCS Type II 
storm  pattern  for  extreme  eastern  California.   Four  storm  patterns  Type  I,  IA,  II  and  III  were  
developed by NRCS based on geographic regions of the United States and based on the 
synthetic 24-hour rainfall distributions from available National Weather Service (NWS) 
duration-frequency data or local storm data. Type IA is the least intense and Type II is the most 
intense short duration rainfall. This document can be found at: 
http://directives.sc.egov.usda.gov 
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2.2.2 Flood Wave Routing 
 
The Soil Conservation Service (SCS) equation (as outlined in the KCHM – Section E) was used 
for the lag time calculations. The equation is as follows: 

38.0

5.0

*
24

S
LLnhoursLag ca  

Where:  L = length of the longest watercourse (miles) 

Lca = length of the longest watercourse to a point opposite the 
centroid of the area (miles) 

S = overall slope of drainage area between the headwaters and the 
collection point (feet per mile) 

n = average Manning’s “n” for the basin watercourses (estimated 
from field observations).  

0.38 is the regional regression coefficient for Southern California 
 
Catchment overall slope and lengths of the longest watercourse and watercourse to the 
point close to the centroid were calculated based on USGS digital elevation map.  Manning’s 
n basin factors were estimated based on visual inspection of collection streams and 
watershed channels in the drainage area, using guidelines in Kern County Hydrology Manual  
Figure E-2 (Appendix C). 
 
2.2.3 Loss 
 
SCS loss methodologies were used for the basin loss calculations. This method requires 
entry of the soil Curve Number (CN).  The Curve Numbers for the catchments were selected 
using guidelines published in the Kern Count Hydrology Manual Section C, including loss 
rates for desert hydrology.  Curve Numbers per soil group (Figure C-2 of the KCHM) can be 
found in Appendix D.  The Natural Resources Conservation Service (NRCS) land use map and 
the  STATGO  soils  database  was  used  in  the  selection  of  the  catchments  CN  values.   Soils  
data available for this study area did not have enough detail for hydrologic group 
determination; therefore, engineering judgment was used to select a representative 
combination of hydrologic soil types for the different soil type zones of the study area.  The 
catchment CN computation uses a representative hydrologic soil type, assumed as a 
prorated combination of potential hydrologic group in each soil type based on typical basin 
characteristics for the upper and lower parts of the drainage area.  Areal averaged CN 
values were computed for catchments with more that one representative soil type and land 
use combination.  
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The initial abstraction (Ia) for an area is a function of land use, treatment, and condition; 
interception; depression storage; and antecedent soil moisture. An estimate for Ia is given 
by the SCS as: 
 

SI a *2.0  

Where:   S = basin storage computed as: 101000
CN

 

 
The selection of a curve number for the existing conditions on the project site has been 
done after using reference information from United States Department of Agriculture Urban 
Hydrology for Small Watersheds TR-55 and analyzing the soil report provided by Kleinfelder 
Associates Inc.  The soil borings for the project site are provided as part of Appendix 5.  As 
noted by the soils report and evidenced by the soil boring logs, the soil on this site is very 
dense, highly compacted silt with no real permeability. Compaction of the soil as part of the 
grading operation is not anticipated to affect the porosity, void ratio, or permeability, 
inasmuch as the soil is more dense and compact in its current condition than it will be in its 
finished condition.  (Current field densities of the on-site soils indicate the existing soils at a 
100% compaction level and during construction the disturbed soils will likely only be 
compacted to 80% to 95% depending on location and any structural requirements.)  In 
addition, the percolation tests for this site show a very low permeability.  The existing site 
therefore exhibits nearly impervious surface conditions, and the soil type is not changing as 
a result of earthwork operations.  For these reasons, both the pre- and post-development 
soil loss conditions are considered identical.  For the purpose of these calculations an on-
site curve number of 95 (CN = 95) has been used.  
 
2.2.4 Catchment Data 
 
Drainage areas were delineated using a 33-ft digital elevation map (DEM) interpolated from 
the USGS 7.5 minute quad sheet (shown in Appendix E).  Catchment delineation was 
performed following the natural confluences and modeling guidelines Kern County 
Hydrology manual - Section K, having a minimum lag of 20 minutes, a maximum lag of 2.5 
hours  and  limiting  the  areas  such  that  the  largest  area  is  not  more  than  four  times  the  
smallest.    The  four  to  one  size  relationship  between  the  smaller  and  larger  areas  is  
maintained  for  the  most  part  with  exception  of  cases  where  consolidating  drainage  area  
would result in losing points of interest or would end up in atypical shape catchments.  As 
discussed  in  section  2.3,  CN  values  were  computed  using  a  prorated  combination  of  
expected  hydrologic  soil  types  in  the  STATGO  soil  group  and  a  land  use  map,  assuming  
Chaparral (KCHM Figure C-2) as dominant cover type in the studied drainage area.  Sub-
basins and prorated hydrologic soil types are shown on the existing hydrology map in 
Appendix A.  Table 1 shows the drainage basin sizes and other hydrologic parameters.   
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TABLE 6 
PRE-DEVELOPMENT HYDROLOGY CATCHMENT DATA 

 
Sub 

Basin 
Area 
(mi2) 

Length 
(mi) 

Lca 
(mi) Cover CN 

Lag 
Time 

(mins) 

Initial 
Abstraction 

Ia 
E1a 4.20 5.03 2.82 Chaparral 80.77 53.12 0.48 
E1b 0.15 0.86 0.41 Chaparral 95 13.14 0.11 
E2a 0.82 3.34 1.76 Chaparral 90.27 38.38 0.22 
E2b 0.45 2.28 0.84 Chaparral 92.03 24.51 0.17 
E2c 20.58 7.47 3.42 Chaparral 77.50 71.52 0.58 
E2d 0.29 1.48 0.50 Chaparral 94.79 16.02 0.11 
E2e 0.06 0.37 0.22 Chaparral 95 7.14 0.11 
E2f 0.05 0.44 0.27 Chaparral 95 8.52 0.11 
E2g 0.19 2.05 0.88 Chaparral 93.54 22.93 0.14 
E2h 0.67 2.16 0.97 Chaparral 95 25.38 0.11 
E3a  9.21 6.36 3.05 Chaparral 80.97 62.91 0.47 
E3b 0.72 3.44 1.72 Chaparral 92.81 36.77 0.16 
E3c 0.65 2.04 1.11 Chaparral 94.74 24.04 0.11 
E3d 0.36 2.55 1.51 Chaparral 89.76 29.72 0.23 
E3e 0.14 0.85 0.36 Chaparral 95 12.50 0.11 
E3f 0.06 0.38 0.17 Chaparral 93.46 6.64 0.14 

 
2.2.5 Reach Parameters 

Reach  lengths  were  taken  from  the  USGS  National  Hydrologic  Dataset  NHD  plus  (stream  
flow lines shown in Appendix A).  The Muskingum Cunge method was selected for reach 
routing.  Manning’s “n” values for reach routing were established based on field 
observation using Kern County guidelines (Appendix C). Photographs of representative 
sections of typical reaches have been included in Appendix F. 
 
The USGS topography used for this study was not sufficiently detailed to show the 
dimensions of the actual channels in the watershed and field measurements showed a 
significant range of variation depending on where in the reach they were taken.  For these 
reasons, idealized typical trapezoidal sections were estimated for the steeper and flatter 
portions of the watershed.  A typical section of 20 feet wide with 4:1 side slopes was used 
for lower reaches and a typical 5 feet wide section with 4:1 side slopes was used for upper 
reaches. Table 2 presents the reach parameters used in the routing for the respective 
alignment for existing condition. 
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TABLE 7 
CONCEPTUAL PRE-DEVELOPMENT HYDROLOGY WATER COURSE DATA 

Hydrologic 
Element 

Length 
(ft) 

Slope n Shape 
Bottom 
Width 

(ft) 

Side 
Slope 

(xH:1V) 

R1 (W) 13,827.2 0.010 0.03 Trapezoidal 5 4 
R2 (W) 9,253.6 0.011 0.03 Trapezoidal 5 4 
R3 (W) 2,963.7 0.010 0.03 Trapezoidal 20 4 
R4 (W) 1,940.6 0.016 0.03 Trapezoidal 20 4 
R5 (W) 2,326.8 0.014 0.03 Trapezoidal 20 4 
R6 (W) 3,205.6 0.012 0.03 Trapezoidal 20 4 
R7 (W) 7,842.0 0.009 0.03 Trapezoidal 20 4 
R8 (W) 3,676.9 0.006 0.03 Trapezoidal 20 4 

R1 (N-E) 18,153.9 0.015 0.03 Trapezoidal 20 4 
R2 (N-E) 1,587.7 0.011 0.03 Trapezoidal 20 4 
R3 (N-E) 2,256.2 0.012 0.03 Trapezoidal 5 4 

 
These bottom widths are conservative in that the actual channels will be wider and 
shallower which would lead to a slower velocity. 
 
2.2.6 HMS Program and Runs 
 
Hydrology calculations were performed using USACOE’s Hydrological Modeling System 
(HMS 3.3.0). Documentation and program downloads for HMS 3.3.0 can be found online at: 
http://www.hec.usace.army.mil/software/hec-hms/documentation.html.   
 
Guidelines provided in the Kern County Hydrology Manual for hydrologic analysis studies 
using computer models were used in this study, including effective rainfall, catchment 
delineation and unit hydrograph development.  A user defined S graph was implemented in 
HMS for the unit hydrograph analysis.  The selected S graph corresponds to the curve 
developed for the foothills in the Kern County (Appendix G). 
 
The watershed input parameters for the program can be found in Appendix G.   
 
2.2.7 Pre-Development Hydrology – Results 
 
As  discussed  in  Section  2.1,  the  USACOE  HMS  3.3.0  was  loaded  with  the  watershed  
parameter and reach data and run for the project.  Tables 3 through 5 give the resulting 
offsite and onsite peak flow rates for 10-yr, 25-yr and 100-yr storm depths for the existing 
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condition.  The flow rates and key point locations can be found on the existing condition 
hydrology map in Appendix A. 
The generated flow rates were compared to Caltrans regional regression equations (region 
10)  in  Chapter  810  of  the  Caltrans  Highway  Design  Manual  (HDM).   For  peak  discharges  
larger than 2000-cfs Caltrans peak discharge showed better correlation than smaller flows, 
resulting in Caltrans flows within 20% of the calculated volumes in this study.  Figure 
819.2D from the HDM can be found in Appendix H. 
 
 
 

TABLE 8 
PRE-DEVELOPMENT 10-YR ONSITE & OFFISTE FLOW RATES 

POST-
DEVELOPMENT 
DESIGN FLOW 

RATES Node 

Sub Area 
Flow Rate 

(cfs) 
Time of 
Peak* 

Total 
Node 
Flow 
Rate 
(cfs) 

E1a 11 724.9 12:42 724.9 
E1b 13 147.0 12:03 147.0 
E2a 21 359.5 12:27 359.5 
E2b 23 279.6 12:15 279.6 
E2c 25 2,138.1 12:57 2,138.1 
E2d 27 257.5 12:06 2,157.7 
E2e 28 67.8 12:00 2,401.5 
E2f 28 53.7 12:00 2,401.5 
E2g 28 135.1 12:12 2,401.5 
E2h 30 485.1 12:15 2,447.1 

E3a (u/s culvert) 41 1,468.6 12:48 1,468.6 
E3a (d/s culvert) 41 15.6 12:48 15.6 

E3b 42 378.1 12:24 378.1 
E3c 45 478.8 12:12 636.2 
E3d 45 174.5 12:18 636.2 
E3e 47 143.3 12:03 143.3 
E3f 49 64.7 12:00 939.7 

                       *Time of Peak is based on the initial calculation run start time which is 00:00hrs 
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TABLE 9 
PRE-DEVELOPMENT 25-YR ONSITE & OFFISTE FLOW RATES 

POST-
DEVELOPMENT 
DESIGN FLOW 

RATES Node 

Sub Area 
Flow Rate 

(cfs) 
Time of 
Peak* 

Total 
Node 
Flow 
Rate 
(cfs) 

E1a 11 1,139.4 12:39 1,139.4 
E1b 13 187.2 12:03 187.2 
E2a 21 485.3 12:27 485.3 
E2b 23 368.1 12:15 368.1 
E2c 25 3,604.6 12:57 3,604.6 
E2d 27 328.6 12:06 3,625.4 
E2e 28 86.0 12:00 3,948.2 
E2f 28 68.3 12:00 3,948.2 
E2g 28 175.1 12:12 3,948.2 
E2h 30 617.7 12:15 4,005.7 

E3a (u/s culvert) 41 2,298.1 12:48 2,298.1 
E3a (d/s culvert) 41 18.6 12:48 18.6 

E3b 42 495.2 12:24 495.2 
E3c 45 612.2 12:12 826.5 
E3d 45 237.5 12:18 826.5 
E3e 47 182.4 12:03 182.4 
E3f 49 83.4 12:00 1,227.4 

                       *Time of Peak is based on the initial calculation run start time which is 00:00hrs 
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TABLE 10 
PRE-DEVELOPMENT 100-YR ONSITE & OFFISTE FLOW RATES 

POST-
DEVELOPMENT 
DESIGN FLOW 

RATES Node 

Sub Area 
Flow Rate 

(cfs) 
Time of 
Peak* 

Total 
Node 
Flow 
Rate 
(cfs) 

E1a 11 1,977.8 12:39 1,977.8 
E1b 13 259.0 12:03 259.0 
E2a 21 716.1 12:24 716.1 
E2b 23 528.2 12:15 528.2 
E2c 25 6,681.5 12:54 6,681.5 
E2d 27 455.6 12:06 6,721.6 
E2e 28 118.5 12:00 7,214.6 
E2f 28 94.2 12:00 7,214.6 
E2g 28 246.8 12:12 7,214.6 
E2h 30 854.0 12:15 7,270.3 

E3a (u/s culvert) 41 3,960.5 12:48 3,960.5 
E3a (d/s culvert) 41 22.8 12:48 22.8 

E3b 42 706.4 12:24 706.7 
E3c 45 850.4 12:12 1,169.9 
E3d 45 353.6 12:18 1,169.9 
E3e 47 252.1 12:03 252.1 
E3f 49 116.9 12:00 1,745.3 

                       *Time of Peak is based on the initial calculation run start time which is 00:00hrs 
 

The generated flow rates were compared to Caltrans regional regression equations in 
Chapter 810 of the Caltrans Highway Design Manual (HDM) and showed good correlation.  
Figure 819.2D from the HDM can be found in Appendix 1H. 
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3.  POST DEVELOPMENT HYDROLOGY       
 
3.1 Post Development Flow Patterns 
 
3.1.1 Offsite Flow Patterns 
 
The proposed solar field improvements will not change the existing upstream offsite drainage 
patterns.  The existing downstream drainage patterns and flow rates will be slightly changed 
due to minor changes in contributing drainage areas and times of concentration.  The earth 
disturbing activities will minimize impact to the existing channels to the extent possible. 
 
3.1.2 Onsite Flow Patterns 
 
The proposed drainage modifications to this site seek to replicate the existing flow patterns as 
nearly as possible.  There are three primary washes that receive flow from the pre-developed 
site and these washes were analyzed for both the pre and post development condition.  The 
post-development condition of the site deals with the drainage in each wash in a different 
method depending on its location relevant to the proposed site.   

 The Westerly Wash (located in the southwest corner of the south solar field) remains 
nearly unchanged in the pre versus post-development condition.  The storm water in 
this  wash  requires  only  a  slight  diversion  from  its  current  flow  path  as  a  result  of  the  
site, and the flow rate is maintained in the post development condition.  This diversion 
is accomplished by installation of cut-off dike at the south end of the south field, re-
directing the water slightly to the west, which keeps the storm water from draining into 
the solar field.  This method of drainage diversion was preferred by the BLM rather than 
collecting the water into a man-made channel and then discharging into the existing 
wash at a downstream location. 

 The El Paso Wash (the existing large wash in the center of the site) remains relatively 
undisturbed.  The mainstream bed is neither modified nor channelized in the post-
development condition.  The side-slopes (banks) are also left undisturbed by the 
proposed project.  The only disturbance to this existing wash from the proposed site is 
at the locations where drainage from the solar site is directed into this channel.  There 
are eight locations along the course of the El Paso Wash where drainage is discharged 
into the wash.  The location and number of connections to the El Paso Wash were 
designed to spread the flow back into the channel in small increments, reflecting the 
existing drainage patterns into the wash.  The flows at these connection points are 
shown on pages 1-3 of Appendix 2A. 

 The North-easterly channel was designed to intercept the small localized flows east and 
southeast of the north solar field prior to their entry to the site and convey them in a 
natural re-aligned channel to approximately the same location where their combined 
flow currently exits the site under existing conditions. This new channel is designed 
using native material with 3:1 side slopes.  The proposed channel was designed to 
maintain flow velocity below five feet per second in order to prevent soil erosion in the 
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bottom and side slope of the channel. To accomplish this, a series of grade drop 
structures have been added to this channel.   

 
Onsite flows inside the proposed solar fields are initially directed to small shallow swales 
located between solar collector loops which run parallel to the loops. The spacing of the swales 
was designed to prevent runoff from concentrating and creating erosion concerns on the side 
slope of the swales. These swales function as a sediment trap and minor infiltration areas 
before discharging to collector channels that flow perpendicular to the solar collector loops. 
These collector channels then flow to a storm drain system or a secondary collector channel 
within the solar field prior to connection to a diversion channel adjacent to the field.  Onsite 
flows are ultimately directed to the El Paso Wash or to a tributary wash, just as the existing 
stormwater from this site is directed to these existing washes. The post-development onsite 
and offsite flow rates and velocities are approximately equivalent to pre-development 
conditions.   
 
The LIDAR survey shows substantial vertical drop across the site from south to north. Because 
of this, elevation change, a series of soil cement drop structures have been incorporated into 
the Northeast Channel to maintain a non-erosive flow regime. Because the solar arrays are 
essentially flat, the site must be stepped between arrays in order to follow the elevation 
change. The drop structures in the East Channel are designed to generally correspond to the 
total  terracing  drop  across  the  arrays  of  the  solar  fields.   Additionally,  drop  structures  have  
been added to the eight small discharge channels prior to connecting the on-site flows to El 
Paso Wash to avoid scour. 
 
3.2 Post Development Hydrology 
 
3.2.1 Precipitation Data 
 
For detailed discussion of precipitation data refer to Section 2.2.1. 
 
3.2.2 Flood Wave Routing 
 
For detailed discussion of precipitation data refer to Section 2.2.2. 
 
3.2.3 Loss 
 
As stated in Section 2.2.3, SCS loss methodologies were used for the basin loss calculations. This 
method requires entry of the soil Curve Number (CN). The Ridgecrest site area is listed as 
NOTCOM (not complete) on the NCRS Web Soil Survey site so there is no soil mapping available 
for the site. For this reason a soil CN of 95 was chosen for the onsite areas from TR-55, Table 2-
2d of TR-55 for Desert Shrub, coupled with information from the on-site soils investigation 
performed by Kleinfelder.  The project site materials are substantially silts with minor amounts 
of sand.  See the report entitled Preliminary Geotechnical Investigation Report Solar Millennium 
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Concentrating Solar Power Project, Ridgecrest, Kern County, California by Kleinfelder, August 26, 
2009 and Appendix 5 for more details on the site materials. Due to its relatively uniform dense 
silty composition, re-grading of this material will not negatively affect its permeability 
characteristics because the small void spacing between the silt particles will remain the same 
for both pre- and post-compaction.  In fact, the density in the post-development condition will 
actually be less than the pre-development condition, leading to a slight betterment in 
permeability.  This condition is the result of the very high density (100%) of the existing in-place 
soil.  The site earthwork grading has been designed to balance in order to prevent offsite 
materials from being brought onto the site thereby changing the hydraulic conductivity of the 
in-situ  material.  For  these  reasons,  very  little  change  in  the  total  volume  of  water  delivered  
down-gradient is anticipated.  
 
Where required, a biodegradable dust control palliative will be used so that it will not have an 
impact on the infiltration capacity of the soil. The initial abstraction (Ia) was developed using the 
method described in Section 2.2.3. A discussion relating the existing CN number to the proposed 
number is shown in Section 2.2.3 of this report.  Table 2-2d can be found in Appendix 1C.   
 
3.2.4 Catchment Data 
 
The proposed improvements do not change the conditions upstream of the project site.  For 
detailed discussion of offsite catchment data refer to Section 2.4.  Table 6 shows the revised 
drainage basin sizes and other hydrologic parameters as they would exist in the proposed 
condition.  The catchments for proposed hydrology, node locations and spatially varied CN can 
be found on the proposed condition hydrology map in Appendix 2. 
 
3.2.5 Reach Parameters 
 
For detailed discussion of reach parameters refer to Section 2.5. Table 7 presents the 
conceptual reach parameters used in the routing for the respective alignment for proposed 
condition. 
 

TABLE 11 
ONSITE CHANNEL GEOMETRICS 

Hydrologic 
Element 

Length 
(ft) Slope n Shape 

Bottom 
Width 

(ft) 

Side Slope 
(xH:1V) 

Swales 1300 .0015 0.03 Triangular N/A Varies 

Primary 
Collector 
Channels 

Varies 
0.0015 

To  
0.0188 

0.03 Trapezoidal 8 2, 4 

Secondary 
Collector 
Channels 

Varies 0.0010 0.03 Trapezoidal 10 2, 2 or 4 
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3.2.6 HMS Program and Runs 
 
For detailed discussion refer to section 2.2.6. The watershed input parameters for the program 
can be found in Appendix 2B.  
 
3.2.7 Post Development Hydrology – Results 
 
As discussed previously, HMS 3.3.0 was loaded with the watershed parameter and reach data 
and run for the project. Table 15 below gives the resulting peak flow rates for 10-year, 25-year 
and 100-year storm depths for the critical outlet points for the site. The flow rates and node 
locations can be found on the post-development onsite hydrology map in Appendix 2A.    
 
 

TABLE 12 
POST-DEVELOPMENT DESIGN FLOW RATES AT 

OUTLETS 
Hydrologic 

Element 
10-Year 25-Year 100-year 

West Wash 788.0 1,239.2 2,148.8 

El Paso Wash 2,383.9 3,890.1 7,048.6 

North-East Channel 787.5 1,056.7 1,566.5 
 
The flow rates generated are peak flow rates that represent storm flows generated by large 
infrequent rainfall events.  Because they are generated by short intense thunderstorms these 
peak flows rates will only last one or two hours.  The flows are generated by the on and off-site 
drainage areas and are routed through the site in swales or collector channel which convey the 
flows to the main diversion channels.   
 
In order to analyze whether the proposed improvements have a significant impact on the 
downstream watercourses, the pre- and post-development flow rates were compared.  Table 
16 below shows the pre- and post-development peak flow rates. 
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As stated in Section 1.4, the offsite upstream flow rates do not change in the proposed 
condition. However the resultant downstream off-site flow rates change slightly.   
 
As  discussed  in  the  executive  summary,  the  changes  in  peak  flow  rates  in  the  three  washes  
analyzed by this report are attributed to the difference in time of concentrations between the 
existing condition and the proposed condition and slight shifting in contributing drainage areas 
from the existing to the proposed condition.  In the existing condition the flows are sheeting 
across the desert more directly and more rapidly (due to slope) resulting in a shorter time of 
concentration.   In  the  proposed  condition  the  onsite  flows  are  routed  to  very  flat  swales  
(s=0.15%), then to collector channels, then to secondary channels; the total length which is 
longer than the existing flow-paths and results in a longer time of concentrations for the 
proposed condition compared to the existing condition. This change in time of concentration 
results in changes in peak flows.  Depending on the shape and characteristics of the drainage 
area, the peak flows can increase or decrease according with the timing of the proposed off-site 
and on-site peaks.  For a detailed proposed hydrology map refer to Appendix 2. 
 
In general, there is good correlation between the pre- and post-development peak flow rates 
showing that the site does not have significant impacts downstream.  Although the proposed 
swales and collectors have flatter slopes that the existing ground, the difference in on-site 
times of concentration appears to have little influence on the peak flow rate.  This is due to the 
predominance of the flows being generated by offsite watersheds which remain unchanged. 
 

TABLE 13 
PRE- AND POST-DEVELOPMENT PEAK FLOW RATES 

Watercourse 
Pre-

Development  
100 Year 

Post-
Development 

100 year 
West Wash 1,977.8 2,148.8 

El Paso Wash 7,270.3 7,048.6 
North-East Ch. 1,745.3 1,566.5 

Watercourse 
Pre-

Development    
25 Year 

Post-
Development 25 

Year 
West Wash 1,139.4 1,239.2 

El Paso Wash 4,005.7 3,890.1 
North-East Ch. 1,227.4 1,056.7 

Watercourse 
Pre-

Development    
10 Year 

Post-
Development 10 

Year 
West Wash 724.9 788.0 

El Paso Wash 2,447.1 2,383.9 
North-East Ch. 939.7 787.5 
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All  the  flows  listed  above  were  calculated  by  using  the  US  Army  Corps  of  Engineers  HMS  
hydrology program discussed herein.  A single method for both was used in order to be able to 
compare the results.   

3.2.8 Power Block Drainage 

 
A variety of areas in the power block will be paved or will be considered impervious.  However, 
this area is less than 1% of the total site area, so the hydrologic impacts are minor.  The power 
block represents the highest use area of the site and can be expected to generate such 
pollutants  as  oil  and  grease,  hydrocarbons  and  trash.  Because  of  the  need  for  storm  water  
filtration,  treatment  is  being  proposed  to  capture  and  treat  all  flows  off  the  block.  This  will  
consist of a mechanical filter, Stormceptor or other device, which will capture the major 
pollutants. The filter will outlet to an onsite drainage channel.  The flows are not detained 
onsite because the flows from the power blocks do not have a detrimental effect on the flows 
leaving the site.  Cleanliness of the power block is important from a “good housekeeping” 
perspective and for safe operation of the power generation equipment. Because of these 
requirements, the power block site will have a spill containment and clean-up plan which will 
further reduce the likelihood of pollutants exiting the power block area. 
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4.  CHANNEL HYDRAULICS         
 
4.1 Methodology 
 
Hydraulic calculations were performed using the USACE’s Hydrologic Engineering Centers River 
Analysis System (HEC-RAS 4.0). Documentation and program downloads for HEC-RAS 4.0 can be 
found online at: http://www.hec.usace.army.mil/software/hec-ras/index.html. 
 
4.2 Channel Geometrics 
 
To maximize the amount of useful land that can be utilized to generate solar energy as well as 
provide adequate protection to the solar array foundations, diversion channels have been 
proposed in some locations to route the offsite tributary storm flows along the eastern portion 
of  the  project  site.   Runoff  from  the  site  also  has  to  be  efficiently  transferred  offsite  and  a  
system of swales, collector channels, and secondary channels have been developed to also 
maximize the space available on site for generation of solar energy. 
 
The following considerations were used to develop the proposed cross sections for the 
channels. 
 

 Bottom Width (b) – The channel bottom widths were set to promote relatively shallow 
flows. This was done to minimize erosive forces and to shorten the daylight length 
required at the downstream end of the channel. 

 Side Slope (Z) – The side slopes of the diversion channel banks were set at 3:1 to insure 
slope stability, reduce toe erosion, and to allow for ready maintenance access to all 
points on the channel. 

 Manning’s Roughness Coefficient – Due to the silty nature of the existing soils and the 
sparse vegetation, a Manning’s “n” of 0.030 was selected. 

 Slope – The slope was set by the horizontal alignment through the site, the slope of the 
ground under the arrays, the size of the steps between the array pads, and the existing 
ground lines at the upstream and downstream ends of the channel. 

 
Table 17 below gives the geometric parameters for the primary washes and collector channels 
that will convey off-site water around or through the site. 
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TABLE 14 

MAIN CHANNEL GEOMETRICS 

Channel 
100-Year 

Design Flow 
Rate (cfs) 

Slope n Shape 
Bottom 
Width 

(ft) 

Side 
Slope 

(xH:1V) 

North-
East 

Channel 
1,541.4 

0.020 
To 

0.081 
0.03 Trapezoidal 45 3 

Secondary 
Collector 
Channels 

- 0.001 0.03 Trapezoidal 10 2, 2 or 4 

Primary 
Collector 
Channels 

- 
0.0015 

To 
0.0188 

0.03 Trapezoidal 8 2, 4 

4.3 Drop Structure Hydraulic Analysis 

Because of the fall across the site, drop structures are proposed to maintain non-erosive 
velocities through the diversion channel. The drop structures allow the channel bed between 
the structures to have minimal slope. To determine the anticipated velocities in the proposed 
diversion channel design, a mixed flow regime was used in HEC-RAS. The mixed flow command 
combines the development of both subcritical and super critical flows in the output file. A 
profile and a mixed flow HEC-RAS output file of the diversion channels are shown in its entirety 
in  Appendix  4.   Tables  18  -  20  below  summarize  the  velocity  ranges  within  the  Northeast  
Channel between successive drop structures. 

 
TABLE 15 

10-YEAR VELOCITY RANGES IN CHANNEL 
North-East 

Channel 
1.02 to 5.89 ft/sec 

 
TABLE 16 

25-YEAR VELOCITY RANGES IN CHANNEL 
North-East 

Channel 
1.26 to 6.63 ft/sec 

 
TABLE 17 

100-YEAR VELOCITY RANGES IN CHANNEL 
North-East 

Channel 
1.63 to 8.41 ft/sec 
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In addition to the channel bed analysis, a mixed flow regime within HEC-RAS was used to model 
the proposed drop structures. The geometry of the proposed drop structures will produce a 
Froude number from which the appropriate type of energy dissipation structure can be 
selected.  

 
Design guidance for drop structures and stilling basins is provided from the Federal Highway 
Administration, Hydraulic Design Series, HEC 14 – Hydraulic Design of Energy Dissipaters for 
Culverts and Channels1. The concept for each drop structure is to have a longitudinal slope of 
three feet horizontal to one foot vertical to allow for desert tortoise longitudinal access within 
the channel. Based on that drop geometry, the drop structures produce a Froude number that 
varies approximately between 4.0 and 13.0 at the toe of the drop, depending on the channel 
and the flow. From HEC 14, it is recommended that either a U.S. Bureau of Reclamation (USBR) 
Type IV basin or Saint Anthony Falls basin be utilized for Froude numbers in this range.  The 
specific type of basin will be determined in final design phase.  A HEC-RAS generated water 
surface profile, along with the critical water surface and energy grade lines for the diversion 
channel are shown in Appendix 4. Hydraulic calculations for the drops and a profile are shown 
in the HEC-RAS output file, also located in Appendix 4. 

 
From the HEC-RAS profile, it is apparent that the basin quickly dissipates super critical flow into 
subcritical flow within the stilling basin. The initial HEC-RAS analysis shows that the super 
critical  flows  occur  at  the  drop  structures  only.  Moreover,  the  conceptual  design  of  the  drop  
structures has shown those flows to be contained entirely within the stilling basin. In addition 
to having a three horizontal  to one vertical  drop,  each structure will  have a stilling basin and 
end sill to “break head” under high flow conditions. A conceptual plan and typical section of the 
drop structure and stilling basin are shown in Appendix 5. 
 
4.4 Brown Road Crossing 
 
El Paso Wash currently drains across Brown Road as an “Arizona” type roadway drainage 
crossing.   There is  a  second small  tributary to El  Paso Wash approximately  2,000 feet  west  of  
the primary channel that also drains across Brown Road as an “Arizona” type crossing.  These 
Arizona crossings are intended to remain undisturbed as part of this project.   
 
4.5 Pipe Bridge at El Paso Wash 
 
The proposed project has been designed as a ‘split solar field’.  This ‘split solar field’ results in 
the need to cross the El Paso Wash with pipes carrying the heat transfer fluid between the 
south solar field and the power block.  There are two 60 inch pipes (36 inch carrier pipe and 12 
inch insulation jacket) that will cross the El Paso Wash on an elevated pipe bridge located 
immediately south of the power block as shown on the site plan and the concept bridge plan in 
Appendix 5.  This pipe bridge is intended to be a steel girder structure supported on 5 foot 

                                                
1 http://www.fhwa.dot.gov/engineering/hydraulics/pubs/06086/ 
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diameter concrete piers.  The structural arrangement of the piers is shown on the concept 
bridge plan.  The pier location and support configuration is a function of the need for expansion 
loops associated with the heat transfer pipes.  The bridge was designed to minimize the 
number of piers located within El Paso Wash while at the same time accommodating the 
structural design criteria for the pipeline. 
 
The hydraulic analysis of El Paso Wash in the post development condition incorporated this 
pipe bridge and the associated pier arrangement.  The analysis also incorporated provisions for 
debris loading in accordance with the Kern County design criteria.  The elevation of the bridge is 
primarily driven by the need to provide a straight line connection between the existing grades 
on the south and north sides of the El Paso Wash.  The water surface elevation of the 100 year 
flow in the El Paso Wash at the location of the bridge crossing is 2680.9 (upstream edge) and 
the elevation of the low steel of the bridge is estimated to be 2683.74 at the south end of the 
bridge and 2693.71 at the north end of the bridge.  The water depth for the 100 year flow at 
this location varies across the width of the channel, but is generally 3.5 to 4.6 feet deep.   
 
The pipe bridge as conceptually designed is not anticipated to have any noticeable downstream 
effects, and there is a minimum of 2.84 feet of freeboard between the 100 year flow and the 
bridge.  The water velocities in the area of the piers are anticipated to be 4.7 to 9.1 fps.  These 
velocities may have some local scour affect.  Provisions will be made as part of the final design 
to mitigate these velocities by using soil cement in the area of the piers.  

4.6 Channel Hydraulic Analysis 

The channel hydraulic characteristics used for analyzing each of the proposed drainage 
channels/washes is noted below.  Tables 13 though 15 give a summary of representative 
channel hydraulic characteristics for 100-yr, 10-yr and 25-yr storm events based on the selected 
geometry and physical characteristics of each channel/wash reach.  
 

TABLE 18 

10-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site  
(cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site  
(cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash 2,447.1 2,383.9 N/A 2.42 5.45 394.3 2,1477 
Ridgecrest 
Wash/N-E 
Channel 

939.7 787.5 10 3.41 3.08 68.81 1,2962 

West Wash* 724.9 788.0 N/A N/A N/A N/A N/A 
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TABLE 19 

25-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site 
 (cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site   
(cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash 4,005.7 3,890.1 N/A 2.88 6.22 463.91 2,1477 
Ridgecrest 
Wash/N-E 
Channel 

1,227.4 1,056.7 10 3.82 3.52 72.59 1,2962 

West Wash* 1,139.4 1,239.2 N/A N/A N/A N/A N/A 

TABLE 20 

100-Yr CHANNEL DESIGN & HYDRAULICS SUMMARY 

(See Appendix I for Channel Locations) 

Watercourse 

Existing Flow 
Rate at the 

Outlet of the 
Site  
(cfs) 

Proposed 
Flow Rate at 
Outlet of the 

Site  
 (cfs) 

Average 
Channel 
Depth 

(ft) 

Average 
Flow 

Depth 
(ft) 

Average 
Channel 
Velocity 

(ft/s) 

Average 
Top 

Width 
(ft) 

Channel 
Length 

(ft) 

El Paso Wash 7,270.3 7,048.6 N/A 3.53 7.46 539.99 2,1477 
Ridgecrest 
Wash/N-E 
Channel 

1,745.3 1,566.5 10 4.45 4.18 78.50 1,2962 

West Wash* 1,977.8 2,148.8 N/A N/A N/A N/A N/A 
 
*The West Wash will be diverted as overland flow per compliance with BLM guidance and as such there are no channel 
dimensions or characteristics available 

 
A detailed hydraulic analysis of the on-site swales, solar field collector channels, and minor 
channels in the solar sub-fields was not performed at this time since this report was not 
developed to that level of detail.  The hydraulics for these channels will be developed during 
later design efforts. 
 
The channels will be designed with 3:1 side slopes to help mitigate the erosion of the banks 
rather  than  designing  them  with  a  2:1  side  slope.   Channels  will  be  constructed  with  native  
material, and erosion control for the 100-year event is proposed for the channels stress areas, 
as  defined  in  Kern  County,  California,  Division  Four,  Standards  for  Drainage.   A  stress  area  is  
defined as a location where the erosion potential is greater than a straight, uniform channel 
reach, and includes junctions, transitions and curves.  The extent of the channel bank 
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protections will be at least a distance equal to ten (10) times the design water depth1 and will 
be extended into the channel bottom to provide for potential bottom scour.  Stress areas with 
erosion potential in the proposed channel/washes include: (1) major changes of direction in 
proposed channel, (2) junctions where solar field collector channels drain to the natural 
channels, and bridge piers located in natural washes.  No scour protection is proposed for the 
channel bottom in the straight sections of the channel.  This is to allow the low flows to 
meander  across  the  bottom  replicating  as  nearly  as  possible  the  flow  regimes  under  current  
conditions. 
 
Further guidance for protection of transitions in size or shape will be provided by EM 1110-2-
16012 and the Hydraulic Design Criteria (HDC) 712-1.  HDC 712-1 provides guidance for the 
selection of protective measures using the Isbash Theory3.  The Isbash theory (commonly used 
in Kern County Hydrology) and Caltrans Chapter 8704 will be used for energy dissipation and in 
areas of transition.  
 
The  outfall  (downstream)  end  of  the  East  Channel  as  well  as  the  outfall  for  the  seven  minor  
secondary collection channels will be established such that flow is returned to the down stream 
offsite condition as close as possible to that which existed prior to the project.  At the improved 
channel to natural channel connections the flow velocity in the proposed secondary channel 
will be reduced by widening the cross section and using soil cement slope protection and 
channel aprons at the point of discharge to the existing channel to minimize erosion.   

4.7  Downstream Effects at El Paso Wash 

The Master Drainage Plan for the City of Ridgecrest, published May 1989 was reviewed in 
conjunction with this report.  The Master Drainage Plan study area did not go outside the City 
limits  or  south of  Hwy 395 in the area of  the solar  project  site.   It  did acknowledge the flows 
from  this  area  that  contribute  water  to  the  overall  drainage  basins  of  El  Paso  Wash  and  
Ridgecrest Wash.  However, the evaluation in the project area was limited to establishing 
drainage boundaries and flow volumes from this area and did not address any control measures 
or drainage improvements that were required.  The focus of the Master Plan was to establish a 
series of drainage improvements and priorities inside the city limits that could be instituted by 
the City for management of drainage flows.   Drainage control measures outside the city limits 
were not addressed, and as such the project site was not referenced in any way for control 
measures. 
 

                                                
1 Kern County, Division Four Standards for Drainage, 
https://www.co.kern.ca.us/ESS/DEV_STDS/DIVISION_FOUR.pdf 
2 Engineering and Design - Hydraulic Design of Flood Control Channels.  Publication Number: EM 1110-2-1601.  
Proponent: CECW-EH-D, June 1994. 
3Hydraulic Design Criteria 712-1, Stone Stability, September 1970  
4 CalTrans Highway Design Manual, Chapter 870, Channel and Shore protection - Erosion Control, September 1, 
2006 
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The hydraulic effect of the proposed solar project on El Paso Wash is considered nominal.  The 
hydraulic  analysis  performed  by  this  report  has  calculated  that  the  peak  flow  in  the  El  Paso  
Wash will be lower in the post-development condition than in the pre-development condition.  
This determination is driven by multiple aspects of the project as noted below. 

 The streambed and side slopes of El Paso Wash remain undisturbed by the project and 
the flows from off-site continue to pass through the site undisturbed and unchanged. 

 The El Paso Wash will not be re-channelized or re-directed. 
 The pre and post development soil conditions on site remain basically the same.  The 

pre-development soil is nearly impervious and the post development grading does not 
change this condition because the soil type for the site is very consistent across the site.  
In addition, the pre-development soil is at its maximum density throughout the site 
(100% compaction level) and the post-development condition will actually result in less 
density (80% to 95% compaction level) depending on site location and structural 
requirements.  The run-off from the pre-development versus post-development will 
actually be slightly less. 

 The post-development soil cover is approximately 99.4% consistent with the pre-
development soil cover. 

 The on-site flows within the solar field will have a longer flow path associated with their 
flow compared to the existing condition.  The run-off from the pre-development versus 
post-development will actually be slightly less. 

 The on-site flows within the solar field will have a longer time of concentration 
associated with their flow compared to the existing condition.  The run-off from the pre-
development versus post-development will actually be slightly less. 

 
 
The pre-development and post-development flows for the 10, 25, and 100 year storm event in 
El Paso Wash are noted above in Tables 18 to 20.   
 
In general, there is good correlation between the pre- and post-development peak flow rates 
showing  that  the  site  does  not  have  significant  impacts  downstream.   All  the  flows  listed  in  
Tables 18 to 20 were calculated by using the US Army Corps of Engineers HMS hydrology 
program.  A single method for both pre-development and post development was used in order 
to be able to compare the results.  In fact, the flow in the main portion of El Paso Wash is 221 
cfs less in the post-development condition than in the pre-development condition.  A portion of 
this flow difference (171 cfs) is attributable to a minor diversion of water from El Paso Wash 
into the West Wash.  The West Wash connects to the main El Paso Wash approximately 1,500 
feet northwest of the proposed site so the flow comparison of the pre-development versus 
post-development at this point would show that there is a 49 cfs reduction (0.5%) of flow in the 
post-development condition to El Paso Wash downstream of the project site.  
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5.  SEDIMENT TRANSPORT 

5.1 Sediment Production 

The proposed project site is located within the broad geological basin of El Paso Wash and its 
associated tributary drainages. The natural geomorphic processes of the drainage basin were 
interrupted by the construction of the U.S. Highway 395 east and south of the project site and 
the Southern Pacific Railroad spur track located west and south of the project site.  Flows from 
the upstream canyons were directed to a number of bridge crossings and culvert crossings 
associated with the highway and the railroad.  The result of these modifications has created a 
number of changes to the flow regimes and associated sediment transport in the basin.   
 
There  are  three  primary  drainage  washes  that  flow  adjacent  to  or  through  the  site.   Two  of  
these washes, El Paso Wash and an un-named wash to the west/southwest of the site, have 
been almost completely avoided and there are only minimal impacts at drainage connection 
points to these washes.  As such, the sediment transport in these washes also remains 
unaffected by this project.   The other drainage wash that passes through the site will be re-
routed around the east side of the site, but due to upstream conditions (the construction of 
Highway 395 in the 1930’s) the flow in this wash is limited to the flow equivalent of a 24 inch 
culvert and thus the sediment transport in this wash is minimal in its pre-development and 
post-development condition. 
 
A brief summary of these primary drainage washes is noted below: 
 
The un-named wash that passes through the southwest corner of the project site is a very 
shallow ephemeral wash migrating in a northwesterly direction.  The proposed project will 
slightly divert this channel by construction of a low barrier dike.  This dike will allow the water 
to maintain its overland flow type condition without being channelized.  This minor diversion is 
relatively short (approximately 2000 feet), and as proposed, the sediment transport 
characteristics of this shallow ephemeral wash will remain relatively undisturbed. 
 
El Paso Wash passes through the site, but it will not be re-channelized, the channel bottom will 
remain undisturbed except at the areas noted below, the side slopes and banks will not be 
disturbed, and the flow in the channel will remain undisturbed.  The very small areas of 
disturbance consist of the pipe bridge pier locations and eight minor drainage channel 
connections  conveying  drainage  water  from  the  solar  fields.   At  these  locations,  the  channel  
bottom will  be protected by use of  soil  cement to mitigate scour potential.   Inasmuch as this  
wide, heavily incised drainage wash will not be disturbed by channel modifications or flow 
modifications, the post-development sediment transport conditions in the channel remain 
similar to the pre-development conditions. 
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The un-named wash east of the site that passes beneath U.S. Highway 395 by way of a 24 inch 
culvert conveys a very low volume of flow toward the site and the pre-development velocities 
across the site are very low.  The water from this un-named wash is proposed to be re-routed 
to a new channel on the east side of the project.  This existing low volume, sheet flow condition 
has limited ability to convey sediment, and field review of the site confirms that the only 
sediments mobilized onsite are confined to shallow 1-2 inch scour rills.  Because of the small 
flow in this wash and due to the lack of evidence of sediment volumes moving through and 
downstream of the culvert crossing Highway 395, sediment transport through the site is not a 
factor in the re-routed channel design.  In the event of a major storm, greater than a 100 year 
flow, some sediment may get transported into the East Channel.  In this case, the sediment is 
anticipated to be deposited in the stilling basins of the drop structures and will not migrate off-
site.   Any  sediment  that  is  deposited  in  these  areas  will  be  removed  in  accordance  with  the  
channel maintenance program discussed in Section 6 of this report. 

5.2Scour 

Drop structures have been implemented into the East Channel design to dissipate erosive 
energy in the stilling basins. These structures allow for a flat channel gradient, which reduces 
the 10-year velocity to an average of 3.08 fps and average depth of 3.4 feet.   

 
Chow’s Open Channel Hydraulics (1959) gives a range of permissible velocities for fine or course 
gravel between 5.0 and 6.0 feet per second so in general, velocities in the above range are 
considered non-erosive and channel scour is not anticipated. However, there may be minor 
pockets were local eddies create localized scour under high flow conditions. These pockets will 
be  filled  during  the  recession  leg  of  the  hydrograph  by  the  few  minor  sediments  moving  
through the system. The main channel side slopes have been set at 3:1 to allow for minor 
erosion of the toe of slope without adversely affecting the side slope stability.  Any erosion of 
the  slope  or  cutting  of  the  toe  will  be  corrected  with  monthly  maintenance  as  discussed  in  
Section 6 of this report. 
 
A low flow thalweg will be allowed to develop in the channel as part of the design to provide 
some sense of the natural channel.  This low flow thalweg may meander to a point of contact 
with the channel side slopes and cause minor erosion.  If this occurs, the low flow channel will 
be redirected back into the center of the channel as part of the maintenance program identified 
in Section 6 of this report. 
 
Due to the site grading, there are certain locations on the site where the potential for scour is 
more likely and will be protected with soil cement: 
 

 Bends  –  The  major  channel  bends  will  be  protected  by  soil  cement  on  the  banks  to  
prevent lateral migration of the channel. 

 Minor Channel Outlets – Where the minor onsite channels junction with the main 
channel,  soil  cement  and/or  headwalls  will  be  implemented  to  insure  that  the  minor  
channel flows do not erode the main channel banks.  Where applicable, the minor 



 

Ridgecrest Solar Plant – Hydrology Report    Page 37 
 

channels will be provided with a drop structure into the main channel to reduce the 
potential for scour. 

 Solar Field Barrier Dikes – The south side of the project site has been elevated 2’-3’ 
above the existing grade to protect the project from any off-site flooding or drainage.  
The embankment slopes along this south side will be protected with soil cement where 
side slope velocities exceed 5 ft/sec in a 10 year storm.  The flows in the existing 
ephemeral washes that are intersected by the south side edge of the site can be 
redirected laterally along the embankment to the westerly channel.  
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6. CHANNEL MAINTENANCE 

6.1Purpose and Objectives 

The purpose of this project is to provide for the maintenance of the engineered channels 
through and adjacent to the site. The objectives are to meet the channel’s original design 
geometry to provide flood protection, support mitigation, protect wildlife habitat, and provide 
a wildlife movement corridor. 
 
6.2Guidelines for Maintenance 

6.2.1 Acceptable Conditions 

The engineered channels shall be kept relatively free of impediments to flowing water, 
the original design geometry of the channel cross section shall be maintained, 
erosion/scour damage to side slopes and channel bottoms shall be kept at a minimum, 
and vegetation/weeds shall be managed.  
 

6.2.2 Repairs 
In stream repairs shall be promptly made to repair eroding banks and drop structures, 
erosion at storm drain outfalls, fences, including Desert Tortoise fences, incising toes of 
slopes and scoured channel beds. Trash and loose debris shall be collected, at minimum, 
on a monthly basis. Access roads adjacent to the channels shall also be maintained as 
necessary to allow continuous monitoring of the channels. At a minimum, repairs 
and/or management actions need to be implemented when the problem 1) causes or 
could cause significant damage to the project, adjacent property, or structural elements 
of  the  channels,  2)  is  a  public  safety  concern,  or  3)  negatively  affects  adjacent  plant  
communities or poses a hazard to wildlife. 

6.2.3 Monitoring Standards 

o Schedule 
All channels shall be monitored for compliance with the below listed standards on a 
monthly basis by an experienced site maintenance individual acceptable to the 
Compliance Project Manager. The channels shall also be inspected by this individual 
after any significant rainfall event such that the channels are maintained in an 
acceptable condition as noted above.   

 
o Sediment 

The channels shall be provided with monitoring poles to gage the amount of 
sediment deposited within the main channel. The poles shall be set at quarter mile 
intervals along the length of all constructed channels. At each quarter mile location, 
the poles shall be set at the center of the channel. 
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o Vegetation/Weeds 
It is anticipated that vegetation or weed control would not be of concern until such 
time as the vegetation exceeds 8” to 10” in height. Noxious weeds shall be removed 
when as they appear. Massed groups of vegetation in the channels shall be thinned 
to prevent blockage of the stormwater flows. 

 
o Debris 

The engineered channels shall be inspected monthly, and all trash and loose debris 
shall be collected and disposed of in a proper manner. Special attention must be 
paid at fence crossings of the channels. 

  
o Erosion/scour 

Erosion and scour may be a continuing problem in the desert environment.  Prompt 
action shall be taken when signs of erosion and scour first appear before they 
become major repairs. In addition to the monthly inspections of the channels, 
inspections shall be made after any significant rainfall event.  

6.3 Reporting 

A Status Report for maintenance activities of significance in any 30 calendar day period is to be 
submitted to the Compliance Project Manager at least 15 calendar days prior to undertaking 
the maintenance. Activities of significance are defined as: 1) sediment removal exceeding 500 
cubic yards, 2) weed or vegetation eradication covering more than five gross acres, 3) debris 
removal exceeding 100 cubic yards, and 4) erosion/scour remediation exceeding 500 cubic 
yards of new material. An initial report will be prepared indicating the extent of the planned 
maintenance activity, location on the site, projected starting and completion dates, and the 
disposal  method/location  for  any  material  being  removed  from  the  channels.  A  final  report,  
which summarizes the final extent of the maintenance undertaken, will be submitted to the 
Compliance Project Manager within 15 calendar days of completion of the maintenance 
activity. 
      
An Annual Report of Maintenance Activities is to be submitted to the Compliance Project 
Manager  by  January  31st of each year. The Annual Report shall discuss the maintenance 
activities undertaken on each of the three channels. The report shall include for each channel: 
1) an evaluation of the condition of the channel for each monitoring standard, 2) a summary of 
Status Reports, and 3) an estimate of planned maintenance activities for the next year including 
activities of significance. In addition, ground and or aerial photos should be included to 
illustrate the state of the channels. 
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APPENDIX 1 
Existing Hydrology 
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APPENDIX 1A 
Pre-Development Hydrology Map 
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APPENDIX 1B 
Precipitation Data 

 

  



 



D
esigned:

C
hecked:

D
raw

n:

R
ecord D

raw
ing by/date:

R
evisions:
#

D
A

T
E

D
E

SC
R

IP
T

IO
N

Prepared for:

D
ate:

Sheet:

A
E

C
O

M
5001 E

. C
om

m
ercenter D

r.
B

akersfield, C
a 93309

P
hone    661.325.7253

S
olar

M
illennium

 LLC

w
w

w
.aecom

.com

02/10/10

L
E

G
EN

D

R
idgecrest Solar

K
ern C

ounty,
C

alifornia

100 Y
r 24 H

r 
R

ainfall M
ap

1  O
F  2

T
.M

A
R

U
K

I

T
.M

A
R

U
K

I

Pow
er Project



D
esigned:

C
hecked:

D
raw

n:

R
ecord D

raw
ing by/date:

R
evisions:
#

D
A

T
E

D
E

SC
R

IP
T

IO
N

Prepared for:

D
ate:

Sheet:

A
E

C
O

M
5001 E

. C
om

m
ercenter D

r.
B

akersfield, C
a 93309

P
hone    661.325.7253

S
olar

M
illennium

 LLC

w
w

w
.aecom

.com

02/10/10

L
E

G
EN

D

R
idgecrest Solar

K
ern C

ounty,
C

alifornia

10 Y
r 24 H

r 
R

ainfall M
ap

2  O
F  2

T
.M

A
R

U
K

I

T
.M

A
R

U
K

I

Pow
er Project







 

Ridgecrest Power Plant – Drainage Report for Pre-Development  
Hydrology and Post-Development Hydrology and Hydraulics Appendix 

 

 

APPENDIX 1C 
Runoff Index Numbers 
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APPENDIX 1D 
Basin Roughness Description 
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APPENDIX 1E 
USGS Quad Sheet 
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APPENDIX 1F 
Proposed Site Representative Watercourse Photographs 

  



 





        
 

 Point 2 looking southeast – 12’6”W x 3’H timber bridge (outlet) Point 2 looking northwest – 12’6”W x 3’H timber bridge (outlet) 
 
 

        
 

 Point 3 looking southeast - 12’6”W x 3’8”H timber bridge (outlet) Point 3 looking northwest - 12’6”W x 3’8”H timber bridge (outlet) 
 
 

        
 

 Point 6 looking southeast – 4’W x 5’H concrete culvert (outlet) Point 6 looking northwest – 4’W x 5’H concrete culvert (outlet) 
 
 
 



        
 

 Point 7 looking northwest – 6’W x 5’6”H timber bridge (inlet) Point 7 looking northwest – 6’W x 5’6”H timber bridge (outlet) 
 
 

        
 

 Point 8 looking southeast – 12’6”W x 2’6”H timber bridge (outlet) Point 8 looking northwest – 12’6”W x 2’6”H timber bridge (outlet) 
 
 

        
 

 Point 9 looking southeast – 12’6”W x 3’H timber bridge (outlet) Point 9 looking northwest – 12’6”W x 3’H timber bridge (outlet) 
 
 
 



        
 

 Point 10 looking north – 170’W x 8’6”H timber bridge (downslope) Point 10 looking south – 170’W x 8’6”H timber bridge (upslope) 
 
 

               
 

 Point 10 looking north – 170’W x 8’6”H timber bridge (left downslope) Point 10 looking north – 170’Wx8’6”H timber bridge (right downslope) 
 
 

        
 

 Point 10 looking south – 170’W x 8’6”H timber bridge (upslope) Point 10 looking north – 170’W x 8’6”H timber bridge (downslope) 
 
 
 



        
 

 Point 11 looking southwest – 6’W x 3’H timber bridge (outlet) Point 11 looking northeast – 6’W x 3’H timber bridge (outlet) 
 
 

        
 

 Point 12 looking northeast – three 60” diameter CSPs (inlet) Point 12 looking southwest – three 60” diameter CSPs (inlet) 
 
 

        
 

 Point 12 looking southwest – 3 @ 60” diameter CSPs (outlet) Point 12 looking northeast – 3 @ 60” diameter CSPs (outlet) 
 
 
 



        
 

 Point 14 looking southwest – 2 @ 11’6”W x 9’H timber bridge (outlet) Point 14 looking northeast – 2 @ 11’6”W x 9’H timber bridge (outlet) 
 
 

        
 

 Point 15 looking northeast – 18” CIP (inlet) Point 15 looking northeast – 18” CIP (outlet) 
 
 

        
 

 Point 16 looking northeast – 18” CIP (inlet) Point 16 looking northeast – 18” CIP (outlet) 
 
 
 



        
 

 Point 17 looking northeast – 18” CIP (inlet) Point 17 looking south – 18” CIP (upslope) 
 
 

        
 

 Point 18 looking northeast – 18” CIP (inlet) Point 18 looking northeast – 18” CIP (outlet) 
 
 

        
 

 Point 19 looking northeast – 18” CIP (inlet) Point 19 looking northeast – 18” CIP (outlet) 
 
 
 



        
 

 Point 20 looking northeast – concrete culvert (inlet) Point 20 looking northeast – concrete culvert (outlet) 
 
 

        
 

 Point 26 looking southeast – wash Point 26 looking northwest – wash 
 
 

        
 

 Point 27 looking southwest – wash Point 27 looking northeast – wash 
 
 
 



        
 

 Point 29 looking southeast – wash Point 29 looking northwest – wash 
 
 

        
 

 Point 30 looking south – wash immediately north of Brown Road Point 30 looking north – wash immediately north of Brown Road 
 
 

        
 

 Point 31 looking south – wash immediately south of Brown Road Point 31 looking north – wash immediately south of Brown Road 
 
 
 



        
 

 Point 31 looking north – wash crossing Brown Road Point 31 looking east – wash crossing Brown Road 
 
 

        
 

 Point 33 looking south – wash crossing Brown Road Point 33 looking north – wash crossing Brown Road 
 
 

        
 

 Point 33 looking north – wash crossing Brown Road Point 33 looking east – wash crossing Brown Road 
 
 
 



        
 

 Point 35 looking north – drainage chute along Brown Road Point 35 looking west – drainage chute location along Brown Road 
 
 

        
 

 Point 37 looking east – small wash along private property line Point 37 looking west – small wash along private property line 
 
 

        
 

 Point 38 looking east – small wash along private property line Point 38 looking west – small wash along private property line 
 
 
 



        
 

 Point 39 looking east – small wash along private property line Point 39 looking west – small wash along private property line 
 
 

        
 

 Point 41 looking northwest – wash Point 41 looking southeast – wash 
 
 

        
 

 Point 42 looking northwest – small wash crossing trail Point 42 looking southeast – small wash crossing trail 
 
 
 



        
 

 Point 44 looking southeast – wash Point 44 looking northwest – wash 
 
 

        
 
 Point 45 looking southeast – wash Point 45 looking northwest – wash  
 
 

        
 

 Point 68 looking south – 4’W x 5’H concrete culvert (outlet) Point 68 looking north – 4’W x 5’H concrete culvert (outlet) 
 
 



        
 

 Point 69 looking south – 12’W x 5’6”H timber bridge (outlet) Point 69 looking north – 12’W x 5’6”H timber bridge (outlet) 
 
 
 

        
 

 Point 70 looking south – 5’8”W x 7’H timber bridge (outlet) Point 70 looking north – 5’8”W x 7’H timber bridge (outlet) 
 
 

        
 

 Point 71 looking southeast – 6’W x 7’H concrete culvert (outlet) Point 72 looking southeast – 6’W x 2’6”H timber bridge (outlet) 
 
 



               
 

 Point 73 looking southeast – 4’W x 5’H concrete culvert (outlet) Point 73 looking northwest – 4’W x 5’H concrete culvert (outlet) 
 

        
 

 Point 74 looking west – 24” CMP crossing U.S. 395 (inlet) Point 74 looking west – 24” CMP crossing U.S. 395 (outlet) 



 



 

Ridgecrest Power Plant – Drainage Report for Pre-Development  
Hydrology and Post-Development Hydrology and Hydraulics Appendix 

 

 

APPENDIX 1G 
Pre-Development HMS Catchment Input Data 
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Ridgecrest Power Plant – Drainage Report for Pre-Development  
Hydrology and Post-Development Hydrology and Hydraulics Appendix 

 

APPENDIX 1H 
HMS Output for the Pre-Development Hydrology Calculations 

  



 



10 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 724.90 01Jan2009, 12:42 131.30
E1b 0.151 147.00 01Jan2009, 12:03 11.80
E2a 0.824 359.5 01Jan2009, 12:27 48.3
E2b 0.450 279.6 01Jan2009, 12:15 29.6
E2c 20.581 2138.1 01Jan2009, 12:57 505.9
E2d 0.291 257.5 01Jan2009, 12:06 22.6
E2e 0.056 67.8 01Jan2009, 12:00 4.4
E2f 0.046 53.70 01Jan2009, 12:00 3.60
E2g 0.192 135.10 01Jan2009, 12:12 13.80
E2h 0.674 485.10 01Jan2009, 12:15 52.80

East_Outlet 23.114 2447.10 01Jan2009, 13:15 681.00
Ex_Outlet1 4.352 736.00 01Jan2009, 13:00 143.20
Ex_Outlet2 27.466 3017.00 01Jan2009, 13:18 824.20

J1 20.872 2157.70 01Jan2009, 13:00 528.50
J2 22.440 2396.50 01Jan2009, 13:03 628.30
R1 4.201 704.60 01Jan2009, 13:03 131.30
R2 0.151 142.80 01Jan2009, 12:24 11.80
R3 20.581 2123.7 01Jan2009, 13:00 506
R4 0.824 356.5 01Jan2009, 12:30 48.3
R5 0.450 277.9 01Jan2009, 12:18 29.6
R6 20.872 2136.2 01Jan2009, 13:03 528.6
R7 22.440 2357.6 01Jan2009, 13:15 628.2
R8 23.114 2431 01Jan2009, 13:18 681
R9 4.352 734 01Jan2009, 13:06 143.2

West_Outlet 4.201 724.9 01Jan2009, 12:42 131.3

HMS Output for Pre-Development Hydrology Calculations



25 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 1139.40 01Jan2009, 12:39 196.70
E1b 0.151 187.20 01Jan2009, 12:03 15.20
E2a 0.824 485.3 01Jan2009, 12:27 65.3
E2b 0.450 368.1 01Jan2009, 12:15 39.2
E2c 20.581 3604.6 01Jan2009, 12:57 790.4
E2d 0.291 328.6 01Jan2009, 12:06 29.1
E2e 0.056 86 01Jan2009, 12:00 5.6
E2f 0.046 68.30 01Jan2009, 12:00 4.60
E2g 0.192 175.10 01Jan2009, 12:12 18.00
E2h 0.674 617.70 01Jan2009, 12:15 68.00

East_Outlet 23.114 4005.70 01Jan2009, 13:12 1020.20
Ex_Outlet1 4.352 1152.20 01Jan2009, 13:00 212.00
Ex_Outlet2 27.466 4885.90 01Jan2009, 13:15 1232.10

J1 20.872 3625.40 01Jan2009, 13:00 819.50
J2 22.440 3945.00 01Jan2009, 13:03 952.30
R1 4.201 1111.30 01Jan2009, 13:00 196.70
R2 0.151 179.30 01Jan2009, 12:24 15.20
R3 20.581 3582.6 01Jan2009, 13:00 790.4
R4 0.824 481.9 01Jan2009, 12:30 65.3
R5 0.450 365.7 01Jan2009, 12:18 39.2
R6 20.872 3604.4 01Jan2009, 13:03 819.5
R7 22.440 3884.7 01Jan2009, 13:12 952.2
R8 23.114 3980.6 01Jan2009, 13:15 1020.1
R9 4.352 1144.3 01Jan2009, 13:03 212

West_Outlet 4.201 1139.4 01Jan2009, 12:39 196.7

HMS Output for Pre-Development Hydrology Calculations



100 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 1977.80 01Jan2009, 12:39 328.50
E1b 0.151 259.00 01Jan2009, 12:03 21.40
E2a 0.824 716.1 01Jan2009, 12:27 97
E2b 0.450 528.2 01Jan2009, 12:15 57
E2c 20.581 6681.5 01Jan2009, 12:54 1380.1
E2d 0.291 455.6 01Jan2009, 12:06 41
E2e 0.056 118.5 01Jan2009, 12:00 7.9
E2f 0.046 94.20 01Jan2009, 12:00 6.50
E2g 0.192 246.80 01Jan2009, 12:12 25.80
E2h 0.674 854.00 01Jan2009, 12:15 95.60

East_Outlet 23.114 7270.30 01Jan2009, 13:09 1710.80
Ex_Outlet1 4.352 1987.10 01Jan2009, 12:57 349.90
Ex_Outlet2 27.466 8774.20 01Jan2009, 13:09 2060.70

J1 20.872 6721.60 01Jan2009, 12:57 1421.10
J2 22.440 7199.90 01Jan2009, 13:00 1615.30
R1 4.201 1928.30 01Jan2009, 12:57 328.50
R2 0.151 251.00 01Jan2009, 12:21 21.40
R3 20.581 6658.3 01Jan2009, 12:57 1380.1
R4 0.824 710.7 01Jan2009, 12:27 97
R5 0.450 524.1 01Jan2009, 12:18 57
R6 20.872 6684.8 01Jan2009, 13:00 1421
R7 22.440 7091.4 01Jan2009, 13:09 1615.2
R8 23.114 7219.4 01Jan2009, 13:12 1710.8
R9 4.352 1973.1 01Jan2009, 13:00 349.9

West_Outlet 4.201 1977.8 01Jan2009, 12:39 328.5

HMS Output for Pre-Development Hydrology Calculations



10 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 15.60 01Jan2009, 12:48 3.20
E3a 9.206 1468.60 01Jan2009, 12:48 293.10
E3b 0.720 378.10 01Jan2009, 12:24 49.40
E3c 0.652 478.80 01Jan2009, 12:12 50.50
E3d 0.359 174.50 01Jan2009, 12:18 20.40
E3e 0.143 143.30 01Jan2009, 12:03 11.20
E3f 0.057 64.7 01Jan2009, 12:00 4.1

Ex_Outlet3 10.994 939.7 01Jan2009, 12:21 127.6
Ex_Outlet 4 0.143 143.3 01Jan2009, 12:03 11.2

J2 1.011 636.2 01Jan2009, 12:15 70.9
NE_Outlet 9.926 378.1 01Jan2009, 12:24 52.6

R1 9.206 16.8 01Jan2009, 14:00 3.2
R2 9.926 374.7 01Jan2009, 12:27 52.6
R3 1.011 630 01Jan2009, 12:18 70.9

HMS Output for Pre-Development Hydrology Calculations



25 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 18.60 01Jan2009, 12:48 4.70
E3a 9.206 2298.10 01Jan2009, 12:48 437.60
E3b 0.720 495.20 01Jan2009, 12:24 65.00
E3c 0.652 612.20 01Jan2009, 12:12 65.10
E3d 0.359 237.50 01Jan2009, 12:18 27.70
E3e 0.143 182.40 01Jan2009, 12:03 14.40
E3f 0.057 83.4 01Jan2009, 12:00 5.3

Ex_Outlet3 10.994 1227.4 01Jan2009, 12:21 167.9
Ex_Outlet 4 0.143 182.4 01Jan2009, 12:03 14.4

J2 1.011 826.5 01Jan2009, 12:15 92.8
NE_Outlet 9.926 495.2 01Jan2009, 12:24 69.7

R1 9.206 18.5 01Jan2009, 13:57 4.7
R2 9.926 490.8 01Jan2009, 12:27 69.7
R3 1.011 816.3 01Jan2009, 12:18 92.8

HMS Output for Pre-Development Hydrology Calculations



100 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 22.80 01Jan2009, 12:48 7.10
E3a 9.206 3960.50 01Jan2009, 12:48 728.00
E3b 0.720 706.40 01Jan2009, 12:24 93.80
E3c 0.652 850.40 01Jan2009, 12:12 91.80
E3d 0.359 353.60 01Jan2009, 12:18 41.40
E3e 0.143 252.10 01Jan2009, 12:03 20.30
E3f 0.057 116.9 01Jan2009, 12:00 7.6

Ex_Outlet3 10.994 1745.3 01Jan2009, 12:21 241.8
Ex_Outlet 4 0.143 252.1 01Jan2009, 12:03 20.3

J2 1.011 1169.9 01Jan2009, 12:15 133.2
NE_Outlet 9.926 706.7 01Jan2009, 12:24 100.9

R1 9.206 22.8 01Jan2009, 13:51 7.2
R2 9.926 701.6 01Jan2009, 12:27 100.9
R3 1.011 1157.7 01Jan2009, 12:18 133.2

HMS Output for Pre-Development Hydrology Calculations
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APPENDIX 1I 
Caltrans Regional Flood Frequency Equations 

  



 



        HIGHWAY DESIGN MANUAL 810-21

September 1, 2006

Figure 819.2D

Regional Flood Frequency Equations for California Regions within USGS

Southwestern United States Study*
*USGS Open File Report 93-419 (1994)
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Post-Development Hydrology Maps 
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APPENDIX 2B 
Post-Development HMS Catchment Input Data 
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APPENDIX 2C 
HMS Output for the Post-Development Hydrology Calculations 

 

  



 



10 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 32.00 01Jan2009, 12:00 2.30
2iSF2 0.040 42.60 01Jan2009, 12:03 3.10
2iSF3 0.040 42.60 01Jan2009, 12:03 3.10
2iSF4 0.030 34.10 01Jan2009, 12:00 2.40
2iSF5 0.041 45.30 01Jan2009, 12:00 3.20
2iSF6 0.041 45.30 01Jan2009, 12:00 3.20
2jSF1 0.038 40.50 01Jan2009, 12:03 3.00
2jSF2 0.035 37.30 01Jan2009, 12:03 2.70
2jSF3 0.042 44.30 01Jan2009, 12:03 3.30
2jSF4 0.053 54.80 01Jan2009, 12:03 4.20
2jSF5 0.042 44.30 01Jan2009, 12:03 3.30

2k 0.020 17.50 01Jan2009, 12:06 1.60
2lSF1 0.050 51.70 01Jan2009, 12:03 3.90
2lSF2 0.039 41.50 01Jan2009, 12:03 3.10
2lSF3 0.051 54.30 01Jan2009, 12:03 4.00
2lSF4 0.041 43.70 01Jan2009, 12:03 3.20
2lSF5 0.038 43.20 01Jan2009, 12:00 3.00

2mSF1 0.052 54.80 01Jan2009, 12:03 4.10
2mSF2 0.062 64.10 01Jan2009, 12:03 4.90
2mSF3 0.052 54.80 01Jan2009, 12:03 4.10
2mSF4 0.061 63.70 01Jan2009, 12:03 4.80
2qNF1 0.033 36.40 01Jan2009, 12:00 2.60
2qNF2 0.030 35.00 01Jan2009, 12:00 2.40
2qNF3 0.050 52.70 01Jan2009, 12:03 3.90
2qNF4 0.030 33.10 01Jan2009, 12:00 2.40
2sNF1 0.052 54.30 01Jan2009, 12:03 4.10
2sNF2 0.047 48.60 01Jan2009, 12:03 3.70
2sNF3 0.050 52.20 01Jan2009, 12:03 3.90
2sNF4 0.060 60.10 01Jan2009, 12:03 4.70
2uNF1 0.052 54.30 01Jan2009, 12:03 4.10
2uNF2 0.047 49.10 01Jan2009, 12:03 3.70
2uNF3 0.042 43.80 01Jan2009, 12:03 3.30
2uNF4 0.044 45.90 01Jan2009, 12:03 3.40
2uNF5 0.055 55.10 01Jan2009, 12:03 4.30

East_Outlet 23.400 2383.90 01Jan2009, 13:12 722.20
Ex_Outlet1 4.542 782.30 01Jan2009, 12:54 146.00
Ex_Outlet2 27.942 2928.30 01Jan2009, 13:15 868.20

J0 20.962 2160.00 01Jan2009, 13:00 531.50
J1 3.129 593.90 01Jan2009, 12:33 100.40
J10 0.071 76.50 01Jan2009, 12:03 5.60
J11 0.221 224.90 01Jan2009, 12:03 17.30
J12 0.073 75.80 01Jan2009, 12:03 5.70
J13 0.336 298.60 01Jan2009, 12:12 26.30
J14 0.431 378.90 01Jan2009, 12:09 33.70
J15 0.353 293.20 01Jan2009, 12:12 27.60
J16 0.466 385.70 01Jan2009, 12:09 36.50

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J17 0.943 751.40 01Jan2009, 12:15 73.70
J18 22.241 2327.70 01Jan2009, 13:03 631.60
J19 22.535 2338.80 01Jan2009, 13:06 654.60
J2 4.483 781.90 01Jan2009, 12:33 141.40
J20 0.063 68.30 01Jan2009, 12:03 4.90
J21 0.143 149.20 01Jan2009, 12:03 11.20
J22 0.099 93.70 01Jan2009, 12:06 7.70
J23 0.110 102.50 01Jan2009, 12:06 8.60
J24 0.209 195.50 01Jan2009, 12:06 16.40
J25 22.800 2355.00 01Jan2009, 13:06 675.30
J26 0.099 94.30 01Jan2009, 12:06 7.80
J27 0.086 79.70 01Jan2009, 12:03 6.70
J28 0.141 118.10 01Jan2009, 12:06 11.00
J29 0.240 211.10 01Jan2009, 12:06 18.70
J3 0.089 86.30 01Jan2009, 12:03 7.00
J30 23.313 2379.40 01Jan2009, 13:09 715.40
J4 0.109 103.80 01Jan2009, 12:06 8.50
J5 0.092 95.60 01Jan2009, 12:03 7.20
J6 0.239 223.90 01Jan2009, 12:06 18.70
J7 20.658 2139.30 01Jan2009, 12:57 507.90
J8 0.069 73.10 01Jan2009, 12:03 5.40
J9 0.109 109.60 01Jan2009, 12:03 8.50

O1a 0.392 173.20 01Jan2009, 12:12 16.90
O1b 2.737 515.70 01Jan2009, 12:33 83.50
O1c 1.354 294.70 01Jan2009, 12:24 41.00
O1d 0.059 76.90 01Jan2009, 11:57 4.60
O2a 20.528 2128.80 01Jan2009, 12:57 503.90
O2b 0.130 37.90 01Jan2009, 12:12 4.00
O2c 0.284 251.30 01Jan2009, 12:06 22.00
O2d 0.014 16.70 01Jan2009, 12:00 1.10
O2e 0.006 8.10 01Jan2009, 11:57 0.50
O2f 0.216 175.80 01Jan2009, 12:09 16.90
O2g 0.018 25.30 01Jan2009, 11:54 1.40
O2h 0.046 53.70 01Jan2009, 12:00 3.60
O2n 0.046 53.70 01Jan2009, 12:00 3.60
O2o 0.056 67.80 01Jan2009, 12:00 4.40
O2p 0.151 166.70 01Jan2009, 12:00 11.80
O2r 0.056 70.90 01Jan2009, 11:57 4.40
O2t 0.273 258.40 01Jan2009, 12:03 21.40
O2v 0.087 105.30 01Jan2009, 12:00 6.80
R1 0.392 169.10 01Jan2009, 12:15 16.90
R10 20.962 2144.20 01Jan2009, 13:03 531.50
R11 0.018 24.90 01Jan2009, 12:03 1.40
R12 0.029 30.60 01Jan2009, 12:06 2.30
R13 0.069 71.10 01Jan2009, 12:06 5.40
R14 0.109 109.30 01Jan2009, 12:03 8.50
R15 0.030 32.60 01Jan2009, 12:03 2.30
R16 0.071 73.80 01Jan2009, 12:06 5.60
R17 0.221 215.00 01Jan2009, 12:12 17.30
R18 0.038 38.90 01Jan2009, 12:06 3.00
R19 0.073 72.60 01Jan2009, 12:06 5.70
R2 3.129 586.00 01Jan2009, 12:36 100.40
R20 0.336 298.60 01Jan2009, 12:12 26.30



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R22 0.431 369.10 01Jan2009, 12:15 33.70
R23 0.050 50.30 01Jan2009, 12:06 3.90
R24 0.089 86.30 01Jan2009, 12:06 7.00
R25 0.109 102.60 01Jan2009, 12:09 8.50
R26 0.051 52.60 01Jan2009, 12:06 4.00
R27 0.092 91.20 01Jan2009, 12:06 7.20
R28 0.239 213.80 01Jan2009, 12:15 18.70
R29 0.052 51.90 01Jan2009, 12:06 4.10
R3 4.483 780.70 01Jan2009, 12:33 141.40
R30 0.353 293.00 01Jan2009, 12:12 27.60
R31 0.052 51.70 01Jan2009, 12:06 4.10
R32 0.466 366.80 01Jan2009, 12:18 36.40
R33 0.943 744.40 01Jan2009, 12:18 73.70
R34 22.241 2313.00 01Jan2009, 13:06 631.50
R35 0.033 35.90 01Jan2009, 12:03 2.60
R36 0.063 68.10 01Jan2009, 12:03 4.90
R37 0.050 49.00 01Jan2009, 12:03 3.90
R38 0.143 145.60 01Jan2009, 12:06 11.20
R39 22.535 2329.50 01Jan2009, 13:06 654.60
R4 4.542 782.30 01Jan2009, 12:54 146.00
R40 0.052 48.70 01Jan2009, 12:06 4.10
R41 0.099 93.60 01Jan2009, 12:06 7.80
R42 0.050 46.90 01Jan2009, 12:09 3.90
R43 0.110 101.80 01Jan2009, 12:06 8.60
R44 0.209 193.70 01Jan2009, 12:06 16.40
R45 22.800 2329.90 01Jan2009, 13:09 675.30
R46 0.052 49.70 01Jan2009, 12:06 4.10
R47 0.099 94.10 01Jan2009, 12:06 7.80
R48 0.042 37.40 01Jan2009, 12:06 3.30
R49 0.086 69.70 01Jan2009, 12:09 6.70
R5 4.542 778.6 01Jan2009, 12:57 146
R50 0.141 117 01Jan2009, 12:06 11
R51 0.24 209.6 01Jan2009, 12:06 18.7
R52 23.313 2377.7 01Jan2009, 13:12 715.4
R53 23.400 2357.1 01Jan2009, 13:18 722.2
R6 0.130 37.40 01Jan2009, 12:12 4.00
R7 20.658 2125.00 01Jan2009, 13:00 507.90
R8 0.014 16.20 01Jan2009, 12:03 1.10
R9 0.006 7.90 01Jan2009, 12:00 0.50

West_Outlet 4.542 788.00 01Jan2009, 12:33 146.00



25 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 40.80 01Jan2009, 12:00 2.90
2iSF2 0.040 54.30 01Jan2009, 12:00 4.00
2iSF3 0.040 54.30 01Jan2009, 12:00 4.00
2iSF4 0.030 43.40 01Jan2009, 12:00 3.00
2iSF5 0.041 57.60 01Jan2009, 12:00 4.10
2iSF6 0.041 57.60 01Jan2009, 12:00 4.10
2jSF1 0.038 51.60 01Jan2009, 12:00 3.80
2jSF2 0.035 47.50 01Jan2009, 12:00 3.50
2jSF3 0.042 56.30 01Jan2009, 12:03 4.20
2jSF4 0.053 69.70 01Jan2009, 12:03 5.30
2jSF5 0.042 56.30 01Jan2009, 12:03 4.20

2k 0.020 22.30 01Jan2009, 12:06 2.00
2lSF1 0.050 65.80 01Jan2009, 12:03 5.00
2lSF2 0.039 52.90 01Jan2009, 12:00 3.90
2lSF3 0.051 69.20 01Jan2009, 12:00 5.10
2lSF4 0.041 55.60 01Jan2009, 12:00 4.10
2lSF5 0.038 55.00 01Jan2009, 12:00 3.80

2mSF1 0.052 69.70 01Jan2009, 12:03 5.20
2mSF2 0.062 81.50 01Jan2009, 12:03 6.30
2mSF3 0.052 69.70 01Jan2009, 12:03 5.20
2mSF4 0.061 80.90 01Jan2009, 12:03 6.20
2qNF1 0.033 46.40 01Jan2009, 12:00 3.30
2qNF2 0.030 44.50 01Jan2009, 12:00 3.00
2qNF3 0.050 67.00 01Jan2009, 12:03 5.00
2qNF4 0.030 42.20 01Jan2009, 12:00 3.00
2sNF1 0.052 69.00 01Jan2009, 12:03 5.20
2sNF2 0.047 61.80 01Jan2009, 12:03 4.70
2sNF3 0.050 66.40 01Jan2009, 12:03 5.00
2sNF4 0.060 76.50 01Jan2009, 12:03 6.10
2uNF1 0.052 69.00 01Jan2009, 12:03 5.20
2uNF2 0.047 62.40 01Jan2009, 12:03 4.70
2uNF3 0.042 55.70 01Jan2009, 12:03 4.20
2uNF4 0.044 58.40 01Jan2009, 12:03 4.40
2uNF5 0.055 70.20 01Jan2009, 12:03 5.50

East_Outlet 23.400 3890.10 01Jan2009, 13:09 1069.20
Ex_Outlet1 4.542 1230.20 01Jan2009, 12:51 217.30
Ex_Outlet2 27.942 4731.00 01Jan2009, 13:12 1286.40

J0 20.962 3626.60 01Jan2009, 13:00 823.50
J1 3.129 924.30 01Jan2009, 12:33 149.60
J10 0.071 97.30 01Jan2009, 12:03 7.20
J11 0.221 289.30 01Jan2009, 12:03 22.30
J12 0.073 96.60 01Jan2009, 12:03 7.40
J13 0.336 388.80 01Jan2009, 12:09 33.90
J14 0.431 490.60 01Jan2009, 12:09 43.40

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J16 0.466 503.50 01Jan2009, 12:09 47.00
J17 0.943 973.50 01Jan2009, 12:15 94.90
J18 22.241 3831.40 01Jan2009, 13:03 952.40
J19 22.535 3853.70 01Jan2009, 13:03 982.00
J2 4.483 1230.80 01Jan2009, 12:33 211.30
J20 0.063 86.90 01Jan2009, 12:00 6.40
J21 0.143 189.60 01Jan2009, 12:03 14.40
J22 0.099 119.60 01Jan2009, 12:06 10.00
J23 0.110 131.40 01Jan2009, 12:06 11.10
J24 0.209 250.20 01Jan2009, 12:06 21.10
J25 22.800 3854.40 01Jan2009, 13:03 1008.80
J26 0.099 120.20 01Jan2009, 12:03 10.00
J27 0.086 102.50 01Jan2009, 12:03 8.70
J28 0.141 152.70 01Jan2009, 12:06 14.20
J29 0.240 271.10 01Jan2009, 12:06 24.10
J3 0.089 111.10 01Jan2009, 12:03 9.00
J30 23.313 3896.10 01Jan2009, 13:09 1060.40
J4 0.109 133.30 01Jan2009, 12:06 11.00
J5 0.092 122.00 01Jan2009, 12:03 9.30
J6 0.239 287.90 01Jan2009, 12:06 24.10
J7 20.658 3604.70 01Jan2009, 12:57 793.10
J8 0.069 93.30 01Jan2009, 12:03 7.00
J9 0.109 141.00 01Jan2009, 12:03 11.00

O1a 0.392 248.80 01Jan2009, 12:09 23.90
O1b 2.737 814.50 01Jan2009, 12:33 125.60
O1c 1.354 464.60 01Jan2009, 12:24 61.70
O1d 0.059 97.70 01Jan2009, 11:57 6.00
O2a 20.528 3589.50 01Jan2009, 12:57 787.20
O2b 0.130 57.10 01Jan2009, 12:12 5.90
O2c 0.284 320.70 01Jan2009, 12:06 28.40
O2d 0.014 21.20 01Jan2009, 12:00 1.40
O2e 0.006 10.20 01Jan2009, 11:57 0.60
O2f 0.216 224.00 01Jan2009, 12:09 21.80
O2g 0.018 32.10 01Jan2009, 11:54 1.80
O2h 0.046 68.30 01Jan2009, 12:00 4.60
O2n 0.046 68.30 01Jan2009, 12:00 4.60
O2o 0.056 86.00 01Jan2009, 12:00 5.60
O2p 0.151 212.20 01Jan2009, 12:00 15.20
O2r 0.056 90.20 01Jan2009, 11:57 5.60
O2t 0.273 329.40 01Jan2009, 12:03 27.50
O2v 0.087 133.60 01Jan2009, 12:00 8.80
R1 0.392 245.40 01Jan2009, 12:12 23.90
R10 20.962 3608.90 01Jan2009, 13:03 823.60
R11 0.018 32.10 01Jan2009, 12:03 1.80
R12 0.029 39.20 01Jan2009, 12:03 2.90
R13 0.069 90.70 01Jan2009, 12:06 7.00
R14 0.109 140.80 01Jan2009, 12:03 11.00
R15 0.030 41.60 01Jan2009, 12:03 3.00
R16 0.071 94.40 01Jan2009, 12:06 7.20
R17 0.221 276.20 01Jan2009, 12:12 22.30
R18 0.038 49.30 01Jan2009, 12:03 3.80
R19 0.073 92.70 01Jan2009, 12:06 7.40
R2 3.129 917.30 01Jan2009, 12:36 149.60



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R21 0.053 65.40 01Jan2009, 12:06 5.30
R22 0.431 480.70 01Jan2009, 12:12 43.40
R23 0.050 64.40 01Jan2009, 12:06 5.00
R24 0.089 111.00 01Jan2009, 12:06 9.00
R25 0.109 130.50 01Jan2009, 12:09 11.00
R26 0.051 66.60 01Jan2009, 12:03 5.10
R27 0.092 117.10 01Jan2009, 12:06 9.30
R28 0.239 277.10 01Jan2009, 12:12 24.10
R29 0.052 66.10 01Jan2009, 12:06 5.20
R3 4.483 1230.00 01Jan2009, 12:33 211.30
R30 0.353 380.50 01Jan2009, 12:09 35.60
R31 0.052 65.80 01Jan2009, 12:06 5.20
R32 0.466 479.80 01Jan2009, 12:15 46.90
R33 0.943 963.00 01Jan2009, 12:15 94.90
R34 22.241 3819.90 01Jan2009, 13:03 952.40
R35 0.033 44.90 01Jan2009, 12:03 3.30
R36 0.063 86.30 01Jan2009, 12:03 6.40
R37 0.050 62.60 01Jan2009, 12:03 5.00
R38 0.143 186.20 01Jan2009, 12:06 14.40
R39 22.535 3821.00 01Jan2009, 13:03 982.10
R4 4.542 1230.20 01Jan2009, 12:51 217.30
R40 0.052 62.40 01Jan2009, 12:06 5.20
R41 0.099 119.50 01Jan2009, 12:06 10.00
R42 0.050 59.30 01Jan2009, 12:09 5.00
R43 0.110 130.70 01Jan2009, 12:06 11.10
R44 0.209 248.60 01Jan2009, 12:06 21.10
R45 22.800 3834.50 01Jan2009, 13:09 1008.70
R46 0.052 62.60 01Jan2009, 12:06 5.20
R47 0.099 119.50 01Jan2009, 12:06 10.00
R48 0.042 48.10 01Jan2009, 12:06 4.20
R49 0.086 89.90 01Jan2009, 12:09 8.60
R5 4.542 1227.5 01Jan2009, 12:54 217.3
R50 0.141 151.6 01Jan2009, 12:06 14.2
R51 0.24 269.7 01Jan2009, 12:06 24.1
R52 23.313 3882 01Jan2009, 13:09 1060.4
R53 23.400 3855.3 01Jan2009, 13:15 1069.1
R6 0.130 56.60 01Jan2009, 12:12 5.90
R7 20.658 3582.80 01Jan2009, 13:00 793.10
R8 0.014 20.30 01Jan2009, 12:03 1.40
R9 0.006 10.00 01Jan2009, 12:00 0.60

West_Outlet 4.542 1239.20 01Jan2009, 12:33 217.30



100 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 56.30 01Jan2009, 12:00 4.10
2iSF2 0.040 75.10 01Jan2009, 12:00 5.70
2iSF3 0.040 75.10 01Jan2009, 12:00 5.70
2iSF4 0.030 59.90 01Jan2009, 12:00 4.30
2iSF5 0.041 79.60 01Jan2009, 12:00 5.80
2iSF6 0.041 79.60 01Jan2009, 12:00 5.80
2jSF1 0.038 71.30 01Jan2009, 12:00 5.40
2jSF2 0.035 65.70 01Jan2009, 12:00 5.00
2jSF3 0.042 77.60 01Jan2009, 12:03 6.00
2jSF4 0.053 96.30 01Jan2009, 12:03 7.50
2jSF5 0.042 77.60 01Jan2009, 12:03 6.00

2k 0.020 30.90 01Jan2009, 12:06 2.80
2lSF1 0.050 90.80 01Jan2009, 12:03 7.10
2lSF2 0.039 73.20 01Jan2009, 12:00 5.50
2lSF3 0.051 95.70 01Jan2009, 12:00 7.20
2lSF4 0.041 77.00 01Jan2009, 12:00 5.80
2lSF5 0.038 75.90 01Jan2009, 12:00 5.40

2mSF1 0.052 96.10 01Jan2009, 12:03 7.40
2mSF2 0.062 112.60 01Jan2009, 12:03 8.80
2mSF3 0.052 96.10 01Jan2009, 12:03 7.40
2mSF4 0.061 111.70 01Jan2009, 12:03 8.70
2qNF1 0.033 64.10 01Jan2009, 12:00 4.70
2qNF2 0.030 61.40 01Jan2009, 12:00 4.30
2qNF3 0.050 92.40 01Jan2009, 12:03 7.10
2qNF4 0.030 58.30 01Jan2009, 12:00 4.30
2sNF1 0.052 95.20 01Jan2009, 12:03 7.40
2sNF2 0.047 85.40 01Jan2009, 12:03 6.70
2sNF3 0.050 91.60 01Jan2009, 12:03 7.10
2sNF4 0.060 105.80 01Jan2009, 12:03 8.50
2uNF1 0.052 95.20 01Jan2009, 12:03 7.40
2uNF2 0.047 86.10 01Jan2009, 12:03 6.70
2uNF3 0.042 76.90 01Jan2009, 12:03 6.00
2uNF4 0.044 80.60 01Jan2009, 12:03 6.20
2uNF5 0.055 97.00 01Jan2009, 12:03 7.80

East_Outlet 23.400 7048.60 01Jan2009, 13:06 1773.00
Ex_Outlet1 4.542 2135.50 01Jan2009, 12:45 360.40
Ex_Outlet2 27.942 8468.70 01Jan2009, 13:09 2133.40

J0 20.962 6722.60 01Jan2009, 12:57 1427.50
J1 3.129 1583.90 01Jan2009, 12:33 248.40
J10 0.071 134.70 01Jan2009, 12:03 10.10
J11 0.221 402.80 01Jan2009, 12:03 31.30
J12 0.073 134.10 01Jan2009, 12:03 10.40
J13 0.336 549.70 01Jan2009, 12:09 47.60
J14 0.431 689.50 01Jan2009, 12:09 61.10

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J16 0.466 709.40 01Jan2009, 12:09 66.10
J17 0.943 1380.10 01Jan2009, 12:12 133.50
J18 22.241 7016.00 01Jan2009, 13:00 1608.80
J19 22.535 7003.60 01Jan2009, 13:03 1650.40
J2 4.483 2136.30 01Jan2009, 12:30 352.00
J20 0.063 120.60 01Jan2009, 12:00 8.90
J21 0.143 262.30 01Jan2009, 12:03 20.30
J22 0.099 166.80 01Jan2009, 12:03 14.00
J23 0.110 183.20 01Jan2009, 12:06 15.60
J24 0.209 347.90 01Jan2009, 12:06 29.60
J25 22.800 7039.60 01Jan2009, 13:03 1688.00
J26 0.099 168.30 01Jan2009, 12:03 14.00
J27 0.086 142.70 01Jan2009, 12:03 12.20
J28 0.141 212.20 01Jan2009, 12:06 19.90
J29 0.240 377.20 01Jan2009, 12:06 34.00
J3 0.089 155.20 01Jan2009, 12:03 12.60
J30 23.313 7088.60 01Jan2009, 13:06 1760.70
J4 0.109 185.00 01Jan2009, 12:06 15.50
J5 0.092 169.20 01Jan2009, 12:03 13.00
J6 0.239 399.50 01Jan2009, 12:06 33.90
J7 20.658 6681.20 01Jan2009, 12:54 1384.60
J8 0.069 129.10 01Jan2009, 12:03 9.80
J9 0.109 196.60 01Jan2009, 12:03 15.50

O1a 0.392 396.00 01Jan2009, 12:09 37.70
O1b 2.737 1414.70 01Jan2009, 12:33 210.70
O1c 1.354 805.10 01Jan2009, 12:24 103.60
O1d 0.059 134.90 01Jan2009, 11:57 8.40
O2a 20.528 6654.90 01Jan2009, 12:54 1374.90
O2b 0.130 95.90 01Jan2009, 12:12 9.70
O2c 0.284 444.60 01Jan2009, 12:06 40.00
O2d 0.014 29.30 01Jan2009, 12:00 2.00
O2e 0.006 14.10 01Jan2009, 11:57 0.90
O2f 0.216 310.00 01Jan2009, 12:09 30.60
O2g 0.018 44.40 01Jan2009, 11:54 2.60
O2h 0.046 94.20 01Jan2009, 12:00 6.50
O2n 0.046 94.20 01Jan2009, 12:00 6.50
O2o 0.056 118.50 01Jan2009, 12:00 7.90
O2p 0.151 293.30 01Jan2009, 12:00 21.40
O2r 0.056 124.60 01Jan2009, 11:57 7.90
O2t 0.273 455.90 01Jan2009, 12:03 38.70
O2v 0.087 184.10 01Jan2009, 12:00 12.30
R1 0.392 387.80 01Jan2009, 12:12 37.70
R10 20.962 6700.30 01Jan2009, 13:00 1427.60
R11 0.018 44.00 01Jan2009, 12:03 2.60
R12 0.029 54.50 01Jan2009, 12:03 4.10
R13 0.069 124.60 01Jan2009, 12:06 9.80
R14 0.109 196.30 01Jan2009, 12:03 15.50
R15 0.030 58.00 01Jan2009, 12:03 4.30
R16 0.071 129.70 01Jan2009, 12:03 10.10
R17 0.221 380.70 01Jan2009, 12:12 31.30
R18 0.038 68.90 01Jan2009, 12:03 5.40
R19 0.073 128.50 01Jan2009, 12:06 10.30
R2 3.129 1562.50 01Jan2009, 12:36 248.40



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R21 0.053 90.60 01Jan2009, 12:06 7.50
R22 0.431 680.00 01Jan2009, 12:12 61.00
R23 0.050 89.10 01Jan2009, 12:06 7.10
R24 0.089 154.20 01Jan2009, 12:06 12.60
R25 0.109 180.50 01Jan2009, 12:06 15.50
R26 0.051 92.80 01Jan2009, 12:03 7.20
R27 0.092 161.20 01Jan2009, 12:06 13.00
R28 0.239 385.80 01Jan2009, 12:12 33.90
R29 0.052 91.80 01Jan2009, 12:06 7.40
R3 4.483 2134.80 01Jan2009, 12:30 352.00
R30 0.353 541.60 01Jan2009, 12:09 50.00
R31 0.052 91.20 01Jan2009, 12:06 7.40
R32 0.466 678.40 01Jan2009, 12:15 66.00
R33 0.943 1372.90 01Jan2009, 12:15 133.50
R34 22.241 6958.20 01Jan2009, 13:03 1608.70
R35 0.033 62.20 01Jan2009, 12:03 4.70
R36 0.063 119.20 01Jan2009, 12:03 8.90
R37 0.050 87.00 01Jan2009, 12:03 7.10
R38 0.143 258.60 01Jan2009, 12:06 20.30
R39 22.535 6994.80 01Jan2009, 13:03 1650.50
R4 4.542 2135.50 01Jan2009, 12:45 360.40
R40 0.052 86.40 01Jan2009, 12:06 7.40
R41 0.099 165.20 01Jan2009, 12:06 14.00
R42 0.050 83.10 01Jan2009, 12:06 7.10
R43 0.110 182.60 01Jan2009, 12:06 15.60
R44 0.209 346.60 01Jan2009, 12:06 29.60
R45 22.800 7001.30 01Jan2009, 13:06 1688.00
R46 0.052 87.30 01Jan2009, 12:06 7.40
R47 0.099 166.00 01Jan2009, 12:06 14.00
R48 0.042 66.60 01Jan2009, 12:06 5.90
R49 0.086 123.40 01Jan2009, 12:09 12.10
R5 4.542 2129.30 01Jan2009, 12:51 360.40
R50 0.141 211.2 01Jan2009, 12:06 19.9
R51 0.240 376 01Jan2009, 12:06 34
R52 23.313 7037.2 01Jan2009, 13:06 1760.7
R53 23.4 6986.7 01Jan2009, 13:12 1773
R6 0.130 95.3 01Jan2009, 12:12 9.7
R7 20.658 6657.80 01Jan2009, 12:57 1384.60
R8 0.014 28.30 01Jan2009, 12:00 2.00
R9 0.006 13.70 01Jan2009, 12:00 0.90

West_Outlet 4.542 2148.80 01Jan2009, 12:30 360.40



10 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 47.80 01Jan2009, 12:00 3.30
3lNF2 0.040 45.50 01Jan2009, 12:00 3.10
3lNF3 0.029 34.60 01Jan2009, 12:00 2.30
3lNF4 0.043 48.90 01Jan2009, 12:00 3.40
3lNF5 0.041 46.60 01Jan2009, 12:00 3.20
3lNF6 0.048 53.00 01Jan2009, 12:00 3.80

3mNF1 0.045 51.20 01Jan2009, 12:00 3.50
3mNF2 0.042 47.80 01Jan2009, 12:00 3.30
3mNF3 0.050 55.20 01Jan2009, 12:00 3.90
3mNF4 0.044 51.40 01Jan2009, 12:00 3.40
3mNF5 0.048 51.10 01Jan2009, 12:03 3.80
3nNF1 0.046 48.50 01Jan2009, 12:03 3.60
3nNF2 0.050 50.10 01Jan2009, 12:03 3.90
3nNF3 0.038 38.30 01Jan2009, 12:03 2.80
Culvert 9.206 15.60 01Jan2009, 12:48 3.20

Ex_Outlet3 10.626 787.50 01Jan2009, 12:21 98.20
J1 9.443 142.70 01Jan2009, 12:06 14.70
J10 9.947 308.30 01Jan2009, 12:21 45.70
J11 0.082 89.90 01Jan2009, 12:00 6.40
J12 0.111 121.00 01Jan2009, 12:03 8.70
J13 0.084 92.00 01Jan2009, 12:00 6.60
J14 0.243 263.90 01Jan2009, 12:03 19.00
J15 0.087 95.50 01Jan2009, 12:00 6.80
J16 0.380 384.10 01Jan2009, 12:06 29.80
J17 0.472 474.40 01Jan2009, 12:06 37.00
J18 0.568 513.10 01Jan2009, 12:12 44.40
J19 0.606 532.90 01Jan2009, 12:12 47.20
J2 9.551 193.20 01Jan2009, 12:12 23.20
J20 10.553 793.00 01Jan2009, 12:15 92.90
J3 9.824 302.10 01Jan2009, 12:09 37.50
J4 0.017 22.20 01Jan2009, 11:57 1.30
J5 9.861 312.30 01Jan2009, 12:12 40.40
J6 0.022 27.90 01Jan2009, 11:57 1.70
J7 9.899 321.00 01Jan2009, 12:15 43.40
J8 0.023 21.70 01Jan2009, 12:00 1.30
J9 9.940 326.10 01Jan2009, 12:18 45.50

NE_Outlet 10.569 776.90 01Jan2009, 12:21 94.10
O3a 9.206 1468.60 01Jan2009, 12:48 293.10
O3b 0.237 142.50 01Jan2009, 12:06 11.50
O3c 0.108 119.20 01Jan2009, 12:00 8.50
O3d 0.273 159.90 01Jan2009, 12:09 14.70
O3e 0.017 22.20 01Jan2009, 11:57 1.30
O3f 0.020 25.30 01Jan2009, 11:57 1.60
O3g 0.022 27.90 01Jan2009, 11:57 1.70
O3h 0.016 20.30 01Jan2009, 11:57 1.30
O3i 0.023 21.70 01Jan2009, 12:00 1.30

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 7.20 01Jan2009, 11:57 0.40
O3o 0.016 22.40 01Jan2009, 11:57 1.30
O3p 0.057 64.70 01Jan2009, 12:00 4.10
R1 9.206 15.60 01Jan2009, 13:09 3.20
R10 9.940 307.30 01Jan2009, 12:21 45.40
R11 9.947 298.80 01Jan2009, 12:21 45.70
R12 0.042 46.80 01Jan2009, 12:03 3.30
R13 0.082 89.70 01Jan2009, 12:03 6.40
R14 0.111 120.80 01Jan2009, 12:03 8.70
R15 0.043 47.90 01Jan2009, 12:03 3.40
R16 0.084 91.60 01Jan2009, 12:03 6.60
R17 0.243 254.00 01Jan2009, 12:09 19.00
R18 0.045 50.10 01Jan2009, 12:03 3.50
R19 0.087 95.50 01Jan2009, 12:03 6.80
R2 9.443 139.10 01Jan2009, 12:12 14.80
R20 0.380 383.80 01Jan2009, 12:06 29.80
R21 0.044 50.50 01Jan2009, 12:03 3.40
R22 0.472 443.60 01Jan2009, 12:12 36.90
R23 0.046 42.40 01Jan2009, 12:06 3.60
R24 0.568 512.70 01Jan2009, 12:12 44.40
R25 0.606 525.50 01Jan2009, 12:15 47.20
R26 10.553 774.30 01Jan2009, 12:21 92.80
R27 10.569 775.60 01Jan2009, 12:21 94.10
R3 9.551 149.70 01Jan2009, 12:12 22.80
R4 9.824 299.70 01Jan2009, 12:12 37.50
R5 0.017 21.80 01Jan2009, 11:57 1.30
R6 9.861 309.70 01Jan2009, 12:15 40.40
R7 0.022 27.60 01Jan2009, 11:57 1.70
R8 9.899 318.10 01Jan2009, 12:18 43.40
R9 0.023 21.60 01Jan2009, 12:00 1.30



25 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 60.80 01Jan2009, 12:00 4.20
3lNF2 0.040 57.90 01Jan2009, 12:00 4.00
3lNF3 0.029 44.00 01Jan2009, 12:00 2.90
3lNF4 0.043 62.20 01Jan2009, 12:00 4.30
3lNF5 0.041 59.30 01Jan2009, 12:00 4.10
3lNF6 0.048 67.40 01Jan2009, 12:00 4.80

3mNF1 0.045 65.10 01Jan2009, 12:00 4.50
3mNF2 0.042 60.80 01Jan2009, 12:00 4.20
3mNF3 0.050 70.30 01Jan2009, 12:00 5.00
3mNF4 0.044 65.30 01Jan2009, 12:00 4.40
3mNF5 0.048 65.10 01Jan2009, 12:00 4.80
3nNF1 0.046 61.60 01Jan2009, 12:03 4.60
3nNF2 0.050 63.80 01Jan2009, 12:03 5.00
3nNF3 0.038 49.10 01Jan2009, 12:03 3.70
Culvert 9.206 18.60 01Jan2009, 12:48 4.70

Ex_Outlet3 10.626 1056.70 01Jan2009, 12:21 129.70
J1 9.443 199.30 01Jan2009, 12:06 20.80
J10 9.947 435.80 01Jan2009, 12:18 62.10
J11 0.082 114.30 01Jan2009, 12:00 8.30
J12 0.111 153.20 01Jan2009, 12:03 11.20
J13 0.084 117.40 01Jan2009, 12:00 8.50
J14 0.243 335.50 01Jan2009, 12:03 24.50
J15 0.087 121.90 01Jan2009, 12:00 8.80
J16 0.380 492.00 01Jan2009, 12:06 38.30
J17 0.472 606.40 01Jan2009, 12:06 47.60
J18 0.568 658.80 01Jan2009, 12:12 57.20
J19 0.606 684.40 01Jan2009, 12:12 60.80
J2 9.551 273.10 01Jan2009, 12:09 31.70
J20 10.553 1067.10 01Jan2009, 12:15 122.80
J3 9.824 429.20 01Jan2009, 12:09 51.20
J4 0.017 28.20 01Jan2009, 11:57 1.70
J5 9.861 443.80 01Jan2009, 12:12 55.00
J6 0.022 35.40 01Jan2009, 11:57 2.20
J7 9.899 453.10 01Jan2009, 12:15 58.80
J8 0.023 29.10 01Jan2009, 12:00 1.80
J9 9.940 458.70 01Jan2009, 12:18 61.70

NE_Outlet 10.569 1049.10 01Jan2009, 12:18 124.40
O3a 9.206 2298.10 01Jan2009, 12:48 437.60
O3b 0.237 199.00 01Jan2009, 12:06 16.00
O3c 0.108 151.80 01Jan2009, 12:00 10.90
O3d 0.273 219.40 01Jan2009, 12:09 20.10
O3e 0.017 28.20 01Jan2009, 11:57 1.70
O3f 0.020 32.20 01Jan2009, 11:57 2.00
O3g 0.022 35.40 01Jan2009, 11:57 2.20
O3h 0.016 25.80 01Jan2009, 11:57 1.60
O3i 0.023 29.10 01Jan2009, 12:00 1.80

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 9.80 01Jan2009, 11:57 0.50
O3o 0.016 28.40 01Jan2009, 11:57 1.60
O3p 0.057 83.40 01Jan2009, 12:00 5.30
R1 9.206 18.50 01Jan2009, 13:06 4.70
R10 9.940 434.40 01Jan2009, 12:18 61.50
R11 9.947 420.80 01Jan2009, 12:21 62.00
R12 0.042 59.00 01Jan2009, 12:03 4.20
R13 0.082 113.60 01Jan2009, 12:03 8.30
R14 0.111 153.10 01Jan2009, 12:03 11.20
R15 0.043 60.80 01Jan2009, 12:03 4.30
R16 0.084 117.20 01Jan2009, 12:03 8.50
R17 0.243 321.80 01Jan2009, 12:06 24.50
R18 0.045 63.00 01Jan2009, 12:03 4.50
R19 0.087 121.40 01Jan2009, 12:03 8.80
R2 9.443 197.70 01Jan2009, 12:12 20.80
R20 0.380 491.80 01Jan2009, 12:06 38.30
R21 0.044 63.90 01Jan2009, 12:03 4.40
R22 0.472 571.50 01Jan2009, 12:12 47.50
R23 0.046 54.40 01Jan2009, 12:06 4.60
R24 0.568 658.60 01Jan2009, 12:12 57.20
R25 0.606 675.80 01Jan2009, 12:12 60.80
R26 10.553 1045.40 01Jan2009, 12:18 122.80
R27 10.569 1041.60 01Jan2009, 12:21 124.40
R3 9.551 213.10 01Jan2009, 12:12 31.10
R4 9.824 428.00 01Jan2009, 12:12 51.30
R5 0.017 27.80 01Jan2009, 11:57 1.70
R6 9.861 438.90 01Jan2009, 12:15 55.00
R7 0.022 35.20 01Jan2009, 11:57 2.20
R8 9.899 448.10 01Jan2009, 12:18 58.80
R9 0.023 29.00 01Jan2009, 12:00 1.80



100 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 83.90 01Jan2009, 12:00 6.00
3lNF2 0.040 79.90 01Jan2009, 12:00 5.70
3lNF3 0.029 60.60 01Jan2009, 12:00 4.10
3lNF4 0.043 85.90 01Jan2009, 12:00 6.10
3lNF5 0.041 81.90 01Jan2009, 12:00 5.80
3lNF6 0.048 93.20 01Jan2009, 12:00 6.80

3mNF1 0.045 89.90 01Jan2009, 12:00 6.40
3mNF2 0.042 83.90 01Jan2009, 12:00 6.00
3mNF3 0.050 97.10 01Jan2009, 12:00 7.10
3mNF4 0.044 90.10 01Jan2009, 12:00 6.20
3mNF5 0.048 90.10 01Jan2009, 12:00 6.80
3nNF1 0.046 85.00 01Jan2009, 12:03 6.50
3nNF2 0.050 88.20 01Jan2009, 12:03 7.10
3nNF3 0.038 68.50 01Jan2009, 12:03 5.20
Culvert 9.206 22.80 01Jan2009, 12:48 7.10

Ex_Outlet3 10.626 1566.50 01Jan2009, 12:18 187.60
J1 9.443 306.90 01Jan2009, 12:06 31.80
J10 9.947 676.90 01Jan2009, 12:18 92.40
J11 0.082 159.30 01Jan2009, 12:00 11.60
J12 0.111 212.90 01Jan2009, 12:00 15.80
J13 0.084 162.40 01Jan2009, 12:00 11.90
J14 0.243 463.30 01Jan2009, 12:03 34.50
J15 0.087 168.50 01Jan2009, 12:00 12.30
J16 0.380 682.10 01Jan2009, 12:06 53.90
J17 0.472 838.10 01Jan2009, 12:06 66.90
J18 0.568 915.50 01Jan2009, 12:09 80.40
J19 0.606 962.50 01Jan2009, 12:09 85.60
J2 9.551 421.60 01Jan2009, 12:09 47.10
J20 10.553 1572.50 01Jan2009, 12:12 177.90
J3 9.824 668.70 01Jan2009, 12:09 76.80
J4 0.017 38.90 01Jan2009, 11:57 2.40
J5 9.861 682.50 01Jan2009, 12:12 82.00
J6 0.022 48.90 01Jan2009, 11:57 3.10
J7 9.899 703.00 01Jan2009, 12:12 87.40
J8 0.023 42.60 01Jan2009, 12:00 2.70
J9 9.940 718.50 01Jan2009, 12:15 91.80

NE_Outlet 10.569 1541.40 01Jan2009, 12:15 180.00
O3a 9.206 3960.50 01Jan2009, 12:48 728.00
O3b 0.237 304.60 01Jan2009, 12:06 24.70
O3c 0.108 209.80 01Jan2009, 12:00 15.30
O3d 0.273 329.60 01Jan2009, 12:09 30.40
O3e 0.017 38.90 01Jan2009, 11:57 2.40
O3f 0.020 44.50 01Jan2009, 11:57 2.80
O3g 0.022 48.90 01Jan2009, 11:57 3.10
O3h 0.016 35.60 01Jan2009, 11:57 2.30
O3i 0.023 42.60 01Jan2009, 12:00 2.70

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 14.50 01Jan2009, 11:57 0.80
O3o 0.016 39.00 01Jan2009, 11:57 2.30
O3p 0.057 116.90 01Jan2009, 12:00 7.60
R1 9.206 22.80 01Jan2009, 13:06 7.20
R10 9.940 674.90 01Jan2009, 12:18 91.60
R11 9.947 659.30 01Jan2009, 12:18 92.20
R12 0.042 81.70 01Jan2009, 12:03 6.00
R13 0.082 157.40 01Jan2009, 12:03 11.60
R14 0.111 211.80 01Jan2009, 12:03 15.80
R15 0.043 83.40 01Jan2009, 12:03 6.10
R16 0.084 161.70 01Jan2009, 12:03 11.90
R17 0.243 447.40 01Jan2009, 12:06 34.50
R18 0.045 87.50 01Jan2009, 12:03 6.40
R19 0.087 166.10 01Jan2009, 12:03 12.30
R2 9.443 302.40 01Jan2009, 12:12 31.80
R20 0.380 682.00 01Jan2009, 12:06 53.90
R21 0.044 87.60 01Jan2009, 12:03 6.20
R22 0.472 795.90 01Jan2009, 12:12 66.80
R23 0.046 74.70 01Jan2009, 12:06 6.50
R24 0.568 914.60 01Jan2009, 12:09 80.40
R25 0.606 957.20 01Jan2009, 12:12 85.60
R26 10.553 1535.80 01Jan2009, 12:18 177.70
R27 10.569 1541.00 01Jan2009, 12:18 180.00
R3 9.551 339.10 01Jan2009, 12:09 46.40
R4 9.824 660.90 01Jan2009, 12:12 76.80
R5 0.017 38.40 01Jan2009, 11:57 2.40
R6 9.861 680.00 01Jan2009, 12:12 82.00
R7 0.022 48.60 01Jan2009, 11:57 3.10
R8 9.899 699.90 01Jan2009, 12:15 87.40
R9 0.023 42.50 01Jan2009, 12:00 2.70
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APPENDIX 3B 
North Ridgecrest Wash  
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APPENDIX 4B 
North-East Channel & North Ridgecrest Wash 
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APPENDIX 5 
Additional Data 
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APPENDIX 5A 
Soil Borings 
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APPENDIX 5B 
Project Site Plans 
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APPENDIX 5C 
Pipe Bridge at El Paso Wash 
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CLOMR Application 



 



RIDGECREST SOLAR POWER PROJECT (09-AFC-9) 
CEC STAFF DATA REQUEST NUMBERS 175-177, 180, 181, 185, 191, 192 

Technical Area:  Soils and Water (AFC Section 5.12 and 5.17) Response Date:  February 23, 2010 
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Attachment DR-S&W-181 

CLOMR Application 

 



 



Application for a Conditional 
Letter of Map Revision 

From FEMA 
 

For a Portion of South El Paso Wash 
And North Ridgecrest Wash 

 
In Kern County, California 

 
For the Project: 

 
 

 

 

 

 

 

 

 

 

 

 
February 22, 2010 

 

Ridgecrest Solar Power Plant 



 
Application for a Conditional Letter of Map Revision 
Ridgecrest Solar Power Project 
 
FEMA Flooding Source: South El Paso Wash & North Ridgecrest Wash 
         
Table of Contents 
 
Project Overview and Letter 

South El Paso Wash 
Overview and Concurrence Form 
Riverine Hydrology  & Hydraulics Form 
Riverine Structures Form 
Watershed Hydrology (Existing Condition) 

HMS Data and Calculations  
Project Maps and Calculations (Existing Condition) 

Overview of Existing Conditions 
FIRM Map 
HEC RAS Data and Calculations 
Existing Cross Sections 

Watershed Hydrology (Proposed Condition) 
HMS Data and Calculations  

Project Maps and Calculations (Proposed Condition) 
Overview of Proposed Conditions 
FIRM Map 
HEC RAS Data and Calculations 
Proposed Cross Sections 

North Ridgecrest Wash 
Overview and Concurrence Form 
Riverine Hydrology  & Hydraulics Form 
Riverine Structures Form 
Watershed Hydrology (Existing Condition) 

HMS Data and Calculations  
Project Maps and Calculations (Existing Condition) 

Overview of Existing Conditions 
FIRM Map 
HEC RAS Data and Calculations 
Existing Cross Sections 

Watershed Hydrology (Proposed Condition) 
HMS Data and Calculations  

Project Maps and Calculations (Proposed Condition) 
Overview of Proposed Conditions 
FIRM Map 
HEC RAS Data and Calculations 
Proposed Cross Sections 

 



 

RIDGECREST SOLAR POWER PLANT      
 
Solar Millennium proposes to locate a solar power plant near Ridgecrest, in Kern County, 
California, on land administered by the Bureau of Land Management (BLM). The total proposed 
developed area is 3920 acres with a total disturbed area of 1760 acres. 
 
The project site lies on the southern edge of the Indian Wells Valley and north of the El Paso 
Mountains.  The general stormwater flow pattern is from the higher elevations in the 
mountains located approximately 6 miles south to the lower elevations in Indian Wells Valley to 
the  north.   The  stormwater  from  the  project  site  flows  northeast  to  China  Lake  which  is  a  
depression in the Indian Wells Valley with no identifiable outlet. 
 
The major watercourse in the project area is South El Paso Wash which drains approximately 20 
square miles from the El Paso Mountains and exits the mountains to the south of the site.  The 
project  will  not  encroach on the South El  Paso Wash flood plain,  except for  the addition of  a  
bridge near Brown Road. North Ridgecrest wash is partially located within the proposed North 
Solar Field and will be diverted around the solar field to the east.     
 
The site will be substantially occupied by long rows of solar collectors, but these collectors are 
elevated above the ground and thus the ground below the mirrors remains as a pervious 
surface of graded native soil.  The project will include some new impervious areas for a main 
warehouse, a powerblock area, paved access roads, and the parking lots associated with these 
areas.         

                



 







DHS- FEMA Form 81-89,DEC 07 Overview & Concurrence Form MT-2 Form 1 Page 1 of 2 

U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
OVERVIEW & CONCURRENCE FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 1 hour per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You are not required 
to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send comments regarding 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. Department of 
Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (1660-0016).  
Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program.  Please do not send your completed 
survey to the above address.

A.  REQUESTED RESPONSE FROM DHS-FEMA 

This request is for a (check one): 

CLOMR: A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch. 1, Parts 60, 65 & 72). 

LOMR: A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or
flood elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

 

B.  OVERVIEW 

1. The NFIP map panel(s) affected for all impacted communities is (are): 

Community No. Community Name State Map No. Panel No. Effective Date 

2. a.  Flooding Source:       

        b. Types of Flooding:  Riverine  Coastal  Shallow Flooding (e.g., Zones AO and AH) 

                                      Alluvial fan  Lakes  Other  (Attach Description) 

3. Project Name/Identifier:       

4. FEMA zone designations affected:        (choices:  A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5. Basis for Request and Type of Revision: 

    a.  The basis for this revision request is (check all that apply)

 Physical Change                Improved Methodology/Data         Regulatory Floodway Revision     Base Map Changes 

 Coastal Analysis                Hydraulic Analysis  Hydrologic Analysis                          Corrections 

 Weir-Dam Changes           Levee Certification   Alluvial Fan Analysis  Natural Changes 

 New Topographic Data      Other (Attach Description) 

Note:  A photograph and narrative description of the area of concern is not required, but is very helpful during review. 

    b.  The area of revision encompasses the following structures (check all that apply) 

 Structures:   Channelization  Levee/Floodwall  Bridge/Culvert 

 Dam  Fill  Other (Attach Description)
                

060075 Kern County CA 06029C 1600E 09/26/08
1575E 09/26/08



C.  REVIEW FEE 

Has the review fee for the appropriate request category been included?   Yes     Fee amount:  $     

  No, Attach Explanation 

Please see the DHS-FEMA Web site at http://www.fema.gov/plan/prevent/fhm/frm_fees.shtm for Fee Amounts and Exemptions. 

D.  SIGNATURE

All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable by 
fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Name:         Company:         

Daytime Telephone No.:        Fax  No.:        Mailing Address:

E-Mail Address:        

Signature of Requester (required): Date:      

As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map Revision 
(LOMR) or conditional LOMR request.  Based upon the community's review, we find the completed or proposed project meets or is designed to meet all 
of the community floodplain management requirements, including the requirement that no fill be placed in the regulatory floodway, and that all necessary 
Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained.  In addition, we have determined that the land and 
any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we 
have available upon request by FEMA, all analyses and documentation used to make this determination.

Community Official’s Name and Title:        Community  Name:         

Daytime Telephone No.:        Fax  No.:        Mailing Address:

E-Mail Address:        

Community Official’s Signature (required):   Date:      

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify 
elevation information data, hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.2(b) and as 
described in the MT-2 Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that 
any false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier’s Name:        License  No.:         Expiration Date:       

Company Name:        Telephone No.:        Fax  No.:         

Signature: Date:        

Ensure the forms that are appropriate to your revision request are included in your submittal. 

Form Name and (Number) Required if …

  Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

  Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, 
  addition/revision of levee/floodwall, addition/revision of dam 

  Coastal Analysis Form (Form 4) New or revised coastal elevations 

  Coastal Structures Form (Form 5) Addition/revision of coastal structure 

  Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 

Seal (Optional) 
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4400

 William Hagmaier  AECOM, agent for Solar Millennium, LLC

714.567.2618 714.267.2441

 bill.hagmaier@aecom.com

 Charles Lackey, Dir. Engineering & Surveying  Kern County, CA

661.862.5100 661.862.5101

 ess@co.kern.ca.us

 William Hagmaier  44325  06/2011

 AECOM 714.567.2618  714.267.2441



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
RIVERINE HYDROLOGY & HYDRAULICS FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010

PAPERWORK REDUCTION ACT 
Public reporting burden for this form is estimated to average 3.25 hours per response.  The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You 
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. 
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016).  Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address.

Flooding Source:        
Note: Fill out one form for each flooding source studied 

A.  HYDROLOGY 

1. Reason for New Hydrologic Analysis  (check all that apply)

  Not revised (skip to section B)   No existing analysis   Improved data 

  Alternative methodology   Proposed Conditions (CLOMR)   Changed physical condition of watershed 

2. Comparison of Representative 1%-Annual-Chance Discharges 

Location Drainage Area (Sq. Mi.) Effective/FIS (cfs) Revised (cfs) 

3. Methodology for New Hydrologic Analysis  (check all that apply)

  Statistical Analysis of Gage Records   Precipitation/Runoff Model      
  Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support the 
new analysis.   

4. Review/Approval of Analysis

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology

 Was sediment transport considered?      Yes      No If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your 
explanation for why sediment transport was not considered. 

B.  HYDRAULICS 

1. Reach to be Revised

Description Cross Section Water-Surface Elevations (ft.) 
Effective Proposed/Revised

Downstream Limit 

Upstream Limit 

2. Hydraulic Method/Model Used
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B.  HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively.  These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with NFIP 
requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS.  CHECK-2 and CHECK-RAS identify 
areas of potential error or concern.  These tools do not replace engineering judgment.  CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/plan/prevent/fhm/frm_soft.shtm.  We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and 
CHECK-RAS.  Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time. 

4. Models Submitted Natural Run Floodway Run Datum

 Duplicate Effective Model*  File Name:            Plan Name:             File Name:            Plan Name:               
 Corrected Effective Model* File Name:            Plan Name:             File Name:            Plan Name:               
 Existing or Pre-Project Conditions Model File Name:            Plan Name:             File Name:            Plan Name:        
 Revised or Post-Project Conditions Model  File Name:            Plan Name:             File Name:            Plan Name:       
 Other - (attach description)   File Name:            Plan Name:             File Name:            Plan Name:               

* For details, refer to the corresponding section of the instructions. 

  Digital Models Submitted? (Required) 

C.  MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and 
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the requester's 
property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; and the 
referenced vertical datum (NGVD, NAVD, etc.). 

  Digital Mapping (GIS/CADD) Data Submitted

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries.  Please attach a copy of the effective FIRM and/or FBFM, annotated to 
show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the effective 
1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision. 

  Annotated FIRM and/or FBFM (Required)

D.  COMMON REGULATORY REQUIREMENTS* 

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase?  Yes   No 

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP regulations:
 The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 
 The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot. 

        b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases?     Yes    No 
If Yes, please attach proof of property owner notification and acceptance (if available).  Elements of and examples of property owner 
notification can be found in the MT-2 Form 2 Instructions. 

2. Does the request involve the placement or proposed placement of fill?   Yes    No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14).  Please see the MT-2 instructions for more information.

3. For LOMR requests, is the regulatory floodway being revised?    Yes    No 

If Yes, attach evidence of regulatory floodway revision notification.  As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway.  (Not required for revisions to approximate 1%-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being added.  Elements and examples of regulatory floodway revision notification 
can be found in the MT-2 Form 2 Instructions.) 

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species?   Yes    No 

If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act 
(ESA).  Section 9 of the ESA prohibits anyone from “taking” or harming an endangered species.  If an action might harm an endangered species, 
a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA.   

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA.  

* Not inclusive of all applicable regulatory requirements.  For details, see 44 CFR parts 60 and 65.



Application for a Conditional Letter of Map Revision 
Ridgecrest Power Plant 
 
FEMA Flooding Source:  South El Paso Wash & North Ridgecrest Wash 
 
 
Supplemental Information for Section D.4 
 
This CLOMR/LOMR may have the potential to impact a federally threatened species, 
desert tortoise, protected under the federal Endangered Species Act.  The project is being 
reviewed for approval by the California Energy Commission and Bureau of Land 
Management under a joint CEQA/NEPA decision.  The AFC process under the 
California Energy Commission will also include the Biological Opinion under Section 7 
Consultation and the California Department of Fish & Game approvals for Endangered 
Species under state law.   All documents have been filed on ESA and can be found at the 
Energy Commission web site:  
http://www.energy.ca.gov/sitingcases/solar_millennium_ridgecrest/index.html.  
 
 
The project applicant is prepared to fully comply with all state and federal regulations 
protecting endangered species including  Section 9 and 7 of the Endangered Species Act.  
Authorization for take of desert tortoise will be secured from the U.S. Fish and Wildlife 
Service under Section 7, rather than Section 10, because Section 7 consultation is 
required with the Bureau of Land Management. An incidental take permit is expected to 
be issued by the U.S Fish and Wildlife Service during the fall of 2010.  The permit will 
include measures agreed upon by the project applicant to minimize and fully mitigate 
impacts to desert tortoise.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
RIVERINE STRUCTURES FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010

PAPERWORK REDUCTION ACT 
Public reporting burden for this form is estimated to average 7 hours per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. 
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016).  Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program.  Please do not send 
your completed survey to the above address.

Flooding Source:        
Note: Fill out one form for each flooding source studied 

A.  GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ............... complete Section B 
Bridge/Culvert ................ complete Section C 
Dam/Basin ..................... complete Section D 
Levee/Floodwall ............. complete Section E 
Sediment Transport........ complete Section F (if required) 

Description Of Structure

1.    Name of Structure:       

Type  (check one):  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:       

2.    Name of Structure:       

Type  (check one):  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:        

3.    Name of Structure:       

Type  (check one)  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:        

NOTE:  For more structures, attach additional pages as needed. 
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B.  CHANNELIZATION 

Flooding Source:        

Name of Structure:        

1. Accessory Structures

The channelization includes (check one):

Levees [Attach Section E (Levee/Floodwall)]   Drop structures
Superelevated sections        Transitions in cross sectional geometry
Debris basin/detention basin   [Attach Section D (Dam/Basin)] Energy dissipator 
Other (Describe):        

2. Drawing Checklist

 Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

3. Hydraulic Considerations

 The channel was designed to carry        (cfs) and/or the      -year flood. 

 The design elevation in the channel is based on (check one):

Subcritical flow     Critical flow  Supercritical flow  Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump is 
controlled without affecting the stability of the channel. 

Inlet to channel Outlet of channel   At Drop Structures   At Transitions
  Other locations (specify):        

4. Sediment Transport Considerations

 Was sediment transport considered?     Yes     No If Yes, then fill out Section F (Sediment Transport). 
 If No, then attach your explanation for why sediment transport was not considered.

C.  BRIDGE/CULVERT 

Flooding Source:        

Name of Structure:        

1. This revision reflects (check one): 

Bridge/culvert not modeled in the FIS 
Modified bridge/culvert previously modeled in the FIS 
Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):       
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures.  Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer.  The plan detail and information should include the following (check 
the information that has been provided):

Dimensions (height, width, span, radius, length)   Erosion Protection 
Shape (culverts only)      Low Chord Elevations – Upstream and Downstream 
Material       Top of Road Elevations – Upstream and Downstream 
Beveling or Rounding Structure Invert Elevations – Upstream and Downstream 
Wing Wall Angle Stream Invert Elevations – Upstream and Downstream 
Skew Angle Cross-Section Locations 
Distances Between Cross Sections 

4. Sediment Transport Considerations 

 Was sediment transport considered?     Yes     No If yes, then fill out Section F (Sediment Transport).   
If No, then attach your explanation for why sediment transport was not considered. 
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D.  DAM/BASIN 

Flooding Source:        

Name of Structure:        

1. This request is for (check one):               Existing dam  New dam  Modification of existing dam 

2. The dam was designed by (check one):  Federal agency  State agency  Local government agency  Private organization

 Name of the agency or organization:        

3. The  Dam was permitted as (check one): 

a.  Federal Dam State Dam

Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization   

Permit or ID number         Permitting Agency or Organization         

b. Local Government Dam Private Dam 

Provided related drawings, specification and supporting design information.

4. Does the project involve revised hydrology?      Yes      No 

  If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 

Was the dam/basin designed using critical duration storm? 

  Yes, provide supporting documentation with your completed Form 2. 

  No, provide a written explanation and justification for not using the critical duration storm. 

5. Does the submittal include debris/sediment yield analysis?      Yes      No 

 If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why debris/sediment analysis was not considered. 

6. Does the Base Flood Elevation behind the dam or downstream of the dam change? 

 Yes      No If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 

Stillwater Elevation Behind the Dam

  FREQUENCY (% annual chance)  FIS   REVISED 

10-year (10%)      
50-year (2%)       
100-year (1%)       
500-year (0.2%)     
Normal Pool Elevation 

7. Please attach a copy of the formal Operation and Maintenance Plan 
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E.  LEVEE/FLOODWALL 

1. System Elements

 a. This Levee/Floodwall analysis is based on (check one): 

  upgrading of an existing levee/floodwall system 
  a newly constructed levee/floodwall system 
  reanalysis of an existing levee/floodwall system 

 b. Levee elements and locations are (check one): 

  earthen embankment, dike, berm, etc. 
  structural floodwall 
  Other (describe):       

Station        to        
Station        to        
Station        to        

 c. Structural Type (check one): 

  monolithic cast-in place reinforced concrete 
  reinforced concrete masonry block 
  sheet piling 
  Other (describe):       

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood? 

 Yes      No 

 If Yes, by which agency?       

e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 

1. Plan of the levee embankment and floodwall structures.    Sheet Numbers:       

2. A profile of the levee/floodwall system showing the  
 Base Flood Elevation (BFE), levee and/or wall crest and  
 foundation, and closure locations for the total levee system.   Sheet Numbers:       

3. A profile of the BFE, closure opening outlet and inlet  
invert elevations, type and size of opening, and  
kind of closure.        Sheet Numbers:       

4. A layout detail for the embankment protection measures.   Sheet Numbers:       

5. Location, layout, and size and shape of the levee 
 embankment features, foundation treatment, floodwall 
 structure, closure structures, and pump stations.    Sheet Numbers:       

2. Freeboard

 a. The minimum freeboard provided above the BFE is: 

   Riverine

    3.0 feet or more at the downstream end and throughout  Yes  No 
    3.5 feet or more at the upstream end  Yes  No 
    4.0 feet within 100 feet upstream of all structures and/or constrictions  Yes  No 

Coastal

1.0 foot above the height of the one percent wave associated with the 1%-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater).   

 Yes  No 

2.0 feet above the 1%-annual-chance stillwater surge elevation  Yes  No 

E.  LEVEE/FLOODWALL (CONTINUED)
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2. Freeboard (continued)

 Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation
addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.

If No is answered to any of the above, please attach an explanation.

 b. Is there an indication from historical records that ice-jamming can affect the BFE?  Yes     No 

       If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.   

3. Closures

 a. Openings through the levee system (check one):  exists  does not exist 

   If opening exists, list all closures: 

Channel Station Left or Right Bank Opening Type Highest Elevation for 
Opening Invert 

Type of Closure Device 

(Extend table on an added sheet as needed and reference) 

Note:  Geotechnical and geologic data 

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the
design analysis for the following system features should be submitted in a tabulated summary form.  (Reference U.S. Army 
Corps of Engineers [USACE] EM-1110-2-1906 Form 2086.) 

4. Embankment Protection

 a. The maximum levee slope landside is:       

 b. The maximum levee slope floodside is:       

 c. The range of velocities along the levee during the base flood is:       (min.)  to       (max.) 

 d. Embankment material is protected by (describe what kind):       

 e. Riprap Design Parameters (check one):   Velocity   Tractive stress 
  Attach references 

Stone Riprap 
Reach Sideslope Flow 

Depth Velocity Curve or 
Straight D100 D50 Thickness 

Depth of 
Toedown 

Sta        to        

Sta        to        

Sta        to        

Sta        to        

Sta        to        

Sta        to        

(Extend table on an added sheet as needed and reference each entry) 
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E.  LEVEE/FLOODWALL (CONTINUED)

4. Embankment Protection (continued)

 f. Is a bedding/filter analysis and design attached?   Yes       No 

 g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 

        

Attach engineering analysis to support construction plans.   

5. Embankment And Foundation Stability

a. Identify locations and describe the basis for selection of critical location for analysis:  
       

   Overall height:  Sta.      ; height       ft. 

   Limiting foundation soil strength: 

  Sta.       ,  depth        to        

  strength   =       degrees, c =       psf 

  slope:  SS =       (h) to       (v) 

  (Repeat as needed on an added sheet for additional locations) 

b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 

       

c. Summary of stability analysis results: 

Case Loading Conditions Critical Safety Factor Criteria (Min.) 

I End of construction 1.3

II Sudden drawdown 1.0

III Critical flood stage 1.4

IV Steady seepage at flood stage 1.4

VI Earthquake (Case I) 1.0

(Reference: USACE EM-1110-2-1913 Table 6-1) 

 d. Was a seepage analysis for the embankment performed?  Yes      No 

  If Yes, describe methodology used:       

 e. Was a seepage analysis for the foundation performed?  Yes      No 

 f. Were uplift pressures at the embankment landside toe checked?  Yes      No 

 g. Were seepage exit gradients checked for piping potential?  Yes      No 

 h. The duration of the base flood hydrograph against the embankment is       hours. 

Attach engineering analysis to support construction plans. 
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E.  LEVEE/FLOODWALL (CONTINUED)

6. Floodwall And Foundation Stability

 a. Describe analysis submittal based on Code (check one): 

  UBC (1988) or   Other (specify):       

 b. Stability analysis submitted provides for: 

  Overturning   Sliding If not, explain:        

 c. Loading included in the analyses were: 

  Lateral earth @ PA =       psf;  Pp =       psf

  Surcharge-Slope @      ,     surface       psf 

  Wind @ Pw =       psf

  Seepage (Uplift);          Earthquake @ Peq =       %g

  1%-annual-chance significant wave height:       ft. 

 1%-annual-chance significant wave period:       sec. 

d. Summary of Stability Analysis Results:  Factors of Safety. 

 Itemize for each range in site layout dimension and loading condition limitation for each respective reach.   

Criteria (Min) Sta To Sta To 
Loading Condition 

Overturn Sliding  Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5

Dead & Soil 1.5 1.5

Dead, Soil, Flood, & 
Impact

1.5 1.5 

Dead, Soil, & Seismic 1.3 1.3

   (Ref:  FEMA 114 Sept 1986; USACE EM 1110-2-2502) 

   (Note:  Extend table on an added sheet as needed and reference) 

e. Foundation bearing strength for each soil type: 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 

Computed design maximum 

Maximum allowable 

 f. Foundation scour protection  is,  is not provided. If provided, attach explanation and supporting documentation: 

 Attach engineering analysis to support construction plans.   
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E.  LEVEE/FLOODWALL (CONTINUED) 

7. Settlement

 a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the
 established freeboard margin? Yes      No 

 b. The computed range of settlement is       ft. to       ft. 

 c. Settlement of the levee crest is determined to be primarily from : 

  Foundation consolidation 
  Embankment compression 
  Other (Describe): 

 d. Differential settlement of floodwalls    has   has not been accommodated in the structural design and construction.

 Attach engineering analysis to support construction plans.   

8. Interior Drainage

 a. Specify size of each interior watershed: 

  Draining to pressure conduit:        acres 
  Draining to ponding area:        acres 

 b. Relationships Established 

  Ponding elevation vs. storage     Yes      No 
  Ponding elevation vs. gravity flow    Yes      No 
  Differential head vs. gravity flow    Yes      No 

 c. The river flow duration curve is enclosed:  Yes      No 

 d. Specify the discharge capacity of the head pressure conduit:        cfs 

 e. Which flooding conditions were analyzed? 

 Gravity flow (Interior Watershed)    Yes      No 
 Common storm (River Watershed)    Yes      No
 Historical ponding probability    Yes      No 
 Coastal wave overtopping    Yes      No 

 If No for any of the above, attach explanation. 

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection.  Yes      No 

 If No, attach explanation. 

 g. The rate of seepage through the levee system for the base flood is       cfs 

 h. The length of levee system used to drive this seepage rate in item g:       ft. 
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E.  LEVEE/FLOODWALL (CONTINUED) 

8. Interior Drainage (continued)

i. Will pumping plants be used for interior drainage?    Yes      No

If Yes, include the number of pumping plants:        
For each pumping plant, list: 

Plant #1 Plant #2 

The number of pumps 

The ponding storage capacity 

The maximum pumping rate 

The maximum pumping head 

The pumping starting elevation 

The pumping stopping elevation 

Is the discharge facility protected? 

Is there a flood warning plan? 

How much time is available between warning 
and flooding? 

Will the operation be automatic?       Yes      No 

If the pumps are electric, are there backup power sources?     Yes      No 

(Reference:  USACE  EM-1110-2-3101, 3102, 3103, 3104, and 3105) 

Include a copy of supporting documentation of data and analysis.  Provide a map showing the flooded area and maximum ponding elevations for all 
interior watersheds that result in flooding.

9. Other Design Criteria

a. The following items have been addressed as stated: 

Liquefaction  is  is not a problem 
Hydrocompaction   is  is not a problem 
Heave differential movement due to soils of high shrink/swell   is  is not a problem 

b. For each of these problems, state the basic facts and corrective action taken: 

       

  Attach supporting documentation  

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
 Yes      No 

Attach supporting documentation 

d. Sediment Transport Considerations: 

 Was sediment transport considered?       Yes      No If Yes, then fill out Section F (Sediment Transport).  
If No, then attach your explanation for why sediment transport was not considered. 
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E.  LEVEE/FLOODWALL (CONTINUED)

10. Operational Plan And Criteria

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?  Yes      No 

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?
 Yes      No 

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?
 Yes      No 

 If the answer is No to any of the above, please attach supporting documentation.

11. Maintenance Plan

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?  Yes      No 
If No, please attach supporting documentation.

12. Operations and Maintenance Plan

 Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

F.  SEDIMENT TRANSPORT 

Flooding Source:        

Name of Structure:        

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the  
Base Flood Elevation (BFE); and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is 
a potential for debris and sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the 
supporting documentation: 

Sediment load associated with the base flood discharge: Volume       acre-feet 

Debris load associated with the base flood discharge:          Volume       acre-feet 

Sediment transport rate        (percent concentration by volume) 

Method used to estimate sediment transport:       

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 

Method used to estimate scour and/or deposition:       

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided. 



Designed:

Checked:

Drawn:

Record Drawing by/date:

Revisions:
# DATE DESCRIPTION

Prepared for:

Date:

Sheet:

AECOM
5001 E. Commercenter Dr.
Bakersfield, Ca 93309
Phone    661.325.7253

Solar
Millennium LLC

www.aecom.com

02/10/10

LEGEND

Ridgecrest Solar

Kern County,
California

Pre-Development
Hydrology Map

1   OF  1

T.MARUKI

T.MARUKI

Power Project

Node No. Volume 
(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
E1a (West Outlet) 4.20 724.9 12:42 11 131.3 724.9 1139.4 12:39 11 196.7 1139.4 1977.8 12:39 11 328.5 1977.8

E1b 0.15 147.0 12:03 13 11.8 147.0 187.2 12:03 13 15.2 187.2 259.0 12:03 13 21.4 259.0
Ex. Outlet 1* 4.35 736.0 13:00 14 143.2 736.0 1152.2 13:00 14 212.0 1152.2 1987.1 12:57 14 349.9 1987.1

E2a 0.82 359.5 12:27 21 48.3 359.5 485.3 12:27 21 65.3 485.3 716.1 12:24 21 97.0 716.1
E2b 0.45 279.6 12:15 23 29.6 279.6 368.1 12:15 23 39.2 368.1 528.2 12:15 23 57.0 528.2
E2c 20.58 2138.1 12:57 25 505.9 2138.1 3604.6 12:57 25 790.4 3604.6 6681.5 12:54 25 1380.1 6681.5
E2d 0.29 257.5 12:06 27 528.5 2157.7 328.6 12:06 27 819.5 3625.4 455.6 12:06 27 1421.1 6721.6
E2e 0.06 67.8 12:00 28 628.3 2401.5 86.0 12:00 28 952.3 3948.2 118.5 12:00 28 1615.5 7214.6
E2f 0.05 53.7 12:00 28 628.3 2401.5 68.3 12:00 28 952.3 3948.2 94.2 12:00 28 1615.5 7214.6
E2g 0.19 135.1 12:12 28 628.3 2401.5 175.1 12:12 28 952.3 3948.2 246.8 12:12 28 1615.5 7214.6
E2h 0.67 485.1 12:15 30 681.0 2447.1 617.7 12:15 30 1020.2 4005.7 854.0 12:15 30 1710.8 7270.3

East Outlet 23.11 2447.1 13:15 30 681.0 2447.1 4005.7 13:12 30 1020.2 4005.7 7270.3 13:09 30 1710.8 7270.3
Ex. Outlet 2* 27.47 3017.0 13:18 31 824.2 3017.0 4885.9 13:15 31 1232.1 4885.9 8774.2 13:09 31 2060.7 8774.2

E3a (u/s culvert) 9.21 1468.6 12:48 41 293.1 1468.6 2298.1 12:48 41 437.6 2298.1 3960.5 12:48 41 728.0 3960.5
E3a (d/s culvert) 9.21 15.6 12:48 41 3.2 15.6 18.6 12:48 41 4.7 18.6 22.8 12:48 41 7.1 22.8

Offsite Outlet - 1453.0 - 50 289.9 1453.0 2279.5 - 50 432.9 2279.5 3937.7 - 50 720.9 3937.7
E3b 0.72 378.1 12:24 42 52.6 378.1 495.2 12:24 42 69.7 495.2 706.4 12:24 42 100.9 706.7

North-East Outlet 9.93 378.1 12:24 42 52.6 378.1 495.2 12:24 42 69.7 495.2 706.7 12:24 42 100.9 706.7
E3c 0.65 478.8 12:12 45 70.9 636.2 612.2 12:12 45 92.8 826.5 850.4 12:12 45 133.2 1169.9
E3d 0.36 174.5 12:18 45 70.9 636.2 237.5 12:18 45 92.8 826.5 353.6 12:18 45 133.2 1169.9

E3e (Ex. Outlet 4) 0.14 143.3 12:03 47 11.2 143.3 182.4 12:03 47 14.4 182.4 252.1 12:03 47 20.3 252.1
E3f 0.06 64.7 12:00 49 127.6 939.7 83.4 12:00 49 167.9 1227.4 116.9 12:00 49 241.8 1745.3

Ex. Outlet 3 10.99 939.7 12:21 49 127.6 939.7 1227.4 12:21 49 167.9 1227.4 1745.3 12:21 49 241.8 1745.3

Sub Basin
Area
(mi2)

10-yr 25-yr 100-yr

Peak 
Discharge

(cfs)

Time of 
Peak

Node Total
Peak 

Discharge
(cfs)

Time of 
Peak

Node Total
Peak 

Discharge
(cfs)

Time of 
Peak

Node Total

*Discharge at Ex. Outlet 1 and 2 do not represent the total flow in the wash; they are only provided to compare pre- and post-development discharge resulting from the project at a 
downstream confluence point.
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10 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 724.90 01Jan2009, 12:42 131.30
E1b 0.151 147.00 01Jan2009, 12:03 11.80
E2a 0.824 359.5 01Jan2009, 12:27 48.3
E2b 0.450 279.6 01Jan2009, 12:15 29.6
E2c 20.581 2138.1 01Jan2009, 12:57 505.9
E2d 0.291 257.5 01Jan2009, 12:06 22.6
E2e 0.056 67.8 01Jan2009, 12:00 4.4
E2f 0.046 53.70 01Jan2009, 12:00 3.60
E2g 0.192 135.10 01Jan2009, 12:12 13.80
E2h 0.674 485.10 01Jan2009, 12:15 52.80

East_Outlet 23.114 2447.10 01Jan2009, 13:15 681.00
Ex_Outlet1 4.352 736.00 01Jan2009, 13:00 143.20
Ex_Outlet2 27.466 3017.00 01Jan2009, 13:18 824.20

J1 20.872 2157.70 01Jan2009, 13:00 528.50
J2 22.440 2396.50 01Jan2009, 13:03 628.30
R1 4.201 704.60 01Jan2009, 13:03 131.30
R2 0.151 142.80 01Jan2009, 12:24 11.80
R3 20.581 2123.7 01Jan2009, 13:00 506
R4 0.824 356.5 01Jan2009, 12:30 48.3
R5 0.450 277.9 01Jan2009, 12:18 29.6
R6 20.872 2136.2 01Jan2009, 13:03 528.6
R7 22.440 2357.6 01Jan2009, 13:15 628.2
R8 23.114 2431 01Jan2009, 13:18 681
R9 4.352 734 01Jan2009, 13:06 143.2

West_Outlet 4.201 724.9 01Jan2009, 12:42 131.3

HMS Output for Pre-Development Hydrology Calculations



25 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 1139.40 01Jan2009, 12:39 196.70
E1b 0.151 187.20 01Jan2009, 12:03 15.20
E2a 0.824 485.3 01Jan2009, 12:27 65.3
E2b 0.450 368.1 01Jan2009, 12:15 39.2
E2c 20.581 3604.6 01Jan2009, 12:57 790.4
E2d 0.291 328.6 01Jan2009, 12:06 29.1
E2e 0.056 86 01Jan2009, 12:00 5.6
E2f 0.046 68.30 01Jan2009, 12:00 4.60
E2g 0.192 175.10 01Jan2009, 12:12 18.00
E2h 0.674 617.70 01Jan2009, 12:15 68.00

East_Outlet 23.114 4005.70 01Jan2009, 13:12 1020.20
Ex_Outlet1 4.352 1152.20 01Jan2009, 13:00 212.00
Ex_Outlet2 27.466 4885.90 01Jan2009, 13:15 1232.10

J1 20.872 3625.40 01Jan2009, 13:00 819.50
J2 22.440 3945.00 01Jan2009, 13:03 952.30
R1 4.201 1111.30 01Jan2009, 13:00 196.70
R2 0.151 179.30 01Jan2009, 12:24 15.20
R3 20.581 3582.6 01Jan2009, 13:00 790.4
R4 0.824 481.9 01Jan2009, 12:30 65.3
R5 0.450 365.7 01Jan2009, 12:18 39.2
R6 20.872 3604.4 01Jan2009, 13:03 819.5
R7 22.440 3884.7 01Jan2009, 13:12 952.2
R8 23.114 3980.6 01Jan2009, 13:15 1020.1
R9 4.352 1144.3 01Jan2009, 13:03 212

West_Outlet 4.201 1139.4 01Jan2009, 12:39 196.7

HMS Output for Pre-Development Hydrology Calculations



100 Year Flow Rates

Pre-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

E1a 4.201 1977.80 01Jan2009, 12:39 328.50
E1b 0.151 259.00 01Jan2009, 12:03 21.40
E2a 0.824 716.1 01Jan2009, 12:27 97
E2b 0.450 528.2 01Jan2009, 12:15 57
E2c 20.581 6681.5 01Jan2009, 12:54 1380.1
E2d 0.291 455.6 01Jan2009, 12:06 41
E2e 0.056 118.5 01Jan2009, 12:00 7.9
E2f 0.046 94.20 01Jan2009, 12:00 6.50
E2g 0.192 246.80 01Jan2009, 12:12 25.80
E2h 0.674 854.00 01Jan2009, 12:15 95.60

East_Outlet 23.114 7270.30 01Jan2009, 13:09 1710.80
Ex_Outlet1 4.352 1987.10 01Jan2009, 12:57 349.90
Ex_Outlet2 27.466 8774.20 01Jan2009, 13:09 2060.70

J1 20.872 6721.60 01Jan2009, 12:57 1421.10
J2 22.440 7199.90 01Jan2009, 13:00 1615.30
R1 4.201 1928.30 01Jan2009, 12:57 328.50
R2 0.151 251.00 01Jan2009, 12:21 21.40
R3 20.581 6658.3 01Jan2009, 12:57 1380.1
R4 0.824 710.7 01Jan2009, 12:27 97
R5 0.450 524.1 01Jan2009, 12:18 57
R6 20.872 6684.8 01Jan2009, 13:00 1421
R7 22.440 7091.4 01Jan2009, 13:09 1615.2
R8 23.114 7219.4 01Jan2009, 13:12 1710.8
R9 4.352 1973.1 01Jan2009, 13:00 349.9

West_Outlet 4.201 1977.8 01Jan2009, 12:39 328.5

HMS Output for Pre-Development Hydrology Calculations
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SOUTH EL PASO WASH – EXISTING CONDITIONS      
 
The existing conditions of South El Paso Wash have not been studied in detail.  The Flood 
Insurance Study for Kern County, California, dated September 26, 2008, indicates that South El 
Paso Wash was studied by approximate analysis.  The approximate floodplain for the 1% chance 
event  is  shown  on  FIRM  Panels  1575E  and  1600E.   The  study  also  states  that  the  peak  1%  
chance discharge for South El Paso Wash at the Ridgecrest corporate limits is 3,000 cfs for a 
drainage area of 12.7 square miles. 
 
The City of Ridgecrest prepared a Master Drainage Plan in May 1989.  An analysis of the El Paso 
Wash Drainage Basin was performed using HEC-1.  The results show that for a drainage area of 
35.68 square miles, the 100 year peak flow would be 13,000 cfs.  The study encompassed a 
larger tributary area and a longer portion of the wash downstream of the area affected by the 
project, thus resulting in a larger flow rate downstream. 
 
For this development, a detailed hydrologic study was prepared using one-foot contour 
topography and methodology based on the Kern County Hydrology Manual.  The existing 
hydrology included a tributary area of 23.11 square miles with a resulting 1% chance discharge 
of  7,270.3  downstream  of  the  site.   A  hydraulic  analysis  of  23,100  feet  of  the  wash  was  
performed with HEC-RAS using a mixed-flow regime.  The results show a downstream water 
surface level of 2587.72 ft at the limits of the proposed floodplain revision (HEC-RAS, Section 9).  
The resulting 1% floodplain was overlayed onto the existing FIRM Panels. 
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Ridgecrest Solar

Kern County,
California

Post-Development 
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Node No. Volume 
(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
O1a 0.39 173.2 12:12 11 16.9 173.2 248.8 12:09 11 23.9 248.8 396.0 12:09 11 37.7 396.0
O1b 2.74 515.7 12:33 13 100.4 593.9 814.5 12:33 13 149.6 924.3 1414.7 12:33 13 248.4 1583.9
O1c 1.35 294.7 12:24 15 141.4 781.9 464.6 12:24 15 211.3 1230.8 805.1 12:24 15 352.0 2136.3
O1d 0.06 76.9 11:57 17 146.0 788.0 97.7 11:57 17 217.3 1239.2 134.9 11:57 17 360.4 2148.8

West Outlet 4.54 788.0 12:33 17 146.0 788.0 1239.2 12:33 17 217.3 1239.2 2148.8 12:30 17 360.4 2148.8
Ex. Outlet 1* 4.54 782.3 12:54 18 146.0 782.3 1230.2 12:51 18 217.3 1230.2 2135.5 12:45 18 360.4 2135.5

O2a 20.53 2128.8 12:57 23 507.9 2139.3 3589.5 12:57 23 793.1 3604.7 6654.9 12:54 23 1384.6 6681.2
O2b 0.13 37.9 12:12 22 4.0 37.9 57.1 12:12 22 5.9 57.1 95.9 12:12 22 9.7 95.9
O2c 0.28 251.3 12:06 27 531.5 2160.0 320.7 12:06 27 823.5 3626.6 444.6 12:06 27 1427.5 6722.6
O2d 0.01 16.7 12:00 27 531.5 2160.0 21.2 12:00 27 823.5 3626.6 29.3 12:00 27 1427.5 6722.6
O2e 0.01 8.1 11:57 27 531.5 2160.0 10.2 11:57 27 823.5 3626.6 14.1 11:57 27 1427.5 6722.6
O2f 0.22 175.8 12:09 39 631.6 2327.7 224.0 12:09 39 952.4 3831.4 310.0 12:09 39 1608.8 7016.0
O2g 0.02 25.3 11:54 30 1.4 25.3 32.1 11:54 30 1.8 32.1 44.4 11:54 30 2.6 44.4
O2h 0.05 53.7 12:00 39 631.6 2327.7 68.3 12:00 39 952.4 3831.4 94.2 12:00 39 1608.8 7016.0
2i 0.22 224.9 12:03 31 17.3 224.9 289.3 12:03 31 22.3 289.3 402.8 12:03 31 31.3 402.8
2j 0.21 202.6 12:03 32 33.7 378.9 259.7 12:03 32 33.7 378.9 363.2 12:03 32 61.1 689.5
2k 0.02 17.5 12:06 34 8.5 103.8 22.3 12:06 34 11.0 133.3 30.9 12:06 34 15.5 185.0
2l 0.22 206.9 12:06 35 18.7 223.9 266.2 12:06 35 18.7 223.9 369.4 12:06 35 33.9 399.5

2m 0.23 221.0 12:06 36 36.5 385.7 282.7 12:06 36 36.5 385.7 394.8 12:03 36 66.1 709.4
O2n 0.05 53.7 12:00 38 73.7 751.4 68.3 12:00 38 94.9 973.5 94.2 12:00 38 133.5 1380.1
O2o 0.06 67.8 12:00 39 631.6 2327.7 86.0 12:00 39 952.4 3831.4 118.5 12:00 39 1608.8 7016.0
O2p 0.15 166.7 12:00 43 654.6 2338.8 212.2 12:00 43 982.0 3853.7 293.3 12:00 43 1650.4 7003.6
2q 0.14 149.2 12:03 41 11.2 149.2 189.6 12:03 41 14.4 189.6 262.3 12:03 41 20.3 262.3
O2r 0.06 70.9 11:57 46 675.3 2355.0 90.2 11:57 46 1008.8 3854.4 124.6 11:57 46 1688.0 7039.6
2s 0.21 195.5 12:06 45 16.4 195.5 250.2 12:06 45 21.1 250.2 347.9 12:06 45 29.6 347.9

O2t 0.27 258.4 12:03 49 715.4 2379.4 329.4 12:03 49 1060.4 3896.1 455.9 12:03 49 1760.7 7088.6
2u 0.24 211.1 12:06 48 18.7 211.1 271.1 12:06 48 24.1 271.1 377.2 12:06 48 34.0 377.2

O2v 0.09 105.3 12:00 51 722.2 2383.9 133.6 12:00 51 1069.2 3890.1 184.1 12:00 51 1773.0 7048.6
East Outlet 23.40 2383.9 13:12 51 722.2 2383.9 3890.1 13:09 51 1069.2 3890.1 7048.6 13:06 51 1773.0 7048.6

Ex. Outlet 2* 27.94 2928.3 13:15 52 868.2 2928.3 4731.0 13:12 52 1286.4 4731.0 8468.7 13:09 52 2133.4 8468.7
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*Discharge at Ex. Outlet 1 and 2 do not represent the total flow in the wash; they are only provided to compare pre- and post-development discharge resulting from the project at a 
downstream confluence point.
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Node No. Volume 
(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
O3a (u/s culvert) 9.206 1468.6 12:48 61 293.1 1468.6 2298.1 12:48 61 437.6 2298.1 3960.5 12:48 61 728.0 3960.5
O3a (d/s culvert) 9.206 15.6 12:48 61 3.2 15.6 18.6 12:48 61 4.7 18.6 22.8 12:48 61 7.1 22.8

Offsite Outlet - 1453.0 - 90 289.9 1453.0 2279.5 - 90 432.9 2279.5 3937.7 - 90 720.9 3937.7
O3b 0.237 142.5 12:06 62 14.7 142.7 199.0 12:06 62 20.8 199.3 304.6 12:06 62 31.8 306.9
O3c 0.108 119.2 12:00 63 23.2 193.2 151.8 12:00 63 31.7 273.1 209.8 12:00 63 47.1 421.6
O3d 0.273 159.9 12:09 65 37.5 302.1 219.4 12:09 65 51.2 429.2 329.6 12:09 65 76.8 668.7
O3e 0.017 22.2 11:57 67 1.3 22.2 28.2 11:57 67 1.7 28.2 38.9 11:57 67 2.4 38.9
O3f 0.020 25.3 11:57 69 40.4 312.3 32.2 11:57 69 55.0 443.8 44.5 11:57 69 82.0 682.5
O3g 0.022 27.9 11:57 71 1.7 27.9 35.4 11:57 71 2.2 35.4 48.9 11:57 71 3.1 48.9
O3h 0.016 20.3 11:57 72 43.4 321.0 25.8 11:57 72 58.8 453.1 35.6 11:57 72 87.4 703.0
O3i 0.023 21.7 12:00 73 1.3 21.7 29.1 12:00 73 1.8 29.1 42.6 12:00 73 2.7 42.6
O3j 0.018 12.7 12:00 74 45.5 326.1 18.0 12:00 74 61.7 458.7 28.3 11:57 74 91.8 718.5
O3k 0.007 7.2 11:57 75 45.7 308.3 9.8 11:57 75 62.1 435.8 14.5 11:57 75 92.4 676.9
3l 0.243 263.9 12:03 76 19.0 263.9 335.5 12:03 76 24.5 335.5 463.3 12:03 76 34.5 463.3

3m 0.229 250.6 12:03 77 37.0 474.4 318.1 12:03 77 47.6 606.4 436.6 12:03 77 66.9 838.1
3n 0.134 126.2 12:03 78 47.2 532.9 162.5 12:03 78 60.8 684.4 226.3 12:03 78 85.6 962.5

O3o 0.016 22.4 11:57 80 94.1 776.9 28.4 11:57 80 124.4 1049.1 39.0 11:57 80 180.0 1541.4
North-East Outlet 10.569 776.9 12:21 80 94.1 776.9 1049.1 12:18 80 124.4 1049.1 1541.4 12:15 80 180.0 1541.4

O3p 0.057 64.7 12:00 82 98.2 787.5 83.4 12:00 82 129.7 1056.7 116.9 12:00 82 187.6 1566.5
Ex. Outlet 3 10.626 787.5 12:21 82 98.2 787.5 1056.7 12:21 82 129.7 1056.7 1566.5 12:21 82 187.6 1566.5
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10 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 32.00 01Jan2009, 12:00 2.30
2iSF2 0.040 42.60 01Jan2009, 12:03 3.10
2iSF3 0.040 42.60 01Jan2009, 12:03 3.10
2iSF4 0.030 34.10 01Jan2009, 12:00 2.40
2iSF5 0.041 45.30 01Jan2009, 12:00 3.20
2iSF6 0.041 45.30 01Jan2009, 12:00 3.20
2jSF1 0.038 40.50 01Jan2009, 12:03 3.00
2jSF2 0.035 37.30 01Jan2009, 12:03 2.70
2jSF3 0.042 44.30 01Jan2009, 12:03 3.30
2jSF4 0.053 54.80 01Jan2009, 12:03 4.20
2jSF5 0.042 44.30 01Jan2009, 12:03 3.30

2k 0.020 17.50 01Jan2009, 12:06 1.60
2lSF1 0.050 51.70 01Jan2009, 12:03 3.90
2lSF2 0.039 41.50 01Jan2009, 12:03 3.10
2lSF3 0.051 54.30 01Jan2009, 12:03 4.00
2lSF4 0.041 43.70 01Jan2009, 12:03 3.20
2lSF5 0.038 43.20 01Jan2009, 12:00 3.00

2mSF1 0.052 54.80 01Jan2009, 12:03 4.10
2mSF2 0.062 64.10 01Jan2009, 12:03 4.90
2mSF3 0.052 54.80 01Jan2009, 12:03 4.10
2mSF4 0.061 63.70 01Jan2009, 12:03 4.80
2qNF1 0.033 36.40 01Jan2009, 12:00 2.60
2qNF2 0.030 35.00 01Jan2009, 12:00 2.40
2qNF3 0.050 52.70 01Jan2009, 12:03 3.90
2qNF4 0.030 33.10 01Jan2009, 12:00 2.40
2sNF1 0.052 54.30 01Jan2009, 12:03 4.10
2sNF2 0.047 48.60 01Jan2009, 12:03 3.70
2sNF3 0.050 52.20 01Jan2009, 12:03 3.90
2sNF4 0.060 60.10 01Jan2009, 12:03 4.70
2uNF1 0.052 54.30 01Jan2009, 12:03 4.10
2uNF2 0.047 49.10 01Jan2009, 12:03 3.70
2uNF3 0.042 43.80 01Jan2009, 12:03 3.30
2uNF4 0.044 45.90 01Jan2009, 12:03 3.40
2uNF5 0.055 55.10 01Jan2009, 12:03 4.30

East_Outlet 23.400 2383.90 01Jan2009, 13:12 722.20
Ex_Outlet1 4.542 782.30 01Jan2009, 12:54 146.00
Ex_Outlet2 27.942 2928.30 01Jan2009, 13:15 868.20

J0 20.962 2160.00 01Jan2009, 13:00 531.50
J1 3.129 593.90 01Jan2009, 12:33 100.40
J10 0.071 76.50 01Jan2009, 12:03 5.60
J11 0.221 224.90 01Jan2009, 12:03 17.30
J12 0.073 75.80 01Jan2009, 12:03 5.70
J13 0.336 298.60 01Jan2009, 12:12 26.30
J14 0.431 378.90 01Jan2009, 12:09 33.70
J15 0.353 293.20 01Jan2009, 12:12 27.60
J16 0.466 385.70 01Jan2009, 12:09 36.50

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J17 0.943 751.40 01Jan2009, 12:15 73.70
J18 22.241 2327.70 01Jan2009, 13:03 631.60
J19 22.535 2338.80 01Jan2009, 13:06 654.60
J2 4.483 781.90 01Jan2009, 12:33 141.40
J20 0.063 68.30 01Jan2009, 12:03 4.90
J21 0.143 149.20 01Jan2009, 12:03 11.20
J22 0.099 93.70 01Jan2009, 12:06 7.70
J23 0.110 102.50 01Jan2009, 12:06 8.60
J24 0.209 195.50 01Jan2009, 12:06 16.40
J25 22.800 2355.00 01Jan2009, 13:06 675.30
J26 0.099 94.30 01Jan2009, 12:06 7.80
J27 0.086 79.70 01Jan2009, 12:03 6.70
J28 0.141 118.10 01Jan2009, 12:06 11.00
J29 0.240 211.10 01Jan2009, 12:06 18.70
J3 0.089 86.30 01Jan2009, 12:03 7.00
J30 23.313 2379.40 01Jan2009, 13:09 715.40
J4 0.109 103.80 01Jan2009, 12:06 8.50
J5 0.092 95.60 01Jan2009, 12:03 7.20
J6 0.239 223.90 01Jan2009, 12:06 18.70
J7 20.658 2139.30 01Jan2009, 12:57 507.90
J8 0.069 73.10 01Jan2009, 12:03 5.40
J9 0.109 109.60 01Jan2009, 12:03 8.50

O1a 0.392 173.20 01Jan2009, 12:12 16.90
O1b 2.737 515.70 01Jan2009, 12:33 83.50
O1c 1.354 294.70 01Jan2009, 12:24 41.00
O1d 0.059 76.90 01Jan2009, 11:57 4.60
O2a 20.528 2128.80 01Jan2009, 12:57 503.90
O2b 0.130 37.90 01Jan2009, 12:12 4.00
O2c 0.284 251.30 01Jan2009, 12:06 22.00
O2d 0.014 16.70 01Jan2009, 12:00 1.10
O2e 0.006 8.10 01Jan2009, 11:57 0.50
O2f 0.216 175.80 01Jan2009, 12:09 16.90
O2g 0.018 25.30 01Jan2009, 11:54 1.40
O2h 0.046 53.70 01Jan2009, 12:00 3.60
O2n 0.046 53.70 01Jan2009, 12:00 3.60
O2o 0.056 67.80 01Jan2009, 12:00 4.40
O2p 0.151 166.70 01Jan2009, 12:00 11.80
O2r 0.056 70.90 01Jan2009, 11:57 4.40
O2t 0.273 258.40 01Jan2009, 12:03 21.40
O2v 0.087 105.30 01Jan2009, 12:00 6.80
R1 0.392 169.10 01Jan2009, 12:15 16.90
R10 20.962 2144.20 01Jan2009, 13:03 531.50
R11 0.018 24.90 01Jan2009, 12:03 1.40
R12 0.029 30.60 01Jan2009, 12:06 2.30
R13 0.069 71.10 01Jan2009, 12:06 5.40
R14 0.109 109.30 01Jan2009, 12:03 8.50
R15 0.030 32.60 01Jan2009, 12:03 2.30
R16 0.071 73.80 01Jan2009, 12:06 5.60
R17 0.221 215.00 01Jan2009, 12:12 17.30
R18 0.038 38.90 01Jan2009, 12:06 3.00
R19 0.073 72.60 01Jan2009, 12:06 5.70
R2 3.129 586.00 01Jan2009, 12:36 100.40
R20 0.336 298.60 01Jan2009, 12:12 26.30



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R22 0.431 369.10 01Jan2009, 12:15 33.70
R23 0.050 50.30 01Jan2009, 12:06 3.90
R24 0.089 86.30 01Jan2009, 12:06 7.00
R25 0.109 102.60 01Jan2009, 12:09 8.50
R26 0.051 52.60 01Jan2009, 12:06 4.00
R27 0.092 91.20 01Jan2009, 12:06 7.20
R28 0.239 213.80 01Jan2009, 12:15 18.70
R29 0.052 51.90 01Jan2009, 12:06 4.10
R3 4.483 780.70 01Jan2009, 12:33 141.40
R30 0.353 293.00 01Jan2009, 12:12 27.60
R31 0.052 51.70 01Jan2009, 12:06 4.10
R32 0.466 366.80 01Jan2009, 12:18 36.40
R33 0.943 744.40 01Jan2009, 12:18 73.70
R34 22.241 2313.00 01Jan2009, 13:06 631.50
R35 0.033 35.90 01Jan2009, 12:03 2.60
R36 0.063 68.10 01Jan2009, 12:03 4.90
R37 0.050 49.00 01Jan2009, 12:03 3.90
R38 0.143 145.60 01Jan2009, 12:06 11.20
R39 22.535 2329.50 01Jan2009, 13:06 654.60
R4 4.542 782.30 01Jan2009, 12:54 146.00
R40 0.052 48.70 01Jan2009, 12:06 4.10
R41 0.099 93.60 01Jan2009, 12:06 7.80
R42 0.050 46.90 01Jan2009, 12:09 3.90
R43 0.110 101.80 01Jan2009, 12:06 8.60
R44 0.209 193.70 01Jan2009, 12:06 16.40
R45 22.800 2329.90 01Jan2009, 13:09 675.30
R46 0.052 49.70 01Jan2009, 12:06 4.10
R47 0.099 94.10 01Jan2009, 12:06 7.80
R48 0.042 37.40 01Jan2009, 12:06 3.30
R49 0.086 69.70 01Jan2009, 12:09 6.70
R5 4.542 778.6 01Jan2009, 12:57 146
R50 0.141 117 01Jan2009, 12:06 11
R51 0.24 209.6 01Jan2009, 12:06 18.7
R52 23.313 2377.7 01Jan2009, 13:12 715.4
R53 23.400 2357.1 01Jan2009, 13:18 722.2
R6 0.130 37.40 01Jan2009, 12:12 4.00
R7 20.658 2125.00 01Jan2009, 13:00 507.90
R8 0.014 16.20 01Jan2009, 12:03 1.10
R9 0.006 7.90 01Jan2009, 12:00 0.50

West_Outlet 4.542 788.00 01Jan2009, 12:33 146.00



25 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 40.80 01Jan2009, 12:00 2.90
2iSF2 0.040 54.30 01Jan2009, 12:00 4.00
2iSF3 0.040 54.30 01Jan2009, 12:00 4.00
2iSF4 0.030 43.40 01Jan2009, 12:00 3.00
2iSF5 0.041 57.60 01Jan2009, 12:00 4.10
2iSF6 0.041 57.60 01Jan2009, 12:00 4.10
2jSF1 0.038 51.60 01Jan2009, 12:00 3.80
2jSF2 0.035 47.50 01Jan2009, 12:00 3.50
2jSF3 0.042 56.30 01Jan2009, 12:03 4.20
2jSF4 0.053 69.70 01Jan2009, 12:03 5.30
2jSF5 0.042 56.30 01Jan2009, 12:03 4.20

2k 0.020 22.30 01Jan2009, 12:06 2.00
2lSF1 0.050 65.80 01Jan2009, 12:03 5.00
2lSF2 0.039 52.90 01Jan2009, 12:00 3.90
2lSF3 0.051 69.20 01Jan2009, 12:00 5.10
2lSF4 0.041 55.60 01Jan2009, 12:00 4.10
2lSF5 0.038 55.00 01Jan2009, 12:00 3.80

2mSF1 0.052 69.70 01Jan2009, 12:03 5.20
2mSF2 0.062 81.50 01Jan2009, 12:03 6.30
2mSF3 0.052 69.70 01Jan2009, 12:03 5.20
2mSF4 0.061 80.90 01Jan2009, 12:03 6.20
2qNF1 0.033 46.40 01Jan2009, 12:00 3.30
2qNF2 0.030 44.50 01Jan2009, 12:00 3.00
2qNF3 0.050 67.00 01Jan2009, 12:03 5.00
2qNF4 0.030 42.20 01Jan2009, 12:00 3.00
2sNF1 0.052 69.00 01Jan2009, 12:03 5.20
2sNF2 0.047 61.80 01Jan2009, 12:03 4.70
2sNF3 0.050 66.40 01Jan2009, 12:03 5.00
2sNF4 0.060 76.50 01Jan2009, 12:03 6.10
2uNF1 0.052 69.00 01Jan2009, 12:03 5.20
2uNF2 0.047 62.40 01Jan2009, 12:03 4.70
2uNF3 0.042 55.70 01Jan2009, 12:03 4.20
2uNF4 0.044 58.40 01Jan2009, 12:03 4.40
2uNF5 0.055 70.20 01Jan2009, 12:03 5.50

East_Outlet 23.400 3890.10 01Jan2009, 13:09 1069.20
Ex_Outlet1 4.542 1230.20 01Jan2009, 12:51 217.30
Ex_Outlet2 27.942 4731.00 01Jan2009, 13:12 1286.40

J0 20.962 3626.60 01Jan2009, 13:00 823.50
J1 3.129 924.30 01Jan2009, 12:33 149.60
J10 0.071 97.30 01Jan2009, 12:03 7.20
J11 0.221 289.30 01Jan2009, 12:03 22.30
J12 0.073 96.60 01Jan2009, 12:03 7.40
J13 0.336 388.80 01Jan2009, 12:09 33.90
J14 0.431 490.60 01Jan2009, 12:09 43.40

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J16 0.466 503.50 01Jan2009, 12:09 47.00
J17 0.943 973.50 01Jan2009, 12:15 94.90
J18 22.241 3831.40 01Jan2009, 13:03 952.40
J19 22.535 3853.70 01Jan2009, 13:03 982.00
J2 4.483 1230.80 01Jan2009, 12:33 211.30
J20 0.063 86.90 01Jan2009, 12:00 6.40
J21 0.143 189.60 01Jan2009, 12:03 14.40
J22 0.099 119.60 01Jan2009, 12:06 10.00
J23 0.110 131.40 01Jan2009, 12:06 11.10
J24 0.209 250.20 01Jan2009, 12:06 21.10
J25 22.800 3854.40 01Jan2009, 13:03 1008.80
J26 0.099 120.20 01Jan2009, 12:03 10.00
J27 0.086 102.50 01Jan2009, 12:03 8.70
J28 0.141 152.70 01Jan2009, 12:06 14.20
J29 0.240 271.10 01Jan2009, 12:06 24.10
J3 0.089 111.10 01Jan2009, 12:03 9.00
J30 23.313 3896.10 01Jan2009, 13:09 1060.40
J4 0.109 133.30 01Jan2009, 12:06 11.00
J5 0.092 122.00 01Jan2009, 12:03 9.30
J6 0.239 287.90 01Jan2009, 12:06 24.10
J7 20.658 3604.70 01Jan2009, 12:57 793.10
J8 0.069 93.30 01Jan2009, 12:03 7.00
J9 0.109 141.00 01Jan2009, 12:03 11.00

O1a 0.392 248.80 01Jan2009, 12:09 23.90
O1b 2.737 814.50 01Jan2009, 12:33 125.60
O1c 1.354 464.60 01Jan2009, 12:24 61.70
O1d 0.059 97.70 01Jan2009, 11:57 6.00
O2a 20.528 3589.50 01Jan2009, 12:57 787.20
O2b 0.130 57.10 01Jan2009, 12:12 5.90
O2c 0.284 320.70 01Jan2009, 12:06 28.40
O2d 0.014 21.20 01Jan2009, 12:00 1.40
O2e 0.006 10.20 01Jan2009, 11:57 0.60
O2f 0.216 224.00 01Jan2009, 12:09 21.80
O2g 0.018 32.10 01Jan2009, 11:54 1.80
O2h 0.046 68.30 01Jan2009, 12:00 4.60
O2n 0.046 68.30 01Jan2009, 12:00 4.60
O2o 0.056 86.00 01Jan2009, 12:00 5.60
O2p 0.151 212.20 01Jan2009, 12:00 15.20
O2r 0.056 90.20 01Jan2009, 11:57 5.60
O2t 0.273 329.40 01Jan2009, 12:03 27.50
O2v 0.087 133.60 01Jan2009, 12:00 8.80
R1 0.392 245.40 01Jan2009, 12:12 23.90
R10 20.962 3608.90 01Jan2009, 13:03 823.60
R11 0.018 32.10 01Jan2009, 12:03 1.80
R12 0.029 39.20 01Jan2009, 12:03 2.90
R13 0.069 90.70 01Jan2009, 12:06 7.00
R14 0.109 140.80 01Jan2009, 12:03 11.00
R15 0.030 41.60 01Jan2009, 12:03 3.00
R16 0.071 94.40 01Jan2009, 12:06 7.20
R17 0.221 276.20 01Jan2009, 12:12 22.30
R18 0.038 49.30 01Jan2009, 12:03 3.80
R19 0.073 92.70 01Jan2009, 12:06 7.40
R2 3.129 917.30 01Jan2009, 12:36 149.60



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R21 0.053 65.40 01Jan2009, 12:06 5.30
R22 0.431 480.70 01Jan2009, 12:12 43.40
R23 0.050 64.40 01Jan2009, 12:06 5.00
R24 0.089 111.00 01Jan2009, 12:06 9.00
R25 0.109 130.50 01Jan2009, 12:09 11.00
R26 0.051 66.60 01Jan2009, 12:03 5.10
R27 0.092 117.10 01Jan2009, 12:06 9.30
R28 0.239 277.10 01Jan2009, 12:12 24.10
R29 0.052 66.10 01Jan2009, 12:06 5.20
R3 4.483 1230.00 01Jan2009, 12:33 211.30
R30 0.353 380.50 01Jan2009, 12:09 35.60
R31 0.052 65.80 01Jan2009, 12:06 5.20
R32 0.466 479.80 01Jan2009, 12:15 46.90
R33 0.943 963.00 01Jan2009, 12:15 94.90
R34 22.241 3819.90 01Jan2009, 13:03 952.40
R35 0.033 44.90 01Jan2009, 12:03 3.30
R36 0.063 86.30 01Jan2009, 12:03 6.40
R37 0.050 62.60 01Jan2009, 12:03 5.00
R38 0.143 186.20 01Jan2009, 12:06 14.40
R39 22.535 3821.00 01Jan2009, 13:03 982.10
R4 4.542 1230.20 01Jan2009, 12:51 217.30
R40 0.052 62.40 01Jan2009, 12:06 5.20
R41 0.099 119.50 01Jan2009, 12:06 10.00
R42 0.050 59.30 01Jan2009, 12:09 5.00
R43 0.110 130.70 01Jan2009, 12:06 11.10
R44 0.209 248.60 01Jan2009, 12:06 21.10
R45 22.800 3834.50 01Jan2009, 13:09 1008.70
R46 0.052 62.60 01Jan2009, 12:06 5.20
R47 0.099 119.50 01Jan2009, 12:06 10.00
R48 0.042 48.10 01Jan2009, 12:06 4.20
R49 0.086 89.90 01Jan2009, 12:09 8.60
R5 4.542 1227.5 01Jan2009, 12:54 217.3
R50 0.141 151.6 01Jan2009, 12:06 14.2
R51 0.24 269.7 01Jan2009, 12:06 24.1
R52 23.313 3882 01Jan2009, 13:09 1060.4
R53 23.400 3855.3 01Jan2009, 13:15 1069.1
R6 0.130 56.60 01Jan2009, 12:12 5.90
R7 20.658 3582.80 01Jan2009, 13:00 793.10
R8 0.014 20.30 01Jan2009, 12:03 1.40
R9 0.006 10.00 01Jan2009, 12:00 0.60

West_Outlet 4.542 1239.20 01Jan2009, 12:33 217.30



100 Year Flow Rates

Post-Development Hydrology - Western & Eastern Drainage Areas

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

2iSF1 0.029 56.30 01Jan2009, 12:00 4.10
2iSF2 0.040 75.10 01Jan2009, 12:00 5.70
2iSF3 0.040 75.10 01Jan2009, 12:00 5.70
2iSF4 0.030 59.90 01Jan2009, 12:00 4.30
2iSF5 0.041 79.60 01Jan2009, 12:00 5.80
2iSF6 0.041 79.60 01Jan2009, 12:00 5.80
2jSF1 0.038 71.30 01Jan2009, 12:00 5.40
2jSF2 0.035 65.70 01Jan2009, 12:00 5.00
2jSF3 0.042 77.60 01Jan2009, 12:03 6.00
2jSF4 0.053 96.30 01Jan2009, 12:03 7.50
2jSF5 0.042 77.60 01Jan2009, 12:03 6.00

2k 0.020 30.90 01Jan2009, 12:06 2.80
2lSF1 0.050 90.80 01Jan2009, 12:03 7.10
2lSF2 0.039 73.20 01Jan2009, 12:00 5.50
2lSF3 0.051 95.70 01Jan2009, 12:00 7.20
2lSF4 0.041 77.00 01Jan2009, 12:00 5.80
2lSF5 0.038 75.90 01Jan2009, 12:00 5.40

2mSF1 0.052 96.10 01Jan2009, 12:03 7.40
2mSF2 0.062 112.60 01Jan2009, 12:03 8.80
2mSF3 0.052 96.10 01Jan2009, 12:03 7.40
2mSF4 0.061 111.70 01Jan2009, 12:03 8.70
2qNF1 0.033 64.10 01Jan2009, 12:00 4.70
2qNF2 0.030 61.40 01Jan2009, 12:00 4.30
2qNF3 0.050 92.40 01Jan2009, 12:03 7.10
2qNF4 0.030 58.30 01Jan2009, 12:00 4.30
2sNF1 0.052 95.20 01Jan2009, 12:03 7.40
2sNF2 0.047 85.40 01Jan2009, 12:03 6.70
2sNF3 0.050 91.60 01Jan2009, 12:03 7.10
2sNF4 0.060 105.80 01Jan2009, 12:03 8.50
2uNF1 0.052 95.20 01Jan2009, 12:03 7.40
2uNF2 0.047 86.10 01Jan2009, 12:03 6.70
2uNF3 0.042 76.90 01Jan2009, 12:03 6.00
2uNF4 0.044 80.60 01Jan2009, 12:03 6.20
2uNF5 0.055 97.00 01Jan2009, 12:03 7.80

East_Outlet 23.400 7048.60 01Jan2009, 13:06 1773.00
Ex_Outlet1 4.542 2135.50 01Jan2009, 12:45 360.40
Ex_Outlet2 27.942 8468.70 01Jan2009, 13:09 2133.40

J0 20.962 6722.60 01Jan2009, 12:57 1427.50
J1 3.129 1583.90 01Jan2009, 12:33 248.40
J10 0.071 134.70 01Jan2009, 12:03 10.10
J11 0.221 402.80 01Jan2009, 12:03 31.30
J12 0.073 134.10 01Jan2009, 12:03 10.40
J13 0.336 549.70 01Jan2009, 12:09 47.60
J14 0.431 689.50 01Jan2009, 12:09 61.10

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

J16 0.466 709.40 01Jan2009, 12:09 66.10
J17 0.943 1380.10 01Jan2009, 12:12 133.50
J18 22.241 7016.00 01Jan2009, 13:00 1608.80
J19 22.535 7003.60 01Jan2009, 13:03 1650.40
J2 4.483 2136.30 01Jan2009, 12:30 352.00
J20 0.063 120.60 01Jan2009, 12:00 8.90
J21 0.143 262.30 01Jan2009, 12:03 20.30
J22 0.099 166.80 01Jan2009, 12:03 14.00
J23 0.110 183.20 01Jan2009, 12:06 15.60
J24 0.209 347.90 01Jan2009, 12:06 29.60
J25 22.800 7039.60 01Jan2009, 13:03 1688.00
J26 0.099 168.30 01Jan2009, 12:03 14.00
J27 0.086 142.70 01Jan2009, 12:03 12.20
J28 0.141 212.20 01Jan2009, 12:06 19.90
J29 0.240 377.20 01Jan2009, 12:06 34.00
J3 0.089 155.20 01Jan2009, 12:03 12.60
J30 23.313 7088.60 01Jan2009, 13:06 1760.70
J4 0.109 185.00 01Jan2009, 12:06 15.50
J5 0.092 169.20 01Jan2009, 12:03 13.00
J6 0.239 399.50 01Jan2009, 12:06 33.90
J7 20.658 6681.20 01Jan2009, 12:54 1384.60
J8 0.069 129.10 01Jan2009, 12:03 9.80
J9 0.109 196.60 01Jan2009, 12:03 15.50

O1a 0.392 396.00 01Jan2009, 12:09 37.70
O1b 2.737 1414.70 01Jan2009, 12:33 210.70
O1c 1.354 805.10 01Jan2009, 12:24 103.60
O1d 0.059 134.90 01Jan2009, 11:57 8.40
O2a 20.528 6654.90 01Jan2009, 12:54 1374.90
O2b 0.130 95.90 01Jan2009, 12:12 9.70
O2c 0.284 444.60 01Jan2009, 12:06 40.00
O2d 0.014 29.30 01Jan2009, 12:00 2.00
O2e 0.006 14.10 01Jan2009, 11:57 0.90
O2f 0.216 310.00 01Jan2009, 12:09 30.60
O2g 0.018 44.40 01Jan2009, 11:54 2.60
O2h 0.046 94.20 01Jan2009, 12:00 6.50
O2n 0.046 94.20 01Jan2009, 12:00 6.50
O2o 0.056 118.50 01Jan2009, 12:00 7.90
O2p 0.151 293.30 01Jan2009, 12:00 21.40
O2r 0.056 124.60 01Jan2009, 11:57 7.90
O2t 0.273 455.90 01Jan2009, 12:03 38.70
O2v 0.087 184.10 01Jan2009, 12:00 12.30
R1 0.392 387.80 01Jan2009, 12:12 37.70
R10 20.962 6700.30 01Jan2009, 13:00 1427.60
R11 0.018 44.00 01Jan2009, 12:03 2.60
R12 0.029 54.50 01Jan2009, 12:03 4.10
R13 0.069 124.60 01Jan2009, 12:06 9.80
R14 0.109 196.30 01Jan2009, 12:03 15.50
R15 0.030 58.00 01Jan2009, 12:03 4.30
R16 0.071 129.70 01Jan2009, 12:03 10.10
R17 0.221 380.70 01Jan2009, 12:12 31.30
R18 0.038 68.90 01Jan2009, 12:03 5.40
R19 0.073 128.50 01Jan2009, 12:06 10.30
R2 3.129 1562.50 01Jan2009, 12:36 248.40



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

R21 0.053 90.60 01Jan2009, 12:06 7.50
R22 0.431 680.00 01Jan2009, 12:12 61.00
R23 0.050 89.10 01Jan2009, 12:06 7.10
R24 0.089 154.20 01Jan2009, 12:06 12.60
R25 0.109 180.50 01Jan2009, 12:06 15.50
R26 0.051 92.80 01Jan2009, 12:03 7.20
R27 0.092 161.20 01Jan2009, 12:06 13.00
R28 0.239 385.80 01Jan2009, 12:12 33.90
R29 0.052 91.80 01Jan2009, 12:06 7.40
R3 4.483 2134.80 01Jan2009, 12:30 352.00
R30 0.353 541.60 01Jan2009, 12:09 50.00
R31 0.052 91.20 01Jan2009, 12:06 7.40
R32 0.466 678.40 01Jan2009, 12:15 66.00
R33 0.943 1372.90 01Jan2009, 12:15 133.50
R34 22.241 6958.20 01Jan2009, 13:03 1608.70
R35 0.033 62.20 01Jan2009, 12:03 4.70
R36 0.063 119.20 01Jan2009, 12:03 8.90
R37 0.050 87.00 01Jan2009, 12:03 7.10
R38 0.143 258.60 01Jan2009, 12:06 20.30
R39 22.535 6994.80 01Jan2009, 13:03 1650.50
R4 4.542 2135.50 01Jan2009, 12:45 360.40
R40 0.052 86.40 01Jan2009, 12:06 7.40
R41 0.099 165.20 01Jan2009, 12:06 14.00
R42 0.050 83.10 01Jan2009, 12:06 7.10
R43 0.110 182.60 01Jan2009, 12:06 15.60
R44 0.209 346.60 01Jan2009, 12:06 29.60
R45 22.800 7001.30 01Jan2009, 13:06 1688.00
R46 0.052 87.30 01Jan2009, 12:06 7.40
R47 0.099 166.00 01Jan2009, 12:06 14.00
R48 0.042 66.60 01Jan2009, 12:06 5.90
R49 0.086 123.40 01Jan2009, 12:09 12.10
R5 4.542 2129.30 01Jan2009, 12:51 360.40
R50 0.141 211.2 01Jan2009, 12:06 19.9
R51 0.240 376 01Jan2009, 12:06 34
R52 23.313 7037.2 01Jan2009, 13:06 1760.7
R53 23.4 6986.7 01Jan2009, 13:12 1773
R6 0.130 95.3 01Jan2009, 12:12 9.7
R7 20.658 6657.80 01Jan2009, 12:57 1384.60
R8 0.014 28.30 01Jan2009, 12:00 2.00
R9 0.006 13.70 01Jan2009, 12:00 0.90

West_Outlet 4.542 2148.80 01Jan2009, 12:30 360.40
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SOUTH EL PASO WASH – POST-DEVELOPEMENT CONDITIONS     
 
A detailed hydrologic analysis was also prepared for the post-development conditions to 
illustrate the affect that the project may have on the peak discharge and flood levels in South El 
Paso Wash.   The post-development hydrology included a tributary area of  23.40 square miles  
with a resulting 1% chance discharge of  7,048.6 cfs  downstream of  the site.   The decrease in 
peak discharge from 7,270.3 cfs can be attributed to the modifications in the way the water is 
routed through the site.    
 
The  proposed  solar  fields  were  located  to  avoid  physical  impact  on  the  South  El  Paso  Wash  
floodplain.   A  new  bridge  will  be  constructed  across  the  wash,  approximately  1,000  feet  
downstream from the Brown Road crossing.  The bridge will be 730 feet long and will carry a 
heat  transfer  fluid  (HTF)  pipeline.   The  bridge  has  been  designed  with  twenty  six  5-feet  
diameter piers.  A debris load of 2 feet per pier was added, per Kern County standards, and the 
hydraulic analysis shows that the piers have minimal impact on the water surface in the wash.  
The results show a downstream water surface elevation of 2587.68 feet (HEC-RAS, Section 9). 
The revised 1% floodplain is shown on the FIRM Panels.
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U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
OVERVIEW & CONCURRENCE FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 1 hour per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You are not required 
to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send comments regarding 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. Department of 
Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (1660-0016).  
Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program.  Please do not send your completed 
survey to the above address.

A.  REQUESTED RESPONSE FROM DHS-FEMA 

This request is for a (check one): 

CLOMR: A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch. 1, Parts 60, 65 & 72). 

LOMR: A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or
flood elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

 

B.  OVERVIEW 

1. The NFIP map panel(s) affected for all impacted communities is (are): 

Community No. Community Name State Map No. Panel No. Effective Date 

2. a.  Flooding Source:       

        b. Types of Flooding:  Riverine  Coastal  Shallow Flooding (e.g., Zones AO and AH) 

                                      Alluvial fan  Lakes  Other  (Attach Description) 

3. Project Name/Identifier:       

4. FEMA zone designations affected:        (choices:  A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5. Basis for Request and Type of Revision: 

    a.  The basis for this revision request is (check all that apply)

 Physical Change                Improved Methodology/Data         Regulatory Floodway Revision     Base Map Changes 

 Coastal Analysis                Hydraulic Analysis  Hydrologic Analysis                          Corrections 

 Weir-Dam Changes           Levee Certification   Alluvial Fan Analysis  Natural Changes 

 New Topographic Data      Other (Attach Description) 

Note:  A photograph and narrative description of the area of concern is not required, but is very helpful during review. 

    b.  The area of revision encompasses the following structures (check all that apply) 

 Structures:   Channelization  Levee/Floodwall  Bridge/Culvert 

 Dam  Fill  Other (Attach Description)
                

060075 Kern County CA 06029C 1600E 09/26/08



C.  REVIEW FEE 

Has the review fee for the appropriate request category been included?   Yes     Fee amount:  $     

  No, Attach Explanation 

Please see the DHS-FEMA Web site at http://www.fema.gov/plan/prevent/fhm/frm_fees.shtm for Fee Amounts and Exemptions. 

D.  SIGNATURE

All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable by 
fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Name:         Company:         

Daytime Telephone No.:        Fax  No.:        Mailing Address:

E-Mail Address:        

Signature of Requester (required): Date:      

As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map Revision 
(LOMR) or conditional LOMR request.  Based upon the community's review, we find the completed or proposed project meets or is designed to meet all 
of the community floodplain management requirements, including the requirement that no fill be placed in the regulatory floodway, and that all necessary 
Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained.  In addition, we have determined that the land and 
any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we 
have available upon request by FEMA, all analyses and documentation used to make this determination.

Community Official’s Name and Title:        Community  Name:         

Daytime Telephone No.:        Fax  No.:        Mailing Address:

E-Mail Address:        

Community Official’s Signature (required):   Date:      

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify 
elevation information data, hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.2(b) and as 
described in the MT-2 Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that 
any false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier’s Name:        License  No.:         Expiration Date:       

Company Name:        Telephone No.:        Fax  No.:         

Signature: Date:        

Ensure the forms that are appropriate to your revision request are included in your submittal. 

Form Name and (Number) Required if …

  Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

  Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, 
  addition/revision of levee/floodwall, addition/revision of dam 

  Coastal Analysis Form (Form 4) New or revised coastal elevations 

  Coastal Structures Form (Form 5) Addition/revision of coastal structure 

  Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 

Seal (Optional) 
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4400

 William Hagmaier  AECOM, agent for Solar Millennium, LLC

714.567.2618 714.267.2441

 bill.hagmaier@aecom.com

 Charles Lackey, Dir. Engineering & Surveying  Kern County, CA

661.862.5100 661.862.5101

 ess@co.kern.ca.us

 William Hagmaier  44325  06/2011

 AECOM 714.567.2618  714.267.2441



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
RIVERINE HYDROLOGY & HYDRAULICS FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010

PAPERWORK REDUCTION ACT 
Public reporting burden for this form is estimated to average 3.25 hours per response.  The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You 
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. 
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016).  Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not 
send your completed survey to the above address.

Flooding Source:        
Note: Fill out one form for each flooding source studied 

A.  HYDROLOGY 

1. Reason for New Hydrologic Analysis  (check all that apply)

  Not revised (skip to section B)   No existing analysis   Improved data 

  Alternative methodology   Proposed Conditions (CLOMR)   Changed physical condition of watershed 

2. Comparison of Representative 1%-Annual-Chance Discharges 

Location Drainage Area (Sq. Mi.) Effective/FIS (cfs) Revised (cfs) 

3. Methodology for New Hydrologic Analysis  (check all that apply)

  Statistical Analysis of Gage Records   Precipitation/Runoff Model      
  Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support the 
new analysis.   

4. Review/Approval of Analysis

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology

 Was sediment transport considered?      Yes      No If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your 
explanation for why sediment transport was not considered. 

B.  HYDRAULICS 

1. Reach to be Revised

Description Cross Section Water-Surface Elevations (ft.) 
Effective Proposed/Revised

Downstream Limit 

Upstream Limit 

2. Hydraulic Method/Model Used
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B.  HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively.  These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with NFIP 
requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS.  CHECK-2 and CHECK-RAS identify 
areas of potential error or concern.  These tools do not replace engineering judgment.  CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/plan/prevent/fhm/frm_soft.shtm.  We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and 
CHECK-RAS.  Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time. 

4. Models Submitted Natural Run Floodway Run Datum

 Duplicate Effective Model*  File Name:            Plan Name:             File Name:            Plan Name:               
 Corrected Effective Model* File Name:            Plan Name:             File Name:            Plan Name:               
 Existing or Pre-Project Conditions Model File Name:            Plan Name:             File Name:            Plan Name:        
 Revised or Post-Project Conditions Model  File Name:            Plan Name:             File Name:            Plan Name:       
 Other - (attach description)   File Name:            Plan Name:             File Name:            Plan Name:               

* For details, refer to the corresponding section of the instructions. 

  Digital Models Submitted? (Required) 

C.  MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and 
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the requester's 
property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; and the 
referenced vertical datum (NGVD, NAVD, etc.). 

  Digital Mapping (GIS/CADD) Data Submitted

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries.  Please attach a copy of the effective FIRM and/or FBFM, annotated to 
show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the effective 
1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision. 

  Annotated FIRM and/or FBFM (Required)

D.  COMMON REGULATORY REQUIREMENTS* 

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase?  Yes   No 

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP regulations:
 The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 
 The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot. 

        b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases?     Yes    No 
If Yes, please attach proof of property owner notification and acceptance (if available).  Elements of and examples of property owner 
notification can be found in the MT-2 Form 2 Instructions. 

2. Does the request involve the placement or proposed placement of fill?   Yes    No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14).  Please see the MT-2 instructions for more information.

3. For LOMR requests, is the regulatory floodway being revised?    Yes    No 

If Yes, attach evidence of regulatory floodway revision notification.  As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway.  (Not required for revisions to approximate 1%-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being added.  Elements and examples of regulatory floodway revision notification 
can be found in the MT-2 Form 2 Instructions.) 

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species?   Yes    No 

If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act 
(ESA).  Section 9 of the ESA prohibits anyone from “taking” or harming an endangered species.  If an action might harm an endangered species, 
a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA.   

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA.  

* Not inclusive of all applicable regulatory requirements.  For details, see 44 CFR parts 60 and 65.



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 
RIVERINE STRUCTURES FORM

O.M.B No. 1660-0016 
Expires: 12/31/2010

PAPERWORK REDUCTION ACT 
Public reporting burden for this form is estimated to average 7 hours per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.  You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.  Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. 
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction 
Project (1660-0016).  Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program.  Please do not send 
your completed survey to the above address.

Flooding Source:        
Note: Fill out one form for each flooding source studied 

A.  GENERAL 

Complete the appropriate section(s) for each Structure listed below: 

Channelization ............... complete Section B 
Bridge/Culvert ................ complete Section C 
Dam/Basin ..................... complete Section D 
Levee/Floodwall ............. complete Section E 
Sediment Transport........ complete Section F (if required) 

Description Of Structure

1.    Name of Structure:       

Type  (check one):  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:       

2.    Name of Structure:       

Type  (check one):  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:        

3.    Name of Structure:       

Type  (check one)  Channelization Bridge/Culvert Levee/Floodwall  Dam/Basin

Location of Structure:        

Downstream Limit/Cross Section:        

Upstream Limit/Cross Section:        

NOTE:  For more structures, attach additional pages as needed. 
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B.  CHANNELIZATION 

Flooding Source:        

Name of Structure:        

1. Accessory Structures

The channelization includes (check one):

Levees [Attach Section E (Levee/Floodwall)]   Drop structures
Superelevated sections        Transitions in cross sectional geometry
Debris basin/detention basin   [Attach Section D (Dam/Basin)] Energy dissipator 
Other (Describe):        

2. Drawing Checklist

 Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

3. Hydraulic Considerations

 The channel was designed to carry        (cfs) and/or the      -year flood. 

 The design elevation in the channel is based on (check one):

Subcritical flow     Critical flow  Supercritical flow  Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump is 
controlled without affecting the stability of the channel. 

Inlet to channel Outlet of channel   At Drop Structures   At Transitions
  Other locations (specify):        

4. Sediment Transport Considerations

 Was sediment transport considered?     Yes     No If Yes, then fill out Section F (Sediment Transport). 
 If No, then attach your explanation for why sediment transport was not considered.

C.  BRIDGE/CULVERT 

Flooding Source:        

Name of Structure:        

1. This revision reflects (check one): 

Bridge/culvert not modeled in the FIS 
Modified bridge/culvert previously modeled in the FIS 
Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):       
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the 
structures.  Attach justification. 

3. Attach plans of the structures certified by a registered professional engineer.  The plan detail and information should include the following (check 
the information that has been provided):

Dimensions (height, width, span, radius, length)   Erosion Protection 
Shape (culverts only)      Low Chord Elevations – Upstream and Downstream 
Material       Top of Road Elevations – Upstream and Downstream 
Beveling or Rounding Structure Invert Elevations – Upstream and Downstream 
Wing Wall Angle Stream Invert Elevations – Upstream and Downstream 
Skew Angle Cross-Section Locations 
Distances Between Cross Sections 

4. Sediment Transport Considerations 

 Was sediment transport considered?     Yes     No If yes, then fill out Section F (Sediment Transport).   
If No, then attach your explanation for why sediment transport was not considered. 
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D.  DAM/BASIN 

Flooding Source:        

Name of Structure:        

1. This request is for (check one):               Existing dam  New dam  Modification of existing dam 

2. The dam was designed by (check one):  Federal agency  State agency  Local government agency  Private organization

 Name of the agency or organization:        

3. The  Dam was permitted as (check one): 

a.  Federal Dam State Dam

Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization   

Permit or ID number         Permitting Agency or Organization         

b. Local Government Dam Private Dam 

Provided related drawings, specification and supporting design information.

4. Does the project involve revised hydrology?      Yes      No 

  If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 

Was the dam/basin designed using critical duration storm? 

  Yes, provide supporting documentation with your completed Form 2. 

  No, provide a written explanation and justification for not using the critical duration storm. 

5. Does the submittal include debris/sediment yield analysis?      Yes      No 

 If yes, then fill out Section F (Sediment Transport). 
If No, then attach your explanation for why debris/sediment analysis was not considered. 

6. Does the Base Flood Elevation behind the dam or downstream of the dam change? 

 Yes      No If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 

Stillwater Elevation Behind the Dam

  FREQUENCY (% annual chance)  FIS   REVISED 

10-year (10%)      
50-year (2%)       
100-year (1%)       
500-year (0.2%)     
Normal Pool Elevation 

7. Please attach a copy of the formal Operation and Maintenance Plan 
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E.  LEVEE/FLOODWALL 

1. System Elements

 a. This Levee/Floodwall analysis is based on (check one): 

  upgrading of an existing levee/floodwall system 
  a newly constructed levee/floodwall system 
  reanalysis of an existing levee/floodwall system 

 b. Levee elements and locations are (check one): 

  earthen embankment, dike, berm, etc. 
  structural floodwall 
  Other (describe):       

Station        to        
Station        to        
Station        to        

 c. Structural Type (check one): 

  monolithic cast-in place reinforced concrete 
  reinforced concrete masonry block 
  sheet piling 
  Other (describe):       

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood? 

 Yes      No 

 If Yes, by which agency?       

e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 

1. Plan of the levee embankment and floodwall structures.    Sheet Numbers:       

2. A profile of the levee/floodwall system showing the  
 Base Flood Elevation (BFE), levee and/or wall crest and  
 foundation, and closure locations for the total levee system.   Sheet Numbers:       

3. A profile of the BFE, closure opening outlet and inlet  
invert elevations, type and size of opening, and  
kind of closure.        Sheet Numbers:       

4. A layout detail for the embankment protection measures.   Sheet Numbers:       

5. Location, layout, and size and shape of the levee 
 embankment features, foundation treatment, floodwall 
 structure, closure structures, and pump stations.    Sheet Numbers:       

2. Freeboard

 a. The minimum freeboard provided above the BFE is: 

   Riverine

    3.0 feet or more at the downstream end and throughout  Yes  No 
    3.5 feet or more at the upstream end  Yes  No 
    4.0 feet within 100 feet upstream of all structures and/or constrictions  Yes  No 

Coastal

1.0 foot above the height of the one percent wave associated with the 1%-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater).   

 Yes  No 

2.0 feet above the 1%-annual-chance stillwater surge elevation  Yes  No 

E.  LEVEE/FLOODWALL (CONTINUED)
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2. Freeboard (continued)

 Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation
addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.

If No is answered to any of the above, please attach an explanation.

 b. Is there an indication from historical records that ice-jamming can affect the BFE?  Yes     No 

       If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.   

3. Closures

 a. Openings through the levee system (check one):  exists  does not exist 

   If opening exists, list all closures: 

Channel Station Left or Right Bank Opening Type Highest Elevation for 
Opening Invert 

Type of Closure Device 

(Extend table on an added sheet as needed and reference) 

Note:  Geotechnical and geologic data 

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the
design analysis for the following system features should be submitted in a tabulated summary form.  (Reference U.S. Army 
Corps of Engineers [USACE] EM-1110-2-1906 Form 2086.) 

4. Embankment Protection

 a. The maximum levee slope landside is:       

 b. The maximum levee slope floodside is:       

 c. The range of velocities along the levee during the base flood is:       (min.)  to       (max.) 

 d. Embankment material is protected by (describe what kind):       

 e. Riprap Design Parameters (check one):   Velocity   Tractive stress 
  Attach references 

Stone Riprap 
Reach Sideslope Flow 

Depth Velocity Curve or 
Straight D100 D50 Thickness 

Depth of 
Toedown 

Sta        to        

Sta        to        

Sta        to        

Sta        to        

Sta        to        

Sta        to        

(Extend table on an added sheet as needed and reference each entry) 
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E.  LEVEE/FLOODWALL (CONTINUED)

4. Embankment Protection (continued)

 f. Is a bedding/filter analysis and design attached?   Yes       No 

 g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 

        

Attach engineering analysis to support construction plans.   

5. Embankment And Foundation Stability

a. Identify locations and describe the basis for selection of critical location for analysis:  
       

   Overall height:  Sta.      ; height       ft. 

   Limiting foundation soil strength: 

  Sta.       ,  depth        to        

  strength   =       degrees, c =       psf 

  slope:  SS =       (h) to       (v) 

  (Repeat as needed on an added sheet for additional locations) 

b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 

       

c. Summary of stability analysis results: 

Case Loading Conditions Critical Safety Factor Criteria (Min.) 

I End of construction 1.3

II Sudden drawdown 1.0

III Critical flood stage 1.4

IV Steady seepage at flood stage 1.4

VI Earthquake (Case I) 1.0

(Reference: USACE EM-1110-2-1913 Table 6-1) 

 d. Was a seepage analysis for the embankment performed?  Yes      No 

  If Yes, describe methodology used:       

 e. Was a seepage analysis for the foundation performed?  Yes      No 

 f. Were uplift pressures at the embankment landside toe checked?  Yes      No 

 g. Were seepage exit gradients checked for piping potential?  Yes      No 

 h. The duration of the base flood hydrograph against the embankment is       hours. 

Attach engineering analysis to support construction plans. 

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3  Page 6 of 10 
 



E.  LEVEE/FLOODWALL (CONTINUED)

6. Floodwall And Foundation Stability

 a. Describe analysis submittal based on Code (check one): 

  UBC (1988) or   Other (specify):       

 b. Stability analysis submitted provides for: 

  Overturning   Sliding If not, explain:        

 c. Loading included in the analyses were: 

  Lateral earth @ PA =       psf;  Pp =       psf

  Surcharge-Slope @      ,     surface       psf 

  Wind @ Pw =       psf

  Seepage (Uplift);          Earthquake @ Peq =       %g

  1%-annual-chance significant wave height:       ft. 

 1%-annual-chance significant wave period:       sec. 

d. Summary of Stability Analysis Results:  Factors of Safety. 

 Itemize for each range in site layout dimension and loading condition limitation for each respective reach.   

Criteria (Min) Sta To Sta To 
Loading Condition 

Overturn Sliding  Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5

Dead & Soil 1.5 1.5

Dead, Soil, Flood, & 
Impact

1.5 1.5 

Dead, Soil, & Seismic 1.3 1.3

   (Ref:  FEMA 114 Sept 1986; USACE EM 1110-2-2502) 

   (Note:  Extend table on an added sheet as needed and reference) 

e. Foundation bearing strength for each soil type: 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 

Computed design maximum 

Maximum allowable 

 f. Foundation scour protection  is,  is not provided. If provided, attach explanation and supporting documentation: 

 Attach engineering analysis to support construction plans.   
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E.  LEVEE/FLOODWALL (CONTINUED) 

7. Settlement

 a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the
 established freeboard margin? Yes      No 

 b. The computed range of settlement is       ft. to       ft. 

 c. Settlement of the levee crest is determined to be primarily from : 

  Foundation consolidation 
  Embankment compression 
  Other (Describe): 

 d. Differential settlement of floodwalls    has   has not been accommodated in the structural design and construction.

 Attach engineering analysis to support construction plans.   

8. Interior Drainage

 a. Specify size of each interior watershed: 

  Draining to pressure conduit:        acres 
  Draining to ponding area:        acres 

 b. Relationships Established 

  Ponding elevation vs. storage     Yes      No 
  Ponding elevation vs. gravity flow    Yes      No 
  Differential head vs. gravity flow    Yes      No 

 c. The river flow duration curve is enclosed:  Yes      No 

 d. Specify the discharge capacity of the head pressure conduit:        cfs 

 e. Which flooding conditions were analyzed? 

 Gravity flow (Interior Watershed)    Yes      No 
 Common storm (River Watershed)    Yes      No
 Historical ponding probability    Yes      No 
 Coastal wave overtopping    Yes      No 

 If No for any of the above, attach explanation. 

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection.  Yes      No 

 If No, attach explanation. 

 g. The rate of seepage through the levee system for the base flood is       cfs 

 h. The length of levee system used to drive this seepage rate in item g:       ft. 
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E.  LEVEE/FLOODWALL (CONTINUED) 

8. Interior Drainage (continued)

i. Will pumping plants be used for interior drainage?    Yes      No

If Yes, include the number of pumping plants:        
For each pumping plant, list: 

Plant #1 Plant #2 

The number of pumps 

The ponding storage capacity 

The maximum pumping rate 

The maximum pumping head 

The pumping starting elevation 

The pumping stopping elevation 

Is the discharge facility protected? 

Is there a flood warning plan? 

How much time is available between warning 
and flooding? 

Will the operation be automatic?       Yes      No 

If the pumps are electric, are there backup power sources?     Yes      No 

(Reference:  USACE  EM-1110-2-3101, 3102, 3103, 3104, and 3105) 

Include a copy of supporting documentation of data and analysis.  Provide a map showing the flooded area and maximum ponding elevations for all 
interior watersheds that result in flooding.

9. Other Design Criteria

a. The following items have been addressed as stated: 

Liquefaction  is  is not a problem 
Hydrocompaction   is  is not a problem 
Heave differential movement due to soils of high shrink/swell   is  is not a problem 

b. For each of these problems, state the basic facts and corrective action taken: 

       

  Attach supporting documentation  

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
 Yes      No 

Attach supporting documentation 

d. Sediment Transport Considerations: 

 Was sediment transport considered?       Yes      No If Yes, then fill out Section F (Sediment Transport).  
If No, then attach your explanation for why sediment transport was not considered. 
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E.  LEVEE/FLOODWALL (CONTINUED)

10. Operational Plan And Criteria

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?  Yes      No 

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?
 Yes      No 

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?
 Yes      No 

 If the answer is No to any of the above, please attach supporting documentation.

11. Maintenance Plan

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?  Yes      No 
If No, please attach supporting documentation.

12. Operations and Maintenance Plan

 Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

F.  SEDIMENT TRANSPORT 

Flooding Source:        

Name of Structure:        

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the  
Base Flood Elevation (BFE); and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is 
a potential for debris and sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the 
supporting documentation: 

Sediment load associated with the base flood discharge: Volume       acre-feet 

Debris load associated with the base flood discharge:          Volume       acre-feet 

Sediment transport rate        (percent concentration by volume) 

Method used to estimate sediment transport:       

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 

Method used to estimate scour and/or deposition:       

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided. 
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(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
E1a (West Outlet) 4.20 724.9 12:42 11 131.3 724.9 1139.4 12:39 11 196.7 1139.4 1977.8 12:39 11 328.5 1977.8

E1b 0.15 147.0 12:03 13 11.8 147.0 187.2 12:03 13 15.2 187.2 259.0 12:03 13 21.4 259.0
Ex. Outlet 1* 4.35 736.0 13:00 14 143.2 736.0 1152.2 13:00 14 212.0 1152.2 1987.1 12:57 14 349.9 1987.1

E2a 0.82 359.5 12:27 21 48.3 359.5 485.3 12:27 21 65.3 485.3 716.1 12:24 21 97.0 716.1
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E2d 0.29 257.5 12:06 27 528.5 2157.7 328.6 12:06 27 819.5 3625.4 455.6 12:06 27 1421.1 6721.6
E2e 0.06 67.8 12:00 28 628.3 2401.5 86.0 12:00 28 952.3 3948.2 118.5 12:00 28 1615.5 7214.6
E2f 0.05 53.7 12:00 28 628.3 2401.5 68.3 12:00 28 952.3 3948.2 94.2 12:00 28 1615.5 7214.6
E2g 0.19 135.1 12:12 28 628.3 2401.5 175.1 12:12 28 952.3 3948.2 246.8 12:12 28 1615.5 7214.6
E2h 0.67 485.1 12:15 30 681.0 2447.1 617.7 12:15 30 1020.2 4005.7 854.0 12:15 30 1710.8 7270.3

East Outlet 23.11 2447.1 13:15 30 681.0 2447.1 4005.7 13:12 30 1020.2 4005.7 7270.3 13:09 30 1710.8 7270.3
Ex. Outlet 2* 27.47 3017.0 13:18 31 824.2 3017.0 4885.9 13:15 31 1232.1 4885.9 8774.2 13:09 31 2060.7 8774.2

E3a (u/s culvert) 9.21 1468.6 12:48 41 293.1 1468.6 2298.1 12:48 41 437.6 2298.1 3960.5 12:48 41 728.0 3960.5
E3a (d/s culvert) 9.21 15.6 12:48 41 3.2 15.6 18.6 12:48 41 4.7 18.6 22.8 12:48 41 7.1 22.8

Offsite Outlet - 1453.0 - 50 289.9 1453.0 2279.5 - 50 432.9 2279.5 3937.7 - 50 720.9 3937.7
E3b 0.72 378.1 12:24 42 52.6 378.1 495.2 12:24 42 69.7 495.2 706.4 12:24 42 100.9 706.7

North-East Outlet 9.93 378.1 12:24 42 52.6 378.1 495.2 12:24 42 69.7 495.2 706.7 12:24 42 100.9 706.7
E3c 0.65 478.8 12:12 45 70.9 636.2 612.2 12:12 45 92.8 826.5 850.4 12:12 45 133.2 1169.9
E3d 0.36 174.5 12:18 45 70.9 636.2 237.5 12:18 45 92.8 826.5 353.6 12:18 45 133.2 1169.9

E3e (Ex. Outlet 4) 0.14 143.3 12:03 47 11.2 143.3 182.4 12:03 47 14.4 182.4 252.1 12:03 47 20.3 252.1
E3f 0.06 64.7 12:00 49 127.6 939.7 83.4 12:00 49 167.9 1227.4 116.9 12:00 49 241.8 1745.3

Ex. Outlet 3 10.99 939.7 12:21 49 127.6 939.7 1227.4 12:21 49 167.9 1227.4 1745.3 12:21 49 241.8 1745.3
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*Discharge at Ex. Outlet 1 and 2 do not represent the total flow in the wash; they are only provided to compare pre- and post-development discharge resulting from the project at a 
downstream confluence point.
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10 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 15.60 01Jan2009, 12:48 3.20
E3a 9.206 1468.60 01Jan2009, 12:48 293.10
E3b 0.720 378.10 01Jan2009, 12:24 49.40
E3c 0.652 478.80 01Jan2009, 12:12 50.50
E3d 0.359 174.50 01Jan2009, 12:18 20.40
E3e 0.143 143.30 01Jan2009, 12:03 11.20
E3f 0.057 64.7 01Jan2009, 12:00 4.1

Ex_Outlet3 10.994 939.7 01Jan2009, 12:21 127.6
Ex_Outlet 4 0.143 143.3 01Jan2009, 12:03 11.2

J2 1.011 636.2 01Jan2009, 12:15 70.9
NE_Outlet 9.926 378.1 01Jan2009, 12:24 52.6

R1 9.206 16.8 01Jan2009, 14:00 3.2
R2 9.926 374.7 01Jan2009, 12:27 52.6
R3 1.011 630 01Jan2009, 12:18 70.9

HMS Output for Pre-Development Hydrology Calculations



25 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 18.60 01Jan2009, 12:48 4.70
E3a 9.206 2298.10 01Jan2009, 12:48 437.60
E3b 0.720 495.20 01Jan2009, 12:24 65.00
E3c 0.652 612.20 01Jan2009, 12:12 65.10
E3d 0.359 237.50 01Jan2009, 12:18 27.70
E3e 0.143 182.40 01Jan2009, 12:03 14.40
E3f 0.057 83.4 01Jan2009, 12:00 5.3

Ex_Outlet3 10.994 1227.4 01Jan2009, 12:21 167.9
Ex_Outlet 4 0.143 182.4 01Jan2009, 12:03 14.4

J2 1.011 826.5 01Jan2009, 12:15 92.8
NE_Outlet 9.926 495.2 01Jan2009, 12:24 69.7

R1 9.206 18.5 01Jan2009, 13:57 4.7
R2 9.926 490.8 01Jan2009, 12:27 69.7
R3 1.011 816.3 01Jan2009, 12:18 92.8

HMS Output for Pre-Development Hydrology Calculations



100 Year Flow Rates

Pre-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

Culvert 9.206 22.80 01Jan2009, 12:48 7.10
E3a 9.206 3960.50 01Jan2009, 12:48 728.00
E3b 0.720 706.40 01Jan2009, 12:24 93.80
E3c 0.652 850.40 01Jan2009, 12:12 91.80
E3d 0.359 353.60 01Jan2009, 12:18 41.40
E3e 0.143 252.10 01Jan2009, 12:03 20.30
E3f 0.057 116.9 01Jan2009, 12:00 7.6

Ex_Outlet3 10.994 1745.3 01Jan2009, 12:21 241.8
Ex_Outlet 4 0.143 252.1 01Jan2009, 12:03 20.3

J2 1.011 1169.9 01Jan2009, 12:15 133.2
NE_Outlet 9.926 706.7 01Jan2009, 12:24 100.9

R1 9.206 22.8 01Jan2009, 13:51 7.2
R2 9.926 701.6 01Jan2009, 12:27 100.9
R3 1.011 1157.7 01Jan2009, 12:18 133.2

HMS Output for Pre-Development Hydrology Calculations



N
od

e 
N

o.
Vo

lu
m

e 
(a

c-
ft)

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)
N

od
e 

N
o.

Vo
lu

m
e 

(a
c-

ft)

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)
N

od
e 

N
o.

Vo
lu

m
e 

(a
c-

ft)

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)
E3

a 
(u

/s
 c

ul
ve

rt
)

9.
21

14
68

.6
12

:4
8

41
29

3.
1

14
68

.6
22

98
.1

12
:4

8
41

43
7.

6
22

98
.1

39
60

.5
12

:4
8

41
72

8.
0

39
60

.5
E3

a 
(d

/s
 c

ul
ve

rt
)

9.
21

15
.6

12
:4

8
41

3.
2

15
.6

18
.6

12
:4

8
41

4.
7

18
.6

22
.8

12
:4

8
41

7.
1

22
.8

O
ffs

ite
 O

ut
le

t
-

14
53

.0
-

50
28

9.
9

14
53

.0
22

79
.5

-
50

43
2.

9
22

79
.5

39
37

.7
-

50
72

0.
9

39
37

.7
E3

b
0.

72
37

8.
1

12
:2

4
42

52
.6

37
8.

1
49

5.
2

12
:2

4
42

69
.7

49
5.

2
70

6.
4

12
:2

4
42

10
0.

9
70

6.
7

N
or

th
-E

as
t O

ut
le

t
9.

93
37

8.
1

12
:2

4
42

52
.6

37
8.

1
49

5.
2

12
:2

4
42

69
.7

49
5.

2
70

6.
7

12
:2

4
42

10
0.

9
70

6.
7

E3
c

0.
65

47
8.

8
12

:1
2

45
70

.9
63

6.
2

61
2.

2
12

:1
2

45
92

.8
82

6.
5

85
0.

4
12

:1
2

45
13

3.
2

11
69

.9
E3

d
0.

36
17

4.
5

12
:1

8
45

70
.9

63
6.

2
23

7.
5

12
:1

8
45

92
.8

82
6.

5
35

3.
6

12
:1

8
45

13
3.

2
11

69
.9

E3
e 

(E
x.

 O
ut

le
t 4

)
0.

14
14

3.
3

12
:0

3
47

11
.2

14
3.

3
18

2.
4

12
:0

3
47

14
.4

18
2.

4
25

2.
1

12
:0

3
47

20
.3

25
2.

1
E3

f
0.

06
64

.7
12

:0
0

49
12

7.
6

93
9.

7
83

.4
12

:0
0

49
16

7.
9

12
27

.4
11

6.
9

12
:0

0
49

24
1.

8
17

45
.3

Ex
. O

ut
le

t 3
10

.9
9

93
9.

7
12

:2
1

49
12

7.
6

93
9.

7
12

27
.4

12
:2

1
49

16
7.

9
12

27
.4

17
45

.3
12

:2
1

49
24

1.
8

17
45

.3

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)

Ti
m

e 
of

 
Pe

ak

N
od

e 
To

ta
l

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)

Ti
m

e 
of

 
Pe

ak

N
od

e 
To

ta
l

R
id

ge
cr

es
t S

ol
ar

 P
la

nt
Pr

e-
D

ev
el

op
m

en
t H

yd
ro

lo
gy

 R
es

ul
ts

Su
b 

B
as

in
A

re
a

(m
i2 )

10
-y

r
25

-y
r

10
0-

yr

Pe
ak

 
D

is
ch

ar
ge

(c
fs

)

Ti
m

e 
of

 
Pe

ak

N
od

e 
To

ta
l



 

NORTH RIDGECREST WASH – EXISTING CONDITIONS      
 
The existing conditions of North Ridgecrest Wash have not been studied in detail.  The Flood 
Insurance Study for Kern County, California, dated September 26, 2008, indicates that North 
Ridgecrest Wash was studied by approximate analysis.  The approximate floodplain for the 1% 
chance event is shown on the original FIRM Panel 1600E.  The study also states that the peak 
1% chance discharge for North Ridgecrest Wash at the Ridgecrest corporate limits is 1,800 cfs 
for a drainage area of 6.9 square miles. 
 
The  City  of  Ridgecrest  prepared  a  Master  Drainage  Plan  in  May  1989.   An  analysis  of  the  
Ridgecrest Wash Drainage Basin was performed using HEC-1.  The results show that for a 
drainage  area  of  11.74  square  miles,  the  100  year  peak  flow  would  be  2,240  cfs.   The  study  
encompassed a tributary area up to the Ridgecrest corporate limits and a longer portion of the 
wash than the area affected by the project, thus resulting in a difference in discharge. 
 
For this development, a detailed hydrologic study was prepared using one-foot contour 
topography and methodology based on the Kern County Hydrology Manual.  The existing 
hydrology included a tributary area of 10.99 square miles with a resulting 1% chance discharge 
of  1,745.3  cfs  downstream  of  the  site.   A  hydraulic  analysis  of  13,000  feet  of  the  wash  was  
performed with HEC-RAS using a mixed flow regime.  The results show a downstream water 
surface level of 2582.38 ft.  The resulting 1% floodplain was overlayed onto the existing FIRM 
Panels.  It is assumed that during the 100-year flood 3,938 cfs is diverted to the north along the 
easterly side for US 395 and South China Lake Blvd. and does not enter the project site.  This is 
based on City of Ridgecrest Master Drainage Plan, dated May 1989. 
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Node No. Volume 
(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
O1a 0.39 173.2 12:12 11 16.9 173.2 248.8 12:09 11 23.9 248.8 396.0 12:09 11 37.7 396.0
O1b 2.74 515.7 12:33 13 100.4 593.9 814.5 12:33 13 149.6 924.3 1414.7 12:33 13 248.4 1583.9
O1c 1.35 294.7 12:24 15 141.4 781.9 464.6 12:24 15 211.3 1230.8 805.1 12:24 15 352.0 2136.3
O1d 0.06 76.9 11:57 17 146.0 788.0 97.7 11:57 17 217.3 1239.2 134.9 11:57 17 360.4 2148.8

West Outlet 4.54 788.0 12:33 17 146.0 788.0 1239.2 12:33 17 217.3 1239.2 2148.8 12:30 17 360.4 2148.8
Ex. Outlet 1* 4.54 782.3 12:54 18 146.0 782.3 1230.2 12:51 18 217.3 1230.2 2135.5 12:45 18 360.4 2135.5

O2a 20.53 2128.8 12:57 23 507.9 2139.3 3589.5 12:57 23 793.1 3604.7 6654.9 12:54 23 1384.6 6681.2
O2b 0.13 37.9 12:12 22 4.0 37.9 57.1 12:12 22 5.9 57.1 95.9 12:12 22 9.7 95.9
O2c 0.28 251.3 12:06 27 531.5 2160.0 320.7 12:06 27 823.5 3626.6 444.6 12:06 27 1427.5 6722.6
O2d 0.01 16.7 12:00 27 531.5 2160.0 21.2 12:00 27 823.5 3626.6 29.3 12:00 27 1427.5 6722.6
O2e 0.01 8.1 11:57 27 531.5 2160.0 10.2 11:57 27 823.5 3626.6 14.1 11:57 27 1427.5 6722.6
O2f 0.22 175.8 12:09 39 631.6 2327.7 224.0 12:09 39 952.4 3831.4 310.0 12:09 39 1608.8 7016.0
O2g 0.02 25.3 11:54 30 1.4 25.3 32.1 11:54 30 1.8 32.1 44.4 11:54 30 2.6 44.4
O2h 0.05 53.7 12:00 39 631.6 2327.7 68.3 12:00 39 952.4 3831.4 94.2 12:00 39 1608.8 7016.0
2i 0.22 224.9 12:03 31 17.3 224.9 289.3 12:03 31 22.3 289.3 402.8 12:03 31 31.3 402.8
2j 0.21 202.6 12:03 32 33.7 378.9 259.7 12:03 32 33.7 378.9 363.2 12:03 32 61.1 689.5
2k 0.02 17.5 12:06 34 8.5 103.8 22.3 12:06 34 11.0 133.3 30.9 12:06 34 15.5 185.0
2l 0.22 206.9 12:06 35 18.7 223.9 266.2 12:06 35 18.7 223.9 369.4 12:06 35 33.9 399.5

2m 0.23 221.0 12:06 36 36.5 385.7 282.7 12:06 36 36.5 385.7 394.8 12:03 36 66.1 709.4
O2n 0.05 53.7 12:00 38 73.7 751.4 68.3 12:00 38 94.9 973.5 94.2 12:00 38 133.5 1380.1
O2o 0.06 67.8 12:00 39 631.6 2327.7 86.0 12:00 39 952.4 3831.4 118.5 12:00 39 1608.8 7016.0
O2p 0.15 166.7 12:00 43 654.6 2338.8 212.2 12:00 43 982.0 3853.7 293.3 12:00 43 1650.4 7003.6
2q 0.14 149.2 12:03 41 11.2 149.2 189.6 12:03 41 14.4 189.6 262.3 12:03 41 20.3 262.3
O2r 0.06 70.9 11:57 46 675.3 2355.0 90.2 11:57 46 1008.8 3854.4 124.6 11:57 46 1688.0 7039.6
2s 0.21 195.5 12:06 45 16.4 195.5 250.2 12:06 45 21.1 250.2 347.9 12:06 45 29.6 347.9

O2t 0.27 258.4 12:03 49 715.4 2379.4 329.4 12:03 49 1060.4 3896.1 455.9 12:03 49 1760.7 7088.6
2u 0.24 211.1 12:06 48 18.7 211.1 271.1 12:06 48 24.1 271.1 377.2 12:06 48 34.0 377.2

O2v 0.09 105.3 12:00 51 722.2 2383.9 133.6 12:00 51 1069.2 3890.1 184.1 12:00 51 1773.0 7048.6
East Outlet 23.40 2383.9 13:12 51 722.2 2383.9 3890.1 13:09 51 1069.2 3890.1 7048.6 13:06 51 1773.0 7048.6

Ex. Outlet 2* 27.94 2928.3 13:15 52 868.2 2928.3 4731.0 13:12 52 1286.4 4731.0 8468.7 13:09 52 2133.4 8468.7

Area
(mi2)

10-yr 25-yr

Peak 
Discharge

(cfs)

Time of 
Peak

Node Total
Sub Basin

100-yr

Peak 
Discharge

(cfs)

Time of 
Peak

Node Total Peak 
Discharge

(cfs)

Time of 
Peak

Node Total

*Discharge at Ex. Outlet 1 and 2 do not represent the total flow in the wash; they are only provided to compare pre- and post-development discharge resulting from the project at a 
downstream confluence point.
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Node No. Volume 
(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
Node No. Volume 

(ac-ft)

Peak 
Discharge

(cfs)
O3a (u/s culvert) 9.206 1468.6 12:48 61 293.1 1468.6 2298.1 12:48 61 437.6 2298.1 3960.5 12:48 61 728.0 3960.5
O3a (d/s culvert) 9.206 15.6 12:48 61 3.2 15.6 18.6 12:48 61 4.7 18.6 22.8 12:48 61 7.1 22.8

Offsite Outlet - 1453.0 - 90 289.9 1453.0 2279.5 - 90 432.9 2279.5 3937.7 - 90 720.9 3937.7
O3b 0.237 142.5 12:06 62 14.7 142.7 199.0 12:06 62 20.8 199.3 304.6 12:06 62 31.8 306.9
O3c 0.108 119.2 12:00 63 23.2 193.2 151.8 12:00 63 31.7 273.1 209.8 12:00 63 47.1 421.6
O3d 0.273 159.9 12:09 65 37.5 302.1 219.4 12:09 65 51.2 429.2 329.6 12:09 65 76.8 668.7
O3e 0.017 22.2 11:57 67 1.3 22.2 28.2 11:57 67 1.7 28.2 38.9 11:57 67 2.4 38.9
O3f 0.020 25.3 11:57 69 40.4 312.3 32.2 11:57 69 55.0 443.8 44.5 11:57 69 82.0 682.5
O3g 0.022 27.9 11:57 71 1.7 27.9 35.4 11:57 71 2.2 35.4 48.9 11:57 71 3.1 48.9
O3h 0.016 20.3 11:57 72 43.4 321.0 25.8 11:57 72 58.8 453.1 35.6 11:57 72 87.4 703.0
O3i 0.023 21.7 12:00 73 1.3 21.7 29.1 12:00 73 1.8 29.1 42.6 12:00 73 2.7 42.6
O3j 0.018 12.7 12:00 74 45.5 326.1 18.0 12:00 74 61.7 458.7 28.3 11:57 74 91.8 718.5
O3k 0.007 7.2 11:57 75 45.7 308.3 9.8 11:57 75 62.1 435.8 14.5 11:57 75 92.4 676.9
3l 0.243 263.9 12:03 76 19.0 263.9 335.5 12:03 76 24.5 335.5 463.3 12:03 76 34.5 463.3

3m 0.229 250.6 12:03 77 37.0 474.4 318.1 12:03 77 47.6 606.4 436.6 12:03 77 66.9 838.1
3n 0.134 126.2 12:03 78 47.2 532.9 162.5 12:03 78 60.8 684.4 226.3 12:03 78 85.6 962.5

O3o 0.016 22.4 11:57 80 94.1 776.9 28.4 11:57 80 124.4 1049.1 39.0 11:57 80 180.0 1541.4
North-East Outlet 10.569 776.9 12:21 80 94.1 776.9 1049.1 12:18 80 124.4 1049.1 1541.4 12:15 80 180.0 1541.4

O3p 0.057 64.7 12:00 82 98.2 787.5 83.4 12:00 82 129.7 1056.7 116.9 12:00 82 187.6 1566.5
Ex. Outlet 3 10.626 787.5 12:21 82 98.2 787.5 1056.7 12:21 82 129.7 1056.7 1566.5 12:21 82 187.6 1566.5

Time of 
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10 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 47.80 01Jan2009, 12:00 3.30
3lNF2 0.040 45.50 01Jan2009, 12:00 3.10
3lNF3 0.029 34.60 01Jan2009, 12:00 2.30
3lNF4 0.043 48.90 01Jan2009, 12:00 3.40
3lNF5 0.041 46.60 01Jan2009, 12:00 3.20
3lNF6 0.048 53.00 01Jan2009, 12:00 3.80

3mNF1 0.045 51.20 01Jan2009, 12:00 3.50
3mNF2 0.042 47.80 01Jan2009, 12:00 3.30
3mNF3 0.050 55.20 01Jan2009, 12:00 3.90
3mNF4 0.044 51.40 01Jan2009, 12:00 3.40
3mNF5 0.048 51.10 01Jan2009, 12:03 3.80
3nNF1 0.046 48.50 01Jan2009, 12:03 3.60
3nNF2 0.050 50.10 01Jan2009, 12:03 3.90
3nNF3 0.038 38.30 01Jan2009, 12:03 2.80
Culvert 9.206 15.60 01Jan2009, 12:48 3.20

Ex_Outlet3 10.626 787.50 01Jan2009, 12:21 98.20
J1 9.443 142.70 01Jan2009, 12:06 14.70
J10 9.947 308.30 01Jan2009, 12:21 45.70
J11 0.082 89.90 01Jan2009, 12:00 6.40
J12 0.111 121.00 01Jan2009, 12:03 8.70
J13 0.084 92.00 01Jan2009, 12:00 6.60
J14 0.243 263.90 01Jan2009, 12:03 19.00
J15 0.087 95.50 01Jan2009, 12:00 6.80
J16 0.380 384.10 01Jan2009, 12:06 29.80
J17 0.472 474.40 01Jan2009, 12:06 37.00
J18 0.568 513.10 01Jan2009, 12:12 44.40
J19 0.606 532.90 01Jan2009, 12:12 47.20
J2 9.551 193.20 01Jan2009, 12:12 23.20
J20 10.553 793.00 01Jan2009, 12:15 92.90
J3 9.824 302.10 01Jan2009, 12:09 37.50
J4 0.017 22.20 01Jan2009, 11:57 1.30
J5 9.861 312.30 01Jan2009, 12:12 40.40
J6 0.022 27.90 01Jan2009, 11:57 1.70
J7 9.899 321.00 01Jan2009, 12:15 43.40
J8 0.023 21.70 01Jan2009, 12:00 1.30
J9 9.940 326.10 01Jan2009, 12:18 45.50

NE_Outlet 10.569 776.90 01Jan2009, 12:21 94.10
O3a 9.206 1468.60 01Jan2009, 12:48 293.10
O3b 0.237 142.50 01Jan2009, 12:06 11.50
O3c 0.108 119.20 01Jan2009, 12:00 8.50
O3d 0.273 159.90 01Jan2009, 12:09 14.70
O3e 0.017 22.20 01Jan2009, 11:57 1.30
O3f 0.020 25.30 01Jan2009, 11:57 1.60
O3g 0.022 27.90 01Jan2009, 11:57 1.70
O3h 0.016 20.30 01Jan2009, 11:57 1.30
O3i 0.023 21.70 01Jan2009, 12:00 1.30

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 7.20 01Jan2009, 11:57 0.40
O3o 0.016 22.40 01Jan2009, 11:57 1.30
O3p 0.057 64.70 01Jan2009, 12:00 4.10
R1 9.206 15.60 01Jan2009, 13:09 3.20
R10 9.940 307.30 01Jan2009, 12:21 45.40
R11 9.947 298.80 01Jan2009, 12:21 45.70
R12 0.042 46.80 01Jan2009, 12:03 3.30
R13 0.082 89.70 01Jan2009, 12:03 6.40
R14 0.111 120.80 01Jan2009, 12:03 8.70
R15 0.043 47.90 01Jan2009, 12:03 3.40
R16 0.084 91.60 01Jan2009, 12:03 6.60
R17 0.243 254.00 01Jan2009, 12:09 19.00
R18 0.045 50.10 01Jan2009, 12:03 3.50
R19 0.087 95.50 01Jan2009, 12:03 6.80
R2 9.443 139.10 01Jan2009, 12:12 14.80
R20 0.380 383.80 01Jan2009, 12:06 29.80
R21 0.044 50.50 01Jan2009, 12:03 3.40
R22 0.472 443.60 01Jan2009, 12:12 36.90
R23 0.046 42.40 01Jan2009, 12:06 3.60
R24 0.568 512.70 01Jan2009, 12:12 44.40
R25 0.606 525.50 01Jan2009, 12:15 47.20
R26 10.553 774.30 01Jan2009, 12:21 92.80
R27 10.569 775.60 01Jan2009, 12:21 94.10
R3 9.551 149.70 01Jan2009, 12:12 22.80
R4 9.824 299.70 01Jan2009, 12:12 37.50
R5 0.017 21.80 01Jan2009, 11:57 1.30
R6 9.861 309.70 01Jan2009, 12:15 40.40
R7 0.022 27.60 01Jan2009, 11:57 1.70
R8 9.899 318.10 01Jan2009, 12:18 43.40
R9 0.023 21.60 01Jan2009, 12:00 1.30



25 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 60.80 01Jan2009, 12:00 4.20
3lNF2 0.040 57.90 01Jan2009, 12:00 4.00
3lNF3 0.029 44.00 01Jan2009, 12:00 2.90
3lNF4 0.043 62.20 01Jan2009, 12:00 4.30
3lNF5 0.041 59.30 01Jan2009, 12:00 4.10
3lNF6 0.048 67.40 01Jan2009, 12:00 4.80

3mNF1 0.045 65.10 01Jan2009, 12:00 4.50
3mNF2 0.042 60.80 01Jan2009, 12:00 4.20
3mNF3 0.050 70.30 01Jan2009, 12:00 5.00
3mNF4 0.044 65.30 01Jan2009, 12:00 4.40
3mNF5 0.048 65.10 01Jan2009, 12:00 4.80
3nNF1 0.046 61.60 01Jan2009, 12:03 4.60
3nNF2 0.050 63.80 01Jan2009, 12:03 5.00
3nNF3 0.038 49.10 01Jan2009, 12:03 3.70
Culvert 9.206 18.60 01Jan2009, 12:48 4.70

Ex_Outlet3 10.626 1056.70 01Jan2009, 12:21 129.70
J1 9.443 199.30 01Jan2009, 12:06 20.80
J10 9.947 435.80 01Jan2009, 12:18 62.10
J11 0.082 114.30 01Jan2009, 12:00 8.30
J12 0.111 153.20 01Jan2009, 12:03 11.20
J13 0.084 117.40 01Jan2009, 12:00 8.50
J14 0.243 335.50 01Jan2009, 12:03 24.50
J15 0.087 121.90 01Jan2009, 12:00 8.80
J16 0.380 492.00 01Jan2009, 12:06 38.30
J17 0.472 606.40 01Jan2009, 12:06 47.60
J18 0.568 658.80 01Jan2009, 12:12 57.20
J19 0.606 684.40 01Jan2009, 12:12 60.80
J2 9.551 273.10 01Jan2009, 12:09 31.70
J20 10.553 1067.10 01Jan2009, 12:15 122.80
J3 9.824 429.20 01Jan2009, 12:09 51.20
J4 0.017 28.20 01Jan2009, 11:57 1.70
J5 9.861 443.80 01Jan2009, 12:12 55.00
J6 0.022 35.40 01Jan2009, 11:57 2.20
J7 9.899 453.10 01Jan2009, 12:15 58.80
J8 0.023 29.10 01Jan2009, 12:00 1.80
J9 9.940 458.70 01Jan2009, 12:18 61.70

NE_Outlet 10.569 1049.10 01Jan2009, 12:18 124.40
O3a 9.206 2298.10 01Jan2009, 12:48 437.60
O3b 0.237 199.00 01Jan2009, 12:06 16.00
O3c 0.108 151.80 01Jan2009, 12:00 10.90
O3d 0.273 219.40 01Jan2009, 12:09 20.10
O3e 0.017 28.20 01Jan2009, 11:57 1.70
O3f 0.020 32.20 01Jan2009, 11:57 2.00
O3g 0.022 35.40 01Jan2009, 11:57 2.20
O3h 0.016 25.80 01Jan2009, 11:57 1.60
O3i 0.023 29.10 01Jan2009, 12:00 1.80

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 9.80 01Jan2009, 11:57 0.50
O3o 0.016 28.40 01Jan2009, 11:57 1.60
O3p 0.057 83.40 01Jan2009, 12:00 5.30
R1 9.206 18.50 01Jan2009, 13:06 4.70
R10 9.940 434.40 01Jan2009, 12:18 61.50
R11 9.947 420.80 01Jan2009, 12:21 62.00
R12 0.042 59.00 01Jan2009, 12:03 4.20
R13 0.082 113.60 01Jan2009, 12:03 8.30
R14 0.111 153.10 01Jan2009, 12:03 11.20
R15 0.043 60.80 01Jan2009, 12:03 4.30
R16 0.084 117.20 01Jan2009, 12:03 8.50
R17 0.243 321.80 01Jan2009, 12:06 24.50
R18 0.045 63.00 01Jan2009, 12:03 4.50
R19 0.087 121.40 01Jan2009, 12:03 8.80
R2 9.443 197.70 01Jan2009, 12:12 20.80
R20 0.380 491.80 01Jan2009, 12:06 38.30
R21 0.044 63.90 01Jan2009, 12:03 4.40
R22 0.472 571.50 01Jan2009, 12:12 47.50
R23 0.046 54.40 01Jan2009, 12:06 4.60
R24 0.568 658.60 01Jan2009, 12:12 57.20
R25 0.606 675.80 01Jan2009, 12:12 60.80
R26 10.553 1045.40 01Jan2009, 12:18 122.80
R27 10.569 1041.60 01Jan2009, 12:21 124.40
R3 9.551 213.10 01Jan2009, 12:12 31.10
R4 9.824 428.00 01Jan2009, 12:12 51.30
R5 0.017 27.80 01Jan2009, 11:57 1.70
R6 9.861 438.90 01Jan2009, 12:15 55.00
R7 0.022 35.20 01Jan2009, 11:57 2.20
R8 9.899 448.10 01Jan2009, 12:18 58.80
R9 0.023 29.00 01Jan2009, 12:00 1.80



100 Year Flow Rates

Post-Development Hydrology - North-Eastern Drainage Area

Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

3lNF1 0.042 83.90 01Jan2009, 12:00 6.00
3lNF2 0.040 79.90 01Jan2009, 12:00 5.70
3lNF3 0.029 60.60 01Jan2009, 12:00 4.10
3lNF4 0.043 85.90 01Jan2009, 12:00 6.10
3lNF5 0.041 81.90 01Jan2009, 12:00 5.80
3lNF6 0.048 93.20 01Jan2009, 12:00 6.80

3mNF1 0.045 89.90 01Jan2009, 12:00 6.40
3mNF2 0.042 83.90 01Jan2009, 12:00 6.00
3mNF3 0.050 97.10 01Jan2009, 12:00 7.10
3mNF4 0.044 90.10 01Jan2009, 12:00 6.20
3mNF5 0.048 90.10 01Jan2009, 12:00 6.80
3nNF1 0.046 85.00 01Jan2009, 12:03 6.50
3nNF2 0.050 88.20 01Jan2009, 12:03 7.10
3nNF3 0.038 68.50 01Jan2009, 12:03 5.20
Culvert 9.206 22.80 01Jan2009, 12:48 7.10

Ex_Outlet3 10.626 1566.50 01Jan2009, 12:18 187.60
J1 9.443 306.90 01Jan2009, 12:06 31.80
J10 9.947 676.90 01Jan2009, 12:18 92.40
J11 0.082 159.30 01Jan2009, 12:00 11.60
J12 0.111 212.90 01Jan2009, 12:00 15.80
J13 0.084 162.40 01Jan2009, 12:00 11.90
J14 0.243 463.30 01Jan2009, 12:03 34.50
J15 0.087 168.50 01Jan2009, 12:00 12.30
J16 0.380 682.10 01Jan2009, 12:06 53.90
J17 0.472 838.10 01Jan2009, 12:06 66.90
J18 0.568 915.50 01Jan2009, 12:09 80.40
J19 0.606 962.50 01Jan2009, 12:09 85.60
J2 9.551 421.60 01Jan2009, 12:09 47.10
J20 10.553 1572.50 01Jan2009, 12:12 177.90
J3 9.824 668.70 01Jan2009, 12:09 76.80
J4 0.017 38.90 01Jan2009, 11:57 2.40
J5 9.861 682.50 01Jan2009, 12:12 82.00
J6 0.022 48.90 01Jan2009, 11:57 3.10
J7 9.899 703.00 01Jan2009, 12:12 87.40
J8 0.023 42.60 01Jan2009, 12:00 2.70
J9 9.940 718.50 01Jan2009, 12:15 91.80

NE_Outlet 10.569 1541.40 01Jan2009, 12:15 180.00
O3a 9.206 3960.50 01Jan2009, 12:48 728.00
O3b 0.237 304.60 01Jan2009, 12:06 24.70
O3c 0.108 209.80 01Jan2009, 12:00 15.30
O3d 0.273 329.60 01Jan2009, 12:09 30.40
O3e 0.017 38.90 01Jan2009, 11:57 2.40
O3f 0.020 44.50 01Jan2009, 11:57 2.80
O3g 0.022 48.90 01Jan2009, 11:57 3.10
O3h 0.016 35.60 01Jan2009, 11:57 2.30
O3i 0.023 42.60 01Jan2009, 12:00 2.70

HMS Output for Post-Development Hydrology Calculations



Hydrologic Element
Drainage Area 

(mi2) Peak Discharge (cfs) Time of Peak
Volume                                  
(ac-ft)

O3k 0.007 14.50 01Jan2009, 11:57 0.80
O3o 0.016 39.00 01Jan2009, 11:57 2.30
O3p 0.057 116.90 01Jan2009, 12:00 7.60
R1 9.206 22.80 01Jan2009, 13:06 7.20
R10 9.940 674.90 01Jan2009, 12:18 91.60
R11 9.947 659.30 01Jan2009, 12:18 92.20
R12 0.042 81.70 01Jan2009, 12:03 6.00
R13 0.082 157.40 01Jan2009, 12:03 11.60
R14 0.111 211.80 01Jan2009, 12:03 15.80
R15 0.043 83.40 01Jan2009, 12:03 6.10
R16 0.084 161.70 01Jan2009, 12:03 11.90
R17 0.243 447.40 01Jan2009, 12:06 34.50
R18 0.045 87.50 01Jan2009, 12:03 6.40
R19 0.087 166.10 01Jan2009, 12:03 12.30
R2 9.443 302.40 01Jan2009, 12:12 31.80
R20 0.380 682.00 01Jan2009, 12:06 53.90
R21 0.044 87.60 01Jan2009, 12:03 6.20
R22 0.472 795.90 01Jan2009, 12:12 66.80
R23 0.046 74.70 01Jan2009, 12:06 6.50
R24 0.568 914.60 01Jan2009, 12:09 80.40
R25 0.606 957.20 01Jan2009, 12:12 85.60
R26 10.553 1535.80 01Jan2009, 12:18 177.70
R27 10.569 1541.00 01Jan2009, 12:18 180.00
R3 9.551 339.10 01Jan2009, 12:09 46.40
R4 9.824 660.90 01Jan2009, 12:12 76.80
R5 0.017 38.40 01Jan2009, 11:57 2.40
R6 9.861 680.00 01Jan2009, 12:12 82.00
R7 0.022 48.60 01Jan2009, 11:57 3.10
R8 9.899 699.90 01Jan2009, 12:15 87.40
R9 0.023 42.50 01Jan2009, 12:00 2.70
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NORTH RIDGECREST WASH – POST-DEVELOPMENT CONDITIONS    
 
A detailed hydrologic analysis was also prepared for the post-development conditions to 
illustrate the affect that the project may have on the peak discharge and flood levels in North 
Ridgecrest Wash, downstream from the project site.  The post-development hydrology included 
a tributary area of 10.63 square miles with a resulting 1% chance discharge of 1,566.5 cfs at the 
downstream end.  The decrease in peak discharge can be attributed to the modifications in the 
way the water is routed through the site.    
 
The proposed north solar field is located directly on the existing wash, so a new North-East 
Channel will be constructed to direct the offsite storm flows around the field and will discharge 
back into North Ridgecrest Wash at a point downstream from the site.  The North-East Channel 
will include drop structures in order to dissipate the energy and replicate the flow 
characteristics in the existing wash.  A hydraulic analysis of the proposed channel and the 
downstream portion of the wash was performed with HEC-RAS.  The results show a 
downstream water surface level of 2582.08 ft.  The resulting 1% floodplain is shown on the 
FIRM Panels. 
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