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1.0  Introduction 
On April 1, 2009, the Preliminary Staff Assessment (PSA) for the Beacon Solar Energy Project (BSEP or 
Project) was issued.  The BSEP PSA contains the analyses and proposed Conditions of Certification for the 
Project that have been compiled by the Energy Commission’s Staff (Staff).  Staff provided Status Report #8 
on June 1, 2009.  This Status Report contains a list of information that Staff has indicated is needed in order 
to prepare the Final Staff Assessment by the end of July 2009.  

Beacon Solar, LLC (Beacon) has prepared this document along with the supporting attachments, at the 
request of Staff, to provide information for several Project design refinements that the PSA and/or Status 
Report #8 indicates are needed.  The project design refinements addressed in this document fall into two 
categories:   

1. Refinements suggested by Staff 

2. Applicant proposed refinements   

Section 2.0 describes the Project refinements and Section 4.0 discusses the potential differences in impacts 
from those described for the Project in the Application of Certification (AFC) and subsequent responses to 
data requests. 

In addition to the project design refinements, Section 3.0 of this document provides additional information 
related to two of the water supply options proposed by Staff, and Section 4.3 discusses the potential 
environmental impacts associated with those alternatives.  The two alternatives are: 

• Obtaining poor-quality groundwater from the vicinity of Koehn Lake,  

• Obtaining tertiary treated reclaimed water from the Community of Rosamond’s wastewater 
treatment facility (located about 40 miles south of the Project power plant site) 

If determined to be viable, either of these alternative water sources could be used in lieu of or as a 
supplement to the use of on-site groundwater as proposed by Beacon.  Because there will be other 
environmental impacts associated with these two alternative water supply sources, it should be noted that 
Beacon continues to consider the use of on-site ground water to be the environmentally preferred scenario.   

Section 5.0 presents conclusions related to the design refinements and environmental discussions.   

A number of Attachments to this report are also provided which include additional information on the 
analyses performed.   
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2.0  Project Design Refinements 
This section presents suggested and proposed Project design refinements.  

2.1 Staff Suggested Design Refinements  
The following refinements to the Project design were suggested by Staff: 

• Refinement of the engineering, design and modeling for re-routing of Pine Creek Wash, along with 
supplemental information on associated hydrological and biological mitigation. 

• Incorporation of a partial zero liquid discharge (ZLD) system and on-site water treatment facility, 
with resultant reduction in the size of the proposed evaporation ponds. 

• Addition of storm water retention facilities, including updating of the drainage plan to address soil 
erosion and discharge runoff to adjacent properties. 

• Addition of a second access road for emergency purposes. 

• Description of the rerouting of the SCE distribution line. 

• Confirmation of Land Treatment Unit design. 

• Revision of the BSEP site layout to accommodate the above refinements. 

• Confirmation of accessibility to adequate telecommunications facilities. 

• Revisions to the vehicles proposed for solar field maintenance activities during operation.  

• Mitigation for potential visual impacts. 

2.1.1 Diversion Channel Redesign  
Pine Creek Wash, a State-jurisdictional water, currently bisects the BSEP, running southwest to northeast 
across the Project site.  The wash will be re-routed around the solar field as part of the Project.  A detailed, 
FEMA-compliant hydrology and hydraulics analysis has been conducted to characterize existing site 
conditions and proposed site conditions.  The evaluation has been used to properly evaluate the potential 
impacts of rerouting the wash and to facilitate a design for the rerouted wash that will convey the 100-year 
storm event.  A sediment transport study was also conducted to evaluate sediment scour and deposition 
and to assess the fluvial geomorphological conditions at the site.  These studies have been used to 
redesign the rerouted wash to achieve both flood flow conveyance and restoration opportunity as mitigation 
for impacts to Waters of the State.  The redesign includes shallower slopes and drop structures to control 
flows.  The slopes and drop structures have been designed to facilitate wildlife movement.  A description of 
the analyses performed is provided in Attachment 1a.  Biological/hydrological mitigation for the rerouted 
wash is discussed in Attachment 1b. 

2.1.2 Water Treatment and Discharge Facilities  
As a result of Staff’s review, Beacon has evaluated several design changes related to the water supply and 
discharge features.  Previous BSEP facilities were designed based on the use of on-site groundwater with 
discharge to evaporation ponds.  Beacon has determined that a partial ZLD system (Configuration 1) is 
feasible.  A partial ZLD system will reduce the amount of on-site groundwater needed for cooling and will 
reduce the amount of water discharged to the evaporation ponds, therefore reducing the evaporation pond 
size.   
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Although it has not yet been determined, if the use of off-site water supplies are viable, an alternative 
treatment process would be required due to the higher concentration of total dissolved solids (TDS) in the 
poorer quality water.  This system would consist of pre and post treatment clarifiers (Configuration 2).  The 
two design configurations of the water treatment facilities have been designed such that a range of water 
quality (i.e., from low to high TDS) can be used.  Configuration 1 (C1) would be sufficient if on-site 
groundwater is used.  Configuration 2 (C2) would be needed if high TDS water such as might be available 
near Koehn Lake is used.  It is assumed that use of reclaimed water (e.g., from Rosamond) would be 
somewhere between these two configurations.   

The water treatment systems and evaporation pond changes for C1 are summarized below.  A summary 
explanation of the water treatment system that would be required if high TDS water were to be used is 
provided in Section 3.0 below.  Water balance diagrams with instantaneous flows are shown in Figure 1 
and Figure 2 for both treatment options.   

2.1.2.1 Water Treatment Facilities for Configuration 1 

C1 has the same pre-treatment systems as analyzed in the PSA; however, a partial ZLD system is included 
for post-treatment.  The pre-treatment ion exchange unit will be required to reduce scale-forming species 
from entering the cooling water system.  The pre-treatment system will contain cation exchange vessels, a 
degasifier, and anion exchange vessels, along with associated piping, pumps, valves and tanks.  This 
design allows for the removal of silica as well as hardness, and enables cycling up of the cooling tower 
water impurities to approximately 15 cycles of concentration (COC).  Similarly, some of the water feeding 
the cooling tower bypasses the ion exchange components and flows directly to the tower basin to provide 
some alkalinity and buffering capacity to protect the cooling tower’s materials of construction.    

To further inhibit mineral scale formation, an organic phosphate inhibitor solution may be fed into the 
circulating water system in an amount proportional to the circulating water blowdown flow.  The inhibitor 
solution feed equipment includes a bulk storage tank and two full-capacity metering pumps.  To inhibit 
biofouling, sodium hypochlorite is shock-fed into the circulating water system as a biocide.  The sodium 
hypochlorite feed equipment also includes a bulk storage tank and two full capacity metering pumps.   

The new addition to this process since the PSA submission is the post-treatment brine concentrator system, 
which allows C1 to be classified as a partial ZLD system.  The discharge from the brine concentrator system 
consists of a concentrated liquid that is directed to evaporation ponds for further drying.   

Estimated annual water usage for C1 would be approximately 1,388 acre-feet per year (AFY),  

2.1.2.2 Water Treatment Facilities for Configuration 2 

Water treatment facilities required for C2 are described in Section 3.1.1. 

2.1.2.3 Evaporation Pond Sizing 

For C1 wastewater will discharge into the evaporation ponds at a summer peak discharge rate of 52 gallons 
per minute (gpm) and an annual discharge rate of 44 gpm.  TDS in the discharge water could be up to 
approximately 70,000 milligrams per liter.  In order to accommodate this flow, three evaporation ponds will 
be required, each with a nominal surface area of two acres, for a total surface area of six acres.    

A further discussion of evaporation pond sizing is included in Section 3.1.2. 
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2.1.2.4 Evaporation Pond Design for Configurations 1 and 2 

Regardless of the final size of the evaporation ponds, they will be designed in accordance with Lahontan 
Regional Water Quality Control Board (RWQCB) requirements.  The ponds will be designed with an 
average depth of eight feet which allows for two feet of freeboard, three feet of wastewater and three feet of 
accumulated solids.  For safety and operational purposes, the ponds will be cleaned when three feet of 
precipitated solids are accumulated in the base of the ponds, which is estimated to be every 4.5 years for 
C1, or 3.5 years for C2.  Multiple ponds are planned to allow plant operations to continue in the event that a 
pond needs to be taken out of service (e.g., needed maintenance or solids removal).  Each pond will have 
enough surface area so that the evaporation rate exceeds the cooling tower blowdown rate at maximum 
design conditions and at annual average conditions.   

The pond liner system is expected to consist of a 60 mil high density polyethylene (HDPE) primary liner and 
a minimum 40 mil HDPE secondary liner.  Between the liners is a synthetic drainage geonet that is used as 
part of the leachate collection and removal system (LCRS).  There will be a hard surface protective layer on 
top of the 60 mil HPDE, which will consist of a non-woven geotextile, one foot thick granular fill/free draining 
material and a one foot thick hard surface such as roller-compacted concrete.  The hard surface provides 
protection against accidental damage to the HDPE from falling objects, varying climatic conditions and 
worker activities during cleanout and maintenance.  Monitoring of the evaporation ponds will be required to 
detect the presence of liquid and/or constituents of concern.   

Attachment 2 contains the calculations related to the sizing of the evaporation ponds.  Additional 
information on the design of the evaporation ponds is contained in the Amendment to the Report of Waste 
Discharge (ROWD) (Attachment 6). The Amendment to the ROWD is also being submitted to the Lahontan 
RWQCB.   

2.1.2.5 Chemical Deliveries and Waste Haulage  

C2 will require more chemical deliveries than C1 due to the chemical requirements in the clarifier.  It is 
anticipated that 30 roundtrip deliveries per month would be required for C2.  C2 will also have more waste 
haulage than C1 due to the higher concentration of TDS.  700 truck trips will be required to remove the 
accumulated solids at the anticipated clean out rate of every 3.5 years. 

2.1.3 Stormwater Retention and Erosion Control 
Storm water management for the completed facility will be provided through the use of source control 
techniques, site design and treatment control.  A Conceptual Grading and Retention Study has been 
prepared and is included as Attachment 3. 

Locations within the power block with the potential for chemical or oil releases will be fully contained.  
Rainfall within the containment areas will be allowed to evaporate or will be drained through an oil water 
separator.  Locations within the power block where “contact” storm water may occur will be contained within 
a system of curbs or trenches.  Drains from these curbed areas or containment trenches will be directed to 
an oil water separator.  The oil separated and captured within the oil water separator will be trucked off-site 
to a licensed disposal/recycling facility.  Clean water discharged from the oil water separator will be used on 
site by discharging it to the cooling tower or to the raw water storage tank.  The water discharge from the oil 
water separator will not be discharged to the storm water system. 

Off-site storm flows will be separated from on-site storm flows.  This will allow for treatment control of the 
flows from the entire solar collector array, and ensure that off-site flows do not come into contact with the 
solar collector array area (locations where the potential for storm water to contact the heat-transfer fluid 
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(HTF) exist).  Pine Creek Wash will be rerouted around the solar collector field to the south and east.  
Further details of the rerouted wash plan are included as Attachment 1a.  

The storm flows from the solar collector arrays will be treated through the use of multiple retention ponds.  
These retention ponds will be linked via shallow, gradually sloped ditches that will enhance the treatment of 
the storm flows.   

2.1.4 Emergency Access Road 
The PSA indicates that a second access road is needed for emergency access.  The primary access is off 
of State Route (SR)-14 on the western side of the BSEP plant site.   At the request of Staff, Beacon has 
identified a route along the northern edge of the facility on the eastern side of the plant site connecting to 
Neuralia Road.  

Beacon has completed biological, cultural, and paleontological surveys of the land required for the access 
road.  The results of the surveys are provided in Attachments 4a, 4b, 4c, and 4d, and the impacts are 
summarized in Section 4.1 of this document.   

2.1.5 SCE Distribution Line 
An existing SCE distribution line currently crosses the BSEP property.  Beacon has had several discussions 
with SCE, and SCE is agreeable to having the distribution line moved so that it does not cross over the solar 
arrays. On April 16th 2009, the applicant met with Mark Gowin, Service Planner for SCE, to identify the 
existing electrical distribution easement and equipment and to discuss options for rerouting the line.  At the 
conclusion of the meeting, SCE agreed that rerouting the line around the north boundary of the property was 
the best option. This was the path identified in the AFC in Figure 2-4, General Arrangement Site Plan.  SCE 
has a preference, but not requirement, for the easement to be outside of the project perimeter fence line.  
This would allow SCE to access their line without the need to enter into the restricted project area.  The 
applicant confirmed that a minimum of 25 feet will be left between the project fence line and the north 
property boundary.  The minimum width required by SCE for a distribution line easement is 10 feet.  
Therefore, the area is more than sufficient to accommodate an SCE easement between the perimeter fence 
and the northern property boundary. 

2.1.6 Land Treatment Unit 
As a result of a review from the Department of Toxic Substances Control (DTSC), the sampling process and 
hazardous waste classification for HTF-impacted soil has been revised.  The land treatment unit facilities will 
cover an area of approximately 590 feet by 590 feet, which includes a staging area.  The HTF-impacted 
soils must be characterized as hazardous or non-hazardous waste prior to determination of whether the 
material can be treated at the site or must be removed for off-site disposal.  This can be accomplished using 
generator knowledge supplemented by initial sampling of the waste to confirm its characteristics prior to 
placing it in the Land Treatment Unit (LTU). 

HTF-affected soils will be relocated to the staging area and characterized following standards provided in 
California Code of Regulations Title 22, Section 66262.11 “Hazardous Waste Determination.”  Initially, 
samples would also be analyzed for ignitability and toxicity using appropriate state and federal methods to 
characterize the waste as either hazardous or non-hazardous.  Once a sufficient data set has been 
accumulated to allow characterization of the material as hazardous or non-hazardous based on HTF 
content and generator knowledge, the DTSC will be petitioned for a determination of waste classification for 
HTF-affected soils generated at the facility.  At the Kramer Junction SEGS facility, DTSC issued a letter 
dated April 4, 1995 stating that soil contaminated with HTF “poses an insignificant hazard” and classifies the 
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waste as non-hazardous for soils with a concentration of less than 10,000 mg/kg HTF pursuant to CCR Title 
22, Section 66260.200(f).  The Kramer Junction facility is 30 miles southeast of the Project, located just 
north of the intersection of Highways 58 and 395 in San Bernardino County.  While this information from 
Kramer Junction alone may not be sufficient to characterize the waste material generated at the BSEP, 
Beacon anticipates that future waste characterization at BSEP will yield a similar result.  

If the soil is characterized as a hazardous waste, the affected soils will be transported from the Project site 
by a licensed hazardous waste hauler for disposal at a licensed hazardous waste landfill.  No HTF-affected 
soil characterized as hazardous waste will be disposed or treated on-site in the LTU.   Based on past 
experience with a similar waste stream at the Kramer Junction SEGS facility, it is anticipated that soil 
containing 10,000 mg/kg HTF or more will be managed as hazardous waste, and that soil containing less 
than 10,000 mg/kg HTF will be non-hazardous waste and can be managed at the site.   

The LTU will be constructed with a prepared base consisting of two feet of compacted, low permeability, 
lime treated material and be surrounded on all sides by a two foot high compacted earthen berm with slopes 
of approximately 3:1 (horizontal: vertical).  Treatment of the HTF-affected soil in the LTU will involve 
moisture conditioning and may involve addition of nitrogen and phosphorous nutrients (i.e., fertilizers) as 
needed to simulate consumption of HTF by the indigenous bacteria.      

2.1.7 Site Layout Adjustments 
Adjustments to the site layout of the solar arrays and other facilities are needed due to several factors.  
These factors include the rerouting of Pine Creek Wash, the placement of the stormwater retention basins in 
the solar field, and relocation of the evaporation ponds and LTU.  Note, revisions to the site layout were not 
needed to account for the Kern County right-of-way setbacks from the property boundaries per the Kern 
County General Plan circulation element along the south and east property boundaries.  A revised site 
layout is provided in Figure 3. 

The evaporation pond size requirements have reduced due to the reduction in wastewater discharge flow 
from the previous Beacon submission.  The ponds have been relocated from the locations in previous BSEP 
submissions to provide the space required for solar arrays.  The new locations are east of the administration 
building, which facilitates three equal sized ponds near access roads which do not conflict with the drainage 
lines.   

In addition, the land treatment unit has been relocated next to the evaporation ponds.  This will facilitate a 
simpler groundwater monitoring program, allow stormwater to be easily moved from the LTU to the 
evaporation ponds, and minimize inspection, sampling and maintenance activities.   

2.1.8 Telecommunications System 
Communications with the LADWP at the Beacon Switching Station and SCE for protective relaying, 
metering, and, if required automatic generator control (AGC) requirements will be determined during detail 
relaying and metering design, but may be done over optical ground wire (OPGW), by using power line 
communications (PLC) which is the transmission of high frequency radio communication over the 
transmission line conductors, or over a standard Integrated Services Digital Network (ISDN) telephone line 
strung under the current-carrying conductors.  

Based on Beacon’s available power purchase agreement (PPA) references including the draft PPA that was 
developed with PG&E for Tesla, the SEGS contracts with SCE, and the POSDEF contract with PG&E, a 
specific requirement for fiber optic links for data transfer to the Buyer does not exist for Beacon’s California 
projects.  Accordingly, Beacon does not expect such a requirement for the BSEP.  In locations around the 
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U.S. outside of California where requirements for a backup dedicated communication link does exist, this is 
usually addressed using cell phone, microwave, or satellite communications.  Beacon does expect the final 
BSEP PPA to require real-time monitoring to be available to the Buyer, but this will be handled via a data 
link using conventional phone service. 

Beacon’s standard communication link protocol is to have the LEC (local exchange carrier) provide 50 wire 
pairs (or the equivalent fiber optic link) either at the property boundary or from a drop point on the site for 
both phone and data service.  From there all that is needed is a drop box at the pole and underground lines 
to a SMART jack located in the telecommunications room in the administrative or control building.  Currently 
there are distribution power poles along SR 14 to the west of the site on which the LEC has existing cable. 
One of these cables formerly served the residential units that were a part of the past agricultural operations 
on the BSEP site.  To the east of the site, along Neuralia Road, the LEC also has an existing cable run.  
Both sets of poles have adequate space to accommodate service sufficient for the Project site 
communication needs, and no new poles off the property are expected to be needed. 

Verizon is the Local Exchange Carrier in the area of the BSEP.  Verizon has a central office in the California 
City area which serves the city, the Honda Proving Center and Cantil among others.  Beacon is working with 
Donald Chung, Network Engineering & Planning Engineer, to evaluate the possibility of providing service for 
the required 50 pair.  According to Mr. Chung, there are 25, 50 and 100 pair lines in the area.  He verified 
that Verizon would be able to provide service to the BSEP but that it is premature to determine whether or 
not there is capacity on the existing lines.  He also stated that it is premature to determine the extent of the 
upgrades that may be required at the time that service is needed.   

2.1.9 Solar Field Maintenance Vehicles 
Staff proposes that BSEP be required to use gasoline powered light trucks for parabolic mirror washing 
activities and facility maintenance (PSA AQ-SC6).  This issue has been addressed in Beacon’s Comments 
on the PSA (May 1, 2009).  The parabolic mirror solar energy facilities at Kramer Junction and Harper Lake 
have significant operating experience and have developed the design of the water wash trucks and other 
apparatus to maximize efficiency.  The hauling capacity of ½ ton trucks is not sufficient for some activities 
such as transporting the welding rigs.  In addition, the use of 4,000 gallon water trucks that have been 
especially designed for mirror washing will be more efficient than using a smaller truck hauling a trailer.  The 
smaller trucks could only carry about 1,000 gallons of water, and hence would need to make four times the 
number of trips to a central water supply area.  The fugitive PM10 emissions from the 4,000 gallon water 
trucks are less than one ton per year (tpy) and emissions would increase to 2.7 tpy with the use of the 
smaller trucks making four times as many trips.  While it might be possible to install water piping throughout 
the solar field to deliver the deionized water to more locations and cut down on the number of trips, a piping 
system would be significantly more costly, would likely require some pumping, would not be as efficient, and 
would only reduce PM10 emissions by less than two tpy.  Likewise, past experience with using electric all 
terrain vehicles in the existing solar fields has shown that they need to be replaced frequently and cannot be 
air conditioned, which is a safety concern in this area where the temperatures get quite high in the summer.  
Requiring that electric vehicles be used for support in the solar field would reduce only a tiny fraction of the 
negligible 0.01 tpy of NOx estimated from the exhaust of all of the on-site vehicles expected to be used 
during operation.  

2.1.10 Visual Impacts Reduction 
In order to help improve the visual character of the area surrounding the Jawbone Visitors’ Center, and 
subject to confirmation with applicable agencies, Beacon will plant and maintain native vegetation as 
follows: four, eight, and 12 foot tall Joshua trees will be arranged in naturalistic groups and patterns to 
accomplish screening and filtering of the view toward the BSEP from the Jawbone Visitor Center.  The 
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Joshua trees will be grouped along the entry road, the parking lot, the restrooms, the visitor center, the 
walkways, and as necessary, in the areas across the Jawbone Canyon Road to provide maximum 
screening.  Creosote bush and other larger native shrub species will be grouped in typical naturalistic 
spacing to contribute an indigenous appearance to the entry road, parking lot, and visitor center 
environment.  Adequate irrigation will be provided during the first several years, as needed, and monitored 
by a qualified arborist. 

The other Key Observation Point (KOP) that was identified as a concern in the PSA is a hiking trail more 
than two miles away on Bureau of Land Management (BLM) land (KOP 6).  One of the factors that Staff 
considered in assessing the visual impacts from this KOP was the number of trail users.  Staff assumed 25 
per day, and Beacon understands that this was used because there was no readily available information on 
user numbers.  However, Beacon believes that the user numbers are much lower and is in the process of 
discussing this further with the BLM.  Beacon continues to believe that the visual impacts from this particular 
KOP would not be significant given the already disturbed nature of the project area and the few number of 
“receptors” that would be impacted.  Nevertheless, Beacon is happy to explore visual impact mitigation 
measures with the BLM and CEC Staff.  For example, if allowable under BLM riles and guidelines, BLM may 
be interested in reclaiming and rerouting the affected portion of the trail in accordance with BLM's cultural 
modification removal and desert landscape restoration program and Beacon could play a role in 
funding/implementing that effort.  Beacon is in the process of trying to establish a dialogue with the 
appropriate BLM representatives to discuss this option.  Beacon is committed to mitigating all significant 
impacts down to “less-than-significant” and looks forward to working with CEC and BLM staff to find an 
acceptable solution to this issue.   

2.2 Beacon Proposed Project Refinements 
In addition to the Project refinements requested by Staff, Beacon proposes to make some other minor 
adjustments to its Project design at this time.  This section describes the following refinements to the design 
proposed by Beacon: 

• The use of propane in place of natural gas as fuel for the boilers, 

• Additional HTF expansion tanks,  

• Selection of transmission line Option 1. 

2.2.1 Propane Alternative 
Beacon had proposed to construct an approximately 17-mile long pipeline to bring natural gas to the Project 
site in order to provide fuel for the boilers used for startup and HTF heating (freeze protection).  The 
construction of this pipeline would be quite costly, and could potentially increase the risk of environmental 
impact in the area.  Instead, Beacon now proposes to use propane to fuel the boilers.  The propane storage 
and delivery system will consist of an unloading station, storage tanks, vaporizing skids, and other ancillary 
equipment.  Safety pressure relief valves, regulators, excess flow valves, and an emergency shutdown 
system are provided with the storage and delivery system.  Two storage tanks will be designed per ASME 
Section VIII, and each tank will be a horizontal carbon steel tank sized for 18,000 gallons (gross).  Annual 
propane usage is expected be 410,000 gallons per year.  It is expected that seven roundtrip deliveries via 
5,000 gallon propane trucks will be required monthly.   

Two equipment layout plans are provided for comparison.  Figure 4 shows the addition of propane facilities, 
while Figure 5 shows the equipment layout without the propane facilities.  The environmental impacts of 
propane usage compared to natural gas are described further in Section 4.2.  
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2.2.2 HTF Expansion Tanks 
The BSEP AFC indicated that six HTF Expansion tanks would be needed.  Further review of the design has 
determined that 22 of these tanks are needed.  The number of HTF expansion tanks was increased due to 
revise preliminary estimates regarding HTF expansion during operation of the plant and the logistics in 
transportation of larger vessels to the site.  Although the number of expansion tanks has increased, the 
amount of VOC emissions from the tanks is not expected to increase from the levels reported in the AFC.  
This is because the prior emissions were based on the overall amount of HTF used in the solar plant, where 
the emissions were scaled based on the amount of HTF used at the existing SEGS facilities and the fact 
that all tanks will still be vented to a collection system that incorporates vapor control equipment.  These 
tanks are also shown in Figure 4 and Figure 5.   

2.2.3 Electrical Transmission Line Route 
Because Beacon was uncertain as to which parcels could be obtained for the transmission line to 
interconnect with the Barren Ridge switching station, Beacon originally proposed two potential options for 
the route.  Both routes were fully analyzed in the BSEP AFC.  A parcel needed for the Option 1 route was 
recently put to auction and Beacon was the successful bidder to purchase the property.  Therefore, Beacon 
is dropping Option 2 from consideration.  The project one line diagram has been revised to reflect the 
removal of Option 2 as shown in Figure 6.
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3.0  Alternative Water Sources  
The PSA indentified seven potential alternatives that might reduce the need for water by the BSEP.  These 
alternatives included dry cooling, photovoltaic solar technology, and use of alternative water supplies using 
water from a degraded aquifer.  Since the PSA was issued, CEC Staff have identified reclaimed water from 
a water treatment facility as another potential alternative.  

Beacon has already gone on record with its position that the alternatives presented in the PSA are not 
“feasible” under CEQA.   Regarding the newly-identified alternative of reclaimed water, Beacon believes that 
this alternative is also not feasible based on available information.  Nevertheless, at the request of Staff, 
Beacon is providing additional information related to the water supply alternatives.    

One alternative is to use groundwater from the area in the immediate vicinity of Koehn Lake, where historic 
data indicates water with higher TDS levels than the groundwater found in the wells on the BSEP plant site.  
The other alternative is to obtain tertiary treated reclaimed water from the Rosamond waste water treatment 
plant.  Only preliminary information has been obtained to date on these alternatives.  

3.1 Koehn Lake Alternative 
The CEC has concluded from limited historic data that there is a potential source of high TDS groundwater 
(i.e., TDS concentrations greater than 1,000 parts per million (ppm)) or degraded water in the vicinity of 
Koehn Lake, and that there may be sufficient yield of this water to support the project water needs in the 
area of T30S/R38E, Sections 7, 8, 17 and 18 (Figure 7).  To support water supply from this area 
groundwater must be degraded and aquifer yield must be able to support seasonal water supply 
requirements that range up to 4,000 gpm during peak summer demand.  The historic data does not clearly 
indicate that areas with suspected degraded groundwater can yield water at a rate to support the Project.  
The CEC has therefore proposed to conduct a groundwater sampling program of wells in the area of Koehn 
Lake to close the data gap.  The sampling program has been designed to document existing groundwater 
quality and provide an understanding of the groundwater production capability from sampled wells.  The 
field program includes obtaining permission from the well owners for access, determining well status and 
condition, collecting groundwater samples and analyzing them for TDS and other constituents to determine 
the suitability of water to support the Project.  The wells that will be considered are in Sections 7, 8, 17 and 
18, and north of the Garlock Fault west of Koehn Lake.  The focus of the study will be wells that are in 
Sections 7, 8, 17 and 18, and north of the Garlock Fault west of Koehn Lake. 

It is important to note that while degraded water could potentially be supplied from this area, there will be 
attendant environmental impacts.  The pipeline to supply water would be seven to nine miles in length to 
reach the area around Koehn Lake that is being investigated for degraded water supply.  While the routing 
is uncertain, environmental impacts associated with this line are uncertain, as the pipeline would at some 
points likely have to travel cross country, cross under the railroad and would travel through several washes 
that cross Randsburg Road. 

Another important consideration is the potential impact of groundwater pumping were it to occur in the area 
of Koehn Lake.  If production were to move toward the west side of Koehn Lake, it is probable there would 
likely be more impact on surrounding single family wells as the density of wells is higher in that area (Figure 
7).  By comparison, the proposed BSEP pumping center is located at a point in the basin where it affects 
many fewer offsite water supply wells.  Further, the Project site is located in an area of significant recharge, 
and as such is in an area that would least affect the groundwater basin in terms of drawdown impacts. 

As described in Section 2 above, water supplied from a degraded source will require additional treatment as 
the part of the partial ZLD system.  The degraded water quality from a source around Koehn Lake could 
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produce a hazardous wastewater from the partial ZLD system (see Attachment 6 - Amendment to the 
ROWD).  The Toxic Pits Cleanup Act prohibits the discharge of liquid hazardous waste into a surface 
impoundment in California.  As such, additional treatment or blending of the water supply would be required 
to allow discharge from the partial ZLD to the evaporation ponds.  Additionally, the high TDS concentrations 
from a degraded water source also increases the potential for emissions of toxic air contaminants from the 
cooling tower (see Section 4.3.1 below and Attachment 7d). 

These environmental impacts should be considered in the exploration of an offsite source of groundwater for 
the Project. 

3.1.1 Water Treatment Facilities for Configuration 2 
C2, using high TDS water such as is found near Koehn Lake, would require a different pre- and post- 
treatment design from C1.  The pre-treatment design includes a cold lime softener for pre-treatment 
upstream of the cooling tower.  For the pre-treatment system, the site’s feedwater is chemically treated with 
lime (Ca(OH)2), soda ash (Na2CO3), caustic (NaOH), magnesium chloride (MgCl2), and polymer into a 
series of tanks with rapid mixing capabilities.  The low-solubility species form precipitates and are allowed to 
settle in a clarifier to form a sludge that contains hardness (Ca and Mg), suspended solids (TSS) and silica 
(SiO2).  The waste stream, which is 6-10 percent solids is pumped to a filter press, where liquid is returned 
to the cooling tower basin while the dewatered solids are discharged to a truck for disposal offsite.  The 
product from the clarifier is pumped to a multi-media filter (MMF), for reduction in the concentration of 
suspended solids, and then to the Treated Water Storage Tank, and finally to the cooling tower.   

The post-treatment clarifier is designed for treatment of the cooling tower blowdown, which has been cycled 
up approximately 10 COC from the Treated Water Storage Tank.  A series of tanks will be chemically 
treated with Ca(OH)2, Na2CO3, NaOH, ferric chloride (FeCl2), and polymer and vigorously mixed to allow 
precipitates to form, and then allowed to settle in a clarifier.  The settled sludge slurry will be discharged to 
the evaporation ponds, while the remaining product would be pumped to a MMF for removal of the 
outstanding solids.  Upon discharge from the MMF, most of the remaining hardness will be removed in a 
weak acid cation (WAC) ion exchange softener, which will be regenerated with hydrochloric acid (HCl), and 
then with NaOH to be in the sodium form.  The WAC is intended to remove metals and hardness, and the 
remaining product containing silica and TDS will be discharged to a reverse osmosis unit where the 
remaining species are greatly reduced in the product stream, containing approximately 75 percent of the 
flow, while the waste stream containing 25 percent of the flow will contain the majority of the silica and TDS, 
and will be fed to the evaporation ponds.   

Estimated annual water usage for C2 would be approximately 1,407 AFY.   

3.1.2 Evaporation Pond Size for Configuration 2 
To handle the wastewater discharging into the evaporation ponds with a TDS of approximately 110,000 
mg/L, at a summer peak discharge rate of 56 gpm, and annual discharge rate of 46 gpm, three evaporation 
ponds each with a nominal surface area of 2.7 acres are required, for a total top area of eight acres.    

3.2 Rosamond Waste Water Alternative 
The Community of Rosamond, through the Rosamond Community Services District (RCSD), currently 
operates a secondary wastewater treatment facility that generates approximately 1.6 million gallons per day 
(MGD) of wastewater.  A project is currently underway to convert 0.5 MGD of this flow to Title 22 quality 
tertiary treated reclaimed water by August of this year, and there are tentative plans to expand the facility to 
produce only Title 22 water by the end of 2011.  In addition the RCSD has agreements with other water 
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districts in the Antelope Valley for purchase and exchange of reclaimed water, up to as much as 13 MGD.  A 
total of 3.3 MGD of water is considered by Rosamond to be readily available for commitment in the near 
term.  Total plant water demand, depending on water quality and treatment options, is estimated at three 
MGD during summer peak periods.  Initial indications are that the reclaimed water quality from Rosamond 
and their potential secondary suppliers will be of adequate quality for power plant operations, although 
information on several critical quality parameters is not readily available, but has been requested. 

In order to use this water, it would be necessary to construct an approximately 40 mile long pipeline.  The 
pipeline route under consideration leaves the Rosamond waste water treatment facility on Patterson Road 
and follows 10th Street W (unimproved roads), to Rosamond Boulevard and Sierra Highway (improved 
roads), followed by a path along unimproved roads in county easements past Edwards Air Force Base, 10th 
Street E, and 20th Street E, intersecting with the corridor proposed for the BSEP natural gas pipeline west 
of California City.  Although about 17 miles of this route has been analyzed with respect to the proposed gas 
pipeline, another approximately 23 miles of new route would need to be assessed for environmental impacts 
such as biological and cultural resources and land use. 

Initial discussions have been conducted with Rosamond in order to assess the viability of this alternative.  
Additional information will be needed prior to further environmental, economic, or legal review or analyses.  
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4.0  Environmental Review 
It is expected that the project design refinements described in Section 2.0 will have similar or reduced 
impact on the environment than the originally proposed Project.  However, the alternative water supply 
options described in Section 3.0 are projected to have a greater impact on some aspects of the 
environment.  For instance, use of lower-quality water would require the installation of pipelines and create 
higher particulate matter emissions from the cooling towers.   

The potential environmental effects of design refinements suggested by Staff are presented in Section 4.1, 
below, and Beacon’s proposed refinements are evaluated in Section 4.2.  The potential environmental 
effects associated with the two alternative water options are presented in Section 4.3.  The focus of this 
discussion is where the refinements or alternatives could have a potential impact that is different from what 
was presented in the BSEP AFC.  For instance, site grading of the plant site was already assumed, so air 
quality impacts are not expected to be different for the re-routed wash design or other changes to the site 
layout. 

4.1 Potential Environmental Effects from Staff Suggested Design Refinements 
 A summary matrix of the potential environmental impacts from Staff suggested changes are shown in Table 
1 and described further below by topic area affected.    

Table 1.  Matrix of Potential Environmental Effects for Staff Design Refinements 

Design Refinement AQ BR C&P HM S&W T&T VR WM Other 
Re-Routed Wash - X - - X - - - - 
Water Treatment & Discharge - X - X X X X X - 
Stormwater Retention - - - - X - - - - 
Emergency Access Road X X X - - - - - - 
SCE Distribution Line - - - - - - X - - 
LTU, Telecommunications and 
Site Layout 

- - - - - - - - - 

Maintenance Vehicles X - - - - - - - - 
X  potential impact on topical area 
- negligible to no effect anticipated that is different from previously analyzed Project 

 

4.1.1 Air Quality  
The design refinements suggested by Staff that could affect air quality that are different from the AFC are 
discussed below.  The only item that would potentially have a new off-site air quality effect is emissions from 
construction of the emergency access road.  In addition, Beacon provided a revised proposal and analysis 
of emissions from maintenance vehicles in the solar field in its comments on the Staff PSA submitted on 
May 1, 2009; these changes are summarized herein.  The modeling analyses for PM10 and PM2.5 impacts 
have been provided based on these new projected emissions.    

Note that this scenario assumes the use of on-site groundwater, as originally proposed, and thus there will 
be no increase in cooling tower TDS or associated emissions.  Potential air quality impacts resulting from 
the use of an off-site water supply are discussed in Section 4.3.1. 
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4.1.1.1 Emergency Access Road 

During the construction of the additional access road, there will be emissions similar to those associated 
with other Project construction activities.  The construction of the additional access road will result in the 
emissions shown in Table 2.  As determined in the original AFC submittal, the Project construction-related 
emissions are transient in nature and will cause some unavoidable but minor localized short-term impacts.  
The proposed construction of the additional access road will not alter that conclusion.  Emission calculations 
are shown in Attachment 7a. 

Table 2.  Maximum Daily Construction Emissions for Emergency Access Road 
(lb/day) 

Phase of Construction NOx VOC CO SO2 PM10 PM2.5 

Emergency access road 208.23 22.95 87.52 0.22 23.13 11.16 

 

4.1.1.2 Maintenance Vehicle Emissions 

As noted above, in response to Staff comments in the PSA, Beacon has reviewed the types and sizes of 
vehicles proposed to be used for maintenance activities such as mirror washing in the solar field.  These 
changes were provided previously in Beacon’s Comments on the PSA, submitted on May 1, 2009.   

Beacon also provided comments on the modeling analyses performed by staff.  The revised modeling 
analyses presented in Attachment 7d includes these changes.  

4.1.2 Biological Resources   
This section describes the potential environmental effects to Biological Resources resulting from 
refinements suggested by Staff.   

4.1.2.1 Rerouted Wash Supplemental Analysis 

Modifications have been made to the rerouted wash to facilitate necessary hydrology and hydraulics design 
changes to adequately manage flows onsite.  These design changes are summarized as part of the water 
and soils analysis; however, it should be noted that these changes also affect the biological function and 
value of the rerouted wash.  The overall approach to mitigation for the wash has not changed, and these 
design changes will assist in achieving replacement of the biological and hydrological function and value of 
the wash.  A summary of the impacts to Waters of the State, the design modifications, and a summary of the 
overall mitigation for purposes of achieving mitigation for impacts to Waters of the State are included as 
Attachment 1b. 

4.1.2.2 Evaporation Pond Refinements 

The evaporation pond design was analyzed in detail in several transmittals submitted to the CEC to date.  
Although the pond design size has been reduced and the location modified, the anticipated impact on birds 
remains similar and the avoidance, minimization, and mitigation measures previously recommended are 
expected to provide appropriate mitigation for potential impacts.  The original analysis of evaporation pond 
biological impacts was based on an equilibrium condition in the ponds for both TDS and selenium.  The 
equilibrium condition assumes that the water has become saturated for the respective constituents and any 
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additional contributions would result in precipitation out of solution.  This assumption removes the variability 
from the biological impact analysis associated with changes in the quality of source water and effluent to the 
ponds.  An increase in concentration of constituents in the water due to use of poorer quality water may 
result in a shorter time interval until saturated or equilibrium concentrations are obtained; however, it would 
not affect the final pond concentration used to evaluate biological impacts.    

4.1.2.3 Tortoise Removal Plan 

Although no tortoises are expected on the Project site and no removal of tortoises is anticipated, a Tortoise 
Removal Plan was prepared by Dr. Alice Karl and submitted as an attachment to the Response to PSA 
Comments submitted by Beacon to the CEC on May 1, 2009.  

4.1.2.4 Emergency Access Road Supplemental Surveys 

Staff has required that an emergency access route to the Project site be incorporated into the BSEP.  In 
response to this request, Beacon identified a potential emergency access route along an existing easement 
along the northern property line and extending from the northeast corner of the BSEP property, directed 
east along the north line of Section 3, connecting to Neuralia Road.  The emergency access route is 
approximately 0.5 miles long and 12 feet wide.  The proposed route and required buffer zones were 
surveyed for biological resources.  The results of the protocol surveys are summarized below and the 
survey reports are included as Attachments 4a and 4b. 

EDAW, Inc (EDAW) and Southern Nevada Environmental, Inc (SNEI; on behalf of EDAW), conducted 
protocol level surveys for desert tortoise (Gopherus agassizii; DT) and western burrowing owl (Athene 
cunicularia; WBO) in support of the emergency access route.   

This route and required Zone of Influence (ZOI) buffers were habitat assessed and surveyed in mid-May 
2009 in accordance with appropriate protocol survey guidelines for the DT and WBO (US Fish and Wildlife 
Service [USFWS] 1992, California Burrowing Owl Consortium [CBOC], Burrowing Owl Survey Protocol and 
Mitigation Guidelines, 1993).     

Across all DT and WBO surveys, no DT or WBO were detected anywhere within the emergency access 
road, or associated buffers and ZOI.  No new WBO signs were detected, and all signs found in and around 
the emergency access route were very old.  Since the burrows observed in and around the emergency 
access route were small, unstable, and primarily sinkholes, it is unlikely that WBO would use them for 
breeding.  The biological surveys conducted did not result in any new potential impacts to special status 
species or biological resources that would require new or revised mitigation measures.  No significant 
impacts are expected from the installation of this road.  An additional 0.12 acres of developed land would be 
impacted as a result of the emergency access road.  The placement of the road would all be within 
disturbed habitat and no new impacts beyond those identified to date would occur 

4.1.3 Cultural and Paleontological Resources  
This section describes the potential environmental effects to the Cultural and Paleontological Resources 
resulting from refinements suggested by Staff.   

4.1.3.1 Emergency Access Road Supplemental Surveys 

The emergency access route and required buffer zones were surveyed for cultural and paleontological 
resources.  No new cultural or paleontological resources were identified during the surveys and no 



AECOM Environment 
 

 

 

Beacon Solar Energy Project (08-AFC-2)  June 2009 
4-4 

additional mitigation is recommended beyond that already identified for the Project.  The survey reports are 
included as Attachments 4c and 4d. 

4.1.4 Hazardous Materials Management  
Additional hazardous materials will be used and stored onsite during BSEP operations due to the addition of 
the partial ZLD system.  The hazardous material inventory, the general operational safety practices 
employed during hazardous material storage and use, the material-specific handling practices, and the 
toxicity of each new/additional hazardous material are discussed below. 

4.1.4.1 Hazardous Material Inventory 

A list of the new/additional large-quantity hazardous materials stored and used at the BSEP site along with 
the toxicity and storage practices for each material are provided in Table 3.  For the purpose of this 
discussion, “large quantity” is defined as those chemicals stored or used in excess of 55 gallons for liquids, 
500 pounds for solids and 200 cubic feet for compressed gases.  These quantities coincide with the 
thresholds for reporting under California’s Hazardous Material Business Plan (HMBP) requirements. 

Table 3.  Summary of Special Handling Precautions for Large Quantity Hazardous Materials 

Hazardous 
Material 

Relative 
Toxicity1 
and Hazard 
Class2

Permissible 
Exposure 
Limit 

Storage 
Description; 
Capacity 

Storage 
Practices and 
Special Handling 
Precautions 

Propane Low toxicity; 

Flammable gas 

PEL: 1,000 ppm Two 18,000 gallon 
pressure tanks 

Isolated from 
incompatible 
chemicals 

Calcium 
Hydroxide 
(Lime) (water 
treatment 
chemical) 

Moderate toxicity; 
Irritant 

PEL: 15 mg/m3 
(total dust); PEL: 5 
mg/m3 (respirable 
fraction) 

TLV: 5 mg/m3 
(ACGIH)   

Bulk Lime Feed 
System  

(1 x 100%): 14’ D x 
56’ H 

 Solid 

Isolated from 
incompatible 
chemicals 

Sodium 
Carbonate 
(Soda Ash)  
(water treatment 
chemical) 

Low toxicity;  

Hazard class – 
NA. 

No specific limits; 
Only inert dust 
limits: 

PEL: 15 mg/m3 
(total dust); PEL: 5 
mg/m3 (respirable 
fraction) 

Bulk Soda Ash 
Feed System  

(1 x 100%): 12’ D x 
40’ H solid 

Isolated from 
incompatible 
chemicals 
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Hazardous 
Material 

Relative 
Toxicity1 
and Hazard 
Class2

Permissible 
Exposure 
Limit 

Storage 
Description; 
Capacity 

Storage 
Practices and 
Special Handling 
Precautions 

Polymer  
(water treatment 
chemical) 

Low toxicity  
Hazard class – 
NA 

None FRP tank; 3000 
gallons 

Inventory 
management, isolated 
from incompatible 
chemicals and 
secondary 
containment 

Magnesium 
Chloride   
(water treatment 
chemical) 

Low toxicity;  

Hazard class – 
NA 

No specific limits; 
only inert dust 
limits: 

PEL: 15 mg/m3 
(total dust); PEL: 5 
mg/m3 (respirable 
fraction)  

FRP tank; 3000 
gallons 

Inventory 
management, isolated 
from incompatible 
chemicals and 
secondary 
containment 

Ferric Chloride  
(water treatment 
chemical) 

High toxicity; 
Hazard class – 
Corrosive 

No specific limits. 

TLV: 1 mg/m3 iron 
salts; 

TLV: 1 mg/m3 HCl 
salts; 

FRP tank; 3000 
gallons 

Inventory 
management, isolated 
from incompatible 
chemicals and 
secondary 
containment 

Sodium 
Hydroxide, 50% 
solution  
(WAC resin 
regenerant) 

High toxicity; 
Hazard class – 
Corrosive 

PEL: 2 mg/m3 total 
dust 

Plastic totes, 2 x 
400 gallons 

Isolated from 
incompatible 
chemicals and 
secondary 
containment  

Hydrochloric 
Acid, 93% 
solution  
(WAC resin 
regenerant) 

High toxicity; 
Hazard class – 
Corrosive, water 
reactive 

PEL: 5 ppm 

TLV: 2 ppm 

Plastic totes, 2 x 
400 gallons 

Isolated from 
incompatible 
chemicals and 
secondary 
containment 



AECOM Environment 
 

 

 

Beacon Solar Energy Project (08-AFC-2)  June 2009 
4-6 

Hazardous 
Material 

Relative 
Toxicity1 
and Hazard 
Class2

Permissible 
Exposure 
Limit 

Storage 
Description; 
Capacity 

Storage 
Practices and 
Special Handling 
Precautions 

Sodium 
Hypochlorite, 
12.5% solution 

High toxicity; 
Hazard class – 
Poison-B, 
Corrosive 

Workplace 
Environmental 
Exposure Limit 
(WEEL) - STEL: 2 
mg/m3 
PEL: 0.5 ppm 
(TWA),  
STEL: 1 ppm as 
Chlorine 
TLV: 1 ppm (TWA),
STEL: 3 ppm as 
Chlorine 

Plastic tanks; 8,500 
gallons total 
inventory (1 x 8,500 
gallons) 

Secondary 
containment 

Sulfuric Acid, 
93% solution 
(water treatment 
chemical) 

High toxicity; 
Hazard class – 
Corrosive, water 
reactive 

PEL: 1 mg/m3 Lined, carbon steel 
tanks; 8,000 gallons 
total inventory (1 x 
8,000 gallons) 

Isolated from 
incompatible 
chemicals, lined tank, 
and secondary 
containment 

Therminol VP-1 
Diphenyl ether 
(73.5%) 
Biphenyl (26.5% 

 

Moderate 
toxicity, Hazard 
class – Irritant; 
Combustible 
Liquid (Class III-
B) 
 

Biphenyl = 
PEL: 0.2 ml/m3 (8-
hr TWA) 

TLV: 0.2 ml/m3 (1 
mg/m3) (8-hr TWA) 

Diphenyl ether =  
TLV: 1 ml/m3(8-hr 
TWA) 
TLV: 2 ml/m3(15-
min TWA) 
PEL: 1 ml/m3 (7 
mg/m3) (15-min 
TWA) 
 

2.4 MM gallons in 
system, no 
additional onsite 
storage 

 

Continuous 
monitoring of 
pressure in piping 
network; routine 
inspections (sight, 
sound, smell) by 
operations staff; 
isolation valves 
throughout piping 
network to minimize 
fluid loss in the event 
of a leak; prompt 
clean up and repair. 

 

1  Low toxicity is used to describe materials with an NFPA Health rating of 0 or 1.  Moderate toxicity is 
used describe materials with an NFPA rating of 2.  High toxicity is used to describe materials with an 
NFPA rating of 3.  Extreme toxicity is used to describe materials with an NFPA rating of 4. 

2  NA denotes materials that do not meet the criteria for any hazard class defined in the 1997 Uniform 
Fire Code. 
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4.1.4.2 General Operating Practices 

The new/additional chemicals will be stored or processed in vessels or tanks specifically designed for their 
individual characteristics.  All hazardous materials storage or process vessels will be designed in 
conformance with applicable ASME codes.  Large quantity (bulk) liquid chemicals will be stored outdoors in 
aboveground storage tanks (ASTs) manufactured of carbon steel or plastic, or in 400-gallon (nominal) 
capacity plastic totes.  Spill containment structures (e.g., curbing, double walled tanks, or equivalent) to 
contain the chemicals in the event of a leak or spill will be constructed around each of the large-quantity 
hazardous chemical storage tanks or totes.  Bulk storage tanks or totes will each have secondary 
containment structures capable of holding the tank or tote volume plus an allowance for precipitation (25-
year, 24-hour rain event).  Concrete containment structures will be coated with a chemical resistant coating 
(e.g., epoxy) to ensure long-term integrity of the containment structure. 

Small quantity chemicals will be stored in their original delivery containers in order to minimize risk of upset.  
Personnel working with chemicals will be trained in proper handling technique and in emergency response 
procedures for chemical spills or accidental releases.  Personal protection equipment (PPE) will be 
provided. 

Appropriate safety programs will be developed addressing hazardous materials storage and use, 
emergency response procedures, employee training requirements, hazard recognition, fire safety, first-
aid/emergency medical procedures, hazardous materials release containment/control procedures, hazard 
communications training, PPE training and release reporting requirements.  These programs include Injury 
and Illness Prevention Program, fire response program, plant safety program and facility standard operating 
procedures.  As required under Federal and California regulations, a HMBP will be prepared and submitted 
to the Kern County Environmental Health Services Department. 

The facility will be subject to the Storm Water Pollution Prevention Plan (SWPPP) requirements 
administered by the State Water Resources Control Board under the Storm Water General Permit.  The 
SWPPP will describe the management practices in place at the facility (e.g., regular inspections and 
maintenance of drainage facilities, employee training in proper hazardous material storage and handling 
procedures, and chemical spill response procedures) to prevent the release or discharge of these 
new/additional hazardous materials to the Waters of the State. 

4.1.5 Soil and Water Resources  
Additional analyses have been prepared to present supplemental information related to groundwater, 
surface water, and geomorphology.  The following is a summary of relevant components for further 
evaluation of potential project impacts and proposed design features that are intended to avoid, minimize, 
and mitigate for impacts associated with the BSEP. 

Attachment 1a:  Rerouted Wash Design Modifications (Hydrology, Hydraulics, and Sediment Transport).  A 
Memorandum for Hydrologic and Hydraulic Analysis of Rerouted Channel for Beacon Solar Energy - 
Mojave, CA has been prepared that summarizes the redesign of the rerouted wash to address on-site and 
off-site flows, sediment transport including fluvial geomorphology, and wash design features to facilitate 
biological and hydrological functions and values. 

Attachment 1b:  Wash Mitigation Plan has also been prepared.  

Attachment 3:  Storm Water Management.  A Conceptual Retention and Grading Study has been prepared 
that summarizes the revised BSEP approach to storm water management, including the Low Impact 
Development approach of using on-site retention for treatment of the water quality storm event. 
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Attachment 5:  Groundwater Mitigation.  A memorandum has been prepared that summarizes Beacon’s 
approach to mitigation for potential groundwater impacts. 

Attachment 6:  Amendment to the ROWD.  An amendment to the ROWD has been prepared to address 
the Lahontan RWQCB comments. 

4.1.6 Traffic and Transportation  
The construction of the emergency access road will require vehicle traffic for workers, on-road and off-road 
heavy duty trucks, and material delivery trucks.  The construction of the emergency access road would 
require activities that are similar or identical to those required for the paving and road construction evaluated 
in the original AFC.  The construction of emergency access road is estimated to take approximately two 
months to complete.  During the period of peak activities, the roadway construction will require 42 truck trips 
per day for material delivery during month 1 of construction.  Assuming that the material delivery takes place 
over a four hour period, the material delivery trucks would add approximately 10 trucks per hour to the traffic 
load on the roadway to and from the Project site.  Based on the traffic volumes shown in Table 4 for the 
roadways servicing the Project area (note: this table appeared as Table 5.13-6 in the AFC), it is reasonable 
to conclude that the additional vehicle traffic required for the emergency access road construction would not 
adversely impact the level-of-service (LOS) of any of the roadways.  Therefore, construction of the 
emergency access road would not cause or contribute to a significant adverse impact to Traffic and 
Transportation resources. 

The proposed water treatment options will require approximately 30 additional two-way truck trips per month 
for water treatment chemical delivery to the Project site.  This estimate is based on use of Koehn Lake 
water; use of on-site groundwater would require slightly less water treatment, and correspondingly fewer 
truck trips.   

Solids removal from the evaporation ponds will require approximately 700 truck trips per event.  The 
frequency of clean-out will depend on which water supply option is selected; clean out will be required once 
every 4.5 years for the on-site groundwater option (3.5 years for the Koehn Lake water option). 

Table 4 shows the peak traffic impacts during construction and operation of the BSEP as it was originally 
proposed.  The water treatment chemical delivery would add one truck trip per hour, one hour per day, on 
average, to the traffic volume on the roadways servicing the Project.  As seen in Table 4, the additional truck 
trips would not add significantly to the volumes and would not adversely impact LOS on those roadways.   

During those periods in which solid waste is removed from the evaporation ponds, it is assumed that two 
trucks per hour could be loaded, up to ten hours per day.  Again, as shown in Table 4, two additional truck 
trips per hour would not adversely impact the LOS of the roadways servicing the Project. 

Consequently, the proposed additional water treatment would not cause or contribute to a significant 
adverse impact to Traffic and Transportation resources. 
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Table 4.  Peak Hour Roadway Traffic Volumes, Design Capacities, and Levels of Service 
(With Project Related Traffic) 

Year 2011 Conditions with  
Project Construction Traffic1

Year 2011 Conditions with  
Project Operations Traffic2

Roadway / 
Segment Travel 

Lanes Volume Capacity3 LOS Travel 
Lanes Volume Capacity3 LOS 

SR-14  
North of the Project 
Site  

2 397 2,000 A 2 358 2,000 A 

SR-14  
At the Project Site 4 1,150 6,800 A 4 402 6,800 A 

SR-14  
South of the Project 
Site  

2 1,150 2,000 A4 2 402 2,000 A 

SR-14  
South of Mojave  4 2,680 6,800 A 4 2,365 6,800 A 

SR-58 
West of SR-14 4 2,505 6,800 A 4 2,265 6,800 A 

SR-58 
East of SR-14  4 2,512 6,800 A 4 2,355 6,800 A 

1     Assumes Month 15 peak construction traffic levels with 836 workers 
2     Assumes normal future Project operations with total work force of 66 employees.  
3     Two-way capacity in vehicles per hour 
4    Based on Volume to Capacity Ratio, Project operations are LOS A.  Based on the most recent 

Highway Capacity Manual methodology for rural two-lane highways, which determines LOS based on 
an estimated percentage of drivers having to follow another vehicle under worst case peak conditions, 
the two-lane segment of SR-14 at the BSEP site could be described as operating at LOS D. 

4.1.7 Visual Resources 
Additional water treatment facilities will add additional elements in the power block.  However, due to the 
distance from any of the KOPs, these changes will not be readily discernable to a viewer.  Therefore, no 
changes in the visual resources analysis or requirements would be needed due to these changes.  

See Section 2.1.10 above for additional information regarding vegetative screening at Jawbone Visitors’ 
Center and along the KOP 6 trail.   

4.1.8 Waste Management  
As outlined in Section 2.1.2, accumulated solids are to be removed from the evaporation ponds when they 
reach a depth of three feet for safety and operational purposes.  Based on C1, approximately 75,000 tons of 
solids are expected to accumulate over 30 years.  The clean out rate is estimated to be every 4.5 years, 
which equates to approximately 11,200 tons per clean out which would require 560 truck trips.  Based on 
C2, approximately 123,000 tons of solids are expected to accumulate over 30 years.  The clean out rate is 



AECOM Environment 
 

 

 

Beacon Solar Energy Project (08-AFC-2)  June 2009 
4-10 

estimated to be every 3.5 years, which equates to approximately 14,300 tons per clean out which would 
require 700 truck trips.         

As outlined in Section 2.1.6, HTF-impacted soils will be classified as hazardous or non–hazardous when 
initially moved to the staging area.  Any material classified as a hazardous waste will be removed from site 
by a licensed hazardous waste hauler for disposal at a licensed hazardous waste landfill.  No HTF-impacted 
soils characterized as hazardous waste will be disposed or treated on-site.    

It is anticipated that the pond solids and other non-hazardous wastes would be classified as Class II non-
hazardous industrial waste.  Beacon will test the pond solids using appropriate test methods in advance of 
removal from the evaporation ponds to confirm this determination.  For planning purposes, Beacon would 
dispose of the waste in the McKittrick Waste Treatment Site, a Class II facility.  The capacity and closure 
information for the McKittrick facility and two alternative facilities are shown in Table 5.  Based on the 
available capacity, the waste volume generated from each clean-out event represents less than two percent 
of the remaining capacity of the McKittrick facility. 

Table 5.  Solid and Hazardous Waste Disposal Facilities 

Waste Disposal Site Title 23 
Class 

Maximum 
Permitted 
Capacity 

Current 
Operating 
Capacity 1

Remaining 
Capacity 

Estimated 
Closure 

Date 

Enforcement 
Action 
Taken? 

McKittrick Waste 
Treatment Site 
56533 Highway 58 
McKittrick, CA  

Class II 2,092,000 
cubic yards 

1,180 
tons/day 

841,498 
cubic yards 2029 No 

Waste Management 
Kettleman Hills Landfill 
36251 Old Skyline Road 
Kettleman City, CA   

Class I 10,700,000 
cubic yards 

8,000 
tons/day 

6,000,000 
cubic yards 2037-2038 No 

Clean Harbors 
Buttonwillow Landfill 
2500 West Lokern Road 
Buttonwillow, CA 

Class I 14,300,000 
cubic yards 

10,500 
tons/day 

9,500,000 
cubic yards 2040 No 

Source: CIWMB/SWIS, December 2007 
1  Maximum Permitted Throughput 

 

4.1.9 Other Environmental Topic Areas 
Project refinements are not expected to affect socioeconomic impacts of the Project except for a potential 
insignificant tax benefit from the purchase of additional water treatment chemicals.   

4.2 Potential Environmental Effects from Beacon Design Refinements 
A summary matrix of the potential environmental impacts from the Project design refinements proposed by 
Beacon is shown in Table 6 and described further below by topic area affected.    
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Table 6.  Matrix of Potential Environmental Effects for Beacon Design Refinements 

Design Refinement AQ BR C&P HM S&W T&T VR WM Other 
Propane Use  X - - X - X X - - 
HTF Expansion Tanks - - - - - - - - - 
Transmission Line Option 1 - - - - - - - - - 
X  potential impact on topical area 
- negligible to no effect anticipated that is different from previously analyzed Project 

 

4.2.1 Air Quality and Public Health 
The design refinements proposed by Beacon that could affect air quality and public health that are different 
from the AFC are discussed below.   

4.2.1.1 Use of Propane instead of Natural Gas 

Pursuant to information provided by the equipment manufacturer, the substitution of propane for natural gs 
as boiler fuel will not result in an increase in NOx, CO, VOC or PM10 emissions; the manufacturer 
guarantees the same emission rate for propane combustion as it does for natural gas combustion.  A 
performance specification for the boilers is provided in Attachment 7d.  The sulfur content of propane is 
higher than the sulfur content of pipeline natural gas; thus an increase in SO2 emissions is anticipated.   

The Santa Barbra County Air Pollution Control District default emission factor for SOx and heating value for 
propane were used to calculate the SOx emissions.  The hourly emissions were calculated based on one 
hour of operation at a full load.  Daily emissions are based on a maximum of 14 hours per day of operation 
and the annual emissions are based on 1,000 hours of operation per year.  The changes in SOx emissions 
are shown in Table 7.  Although SOx emissions from the use propane are higher than from the use of 
natural gas, the resulting emissions are small.  Emission calculations are provided in Attachment 7b. 

Table 7.  SOx Emission Comparison – One Boiler 

SOx Emissions 
Fuel 

lb/hr lb/day ton/yr 

Natural Gas 0.08 0.11 0.004 
Propane 0.34 4.75 0.17 

Net Increase 0.26 4.64 0.166 
 

The EPA AERMOD model was run to examine the impacts of the increased SO2 emissions from the use of 
propane.  As shown in Attachment 7d, while the maximum modeled concentration does increase with 
propane fuel, the overall SO2 impact, when added to ambient background values, is still less than 15 
percent of any applicable California Ambient Air Quality Standards (CAAQS) / National Ambient Air Quality 
Standards (NAAQS) standard for SO2, and the impacts from Project sources alone are less than 1 percent 
of any applicable ambient air quality standards. 
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The substitution of propane for natural gas will eliminate the need to construct the originally proposed 17.6-
mile long natural gas pipeline.  The peak daily construction emissions for the natural gas pipeline are shown 
in Table 8.  Because the pipeline will not be constructed under this scenario, the construction emissions 
associated with its’ construction will not occur.  While the construction emissions for the propane tanks have 
not specifically been quantified, the overall on-site emissions from construction of the power block facilities 
has been estimated and is not expected to be substantially different from the emissions previously 
estimated. 

Table 8.  Avoided Maximum Daily Construction Emissions (lb/day) if Natural Gas 
Pipeline is Not Constructed 

Phase of Construction NOx VOC CO SO2 PM10 PM2.5 

Natural Gas Pipeline 529.4 85.4 546.3 0.5 102.5 44.5 

 

4.2.1.2 Public Health Analysis for Propane 

Toxic air contaminant (TAC) emissions are not expected to be significantly different for propane than they 
are for natural gas.  As a practical matter, TAC emission factors are not readily available for propane; 
Beacon reviewed the California Air Toxic Emission Factor (CATEF) database, EPA Compilation of Air 
Pollution Emission Factors (AP-42), South Coast Air Quality Management District (SCAQMD), Ventura 
County Air Pollution Control District (VCAPCD) and Bay Area Air Quality Management District (BAAQMD) 
emissions guidance and was unable to identify TAC emission factors for propane.  It is Beacon’s 
understanding that the natural gas TAC emission factors are routinely used to predict TAC emissions from 
propane combustion.  Further, the health risks predicted for the Project were dominated by the diesel 
combustion emissions, and only marginally due to natural gas combustion.  The overall BSEP health risk 
was modeled to be very low.  So, while the TAC emissions from propane combustion may differ from natural 
gas to some (not quantified) extent, the propane TAC emissions are not expected to lead to a significantly 
higher health risk from Project operations. 

4.2.1.3 Operational Delivery Truck Emissions 

The proposed Project changes will result in additional truck travel on off-site paved roads, as follows: 

•         Propane delivery of up to 7 truck trips per month (82 truck trips per year) 

•         Water treatment chemical delivery of up to 30 truck trips per month (360 trips per year) 

•         Waste removal (evaporation pond clean out) of up to 700 truck trips once every 3.5 years. 

The combustion of fuel in motor vehicle engines results in the generation of CO, VOC, NOx, SOx, PM10 
and PM2.5 emissions.  Motor vehicle brake and tire wear and entrained paved road dust result in the 
generation of PM10 and PM2.5 emissions.   

CO, VOC, NOx, SOx and PM10 emission factors were compiled by running the ARB's EMFAC2007 
(version 2.3) Burden Model (ARB, 2007b) for the KCAPCD jurisdiction during calendar year 2009.  Daily 



AECOM Environment 
 

 

 

Beacon Solar Energy Project (08-AFC-2)  June 2009 
4-13 

emissions by vehicle class (light-duty truck, heavy, heavy-heavy duty diesel vehicle, etc.) from the Burden 
model were divided by the daily mileage traveled by vehicles within the class from the Burden Model to 
calculate the emission factors.  The emission factors account for the emissions from start, running and idling 
exhaust.  In addition, the VOC emission factors take into account diurnal, hot soak, running and resting 
emissions, and the PM10 emission factors account for exhaust, brake wear and tire wear emissions 
separately. 

PM2.5 emission factors were calculated by multiplying the PM10 emission factors by the mass fraction of 
PM2.5 emissions in motor vehicle exhaust, brake wear and tire wear PM10 emissions.  The PM2.5 mass 
fractions in PM10 emissions from gasoline and diesel-fueled engine exhaust were from “Final –Methodology 
to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds”  

In addition, vehicle travel on paved roads generates fugitive PM10 and PM2.5 emissions by entrainment of 
dust on the roads.  The emission factor used was calculated from ARB Emission Inventory Methodology 
7.9, “Entrained Paved Road Dust” guidance (ARB, 1997).  Roadway silt loadings were taken from Table 3 of 
CARB Emission Inventory Methodology 7.9 (ARB, 1997).  Offsite motor vehicles were assumed to travel on 
paved collector roads.  The average weight of vehicles on roads traveled by offsite motor vehicles was 
assumed to be 2.4 tons, as listed in Table 3 of ARB Emission Inventory Methodology 7.9 (ARB, 1997) for 
the Kern County portion of the Southeast Desert Air Basin.  PM2.5 emission factors were calculated by 
multiplying the PM10 emission factors by the mass fraction of PM2.5 emissions in PM10 emissions from 
entrained paved road dust.  The PM2.5 mass fractions were from “Final–Methodology to Calculate 
Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD, 2006). 

Project offsite transportation emissions are summarized in Table 9.  Emission calculations are provided in 
Attachment 7b. 
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Table 9.  Delivery Truck Criteria Pollutant Emissions 

2009 Motor Vehicle Emission Factors (lbs/mile) 
Trip Type 

CO VOC NOx SOx Exh. PM10 Fug PM10 Diesel PM 
Exh. 

PM2.5 
Fug 

PM2.5 
Propane Delivery 0.01214 0.00295 0.03890 0.00004 0.00154 0.00097 0.00154 0.00142 0.00019 
Chemical Delivery 0.01214 0.00295 0.03890 0.00004 0.00154 0.00097 0.00154 0.00142 0.00019 
Evaporation Pond Cleanout 0.01214 0.00295 0.03890 0.00004 0.00154 0.00097 0.00154 0.00142 0.00019 

Daily Emissions (lbs/day) 
Trip Type 

CO VOC NOx SOx Exh. PM10 Fug PM10 Diesel PM 
Exh. 

PM2.5 
Fug 

PM2.5 
Propane Delivery 1.94 0.47 6.22 0.01 0.25 0.16 0.25 0.23 0.03 
Chemical Delivery 7.77 1.89 24.89 0.03 0.98 0.62 0.98 0.91 0.12 
Evaporation Pond Cleanout 51.48 12.52 164.93 0.18 6.52 4.12 6.52 6.00 0.79 
Total 61.19 14.88 196.05 0.21 7.75 4.90 7.75 7.13 0.94 

Monthly Emissions (lbs/month) 
Trip Type 

CO VOC NOx SOx Exh. PM10 Fug PM10 Diesel PM 
Exh. 

PM2.5 
Fug 

PM2.5 
Propane Delivery 13.60 3.31 43.57 0.05 1.72 1.09 1.72 1.59 0.21 
Chemical Delivery 116.56 28.34 373.42 0.40 14.77 9.32 14.77 13.59 1.80 
Evaporation Pond Cleanout 1621.60 394.29 5195.23 5.55 205.48 129.73 205.48 189.04 24.99 
Total 1,751.8 425.9 5,612.2 6.0 222.0 140.1 222.0 204.2 27.0 

Annual Emissions (tons/yr) 
Trip Type 

CO VOC NOx SOx Exh. PM10 Fug PM10 Diesel PM 
Exh. 

PM2.5 
Fug 

PM2.5 
Propane Delivery 0.080 0.019 0.255 0.000 0.010 0.006 0.010 0.009 0.001 
Chemical Delivery 0.699 0.170 2.241 0.002 0.089 0.056 0.089 0.082 0.011 
Evaporation Pond Cleanout 0.901 0.219 2.886 0.003 0.114 0.072 0.114 0.105 0.014 
Total 1.680 0.408 5.382 0.006 0.213 0.134 0.213 0.196 0.026 

Notes: 
Assumes a maximum of one propane delivery tuck, two chemical delivery trucks, and 20 evaporation pond cleanout trucks in one day 
Assumes a maximum of seven propane deliveries in one month, 82 deliveries per year. 
Monthly evaporation pond delivery truck emissions assumes clean out occurs at the maximum daily rate everyday for one month; and there are 31 days in month 
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4.2.1.4 Greenhouse Gas Emissions 

The BSEP boilers and the propane delivery trucks will emit greenhouse gases (GHG).  The methodology 
used to calculate GHG emissions from these sources is explained below.  A comparison of GHG emissions 
for the substitution of propane for natural gas for the Project is summarized in Table 10.  Emission 
calculations are provided in Attachment 7b. 

GHG emissions from operation of the two 30-MMBtu per hour boilers are based on the permitted maximum 
usage of the units by the Project (1,000 hours/year each) and the emission factors for propane combustion 
listed in Tables C.5 and C.6 of the California Climate Action Registry General Reporting Protocol, Version 
2.2 (GRP) (March 2007). 

GHG emissions from operation of the propane delivery trucks are based on the round-trip distance from the 
propane supplier (assumed to be located in Bakersfield, California), the estimated fuel use for a heavy duty 
tank truck, and the emission factors for diesel combustion listed in Tables C.5 and C.6 of the California 
Climate Action Registry General Reporting Protocol, Version 2.2 (GRP) (March 2007). 

CO2 equivalents are calculated using the global warming potential (GWP) provided in Appendix C of the 
GRP (March 2007) in the column labeled GWP, as these are the values used by the California Climate 
Registry.  The GWP of methane is 21 times that of CO2 and the GWP of nitrous oxide is 310 times that of 
CO2. 

Table 10.  Comparison of Project GHG Emissions: Propane verses Natural Gas 

Fuel CO2e Emissions (metric tons /year) 

Natural Gas 3,176 

Propane 

Boilers 3,787 

Propane Delivery Trucks 24 

Total for Propane 3,811 

Net Increase 635 
 

By comparison, a new 250 MW gas-fired combustion turbine-based power plant would have the potential to 
emit on the order of one million metric tons of CO2e per year.  Hence, the development of new renewable 
energy projects will assist the State of California to meet the GHG reduction goals set forth in AB 32 while 
still providing the power needs of all Californians. 

4.2.1.5 SB 1368 GHG Emissions Performance Standard 

On January 25, 2007, the California Public Utilities Commission (PUC) and CEC adopted an interim GHG 
Emissions Performance Standard (EPS).  The EPS is a facility-based emissions standard requiring that all 
new long-term commitments for baseload generation to serve California consumers be with power plants 
that have emissions no greater than a combined cycle gas turbine plant. That level is established at 1,100 
pounds of CO2 per megawatt-hour. “New long-term commitment” refers to new plant investments (new 
construction), new or renewal contracts with a term of five years or more, or major investments by the utility 
in its existing baseload power plants. 
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As a solar power plant with minimal combustion sources, BSEP will surpass the EPS requirement 
regardless of which fuel is used, natural gas or propane.  Based on natural gas fuel for the boilers, the 
stationary source GHG emissions (i.e., excluding mobile source emissions) are approximately 10.61 pounds 
per MW-hr, and based on propane fuel, the stationary source GHG emissions are slightly higher at 12.65 
pounds per MW-hour.   

4.2.1.6 Air Quality Impacts Assessment 

As noted above, the vehicles to be used for solar field maintenance were revised and emissions 
recalculated.  The PM10 and PM2.5 emissions were modeled for the BSEP sources including the 
maintenance vehicles on unpaved surfaces in the solar field.  For this scenario (use of on-site groundwater), 
the TDS and resulting PM10 and PM2.5 emissions from the cooling tower were assumed to remain the 
same as evaluated previously, 1,600 ppm TDS, and with a drift eliminator to control to 0.0005 percent.  A 
scenario based on the use of water with 16,600 ppm TDS if Koehn Lake water is provided in Section 4.3.1. 

The comparison of Project impacts from this scenario to National and California Ambient Air Quality 
Standards (NAAQS and CAAQS) is provided in Attachment 7d.  The Project maximum modeled 
concentrations for pollutants are summed with ambient background concentrations for comparison to the air 
quality standards.  The short-term ambient background values are the highest values (for comparison to the 
CAAQS) over the three year period (2005-2007) for all pollutants except 24-hour PM2.5.  The 24-hour 
PM2.5 background value is based on the three-year average of the 98th percentile values consistent with 
the final revisions of the PM2.5 standards (40 CFR Part 50, December 17, 2006).  That is, “[T]o attain this 
standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented 
monitor within an area must not exceed 35 µg/m3.”  All annual background values are highest over the 
three-year period. 

As shown in Attachment 7d, all total concentrations, modeled plus ambient background, are below the 
NAAQS and CAAQS with the exception of 24-hour and annual PM10 CAAQS.  This exceedance occurs 
because the monitored background concentration by itself is greater than the CAAQS.   

4.2.1.7 HTF Expansion Tanks 

As with the original Project, the HTF expansion tanks will vent to atmosphere via the Ullage system.  The 
emissions will be controlled using two carbon adsorption beds in series.  VOC emissions from the HTF are 
the result of thermal degradation of the HTF resulting in the formation of low molecular weight compounds 
that have low boiling points and high vapor pressure.  These low molecular weight compounds volatilize in 
the headspace of the expansion tanks and when the HTF expands during the day, are forced out of the 
system through the Ullage system and carbon adsorption controls.  The number of expansion tanks does 
not adversely affect the rate at which the HTF degrades into low molecular weight compounds.  So, while 
the revised Project has more HTF expansion tanks and, therefore, a greater vapor volume to be displaced 
and vented, the daily and annual quantity of low molecular weight compounds in the system (and thus 
vented through the Ullage system to atmosphere) will not change.  The net result is a much larger vapor 
volume at a much lower concentration, with no net change in emissions expected. 

4.2.2 Biological Resources 
This section describes the potential environmental effects to Biological Resources resulting from 
refinements proposed by Beacon.   
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4.2.2.1 Potential Impacts to Biological Resources from Electrical Transmission Line Route 

The AFC evaluated the potential impacts to biological resources from both transmission line route options 
(Option 1 and Option 2).  Option 1 has been selected by Beacon, as mentioned above.  It should be noted 
that Option 1 has a smaller footprint that Option 2, and therefore potential impacts to biological resources 
are minimized.   

4.2.3 Hazardous Materials Management  
This section describes the potential environmental effects of changes to hazardous materials as a result of 
Project refinements proposed by Beacon.   

4.2.3.1 Propane Tanks Storage and Handling 

The propane storage tanks and handling facilities will be equipped with continuous tank level monitors, 
temperature and pressure monitors and alarms, and excess flow and emergency island valves.  Only 
trained technicians will conduct system maintenance and repairs.  

Propane Delivery 

Propane is typically delivered in 5,000-gallon tank trucks.  The tank trucks will be unloaded in a tank truck 
unloading area immediately adjacent to the propane tanks.  The unloading area is paved with concrete and 
surrounded by a curb.   

During unloading operations, the driver performing the unloading operation will wear appropriate protective 
equipment, and will have a cut-off switch to stop the propane transfer in case of an emergency.  The 
offloading operation will also be monitored by a control room operator via camera to be able to provide 
backup support if there is a leak, hose break, or other accident during unloading. 

With respect to the transport of propane to the Project site, Department of Transportation (DOT) regulations 
require all truck tank trailers to meet strict requirements for collision and accident protection.  Hazardous 
materials shipments will comply with applicable regulations in terms of route selection, operator training and 
qualifications, etc.  The tank trucks are designed to withstand violent accidents without breach of 
containment.  Project truck travel will include approximately 37 hazardous material deliveries per month, of 
which approximately seven will be propane.  It is expected that hazardous materials shipments would utilize 
SR 14 to access the Project site from the south for propane deliveries.  It is anticipated that propane 
deliveries will originate in Bakersfield. 

In a 2001 study, The Battelle Institute performed a study for the Federal Motor Carrier Safety Association to 
assess the comparative risks of hazardous materials truck shipment accidents (Battelle, 2001).  In this 
report, the accident frequencies for trucking accidents involving various hazardous materials are computed 
based on 1996 mileage traveled.  For hazmat accident involving flammable gases (Hazardous Material 
Division 2.1), the computed accident frequency was 3.43 x 10-07 accidents per mile (Battelle, 2001, Table 
24).  Assuming a one-way trip distance to the Project of 80 miles from Bakersfield to deliver propane and an 
estimated 82 truck deliveries per year, the expected accident frequency for a propane truck traveling from 
Bakersfield to the BSEP facility is 0.0023 accidents per year (80 x 82 x 3.43 x 10-07), or one accident 
approximately every 444 years.  This accident frequency is much longer than the lifetime of the facility.  
Therefore, a transportation accident involving propane being delivered to the BSEP is an unlikely event 
during the facility lifetime. 
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Propane Storage 

Storage of propane onsite in two 18,000-gallon tanks creates the potential for leak, spill or rupture of the 
tank releasing propane to the atmosphere.  Propane is a flammable gas.  Pressurized metallic storage tanks 
have a mean time to catastrophic failure of 0.0109 per million hours of service, or on average, one failure 
every 10,500 years (Center for Chemical Process Safety, 1989).  Thus, failure of a pressurized propane 
tank during the lifetime of the facility is unlikely.   

Accident Scenarios Modeled 

The worst-case accident scenarios that were considered in the analysis for propane are given in Table 11.  
The accident scenarios consist of a catastrophic failure of the 18,000-gallon propane tank resulting in either 
a vapor cloud explosion with resultant overpressure or a boiling liquid expanding vapor explosion (BLEVE) 
with resultant thermal exposure.  A truck loading accident was considered as alternative worst case 
analyses, but the unloading accidents will involve only 5,000 gallons of propane, and hence will produce 
less severe impacts than that considered for the larger propane tank.   

There are two propane tanks proposed for the Project, each with a capacity of 18,000 gallons.  However, 
there are no credible accident scenarios that will produce the simultaneous rupture of multiple propane 
tanks at the BSEP site.  Following prior CEC precedent in previous licensing decisions, transportation 
accidents, seismic events, aircraft crashes, and terrorist attacks are not considered applicable and/or 
credible accident scenarios for the purposes of hazardous material analyses during power plant licensing.  
Therefore, the worst case accident scenarios chosen assumed the failure of a single tank on the project site, 
consistent with EPA Risk Management Program (RMP) guidance for the RMP program.   

Table 11.  Definition of Hazard Scenarios Modeled 

Scenario Hazard Chemical Discussion 

1 Vapor 
Cloud 
Explosion 

Propane Assumes 18,000 gallons of propane is released instantaneously 
due to catastrophic tank failure.  10 percent of the released 
propane vaporizes / aerosolizes and is ignited to form a vapor 
cloud explosion.  The risk threshold is an overpressure of 1.0 
pound per square inch (psi) at ground level. 

2 BLEVE Propane Assumes an 18,000 gallon propane tank is subject to external 
heating without pressure relief, resulting in a catastrophic tank 
failure that produces a boiling liquid expanding vapor explosion 
(BLEVE).  100 percent of the contents of a full propane tank 
participates in the BLEVE.  The risk threshold is an equivalent 
thermal exposure (“dose”) of 5.0 kWatts per square meter 
(kW/m2) for 40 seconds.   

 

Hazard Assessment Modeling Methods 

Consequence modeling was performed for the scenarios identified below.  The purpose of the modeling 
was to estimate the offsite consequences of accidental release scenarios for an 18,000 gallon propane tank 
at the BSEP.  The modeling was based on equations from the EPA's RMP Off-Site Consequence Analysis 
Guidance (EPA, 1996) document for estimating impact distances for vapor cloud explosions and BLEVEs. 
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The EPA equations for these events were programmed into an Excel spreadsheet and used to determine 
the distance to the impact threshold.  The equations are summarized below. 

Vapor Cloud Explosions 

For vapor cloud explosion, a catastrophic failure of the storage tank releases the liquid propane to the 
atmosphere where it is vaporized / aerosolized.  An ignition source initiates a vapor explosion involving ten 
percent of the released mass of propane. The impact threshold is defined to be the distance to an 
overpressure at ground level of one pound per square inch (psi).  The distance to threshold level is 
determined using Equation 1 (EPA, 1996, Equation C-1). 

 

       (Eq. 1) 
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Where: 

 D = distance to overpressure of 1 psi (meters) 

 Wf = weight of flammable substance (kg) 

 Hcf = heat of combustion of flammable substance (joules/kg) 

 HcTNT = heat of combustion of trinitrotoluene (TNT) (4.68 E+06 joules/kg) 

 

Boiling Liquid Expanding Vapor Explosion 

The equations used by the EPA to estimate impact distances for BLEVEs are shown below: 
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Where: 

 D = distance to the 5 kilowatts per square meter endpoint (m) 

 R = radiative fraction of the heat of combustion (assumed to be 0.4) 

 tA  = atmospheric transmissivity (assumed to be 1.0) 

 HC = heat of combustion of the flammable liquid (joules/kg) 

 Wf = entire amount of flammable substance in the tank (kg)  

 t = duration of the fireball in seconds (estimated from the following equations) 
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For Wf < 30,000 kg 
3

1

          (Eq. 3) ft  W0.45 =
For Wf > 30,000 kg 

6
1

          (Eq. 4) f W2.6 t =

The parameters input to the Hazard Analysis and the computed distance to impact thresholds are given in 
Table 12.
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Table 12.  Offsite Consequence Analysis Input Parameters 

Chemical / Physical Parameters 

Input Chemical 
Hc 
(joules/kg) 

Density 
(lb/gal) Flash Fraction Factora

1 Propane 4.63E+07 4.24 0.38 

a. EPA 550-B-99-009.  Risk Management Program Guidance for Offsite Consequence Analysis 

 

Scenario Definitions 

Scenario Container Event Type Chemical Gallons Pounds Kg 

1 Propane Tank 
Vapor Cloud 
Explosion Propane 18,000  76,320  34,619  

2 Propane Tank BLEVE Propane 18,000  76,320  34,619  

 

Vapor Explosion: Distance to overpressure of 1 psi.  Assumes 10% of total weight is 
evaporated and explodes 

Scenario Description 
Size 
(gal) Chemical 

Qs 
[Wt (kg)] 

Flash 
Fraction 
Factor 

Hc  
(KJoules/kg) 

X 
(m) 

1 
Propane 
Tank 76,320 Propane 3.46E+04 0.38 4.63E+04 500  

Source of Equation.  EPA RMP Off-Site Consequence Analysis Guideline (5/24/96), Equation C-1 

 

BLEVE:  Assumes 100% of total weight of substance is involved in the BLEVE.  Distance is to 
energy flux of 5kW/m2

Scenario Description 
Size 
(gal) Chemical

Weight 
(kg) 

Hc 
(joules/kg) 

Fire Ball 
Duration 

(s) 
X 

(m) 

2 
Propane 

Tank 76,320 Propane 3.46E+04 4.63E+07 15 580 

Source of Equation.  EPA RMP Off-Site Consequence Analysis Guideline (5/24/96), Equations D-31, 
D-32, D-36 
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Hazard Assessment Results  

The impacts for the two worst-case scenarios do not extend past the property fenceline.  It should be 
noted that the two accident scenarios modeled are not likely to occur and were estimated using the very 
conservative EPA RMP worst-case assumptions.  These worst-case assumptions include the accident 
occurrence at night during low wind speed and very stable nighttime conditions. 

The vapor explosion impact metric is overpressure that can damage structures and injure persons 
exposed to the blast wave.  The BLEVE impact metric is thermal exposure that can cause skin damage or 
other thermal-related injuries.   

The BLEVE significant impact distance extends almost to the property line.  Because the BSEP plant site 
is rural with basically barren land surrounding the plant site, the potential for significance level impacts to 
persons or property immediately outside the BSEP property line due to the worst-case BLEVE is 
negligible.  The results of the model runs are summarized in Table 13. 

Table 13.  Distance (meters) to Endpoint from Center to Upset* 

Scenario  Event 
Distance to 
Threshold 

(m) 

Distance to Property 
Fence Line  

(m) 

Off-Property 
Impact? 
(yes/no) 

1 Vapor Cloud Explosion 500 610 No 

2 BLEVE 580 610 No 

Endpoint:  
EPA 550-B-99-009, Risk Management Program Guidance for Offsite Consequence Analysis
 Vapor Explosion Endpoint – 1.0 psi 

 Fireball/BLEVE Endpoint – 5.0 kW/m2 for 40 seconds, or equivalent exposure 

All distances are rounded to the nearest 10 meters 

 

4.2.3.2 HTF Expansion Tanks 

The addition of 16 HTF expansion tanks will not result in any change to the impacts the Project has with 
respect to hazardous materials.  The additional HTF expansion tanks do not introduce any new hazards 
that did not previously exist and do not increase the amount of HTF onsite in the heat collection system.  
There is a slight increase in the risk of HTF leakage, as the number of piping components and number of 
tanks is greater than the original Project.  Pressurized metallic storage tanks have a mean time to 
catastrophic failure of 0.0109 per million hours of service, or on average, one failure every 10,500 years 
(Center for Chemical Process Safety, 1989).  Thus, failure of a pressurized HTF expansion tank during the 
lifetime of the facility is unlikely.  Leaks are far more common in piping components such as valves, 
flanges and connectors.  The number of additional components required to add the 16 additional HTF 
expansion tanks is less than five percent of the total components in the heat collection system piping.  The 
additional HTF expansion tanks do not introduce or significantly increase the risk of fire or explosion, nor 
do they increase the risk of failure due to an earthquake. 
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4.2.4 Traffic and Transportation  
The proposed substitution of propane for natural gas as boiler fuel will require approximately seven 
additional two-way truck trips per month (82 round trips per year) for propane delivery to the project site.   

Table 4 above shows the peak traffic impacts during construction and operation of the BSEP as it was 
originally proposed (note this table appeared as Table 5.13-6 in the AFC).  The propane delivery would 
add one truck trip per hour, one hour per day, seven days per month on average to the traffic volume on 
the roadways servicing the Project.  As seen in Table 4, the additional truck trips would not add 
significantly to the volumes and would not adversely impact LOS on those roadways.  Consequently, the 
proposed additional propane deliveries would not cause or contribute to a significant adverse impact to 
Traffic and Transportation resources. 

The use of propane would eliminate the need to construct the natural gas pipeline.  Accordingly, the 
vehicle traffic associated with pipeline construction would not occur, thus reducing the impacts on the 
roadways serving the Project site.  The BSEP as originally proposed had a less-than-significant impact on 
traffic and transportation.  

4.2.5 Visual Resources 
The section below addresses potential impacts to visual resources from Project refinements in this 
category 

4.2.5.1 Propane and Additional HTF Tanks 

Additional propane and HTF expansion tanks will add additional elements in the power block.  However, 
due to the distance from any of the KOPs, these changes will not be readily discernable to a viewer.  
Propane tanks are approximately 11 to 13 feet in height and will be below the level of the solar arrays.  
The HTF tanks are approximately 20 feet in height, about the same height as the solar arrays.  Therefore, 
no changes in the visual resources analysis or requirements would be needed due to these changes.  

4.2.6 Waste Management  
The section below addresses potential impacts to waste management from Project proposed by Beacon. 

4.2.6.1 Waste from Additional HTF Expansion Tanks 

As with the original Project, waste from the HTF expansion tanks will be processed by the Ullage system.  
Waste is generated from HTF as the result of thermal degradation of the HTF resulting in the formation of 
both high and low molecular weight compounds.  As discussed elsewhere, the low molecular weight 
compounds are vented to atmosphere through carbon controls.  The high molecular weight degradation 
byproducts are collected in the Ullage system and removed via pump truck for offsite disposal.  The 
number of expansion tanks does not affect the rate at which the HTF degrades into high molecular weight 
compounds.  So, while the revised Project has more HTF expansion tanks, the daily and annual quantity 
of high molecular weight compounds (i.e., waste) in the system will not change.  The quantity of waste 
from the heat collection system is not expected to change as a result of the additional HTF expansion 
tanks. 

4.2.6.2 Electrical Transmission Line Route 

As discussed in Section 2.2, Beacon has purchased a parcel that will allow the construction of the 
transmission line route Option 1 route.  A Phase I Environmental Site Assessment for this property has 
been completed and is provided as Attachment 8.  No recognized environmental concerns (RECs) were 
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found for this property.  Accordingly, Beacon will construct the Option 1 transmission route and has 
dropped Option 2 from consideration.  The initial portion of this route is shown on the site layout in Figure 
3.  

4.2.7 Other Environmental Topic Areas 
It is accepted that prior to construction, worker safety plans will have to be amended to account for the 
usage of propane as well as any necessary additional chemicals associated with water treatment.  

No changes are necessary to Transmission Line Safety and Nuisance, as the selected transmission line 
route (Option 1) was analyzed in the AFC.   

4.3 Potential Environmental Effects from Water Supply Alternatives 
A summary matrix of the potential environmental impacts from changes associated with water supply 
alternatives are shown in Table 14 and described further below by topic area affected.    

Table 14.  Matrix of Potential Environmental Effects for BSEP Water Supply Alternatives 

Water Supply Alternative AQ BR C&P HM S&W T&T VR WM Other 
Koehn Lake Area X X X X X X - X X 
Rosamond Reclaimed Water X X X X X X - X X 
X  potential impact on topical area 
- negligible to no effect anticipated that is different from previously analyzed Project 

 

4.3.1 Air Quality  
This section describes the potential environmental effects to air quality resultant from the water supply 
alternatives.  

4.3.1.1 Partial ZLD System with Poor Quality Water 

The partial ZLD system will entail additional cycling in the cooling tower, which will increase the TDS levels 
in the cooling tower.  In addition, if either of the water supply alternatives or a blend of water supplies is 
used, the inlet water would be higher in TDS as well.   

Using a partial ZLD system with on-site ground water will necessitate the use of a pre-treatment ion-
exchange system to reduce the TDS of the water entering the cooling tower.  This make-up water will be 
cycled up to 15 times in the cooling tower for a maximum TDS of 1,600 ppm.  If off-site ground water is 
used with substantially higher TDS, a system similar to the pre- and post- treatment clarifier may be used 
which could cycle water in the cooling tower up to approximately 16,600 ppm.  A comparison of emissions 
using on-site groundwater and an estimated high TDS level for Koehn Lake area water is shown in Table 
15. 

Table 15.  PM10/PM2.5 Emission Comparison 

Emissions TDS Loading 
ppm lb/hr lb/day ton/yr 

1,600 0.60 9.55 1.74 
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16,600 6.19 99.08 10.22 

Net Increase 5.59 89.53 8.48 
 

An air quality impact analysis which incorporates these changes is provided in Attachment 7d.  The 
modeling analysis provided in the attachment shows that even with the increased PM10/PM2.5 emissions 
in the 16,600 TDS scenario, the overall modeled impacts do not change significantly. 

4.3.1.2 Water Supply Construction Emissions 

During the construction of the water supply pipeline, there will be emissions similar to those associated 
with other Project construction activities.  The construction of the water supply pipeline will result in the 
peak daily emissions shown in Table 16.  As determined in the original AFC submittal, the Project 
construction-related emissions are transient in nature and will cause some unavoidable but minor localized 
short-term impacts.  The proposed construction of the additional water supply pipeline will not alter that 
conclusion.   

Peak daily emission are independent of which supply option is selected, as the daily pipeline construction 
activities do not depend on the length or route; however, duration of construction would vary, depending 
on pipeline length.  If the Koehn Lake supply is selected, the approximately eight-mile pipeline construction 
would take approximately 2.7 months to construct.  If the Rosamond Waste Water Treatment Plant 
(WWTP) option is selected, the approximately 40 mile pipeline would take approximately 12 months to 
construct.   

Table 16.  Maximum Daily Offsite Construction Emissions (lb/day) 

Phase of Construction NOx VOC CO SO2 PM10 PM2.5 

Water Supply Pipeline 529.4 85.4 546.3 0.5 102.5 44.5 

 

4.3.2 Biological Resources  
If constructed, a pipeline to draw water from the Koehn Lake area would be approximately seven to nine 
miles in length from the BSEP site.  A pipeline to bring water from Rosamond would be approximately 40 
miles in length from the BSEP site.  The potential routes of these pipelines have not been determined, and 
therefore analyses as to the potential impacts to biological resources stemming from the construction of 
the pipeline have not been conducted.  The lines would likely be placed in previously-disturbed rights of 
way (ROW) of existing roads; however, the impacts remain unknown at this time.  It is also unknown what 
streambeds or jurisdictional waters might be impacted by this construction.   

4.3.3 Cultural and Paleontological Resources  
Similar to biological resources, water supply alternatives would require the construction of new pipelines.  
The potential routes of these pipelines have not been determined, and therefore analyses as to the 
potential impacts to cultural and paleontological resources stemming from the construction of the pipeline 
have not been conducted.  The pipelines would likely be placed in a previously-disturbed ROW of existing 
streets; however, the impacts to cultural and paleontological resources are unknown at this time.   
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4.3.4  Hazardous Materials Management  
Use of poor quality water with high TDS will require the use of additional water treatment chemicals.  See 
Section 4.1.4 for a discussion of the types and amounts of chemicals that would be used if poor quality 
water is used.   

4.3.5 Soil and Water Resources  
There is currently insufficient data to understand if degraded water in the area of Koehn Lake can be 
provided at a rate necessary to support project water supply requirements.  In addition, though 
groundwater sampling is proposed, the impacts from the use of water from this area have not been 
evaluated.  Groundwater pumping in the areas of T30S/38E, Sections 7, 8, 17 and 18 would likely be 
influenced by both the low permeability sediments of Koehn Lake and the strand of the Garlock Fault.  
Both of these features would serve as barriers to groundwater flow and would influence pumping 
depending on the location of the pumping well.  Historic water quality data shows that TDS concentrations 
are significantly higher in water samples from the north side of the lake and north of the Garlock Fault west 
of Koehn Lake.  This supports the interpretation that groundwater north of the fault does not readily mix 
with groundwater to the south, and that the fault may be a barrier to groundwater flow.  The groundwater 
sampling proposed by the CEC should help understand this contrast and aid in the identification of 
degraded groundwater.  If such groundwater were identified, pumping tests would need to be performed to 
evaluate well yield and influence, and understand the influence on pumping from the fault and/or Koehn 
Lake.   

Use of water from the Koehn Lake area has not been extensively modeled as has the use of on-site 
groundwater.  Given the apparent complexity of the subfeatures around Koehn Lake, and the barriers to 
groundwater, pumping influence would tend to extend in the direction of higher conductivity materials in a 
direction away from the barrier.  Pumping in an area south of the Garlock Fault and west of Koehn Lake, in 
the southern portions of Sections 8, 17 and 18 would produce an exaggerated cone of depression toward 
the south and southwest of the barriers.  Pumping in these areas would have more impact on surrounding 
single family wells as the density of water wells is higher in this portion of the Koehn sub-basin (Figure 7).  

In addition, the amount of degraded groundwater that would be available for pumping is also in question.  
There is no data to understand the amount of storage of degraded water and to show that pumping for 30 
years, the life of the project, is going to produce a sustainable yield of high TDS groundwater.  As noted 
above, it would be anticipated that pumping south of the Garlock Fault and west of Koehn Lake would 
induce flow of much lower TDS water.  Over time, it is very possible that the degraded groundwater would 
be replaced by lower TDS groundwater as pumping influence would tend to extend south and 
southwestward away from Koehn Lake and the Garlock Fault.  Further, pumping north of the Garlock Fault 
and north of Koehn Lake may very well be affected by limitations in storage of high TDS water, as the 
aquifer in this area is limited in extent as it is sandwiched between the fault and bedrock of the El Paso 
Mountains.  Historic pumping records and water quality data from this area are needed to better 
understand the sustainability of the theorized degraded water source in this area. 

Similarly, specific studies have not been conducted on the feasibility of using reclaimed water from the 
Rosamond area located within the Antelope Valley Groundwater Basin, which is south of the Koehn Sub-
basin and the Fremont Valley Groundwater Basin.  An analysis of transferring water from the Rosamond 
area, and thus removing it as a potential source of recharge or water offset to another groundwater basin, 
one that is in recovery, will be needed to better understand the environmental impacts of this alternative.  It 
is important to note that portions of the Antelope Valley Groundwater Basin along the SR 14 corridor from 
Palmdale through Lancaster to Rosamond and surrounding Rogers Lake on Edwards Air Force Base 
have historically shown declining groundwater levels. 
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4.3.6 Traffic and Transportation  
The construction of a water supply pipeline will require vehicle traffic for workers, on-road and off-road 
heavy duty trucks, and material delivery trucks.  The construction of a water supply pipeline would require 
activities that are similar or identical to those required for the natural gas pipeline that was evaluated with 
the original AFC submittal, thus peak hourly and daily vehicle traffic volumes would be similar.  The 
duration of pipeline construction would vary according to which water supply is selected.  Approximately 
2.7 months would be required to construct the approximately eight mile pipeline from Koehn Lake to the 
Project site.  Approximately 12 months would be required to construct the 40 mile pipeline from the 
Rosamond WWTP to the Project site.  By comparison, the 17.6 mile natural gas pipeline was projected to 
require five months for construction.  As determined in the original AFC, construction of the natural gas 
pipeline did not cause or contribute to a significant adverse impact to Traffic and Transportation resources.  
Based on the traffic volumes shown in Table 6 in Section 4.1.6 and the determination that construction of 
the natural gas pipeline would not cause an adverse impact, it is reasonable to conclude that construction 
of either water supply pipeline would not cause or contribute to a significant adverse impact. 

As discussed in Section 4.1.6, the proposed water treatment options will require approximately 30 
additional two-way truck trips per month for water treatment chemical delivery to the project site.  This 
estimate is based on use of Koehn Lake water; use of on-site groundwater would require slightly less 
water treatment, and correspondingly fewer truck trips.  As discussed in Section 4.1.6, the proposed 
additional water treatment would not cause or contribute to a significant adverse impact to Traffic and 
Transportation resources, regardless of which water supply were selected for the Project. 

4.3.7 Waste Management  
For safety and operational purposes, the evaporation ponds will be cleaned when three feet of precipitated 
solids are accumulated in the base of the ponds, which is estimated to be every 4.5 years when using on-
site groundwater with partial ZLD, or 3.5 years when using off-site Koehn Lake groundwater with partial 
ZLD.  Ponds would require more frequent cleaning and additional waste would be generated if high TDS 
water is used.  

As discussed in Section 4.1.8 above, it is anticipated that the pond solids and other non-hazardous wastes 
would be classified as Class II non-hazardous industrial waste.  Beacon will test the pond solids using 
appropriate test methods in advance of removal from the evaporation ponds to confirm this determination.  
For planning purposes, Beacon would dispose of the waste in the McKittrick Waste Treatment Site, a 
Class II facility.  The capacity and closure information for the McKittrick facility and two alternative facilities 
are shown in Table 5 above, Section 4.1.8.  Based on the available capacity, the waste volume generated 
from each clean-out event represents less than two percent of the remaining capacity of the McKittrick 
facility. 

4.3.8 Other Environmental Topic Areas 
Potentially, socioeconomics may be positively affected if more employees are required to construct a 
water-supply pipeline, or if more money is spent due to additional water treatment needs.   

Potential impacts from the water supply pipeline to land use or agricultural resources have not been 
analyzed, nor has a Phase I Environmental Site Assessment been conducted to determine the potential 
for contaminated soils along the pipeline route.  Therefore, it is not possible to conclude whether any 
significant impacts to these resources would occur as a result of pipeline construction or operation. 
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5.0  Conclusion 

In response to Staff’s requests, comments in the PSA, and at the subsequent public workshop, Beacon 
submits the enclosed project design refinements and analyses.  The information that has been prepared is 
intended to be responsive to the list of information that Staff indicated in its most recent Status Report is 
necessary to prepare the Final Staff Assessment by the end of July 2009. 

The project design refinements discussed in this submission were initiated largely at the behest of Staff, 
with three additional refinements proposed by Beacon.  The Staff-requested refinements consist of 
revisions and supplemental information relative to the rerouted wash and attendant mitigation; 
incorporation of a partial ZLD system to reduce evaporation pond size; addition of storm water detention 
facilities; a secondary, emergency access road to the site; further details regarding the SCE distribution 
line across the property; confirmation of the LTU design; and revisions to the proposed site layout to 
accommodate each of the refinements.  In addition, Staff requested that Beacon confirm the accessibility 
of adequate telecommunications facilities, consider different vehicles for solar field maintenance activities, 
and provide additional mitigation for potential visual impacts.  The three design refinements proposed by 
Beacon consist of a proposal to utilize propane in lieu of natural gas, an increase in the number of HTF 
expansion tanks, and definitive selection of one of the two electrical transmission line routes discussed in 
the AFC.  Based on the discussion and analyses provided above, it is expected that each of these project 
design refinements would have a similar or reduced impact on the environment than the previously-
proposed component. 

Staff has also requested that Beacon continue to assist in the exploration of alternative water supplies for 
the project.  The alternative supplies currently under consideration are low quality groundwater from the 
vicinity of Koehn Lake, and tertiary treated reclaimed water that would be acquired from the community of 
Rosamond.  As discussed herein, neither water supply has been fully analyzed, and thus are uncertain 
resources.  In addition, each of these alternatives has the potential for ancillary environmental impacts that 
are also uncertain at this time.  While limited historical data shows that lower-quality groundwater may be 
found around Koehn Lake, well sampling has not yet been conducted, and groundwater barriers in the 
area indicate that the source, if available, may be limited in nature.  This alternative would also require 
construction of a seven to nine mile pipeline, whose route has not yet been determined.  The reclaimed 
water from the community of Rosamond is a more known source, but would involve an inter-basin transfer 
and construction of an approximately 40 mile pipeline.  Accordingly, while Beacon will continue to work 
diligently with Staff to explore these alternatives, Beacon continues to consider the use of on-site 
groundwater to be the environmentally-preferred scenario at this time.  
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Figure 1  Water Balance with On-Site Groundwater (C1)
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Figure 2  Water Balance with High TDS Water (C2) 
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Figure 3  Revised Site Layout  
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Figure 4  Revised Equipment Layout with Propane Facilities    
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Figure 5  Revised Equipment Layout without Propane Facilities 
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Figure 6  Revised One Line Diagram 
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Figure 7  Water Wells Identified in Koehn Sub-basin  
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Attachment 1a 
Rerouted Wash Design Modifications (Hydrology, Hydraulics, 
and Sediment Transport) 
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Attachment 1b 
Rerouted Wash Mitigation Plan 
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Attachment 2 
Evaporation Ponds Calculations 
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Attachment 3 
Storm Water Management – Conceptual Retention and Grading 
Study 
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Attachment 4a 
Burrowing Owl Survey Report for Emergency Access Road  
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Attachment 4b 
Desert Tortoise Survey Report for Emergency Access Road 
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Attachment 4c 
Cultural Resources Survey Report for Emergency Access Road 
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Attachment 4d 
Paleontological Resources Survey Report for Emergency 
Access Road 
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Attachment 5 
Groundwater Mitigation Plan 
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Attachment 6 
Amendment to the Report of Waste Discharge 
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Attachment 7a 
Construction Emissions Related to Emergency Access Road 
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Attachment 7b 
Operational Emissions Related to Propane Deliveries and Use 
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Attachment 7c 
Boiler Manufacturer Specifications 
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Attachment 7d 
Additional Air Quality Impact Analyses 
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Attachment 8 
Phase I Environmental Site Assessment for Additional 
Transmission Line Parcel 
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Attachment 7d 
Additional Air Quality Impact Analyses 
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Additional Air Quality Impact Analyses 
 

The following analyses not included in the original AFC are provided in this section: 

• Updated SO2 Analysis:  As described in the main document, propane is being considered 
as an alternative to natural gas for use in fueling the two auxiliary boilers included in the 
project.  The use of propane will result in an increase in SO2 emissions by the boilers but 
no change in the other criteria pollutants.  Modeling was performed to demonstrate that 
Project SO2 impacts would remain below all applicable standards in the case of propane 
being used to fuel the auxiliary boilers.  

• Updated PM10/PM2.5 Analysis. Two significant changes are being made to the additional 
modeling provided in the AFC: 

o Maintenance vehicle emissions. Per CEC’s request, fugitive emissions from 
maintenance vehicles operating in the solar field was included in the PM10 and 
PM2.5 model runs. For the 24-hour runs, the maximum lb/day emission rate was 
divided by 24 to create a lb/hr emission rate for the vehicles. For the annual runs, 
the annual emissions in tons per year (tpy) were converted to a lb/hr emission rate 
for use in the modeling. 

o Alternative cooling tower TDS.  The use of water from Koehn Lake for cooling has 
been proposed as a possible alternative to ground water as was submitted in the 
AFC.  The TDS in the Koehn Lake scenario increases from the original 1600 ppm 
by a factor of 10 to 16,600 ppm. Modeling of both scenarios, with the addition of 
the maintenance vehicles as well, was performed to determine the updated 
impacts.  

As can be seen in the results presented below, due to the proximity of maintenance vehicle 
operations at times being close to the fence line, and because the cooling tower is located in the 
power block which is in a central part of the facility, the vehicle impacts control the maximum 
modeled PM10 and PM2.5 concentrations to the point that the difference in TDS is of no 
consequence in the modeling results. 

Normal operation of the Project includes the following air emission sources that were evaluated in 
the modeling analysis: 

• Two auxiliary boilers, 

• One fire water pump engine, 

• One 11-cell cooling tower, and 

• Fugitives from maintenance vehicles.  

The two auxiliary boilers, the fire water pump engine and the 11-cell cooling tower were modeled as 
vertical point sources.  Fugitive dust emissions from the maintenance vehicles can occur at any 
location throughout the solar field.  To account for this, the fugitive emissions from the maintenance 
vehicles were represented by an area source encompassing the entire solar field. 
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The stack parameters and emission rates input to AERMOD for the boilers, engine and cooling 
tower for normal operations are summarized in Table 7d-1.  For the area source used to represent 
the fugitive emissions from the maintenance vehicles, a release height of 2.0 meters (m) will be 
assumed for the maintenance vehicles, with an initial plume height of 15 feet (4.57 m).  Following 
EPA AERMOD guidance (EPA, 2004), the initial area source vertical standard deviation for fugitive 
emissions is estimated as the plume depth divided by 2.15, or 2.13 m. 

The handling of the maintenance vehicles source differs from that of the modeling done by CEC 
Staff in the BSEP PSA of April, 2009. In their Staff used a rectangular area source of roughly 
243 acres that was adjacent to the western boundary and extended over the power block to 
model the PM10 impact of the maintenance vehicles. This source was the same as the area 
source used by Staff for modeling construction emissions.  The area used in the modeling was 
too small to sufficiently represent the solar field traffic since the vehicles will operate over the 
entire area of the solar fields on a given day and the emissions were calculated to represent that 
activity.  Placing all of the emissions for the facility-wide use of maintenance vehicles in an area 
which is less than 20% of the area the vehicles will operate in is unrealistic. Additionally, the area 
source Staff used to model the maintenance vehicles covered the power block area.  This is also 
inappropriate as these vehicles will not operate in the power block. 
 
AERMOD was run using two separate cooling tower scenarios; the first with particulate emissions 
assuming 1,600 ppm (see Section 4.2.1.6)  and the second with particulate emissions assuming 
16,600 ppm TDS (see section 4.3.1).  The results of those two cases are shown in Table 7d-4 and 
Table 7d-5 below. 

Table 7d-1 Stack Parameters for the Ancillary Equipment 

Parameter Auxiliary 
Boiler #1 

Auxiliary 
Boiler #2 

Fire Water 
Pump 

Cooling 
Tower1, 2

UTM Coordinate East (meters) 407794.05 407800.78 407913.29 407822.97 

UTM Coordinate North (meters) 3902263.63 3902263.63 3902390.56 3902222.91 

Stack Base Elevation (ft)  2106.3 2106.3 2106.3 2106.3 

Stack Height (ft)  40 40 10 44.34 

Stack Diameter (inches) 30 30 6 336 

Exit Temperature (oF) 300 300 770 84.32 

Exit Velocity (ft/sec) 60 60 150 30.03 
1 The cooling tower has 11 cells and each was modeled as a single stack.  Coordinate provided 
for a central cell. 
2 Stack height and diameter given is per cooling tower cell. 

 

7d-1 Comparison of the SO2 Impacts Using Propane vs. Natural Gas 
 
As stated in Section 4.2.1.1 of this document, the substitution of propane for natural gas will result in 
higher SO2 emissions due to the higher sulfur content in propane.  Modeling was conducted to 
evaluate the increase in SO2 emissions for comparison to the CAAQS and NAAQS.  Comparing 
results from previous modeling using natural gas to fuel the auxiliary boilers (Table 7d-2) with 
results using updated SO2 emissions using propane (Table 7d-3) shows a substantial increase in 
SO2 maximum impacts. The overall SO2 impacts however, when added to ambient background 
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values, are still less than 15% of any applicable California Ambient Air Quality Standards (CAAQS) / 
National Ambient Air Quality Standards (NAAQS) standard for SO2, and the impacts from Project 
sources alone are less than 1% of any applicable standard. 

Table 7d-2 SO2 NAAQS and CAAQS Analysis from Previous Modeling (Natural Gas) 

Concentrations (μg/m3) 

Pollutant Averaging 
Period AERMOD Ambient 

Background1 Total2 CAAQS NAAQS

1-hr 0.16 88.46 88.6 665 -- 

3-hr 0.08 44.5 44.6 -- 1300 

24-hr 0.01 13.1 13.1 105 365 
SO2 

Annual 0.0002 2.6 2.6 -- 80 
1 Short-term values are the highest over 3-years; annual values are highest over 3-years. 
2 Modeled concentration plus ambient background. 
 

Table 7d-3 SO2 NAAQS and CAAQS Analysis from Updated Modeling (Propane) 

Concentrations (μg/m3) 

Pollutant Averaging 
Period AERMOD Ambient 

Background1 Total2 CAAQS NAAQS

1-hr 5.2 88.46 93.7 665 -- 

3-hr 4.2 44.5 48.7 -- 1300 

24-hr 0.8 13.1 13.9 105 365 
SO2

Annual 0.01 2.6 2.61 -- 80 
1 Short-term values are the highest over 3-years; annual values are highest over 3-years. 
2 Modeled concentration plus ambient background. 
 

7d-2 Comparison of Cooling Tower Impacts for 1,600 ppm and 16,600 
ppm (TDS) options 
 
The updated PM10 and PM2.5 emissions were modeled for the BSEP sources including 
maintenance vehicle operations in the solar fields.   

As shown in the tables below, all total concentrations, modeled plus ambient background, are below 
the NAAQS and CAAQS with the exception of 24-hour and annual PM10. The exceedances occur 
because the monitored background concentration by itself is greater than the CAAQS.  As a result 
the total impacts of 24-hour and annual PM10 exceed the CAAQS but not the NAAQS.  It should be 
noted that the change in overall PM10 and PM2.5 impacts between the two cooling tower scenarios 
is very small due to the fact that the maintenance vehicle emissions dominate the overall maximum 
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impacts. When considering only the maximum cooling tower impacts, the modeled concentration for 
the cooling tower is 0.18 μg/m3 for the 1,600 ppm scenario and 1.87 μg/m3 for the 16,600 scenario. 

Table 7d-4 NAAQS and CAAQS Analysis for Cooling Towers at 1,600 ppm TDS 

Concentrations (μg/m3) 
Pollutant Averaging 

Period AERMOD Ambient 
Background1 Total2 CAAQS NAAQS 

24-hr 29.1 73.0 102.1 50 150 
PM10 

Annual 2.1 22.0 24.1 20 -- 

24-hr 6.3 15.3 21.6 -- 35 
PM2.5 

Annual 0.5 5.8 6.3 12 15 
1 Short-term values are the highest over 3-years; annual values are highest over 3-years. 
2 Modeled concentration plus ambient background. 

 

Table 7d-5 NAAQS and CAAQS Analysis for Cooling Towers at 16,600 ppm TDS 

Concentrations (μg/m3) 
Pollutant Averaging 

Period AERMOD Ambient 
Background1 Total2 CAAQS NAAQS 

24-hr 29.1 73.0 102.1 50 150 
PM10 

Annual 2.3 22.0 24.3 20 -- 

24-hr 6.3 15.3 21.6 -- 35 
PM2.5 

Annual 0.6 5.8 6.4 12 15 
1 Short-term values are the highest over 3-years; annual values are highest over 3-years. 
2 Modeled concentration plus ambient background. 
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“RENTECH Boilers for people who know and care.”®

Proposal DTB-HK-6709-0 June 8, 2009 page 2

Rentech Boiler Systems, Inc.  5025 E. Business 20  Abilene, TX 79601  Phone: 325-672-3400  Fax: 325-672-9996
Lincoln Office: 145 North 46th Street  Lincoln, NE 68503  Phone: 402-474-4242  Fax: 402-474-4243

General Design Parameters

The boiler systems described in this proposal have been designed for the following parameter:

Steam Conditions
Capacity ………………………………………………………. 24,000 lbs/hr (20,000#/hr net)
Steam Pressure:……………………………………………… 150 PSIG
Steam Temperature:…………………………………………. 460 10 deg F.
Steam Purity:………………………………………………….. 1.0 PPM TDS
Feedwater Temperature:…………………………………….. 228

Fuels Fired:
Primary Fuels:....................................................................... Propane

Unit Design Pressures
Boiler:.................................................................................... 250 PSIG

Technical Discussion

To meet your process and mechanical requirements, we are pleased to offer one (1) shop
assembled, D-Style watertube boiler. The boiler will have a design pressure of 250 Psig and will
generate 24000 lbs/hr of superheated steam at 460F 10 F at an operating pressure of 150 Psig
with feedwater supplied at 228F, and firing the indicated fuels.

The membrane wall construction of the furnace minimizes the need for refractory and refractory
seals. By eliminating the refractory front and rear walls, faster start-up times are possible without
costly refractory damage. This design is ideal for boilers that operate under adverse conditions
such frequent start and stop operation. The design can also significantly reduce maintenance costs
and extend the life expectancy of the unit.

The proposed boiler has been carefully designed for your specific application with regard
to:

 Membrane wall construction
 Conservative furnace size to assure long equipment life
 Tube thickness Convection (0.120” min. wall)
 Tube thickness Membrane (0.135” min. wall)
 Boiler design for low maintenance and long life expectancy
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Scope of Supply
Each Boiler furnished by Rentech will be equipped as follows:

Scope of Supply Included Not Included Option
Packaged Boiler X
Steam Trim

Safety Valves X
Main Steam Stop Valve X
Main Steam Non-Return Valve X
Water Column w/ gauge glass X
Auxiliary low water cutout X
Steam Gauge X
Continuous Blowdown Stop & Control
valves

X

Blowoff Valves X
Chemical Feed Stop & Check X
Vent X

Feedwater Trim
Stop Valve X
Check Valve X
Flow Control Valve X
Feedwater control valve bypass X

Super heater Assembly
Integral Convection-type superheater
rated for 460°F ± 10°F.

X

Interconnecting superheater piping from
boiler outlet to superheater inlet.

X

Safety valve, vent valve and drain valve. X
Burner Assembly :

Burner Register and Windbox X
Fuel Trains X
Flame Safety (Burner Management) System X
Combustion Control System with 3 element
feedwater control (Utilizing AB
compactlogix)

X

Fan Assembly:
Electric Motor X
Fan Silencer X
Structural Support with outlet duct X

Economizer Assembly
Breeching into economizer X
Structural Support X
Outlet Transition to stub stack X
Feedwater piping w/ 3-valve bypass X

Deaerator Assembly:
One (1) 100% capacity feedwater
pump

X

Two (2) Feedwater pumps X
Platforms and ladders. X
Trim including safety valve and gauge X
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glass.
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Stack Assembly Included Not Include Option
30” diameter by 40 ft. high economizer top
mounted stack, fabricated of 1/4" carbon
steel plate.

X

All necessary nuts, bolts and gaskets as
required for flanged bolt field erection.

X

Platforms & ladders to access EPA ports. X
Auxiliary’s )

SCR system (AFCU, vaporization skid,
storage etc. to be by others)

X

Chemical Dosing System X
Blowdown Tank X
Special Tools X
Spare parts X
Gas PRV X
Insulation of Ducts, Stack, drum heads X
Commissioning Spares X
Motor controls & Starters X

Miscellaneous
Freight To Jobsite X
Field Engineering Service (per diem) X
Equipment off loading or Installation X
Interconnecting Piping, Wiring &Tubing
between skid mounted equipment

X

Terminal Points
The terminal points list is intended to define the limits of the scope of supply included in this proposal.
Rentech will furnish the equipment and materials inside these terminal points as defined further in this
proposal.

Steam
 At the outlet of the superheater outlet.

Water
 At the inlet of the FW control valve station. (piping between deaerator and FW control valve

station by others)
Fuel

 Inlet to burner main gas fuel train

Electrical
 Inlet to miscellaneous connections for electrical equipment..

Structural
 Foundations and anchor bolts provided by others.
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Exhaust Gas
 Stack outlet

Combustion Air
 Forced draft fan inlet

Instrument Air
 Inlet to miscellaneous connections for control equipment.

Predicted Performance
The performance of each packaged boiler is as detailed below:

Fuel Fired Propane
DESCRIPTION UNITS
System Performance
Steam Flow Lb/hr 20,000 (net)
Steam Pressure PSIG 150
Steam Purity @ Drum Outlet PPM TDS 1
Steam Temperature (100% - 25% MCR) F 460
System Efficiency % 83.5

Emissions
NOx PPM @ 3% O2 9

CO PPM @ 3% O2 50

VOC PPM @ 3% O2 3
PM10 lb/mmbtu 0.005

Notes:

1. System performance guarantees are at 100% MCR only.
2. Feedwater temperature to boiler is 228°F.
3. Ambient temperature is 80°F.
4. The blowdown rate is as defined in the attached Predicted Operating Performance Tables.
5. Feedwater analysis must meet suggested Water Quality Limits per latest edition of ASME.
6. Boiler performance will be measured by a performance test based upon the principles of ASME PTC

4.1. Testing is to be by others.
7. The steam conditions are at the Rentech terminal points.
8. Emission guarantees are from 25% to 100% MCR. Refer to the attached burner proposal for other

qualifications that apply to the above emission guarantees.

ASME Heating Surface
Convection Heating Surface 2160 sq. ft.
Radiant Heating Surface 684 sq. ft.
Total Heating Surface 2844 sq. ft.
Furnace Volume 1100 cu. ft
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COMMERCIAL INFORMATION

Price, FCA manufacturing plant Abilene, Texas

Capacity / Operating Pressure Qty Budget Price

24,000 lbs/hr @ 150psig 1 $1,575,000.00

Refer to attached project notes and clarifications. Prices quoted do not include applicable taxes.
Pricing is valid for 30 days from the date of this proposal.

Terms of Payment
10% With receipt of Purchase Order
10% Upon submittal of General Arrangement Drawings
30% Upon receipt of boiler tubes
20% Upon receipt of drum cylinders
10% Upon stabbing first tube
20% Upon shipment

Payment Terms: Net 30 from receipt of invoice.
Warranty: 12 months from acceptance, not to exceed 18 months from shipment
The design and workmanship of the membrane water cooled furnace front wall will be
warranted for five (5) years from date of acceptance.

Shipment:

The following preliminary schedule is provided in full accordance with your specifications:

 Submittal of General Arrangement drawing with loadings and anchor bolt
locations, ASME Code Calculations 8 weeks after receipt of purchase order.
Drawings will consist of one set of prints and one diskette containing the drawings, in
AutoCAD Release 12.

 Remaining submittal drawings submitted approximately 8-10 weeks after receipt of
purchase order.

 Return of approved drawings 2 weeks after receipt of drawings.

 Shipment 36 weeks after drawing approval with authorization to purchase major
materials upon receipt of purchase order

 The equipment as offered will be shipped FCA rail Natchez Adams County, Mississippi
(subject to clearance availability).
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Approximate Unit Dimensions and Weight
Height to Steam Outlet 13’-4”
Width 11’-2”
Length Including Burner Windbox 25’-6”
Boiler Dry Weight, lbs. 56,000

Thank you for your interest in doing business with RENTECH BOILER SYSTEMS, INC. We
look forward to providing a prompt response to all of your questions, attention to all details, and
a top quality boiler package. Please do not hesitate to contact myself if you have any questions,
or concerns.

Sincerely,

Harry Kumpula
Rentech Boiler Systems Inc.



Parameter Value Units Parameter Value Units

Heater Capacity 30 MMBtu/hr Heater Capacity 30 MMBtu/hr

Daily Operating Hours 14 hrs/day Daily Operating Hours 14 hrs/day

Annual Operating Hours 1,000 hrs/yr Annual Operating Hours 1,000 hrs/yr

Conversion lb to tons 2,000 lbs/ton Conversion lb to tons 2,000 lbs/ton

Conversion lb to metric tons 2,205 lbs/ metric ton Conversion lb to metric tons 2,205 lbs/ metric ton

Heating Value N.G. 1,050 Btu/scf 2,522 Btu/scf

F-factor 8,710 scf/MMBtu 91.5 MMBtu/1000 gal

Conversion grains to lbs 7,000 gr/lb F-factor 8,710 scf/MMBtu

Molecular Weight NOx 46 lbs/mol Molecular Weight NOx 46 lbs/mol

Molecular Weight CO 28 lbs/mol Molecular Weight CO 28 lbs/mol

Molecular Volume 379 scf/mol Molecular Volume 379 scf/mol

lbs/hr lbs/day tons/yr lbs/hr lbs/day tons/yr

NOx 9.0 ppm @ 3% O2 1.11E-02 0.33 4.67 0.17 NOx 9.0 ppm @ 3% O2 1.11E-02 0.33 4.67 0.17

VOC 5.5 lbs/MMscf 5.24E-03 0.16 2.20 0.08 VOC 5.5 lbs/MMscf 5.24E-03 0.16 2.20 0.08
CO 50 ppm @ 3% O2 3.76E-02 1.13 15.78 0.56 CO 50 ppm @ 3% O2 3.76E-02 1.13 15.78 0.56

SOx 0.2 gr/100 scf 2.72E-04 0.01 0.11 0.004 SOx 0.0113 lb/MMBtu 1.13E-02 0.34 4.75 0.17

PM10 0.005 lbs/MMBtu 5.00E-03 0.15 2.10 0.08 PM10 0.005 lbs/MMBtu 5.00E-03 0.15 2.10 0.08

  
Notes: Notes:
For NOx and CO, EF = (ppm/10^6) * f-factor * MW/ MV For NOx and CO, EF = (ppm/10^6) * f-factor * MW/ MV  
VOC and PM10 emission factors from AP42 - Table 1.4-1 and Table 1.4-2 VOC and PM10 emission factors are vendor guarantees
Sulfur emissions assume 0.2 grains Sulfur/100 scf natural gas

Boiler Criteria Pollutant Emission Calculations

Sulfur emission factor taken from SBAPCD Techical Information and References 
http://www.sbcapcd.org/eng/tech/sulfur01.htm

Table 15-A Natural Gas Boiler Reference Data

Table 15-B  Emissions for the One Natural Gas Fired Boiler

Pollutant Emission 
Factor Units

Emission 
Factor 

(lb/MMBtu)

Emissions

Table 15-C LPG Boiler Reference Data

Emissions

Table 15-D  Emissions for the One Propane Fired  Boiler

Heating Value LPG

Emission 
Factor 

(lb/MMBtu)
UnitsEmission 

Factor Pollutant
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Table 1.4   
Construction Equipment Emission Factors

Equipment Type Fuel

Engine 
Rating 
(HP)

ARB Off-Road Model 
Category

CO
(lb/hr)a

VOC
(lb/hr)a

NOx
(lb/hr)a

SOx
(lb/hr)a

PM10
(lb/hr)a

PM2.5
(lb/hr)b

Dozer, 300 HP Diesel 300 Rubber Tired Dozers 1.74 0.36 3.21 0.00 0.14 0.13
Motor Grader Diesel 213 Graders 0.49 0.18 1.79 0.00 0.07 0.06
Tandem Roller Diesel 100 Rollers 0.42 0.12 0.74 0.00 0.06 0.06
Vibratory Roller, 825H Diesel 354 Rollers 0.78 0.20 2.09 0.00 0.08 0.07
Truck Tractor Diesel 450 Tractors/Loaders/Backhoes 0.85 0.26 2.72 0.00 0.10 0.09
Asphalt Paver Diesel 130 Pavers 0.80 0.20 1.60 0.00 0.09 0.08
Pneumatic Roller, 12 ton Diesel 80 Rollers 0.42 0.12 0.74 0.00 0.06 0.06
Dozer, 200 HP Diesel 200 Rubber Tired Dozers 0.78 0.28 2.45 0.00 0.11 0.10
a  From Table 1.1 for diesel and Table 1.2 for gasoline.
b  Diesel PM2.5 emission factor [lb/hr] = PM10 emission factor [lb/hr] x PM2.5 fraction of PM10
PM2.5 Fraction of PM10 in Diesel Engine Exhaust = 0.920 from Appendix A, Final–Methodology to Calculate Particulate Matter (PM) 2.5
PM2.5 Fraction of PM10 in Gasoline Engine Exhaust = 0.756 and PM 2.5 Significance Thresholds, SCAQMD, October 2006

Emissions [pounds per day] = Emission factor [pounds per hour] x Number pieces of equipment x Operating time for each piece [hours per day]
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Introduction 

This document presents an amendment to the Report of Waste Discharge (RoWD) Application prepared for 
the Beacon Solar Energy Project (BSEP) and submitted to the California Energy Commission (CEC) and 
California Regional Water Quality Control Board - Lahontan Region (RWQCB) on March 18, 2009.  The 
RWQCB provided comments to the application on April 17, 2009 and subsequently to the CEC Preliminary 
Staff Assessment (PSA) on May 14, 2009.  A response to comments from the RWQCB for the RoWD and 
PSA are provided in Attachment A.  It is important to note the response from the RWQCB pertain to the 
prior facility design and wastewater management plan.  Some of the questions posed are answered in the 
submission of this amended RoWD and the project refinement documents. 

This amendment was prepared to address changes in the project waste management program.  The annual 
water supply requirement for the project is 1,600 acre-feet per year (AFY) supplied from groundwater below 
the site.  A partial zero liquid discharge (ZLD) system has been added to the original design presented in the 
March 18, 2009 RoWD documentation.  Partial ZLD system will reduce the amount of on site groundwater 
needed for cooling and will reduce the amount of water discharged to the evaporation ponds therefore 
reduce the evaporation pond size.  It is anticipated that the partial ZLD system will reduce consumption by 
about 12.5 percent or 200 AFY.  Correspondingly, the reduction in the water discharge has reduced the top 
area size of the evaporation ponds to about 6 to 8 acres, down from the 40 acres as proposed in the 
March 18, 2009 RoWD. 

Alternative sources of water supply are also being explored in response to CEC PSA recommendations.  
The water supply sources include onsite groundwater (as per original design however with partial ZLD 
included), tertiary-treated wastewater from the City of Rosamond and offsite groundwater in the area of 
Koehn Lake.  Because of the variable water chemistry from the potential sources, the amendment provides 
an upper and lower bound design for total dissolved solids (TDS) concentrations.  The design elements of 
water balance, pre- and post-treatment processes, resultant waste constituents from the process and 
evaporation pond sizing is directly affected by the differential source water quality (refer to amendment 
Section 4.0 Waste Classification and Management for additional information).  The upper bound source 
of water, the water with the highest TDS concentrations, is assumed to be present in the area of Koehn 
Lake.  The lower bound design was based on groundwater chemistry as described in the March 18, 2009 
RoWD with the inclusion of a partial ZLD system. 

In addition to the incorporation of the partial ZLD, portions of the RoWD have also been modified to reflect 
changes to the detection monitoring network should an offsite source of water be used to supply the Project.  
The proposed source of water for the Project will be through several existing water supply wells onsite.  In 
the initial application, the groundwater monitoring program was designed to reflect this source of water and 
the associated cone of depression that will develop in the central portion of the site and in the area of the 
evaporation ponds and land treatment unit (LTU).  Should an offsite source be selected, no such cone of 
depression will develop and groundwater flow and direction will remain unaltered from the regional flow 
pattern to the east-northeast toward Koehn Lake.  Subsequently, the detection monitoring network will be 
altered to reflect this change from an onsite pumping to a non-pumping condition. 

RoWD Amendment 

To reflect the design alternatives in response to the CEC, the following sections from the March 18, 2009 
RoWD Application have been amended for an upper- and lower-bound water quality estimate.  Sections that 
indicate “no change” have not been revised from what was provided in the March 18, 2009 Application: 
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RoWD Section Amendment Status Comment 

Section 1 - Application Form No Change  

Section 2 - Introduction No Change  

Section 3 - Physical Setting No Change  

Section 4 - Waste Classification and 
Management 

Revised Amended to reflect revised 
pond design reflect upper-
and lower-bound water 
chemistry, changes to water 
treatment process and 
discharge water chemistry 
into the ponds. 
Amended HTF Sampling 
procedures for classification 
of hazardous waste. 

Section 5 - Monitoring and Reporting 
Requirements 

Revised Revised to reflect a potential 
offsite source of water. 

Section 6 - Record Keeping and 
Reporting 

No Change  

Section 7 - Design and Construction Revised Presents modifications to the 
evaporation pond design 
reflective of the variable 
source water chemistry.  
Minor changes to the 
evaporation pond liner 
design due to the reduction 
of pond sizes.   

Section 8 - Construction Quality 
Assurance 

No Change  

Section 9 - Stormwater Management Revised Provides revisions to 
stormwater management in 
response to RWQCB and 
CEC comments  

Section 10 - Operating 
Requirements 

No Change  

Section 11 - Environmental Controls Revised Changes to the Action 
Leakage Rate, the Rapid 
Large Leakage Rate, and 
noting that wastewater will 
not be used for dust 
suppression. 

Section 12 - Inspection Sampling 
and Maintenance Programs  
 

Revised Provides changes in pond 
cleanout requirements due 
to the concentration of TDS 
in the evaporation ponds for 
both treatment options. 

Section 13 - Required Plans No Change  
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The text, figures and tables in the sections identified above as “revised” are provided in this amendment, 
along with changes to the Detection Monitoring Program, Corrective Action Plan, Closure and Post-Closure 
Monitoring Plans for the Evaporation Ponds and Land Treatment Unit (LTU).  Table A-1 presents a detailed 
summary of the amendment and the associated changes to the initial application.  The following chapters 
contain the revised text sections of the RoWD.  

Alternative Water Sources 

The CEC has concluded from limited historic data that there is a potential source of high TDS groundwater 
(i.e., TDS concentrations greater than 1,000 parts per million [ppm]) or degraded water north and northwest 
of Koehn Lake, both north and south of the Garlock Fault.  Water supply from this area groundwater the 
aquifer yield must be able to support seasonal water supply requirements that range up to over 4,000 
gallons per minute (gpm) during peak summer demand.  The historic data does not clearly indicate that 
areas with suspected degraded groundwater can yield water at a rate to support the Project.  The CEC has 
therefore proposed to conduct a groundwater sampling program of wells in the area of Koehn Lake to close 
the data gap.  The sampling program has been designed to document existing groundwater quality and 
provide an understanding of the well production capability.  The field program includes obtaining permission 
from the well owner for access, determining well status and condition, providing a preliminary assessment of 
well yield, collecting groundwater samples and analyzing them for TDS and other constituents to determine 
the suitability of water to support the Project.  The wells that will be considered are in Sections 7, 8, 17 and 
18, and north and south of the Garlock Fault and west of Koehn Lake (see Figure A-1). 

The Community of Rosamond currently operates a secondary wastewater treatment facility that generates 
approximately 1.6 million gallons per day (MGD) of wastewater. A project is currently underway to convert 
0.5 MGD of this flow to Title 22 quality tertiary treated reclaimed water by August of this year, and has 
tentative plans to expand its facility to produce only Title 22 water by the end of 2011. In addition the 
Rosamond CSD has agreements with the other water districts in the Antelope Valley for purchase and 
exchange of reclaim water, up to as much as 13 MGD. A total of 3.3 MGD of water is considered by 
Rosamond to be readily available for commitment in the near term.  Total plant water demand, depending 
on water quality and treatment options, is estimated at 3 MGD during summer peak periods. Initial 
indications are that the reclaim water quality from Rosamond and their potential secondary suppliers will be 
of adequate quality for power plant operations, although information on several critical quality parameters is 
not readily available, but has been requested.  In order to use this water, it would be necessary to construct 
an approximately 40 mile long pipeline. 



Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

3.0 Physical Setting No changes
4.0 Waste Classification and Management

4.1 Evaporation Ponds Design details were updated.  Included discussion on 
Design Criteria based on total dissolved solids (TDS) 
concentration.

4.1.1 Recirculation Water Blow Down This section number was changed from 4.1.1 to 4.1.1.1.

4.1.1 Lower-Bound TDS Design New section discussing the addition of the brine 
concentrator upstream of the waste stream.

4.1.1.1 Recirculation Water Blow Down Section updated to include post-treatment brine 
concentrator language.

4.1.1.3 Post-Treatment Brine Concentrator New section discussing the Post-Treatment Brine 
Concentrator and the normal and peak operating 
conditions. 

4.1.2 Ion Exchange Regeneration Stream Section heading changed from 4.1.2 to 4.1.1.2 and post
treatment brine concentrator was added to discussion. 

4.1.3 Evaporation Pond Residue Section number changed from 4.1.3 to 4.1.1.4.  
Updated title and discussion to include waste water.

4.1.1.4 Evaporation Pond Wastewater and Residue Discussion was added to include TDS of wastewater 
that will be discharged to the evaporation ponds and 
revised residue quantity and quality.

4.1.4 Land Treatment Unit Run Off Section number changed from 4.1.4 to 4.1.1.5.
4.1.5 Miscellaneous Plant Drains Section number changed from 4.1.5 to 4.1.1.6.
4.1.2 Upper-Bound TDS Design New section/text added to RoWD.
4.1.2.1 Post-Treatment Clarifier New section/text added to RoWD.
4.1.2.2 Evaporation Pond Wastewater and Residue New section/text added to RoWD.

4.1.2.3 Land Treatment Unit Run Off and 
Miscellaneous Plant Drains

New section/text added to RoWD.

4.2 Land Farm Unit and Heat Transfer Fluid-
Impacted Soils

Discussion was updated to include information about 
physical properties of HTF, spill procedures, and waste 
handling. 

4.3.1 Wastewater Section updated with discussions on Lower- and Upper-
Bound TDS cases.

4.3.2 Evaporation Pond Residue Section updated with discussions on Lower- and Upper-
Bound TDS cases and new table numbers.

4.3.3 Land Treatment Unit Discussion on classification of HTF waste was 
augmented.

4.4 Unit Classification No changes

4.5 Unit Locations No changes

5.0 Monitoring and Reporting Requirements
5.1 Evaporation Pond Monitoring No changes
5.1.1 Evaporation Pond Wastewater No changes
5.1.2 Evaporation Pond Residue No changes
5.1.3 Detection Monitoring No changes
5.2 Land Treatment Unit Monitoring No changes
5.2.1 Land Treatment Unit - Runoff No changes
5.2.2 Heat Transfer Fluid-Contaminated Soil - Land 

Treatment Unit
No changes

5.3 Groundwater Monitoring Discussion of water supply for the site was revised to 
include potential off-site sources.

RoWD APPLICATION
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

5.3.1 Groundwater Monitoring Network Layout of 
Regional Groundwater

This section was updated to include details of the 
revised groundwater monitoring network. 

5.3.2 Monitoring Well Sampling No changes
5.3.2.1 Background Groundwater Monitoring No changes
5.3.2.2 Routine Quarterly Groundwater Monitoring No changes
5.3.2.3 Routine Annual Groundwater Monitoring No changes
5.3.2.4 Detection Monitoring Program Sampling This section was updated to include details of the 

revised detection monitoring program. 
5.3.2.5 Potentiometeric Surface Monitoring No changes

6.0 Record Keeping and Reporting Program No changes
7.0 Design and Construction Standards

7.1.1 Overview Revised to state anticipated depth of evaporative 
residue accumulation and to give the surface area of 
the ponds based on the Upper- and Lower-Bound TDS 
values.

7.1.2 Description Pond size and depth were revised.

7.1.3 Hard Surface/Protective Layer Minor editorial change.

7.1.4 Liner System No changes

7.1.5 Base Layer No changes

7.1.6 Leak Detection, Collection and Removal 
System

Design Change - Leak collection trench to collect 
wastewater and route to the collection sump was 
removed due to the reduction on pond size from the 
original application.

7.1.7 Berms and Side Slopes No changes

7.1.8 Material Compatibility No changes

7.2 Engineered Alternative No changes

7.3 Construction Methods and Sequence of the 
Evaporation Ponds

Removal of reference to leak collection trench .

7.3.1 Moisture Detection System No changes

7.3.2 Site Preparation, Excavation, and 
Compaction

No changes

7.3.3 Liner System Installation Leak detection system discussion was updated to 
include a leak detection sump.  Discussion on leak 
collection trench was removed.

7.3.4 Hard Surface/Protective Layer No changes

7.4.1 Overview Discussion on HTF waste classification was added.

7.4.2 Heat Transfer Fluid Treatment Process No changes

7.4.3 LTU Construction Process No changes

7.4.4 Site Preparation, Excavation, and 
Compaction

No changes

7.5 Grading Plans Revised grading plan provided for the new pond 
locations.

8.0 No changes
9.0 Discussion on the additional stormwater investigations 

undertaken was added.

Construction Quality Assurance
Stormwater Management
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

9.1 Off-Site Drainage Sentence of stormwater through the site was added.
9.2 On-Site Drainage Discussion on the new on-site drainage due to the 

change in evaporation pond and land farm unit location, 
and Pine Tree Creek re-routed wash was added. 

9.2.1 Stormwater Design for Evaporation Ponds 
and Land Treatment Unit

No changes

9.2.2 Best Management Practices References to the Permits 401 and 402 added.
10.0 No changes
11.0 Environmental Controls

11.1 Nuisance Controls No changes

11.2 Fire Control No changes

11.3 Leak Detection and Removal System Discussion on perforated collection piping system in the 
collection trench was removed.

11.3.1 Action Leakage Rate Action leakage rate and rapid large leakage rate were 
revised due to the change in pond size.

11.4 Dust Control Text was added to state that wastewater from the 
evaporation ponds will not be used for dust control on 
site.

11.5 Vector Control No changes

11.6 Drainage and Erosion Control No changes

11.7 Noise Control No changes

11.8 Traffic Control No changes

12.0 Environmental Controls
12.1 Inspection Program No changes

12.2 Sampling Program No changes

12.3.1.1 Clean Out Estimated clean out schedule was added to text.

12.3.1.2 Residue Removal Estimated clean out schedule was added to text.

12.3.2 Land Treatment Unit No changes

12.4 Avian Monitoring No changes

12.5 Moisture Detection Monitoring No changes

13.0 No changes

5 Raw Water Chemistry Offsite well data was added to the table.
6 Chemical Additives in Treatment Process Chemical additives to treat the onsite groundwater were

updated and chemical additives to treat offsite 
groundwater were added to the table.

7 Predicted Chemistry of Wastewater Streams This table was replaced by Table 7A and Table 7B due 
to the two water supply options.

7A Predicted Chemistry of Wastewater Streams 
for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
wastewater streams for onsite groundwater with lower 
TDS.

7B Predicted Chemistry of Wastewater Streams 
for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
wastewater streams for offsite groundwater with upper 
TDS.

8 Predicted Chemistry of Evaporation Pond 
Residue

This table was replaced by Table 8A and Table 8B due 
to the two water supply options..

8A Predicted Chemistry of Evaporation Pond 
Residue for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
evaporation pond residue for onsite groundwater with 
lower TDS.

Changes to Tables

Operating Requirements

Required Plans
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

8B Predicted Chemistry of Evaporation Pond 
Residue for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
evaporation pond residue for offsite groundwater with 
upper TDS.

14 Annual Groundwater Monitoring Parameters Note was added to clarify sampling procedures when 
turbidity exceeds 10 NTUs.

2 Topography Map Evaporation pond location and design were revised on 
figure.

2A Township and Range Map Added at the request of the Regional Water Quality 
Control Board

3 General Arrangement Site Plan Evaporation pond location and design were revised on 
figure.

4 Site Map with Alquist-Priolo Fault Zones Evaporation pond location and design were revised on 
figure.

5 Regional Geology in the Area of the Project 
Site

Figure was replaced by Figure 5A because the legend 
for the geology map was added to the report. 

5A Regional Geology in the Area of the Project 
Site

Formally figure 5.  No other changes to the figure.

5B Legend for Regional Geology Map Figure was added to present the legend for the geology 
shown on Figure 5A.

6 Waste Water Flow Diagram (Peak Flow 
Conditions)

Figure was replaced by Figure 6A and Figure 6B due to 
the two water supply options.

6A Onsite Groundwater Wastewater Flow 
Diagram (Peak Flow Conditions)

Figure shows flow diagram for onsite groundwater 
wastewater at peak flow conditions.

6B Offsite Groundwater Wastewater Flow 
Diagram (Peak Flow Conditions)

Figure shows flow diagram for offsite groundwater 
wastewater at peak flow conditions.

7 Land Treatment Unit Flow Diagram Figure was update to include the characterization of soil 
by EPA “Test Methods for
Evaluating Solid Waste”.

8 Evaporation Pond Area Cross Section Evaporation pond design was revised on figure.
9 Evaporation Pond and Land Treatment Unit 

Drainage and Grading Plan
Evaporation pond design was revised on figure.

10 Evaporation Pond Section and Details Evaporation pond design was revised on figure.
11 Land Treatment Unit Section and Details Land Treatment Unit design was revised on figure.
12 Conceptual Grading Plan Evaporation pond location and design was revised on 

figure.
13 Evaporation Pond and Land Treatment Unit 

Layout
Evaporation pond location and design was revised on 
figure.

1.0 Introduction
1.3.1  Evaporation Ponds Pond design details were revised.

1.3.2 Land Treatment Unit Section was updated to include the waste generated 
from a potential offsite source.

3.0 Waste Unit Inspection, Sampling, and Maintenance Programs
3.1.3 Residue Inspection and Removal Inspection and removal schedule was revised.
3.3.1 Evaporation Pond Clean Out Section was revised to discuss the evaporation pond 

clean out schedule.

Changes to Figures

APPENDIX G - DETECTION MONITORING PLAN
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

4.0 Groundwater Monitoring Discussion on water supply was updated to include an 
offsite source of groundwater.

4.1.1.1  Groundwater Monitoring Network Layout for 
Regional Groundwater

Section was updated to include a discussion of the 
groundwater monitoring network if an offsite source of 
groundwater is used.

4.1.1.3 GMN Well Rehabilitation and Installation 
Activities

Section was revised to discuss pumping of offsite wells.

3-1 Anticipated Chemistry of Wastewater 
Streams

This table was replaced by Table 3-1A and Table 3-1B 
due to the two water supply options.

3-1A Predicted Chemistry of Wastewater Streams 
for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
wastewater streams for onsite groundwater with lower 
TDS.

3-1B Predicted Chemistry of Wastewater Streams 
for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
wastewater streams for offsite groundwater with upper 
TDS.

3-4 Predicted Chemistry of Evaporation Residue This table was replaced by Table 3-4A and Table 3-4B 
due to the two water supply options..

3-4A Predicted Chemistry of Evaporation Pond 
Residue for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
evaporation pond residue for onsite groundwater with 
lower TDS.

3-4B Predicted Chemistry of Evaporation Pond 
Residue for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
evaporation pond residue for offsite groundwater with 
upper TDS.

4-2 Summary of 2007 Groundwater Analytical 
Results - Wells 43, 48, and 63

This table was renumbered as Table 4-2A.  No other 
changes were made.

4-2A Summary of 2007 Groundwater Analytical 
Results - Wells 43, 48, and 63

Formerly Table 4-2.

4-2B Raw Water Chemistry Table shows onsite and offsite well data.
4-3 Chemical Additives in Treatment Process Chemical additives to treat the onsite groundwater were

updated and chemical additives to treat offsite 
groundwater were added to the table.

1-2 General Arrangement Site Plan Evaporation pond location and design were revised on 
figure.

1-7 Site Map with Alquist-Priolo Fault Zones Evaporation pond location and design were revised on 
figure.

1-8 Evaporation Pond and Land Treatment Unit 
Layout

Evaporation pond location and design were revised on 
figure.

1-9 Topography Map Evaporation pond location and design were revised on 
figure.

1-10 Evaporation Pond Section and Details Evaporation pond design was revised on figure.
4-1 Groundwater Monitoring Network  Figure number was changed to Figure 4-1A.
4-1A Groundwater Monitoring Network  Formerly Figure 4-1. Pond Locations and GMN were 

revised.
4-1B Groundwater Monitoring Network  Figure shows the revised GMN and groundwater 

gradient if offsite wells are used as the water supply.

APPENDIX I - CORRECTIVE ACTION PLAN 
1.0

1.3 Waste Handling Facilities The figure reference in this section was changed from 
Figure 1-9 to Figure 1-8.

1.3.1 Evaporation Ponds Design details were updated.
1.3.2 Land Treatment Unit Section was updated to include the waste generated 

from a potential offsite source.

Changes to Figures

Changes to Tables

Introduction
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

3.0 Corrective Action Plan
3.2 Groundwater Corrective Actions Section was updated to include a discussion of potentia

offsite groundwater source.
3.2.2 Regional Groundwater Revised with details of the groundwater monitoring 

network based on the new pond locations.

1-2 Anticipated Chemistry of Wastewater 
Streams

This table was replaced by Table 1-2A and Table 1-2B.

1-2A Predicted Chemistry of Wastewater Streams 
for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
wastewater streams for onsite groundwater with lower 
TDS.

1-2B Predicted Chemistry of Wastewater Streams 
for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
wastewater streams for offsite groundwater with upper 
TDS.

1-2 General Arrangement Site Plan Evaporation pond location and design were revised on 
figure.

1-7 Site Map with Alquist-Priolo Fault Zones Evaporation pond location and design were revised on 
figure.

1-8 Evaporation Pond and Land Treatment Unit 
Drainage and Grading Plan

Evaporation pond design was revised on figure.

1-9 Topography Map Evaporation pond location and design were revised on 
figure.

1-10 Evaporation Pond Section and Details Evaporation pond design was revised on figure.
1-11 Groundwater Monitoring Network  Figure number was changed to Figure 1-11A.
1-11A Groundwater Monitoring Network  Formerly Figure 1-11. Pond Locations and GMN were 

revised.
1-11B Groundwater Monitoring Network  Figure shows the revised GMN and groundwater 

gradient if offsite wells are used as the water supply.

APPENDIX J - ACTION LEAKAGE RATE
ALR Calculation 2 Calculation was revised pond depth has increased to 8 

feet.

2.0 Site Background
2.1 Evaporation Ponds Design details were updated.

3.0 Closure Strategy
3.2.2 Wastewater Disposal/Use Section revised to state that wastewater will not be 

used for dust control.
4.0 Additional Information

4.3 Cost Analysis The cost for the closure of the evaporation ponds was 
revised to account for the new design.

APPENDIX K - PRELIMINARY CLOSURE PLAN FOR EVAPORATION PONDS

Changes to Tables

Changes to Figures
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Table A-1. List of Sections Revised in the March 2009 RoWD Application
Beacon Solar Energy Project 

Document Section 
Number Section Title Comments

No changes

2-1 General Arrangement Site Plan Evaporation pond location and design were revised on 
figure.

2-2 Topography Map Evaporation pond location and design were revised on 
figure.

2-3 Evaporation Pond Cross Section Evaporation pond design was revised on figure.
2-4 Evaporation Pond Section and Details Evaporation pond design was revised on figure.

Changes to Appendix A
Cost estimate was updated based on the revised pond 
design.

APPENDIX L - PRELIMINARY CLOSURE PLAN FOR LAND TREATMENT UNIT 

2-1 General Arrangement Site Plan Evaporation pond location and design were revised on 
figure.

2-2 Topography Map Evaporation pond location and design were revised on 
figure.

2.0 Site Background
2.1.1 Evaporation Ponds Design details were updated.

3.0 Closure Strategy
3.1.1 Groundwater Monitoring Revised to include discussion of offsite wells. 

2-1 Anticipated Chemistry of Wastewater 
Streams

This table was replaced by Table 2-1A and Table 2-1B.

2-1A Predicted Chemistry of Wastewater Streams 
for Onsite Groundwater (Lower TDS)

This table was shows the predicted chemistry for the 
wastewater streams for onsite groundwater with lower 
TDS.

2-1B Predicted Chemistry of Wastewater Streams 
for Offsite Groundwater (Upper TDS)

This table was shows the predicted chemistry for the 
wastewater streams for offsite groundwater with upper 
TDS.

3-1 Groundwater Sample Analytical Parameters - 
Semi-Annual Monitoring

Note was added to clarify sampling procedures when 
turbidity exceeds 10 NTUs.

3-2 Groundwater Sample Analytical Parameters - 
Annual Monitoring

Note was added to clarify sampling procedures when 
turbidity exceeds 10 NTUs.

2-1 Evaporation Pond and Land Treatment Unit 
Layout

Evaporation pond and LTU locations and design was 
revised on figure.

2-2 Topography Map Evaporation pond and LTU locations and design was 
revised on figure.

2-3 Conceptual Site Grading Plan Evaporation pond and LTU locations and design was 
revised on figure.

2-4 Evaporation Pond and Land Treatment Unit 
Drainage and Grading Plan

Evaporation pond and LTU locations and design was 
revised on figure.

2-5 Evaporation Pond Section and Details Evaporation pond location and design were revised on 
figure.

3-1 Groundwater Monitoring Network  Figure number was changed to Figure 3-1A.
3-1A Groundwater Monitoring Network  Formerly Figure 3-1. Pond Locations and GMN were 

revised.
3-21B Groundwater Monitoring Network  Figure shows the revised GMN and groundwater 

gradient if offsite wells are used as the water supply.

Changes to Tables

APPENDIX M - PRELIMINARY POST-CLOSURE PLAN FOR EVAPORATION PONDS AND LAND TREATMENT UNIT

Changes to Figures

Changes to Figures

Changes to Tables

Changes to Figures
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Beacon Solar Energy Project 4 June 2009 

4.0 Waste Classification and Management 

The waste disposal and storage units include the three evaporation ponds and the LTU for heat transfer 
fluid- (HTF-) affected soils. 

4.1 Evaporation Ponds 

The classification of wastewater and its management is dependant on the water supply.  As discussed in the 
introduction of this amendment, there are three options for water supply for the power plant under 
consideration pursuant to requests by the CEC and the Lahontan RWQCB:   

 Onsite groundwater;  

 Recycled wastewater from Rosamond Wastewater Treatment Plant; and  

 Offsite groundwater from the Koehn Lake region. 

All three water supply options will result in wastewater being discharged to evaporation ponds.  As agreed 
with the Lahontan RWQCB during a meeting on June 9, 2009, design criteria for the evaporation ponds 
have been developed to produce a range of potential designs.  A final evaporation pond size and precise 
dimensions will be selected after finalization of the source, quality and quantity of the raw water supply.   

Evaporation ponds have two key design parameters: 

 Concentration of TDS in the wastewater as this constituent dictates the accumulation of sludge 
in the base of the pond; and  

 Discharge flow rate of wastewater to ensure adequate evaporation and sludge accumulation in 
the ponds can occur. 

Therefore the final size and design of the evaporation ponds is dependant on the TDS in the raw water 
supply, how it is concentrated through the water treatment process, and discharge flow rate.   

Table 5 outlines the raw water chemistry for the different water supply options.  Onsite groundwater has a 
TDS of 550 milligrams per liter (mg/L).  The average TDS for offsite groundwater near Koehn Lake over the 
last 35 years is approximately 1,000 mg/L; however, concentrations of approximately 1,900 mg/L were 
recorded in the area proposed as a source groundwater for the BSEP.  The water chemistry of recycled 
water from the Rosamond Wastewater Treatment Plant will be dependant on the water sources and 
treatment processes in the plant; however, it is expected that the TDS will be between 550 and 1,900 mg/L.   

Based on the above information, an upper and lower design limit was selected to provide a range of 
potential evaporation pond sizes.  Onsite groundwater was used as the lower bound limit (550 mg/L) and 
offsite groundwater from Koehn Lake was used as the upper bound limit (1,900 mg/L).  Due to the 
difference in TDS levels between the upper and lower bound limits, there are two different wastewater 
treatment processes applicable to determine the discharge concentrations and flow rates.   

4.1.1 Lower Bound TDS Design 
The wastewater process for lower bound TDS was presented in the draft RoWD dated March 18, 2009; 
however, an additional process, a brine concentrator, has been included directly upstream of water 
discharge into the evaporation ponds to decrease the amount of wastewater discharged pursuant to a 
request from the CEC.  This is a partial ZLD system as 90 percent of the process water will be recovered in 
the brine concentrator to reduce water consumption and significantly decrease the evaporation pond size.  
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The sources, processes and flow rates for generating the wastewater streams are discussed in this section.  
Discharge to the post-treatment brine concentrator and the evaporation ponds is derived from two primary 
sources and one occasional source, listed as follows: 

 Blow down of circulating water from the cooling tower; 

 Wastewater flow from the ion exchange regeneration stream; and 

 Occasional stormwater accumulated in the proposed LTU that will be used to treat soil affected 
by spills of HTF. 

The discharge flow rates for the wastewater sources are provided on revised Figure 6A, Onsite 
Groundwater Wastewater Flow Diagram (Peak Flow Conditions).  The sources, and processes generating 
the wastewater stream disposed in the ponds and their relative contributions are outlined in the following 
sections and shown on revised Figure 6A.   

The highest discharge flow rate into the evaporation ponds (52 gallons per minute [gpm]) occurs in the 
summer months, between May and August when solar energy production is at a peak.  Year-round, 
discharge flow rates average 44 gpm.  Revised Table 7A shows the anticipated chemistry for the 
wastewater streams.   

4.1.1.1 Recirculating Water Blow Down 

Blow down of circulating water from the Project’s cooling system makes up approximately 45 percent 
(240 gpm under summer peak operating conditions and 197 gpm under normal [average] operating 
conditions) of the wastewater routed to the post-treatment brine concentrator.  The circulating water in the 
cooling tower will be sourced from a combination of raw water makeup (10 percent), pre-treated water 
(89 percent), and small amount (1 percent) of blow down from the solar steam generator (SSG).  In addition, 
process water from project drains will occasionally be routed to the cooling tower. 

The composition of the makeup water allows the water to be cycled up to approximately 15 cycles of 
concentration before the concentration of chemical constituents rises to levels where it becomes unusable 
and it is blown down into the post-treatment brine concentrator. 

The circulating water will be chemically treated to minimize the growth of bacteria, the formation of scale, 
and the corrosion of the cooling tower fill and condenser tubes.  Revised Table 6, Chemical Additives in 
Treatment Process, provides a summary of the chemical additives proposed for water treatment use.  
These chemical additives include a biocide (sodium hypochlorite is the most common chemical to control 
biological growth), a pH control solution (i.e., hydrochloric acid or sulfuric acid), a scale inhibitor (i.e., organic 
phosphates) and a corrosion inhibitor (i.e., phosphate and zinc). 

As noted above, blow down from the SSG will be added to the circulating water system and accounts for 
approximately 1 percent of the makeup water.  This water will have been chemically treated for pH control 
(generally with amine or ammonia), oxygen scavenging (hydrazine or carbohydrazine), and pH buffering 
(phosphate-treatment) (refer to Revised Table 6).  The chemical treatment is intended to reduce corrosion 
rates and corrosion product transport to protect the critical components, including the boiler(s) and the 
turbine(s), in the steam cycle.  No significant wastewater is expected from the Mixed Bed Demineralizer 
system because the media are regenerated off site except for a small volume of infrequently generated flow 
during the media rinse prior to startup. 

4.1.1.2 Ion Exchange Regeneration Stream 

Wastewater from regeneration of ion exchange resins associated with the Project’s water pre-treatment 
system makes up approximately 55 percent (279 gpm under summer peak operating conditions and 
239 gpm under normal operating conditions) of the wastewater routed to the post-treatment brine 
concentrator. 
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The demineralizer units are used to purify the incoming well water via ion exchange with cation exchange 
resins that remove positively-charged ions including calcium, magnesium, iron, and manganese.  Anion 
exchange resins remove negatively-charged ions including chloride, sulfate, nitrate and silica.  The system 
is divided into three main components: the cation exchange vessels, a degasifier, and the anion exchange 
vessels, with regenerant waste coming from the ion exchange vessel regeneration steps.  The following 
information explains these three components in more detail: 

 Cation Exchange Vessel: The initial flow from the raw and fire water storage tanks is directed to 
the cation exchange vessel, which contains strong acid cation resins in the hydrogen (H+) form.  
Positively charged species, including hardness elements calcium and magnesium, and metals, 
such as iron, nickel, and chromium, are removed by the cation exchange resin, and exchanged 
with hydrogen ions, which create an acidic effluent from this vessel. 

 Degasifier: The degasifier takes the acidic cation exchange vessel effluent and, via 
countercurrent flow with air, strips carbon dioxide gas from the liquid, thus removing alkalinity 
from the water and reducing the potential of scale formation when the treated water is cycled up 
in other project components. 

 Anion Exchange Vessel: The flow from the degasifier is directed to the anion exchange vessel, 
containing strong base anion resins in the hydroxide (OH-) form.  Negatively charged species 
including chloride, sulfate, silica, and nitrate are removed by the anion exchange resin, and 
exchanged with hydroxide ions, which neutralize the excess hydrogen ions from the cation 
exchange vessel and create treated water. 

The pH within the neutralization tank may be too low during the cation ion exchange, which may require 
small amounts of sodium hydroxide to be added.  Alternatively, the pH may be too high during the anion 
exchange, which may require small amounts of sulfuric acid to be added. 

4.1.1.3 Post-Treatment Brine Concentrator 

As outlined in the above sections, two wastewater streams, cooling tower blowdown, and the regeneration 
of the ion exchange resin are routed to a brine concentrator where water is boiled off from the feed stream, 
and a slurry high in dissolved solids is discharged to the evaporation ponds.  The combined feed into the 
brine concentrator is 518 gpm under summer peak operating conditions and 436 gpm under normal 
operating conditions. 

4.1.1.4 Evaporation Pond Wastewater and Residue 

As shown in Revised Table 7A, the wastewater discharging into the evaporation ponds will have a TDS 
concentration of approximately 70,000 mg/L at a summer peak discharge rate of 52 gpm and annual 
average discharge rate of 44 gpm.  To cater for this volume of water and TDS concentration, 6 acres (top 
area) of evaporation ponds are required (refer to Section 7 for design parameters).  During the 30-year 
operating life of the Project, it is estimated that up to 20 feet of residue may accumulate in the bottoms of the 
evaporation ponds that consists of precipitated solids from the evaporated wastewater.  For safety and 
operational purposes, the ponds will be cleaned when there are 3 feet of precipitated solids accumulated in 
the base of the ponds, which is estimated to be every 4.5 years.  Approximately 23,000,000 pounds of 
evaporative residue would be removed during each cleanout event.  The total amount of accumulated 
residue is estimated to be approximately 150,000,000 pounds over 30 years.  The predicted chemical 
makeup of the residue, based on information about the raw water chemistry and knowledge of the water use 
and treatment processes at the Project, is summarized in Revised Table 8A, Predicted Chemistry of 
Evaporation Pond Residue. 

4.1.1.5 Land Treatment Unit Run Off 

Stormwater may occasionally accumulate in the LTU used to treat HTF-affected soil at the site.  This 
stormwater would be pumped to the evaporation ponds only after visual observation establishes that the 
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water is free from HTF product and sheen.  Based on conditions at similar sites, it is anticipated that such 
discharge, if necessary, would only occur approximately once every three to five years. 

4.1.1.6 Miscellaneous Plant Drains 

Plant drains will occasionally discharge wastewater to the circulating water system.  This discharge will 
contain water from component wash down and cleaning, potential miscellaneous leaks and draining of 
project equipment, condensation from project equipment, and other sources.  Water from these areas will be 
collected in a system of floor drains, sumps, and pipes and routed to the wastewater collection system.  This 
water will be routed through an oil-water separator to capture potential oil and prevent it from reaching the 
circulating water system. 

4.1.2 Upper Bound TDS Design 
Due to the high concentration of TDS in the makeup water for the upper-bound design case (using 
groundwater from the Koehn Lake region), the use of ion exchange pre-treatment becomes difficult due to 
the need for frequent regenerations of the resin material, and the size of the required ion exchange vessels.  
Therefore, a clarifier is used for pre-treatment instead, which will decrease the silica concentration and 
reduce the hardness of the water.  A clarifier is also used to treat the cooling tower water blowdown to 
enable 15 cycles of concentration.    

The discharge flow rates for the wastewater sources are provided on revised Figure 6B, Offsite 
Groundwater Wastewater Flow Diagram (Peak Flow Conditions).  The sources, and processes generating 
the wastewater stream disposed in the ponds and their relative contributions are outlined in the following 
sections and shown on revised Figure 6B.  The waste stream routed to the evaporation ponds is from the 
post-treatment clarifier, which generates approximately 56 gpm during peak operating hours and 46 gpm 
during normal operating hours.  It will be a slurry concentrated to approximately 10 percent solids.  Refer to 
revised Table 6 for the list of chemical compounds added to this treatment process.      

4.1.2.1 Post-Treatment Clarifier 

The post-treatment clarifier is designed for treatment of the cooling tower blowdown, which has been cycled 
up approximately 10 cycles of concentration from the Treated Water Storage Tank.  A series of tanks will be 
chemically treated with lime (Ca(OH)2), soda ash (Na2CO3), caustic (NaOH), ferric chloride (FeCl2), and 
polymer and vigorously mixed to allow precipitates to form, and then allowed to settle in a clarifier.  The 
settled sludge slurry will be discharged to the evaporation ponds, while the remaining product would be 
pumped to a multi-media filter (MMF) for removal of the outstanding solids.  Upon discharge from the MMF, 
most of the remaining hardness will be removed in a weak acid cation (WAC) ion exchange softener, which 
will be regenerated with hydrochloric acid, and then with sodium hydroxide to be in the sodium form.  The 
WAC is intended to remove metals and hardness.  The remaining product containing silica and TDS will be 
discharged to a reverse osmosis unit where the remaining species are greatly reduced in the product 
stream, containing approximately 85 percent of the flow, while the waste stream, containing 25 percent of 
the flow, will contain the majority of the silica and TDS and will be fed to the evaporation ponds.   

4.1.2.2 Evaporation Pond Wastewater and Residue 

As shown in Revised Table 7B, the wastewater discharging into the evaporation ponds will have a TDS of 
approximately 110,951 mg/L TDS at a summer peak discharge rate of 56 gpm and annual average 
discharge rate of 46 gpm.  To cater to this volume, 8 acres (top area) of evaporation ponds are required 
(refer to Section 7 for design parameters).  During the 30-year operating life of the Project, it is estimated 
that up to 24 feet of residue may accumulate in the bottoms of the evaporation ponds that consist of 
precipitated solids from the evaporated wastewater.  For safety and operational purposes, the ponds will be 
cleaned when 3 feet of precipitated solids are accumulated in the base of the ponds, which is estimated to 
be every 3.8 years.  Approximately 38,000,000 pounds of evaporative residue would be removed during 
each cleanout event.  The total amount of accumulated residue is estimated to be approximately 
300,000,000 pounds over thirty years.  The predicted chemical makeup of the residue, based on information 
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about the raw water chemistry and knowledge of the water use and treatment processes at the Project, 
is summarized in Revised Table 8b, Predicted Chemistry of Evaporation Pond Residue. 

4.1.2.3 Land Treatment Unit Run Off and Miscellaneous Plant Drains 

Similar to the lower bound TDS design, LTU run off may be pumped into the evaporation ponds and plant 
drains may occasionally discharge wastewater into the circulating water system (refer Section 4.1.1.5 and 
4.1.1.6).   

4.2 Land Treatment Unit and Heat Transfer Fluid-Impacted Soils 

The LTU will be used to treat HTF-affected soil at various concentrations.  HTF (Therminol VP-1 or 
equivalent) is an oil that consists of a mixture of biphenyl and diphenyl oxide that is solid at temperatures 
below 54 degrees Fahrenheit, is relatively insoluble in water (solubility of approximately 25 mg/L), 
combustible, and has relatively low volatility (Solutia 2006).  The components of HTF are reported to 
biodegrade relatively rapidly in the environment, have slight toxicity to tested terrestrial species, higher 
toxicity to tested aquatic species, and a potential to bio-accumulate (IPCS 1999; JECFA 2003; SOCMA 
Biphenyl Working Group 2003). 

A process flow diagram showing the management and treatment of the HTF-affected soil is presented in 
Revised Figure 7, Land Treatment Unit Flow Diagram.  Spills of HTF will be cleaned up within 48 hours and 
affected soil will be moved to a staging area in the LTU where it will be covered with plastic sheeting 
pending receipt of analytical results and characterization of the waste material.  Samples of excavated HTF-
affected soil will be collected in accordance with the U.S. Environmental Protection Agency’s (USEPA’s) 
current version of the manual “Test Methods for Evaluating Solid Waste” (SW-846) and the waste material 
would be characterized in accordance with State and Federal requirements.  Samples would be analyzed 
for HTF using modified USEPA Method 8015.  Initially, samples would also be analyzed for ignitability and 
toxicity using appropriate State and Federal methods to characterize the waste as hazardous or non-
hazardous.  Once a sufficient data set has been accumulated to allow characterization of the material as 
hazardous or non-hazardous based on HTF content and generator knowledge, the DTSC will be petitioned 
for a determination of waste classification for HTF-affected soils generated at the facility.  Following this 
determination, subsequent samples would only be analyzed for HTF to make this determination.  At the 
Kramer Junction SEGS facility, DTSC issued a letter dated April 4, 1995 stating that soil contaminated with 
HTF “poses an insignificant hazard” and classifies the waste as non-hazardous for soils with a concentration 
of less than 10,000 mg/kg HTF pursuant to CCR Title 22, Section 66260.200(f).  While this information from 
Kramer Junction alone may not be sufficient to characterize the waste material generated at the BSEP, 
Beacon anticipates that future waste characterization at BSEP will yield a similar result.  

If the soil is characterized as a hazardous waste (refer to Section 4.3.3), the impacted soils will be 
transported from the site by a licensed hazardous waste hauler for disposal at a licensed hazardous waste 
landfill.  No HTF-impacted soils characterized as hazardous waste will be disposed or treated on site.  
Based on past experience, it is anticipated that soil containing 10,000 milligrams per kilogram (mg/kg) HTF 
or more will be managed as hazardous waste, and that soil containing less than 10,000 mg/kg HTF will be 
non-hazardous waste and can be managed at the site.  If the soil is characterized as a non-hazardous 
waste, it will be spread in the LTU for bioremediation treatment.  In general, more highly contaminated soil 
will be covered with plastic sheeting to prevent contact with stormwater and to control potential odors and 
emissions, as well as for moisture and temperature retention.  Once the soil has been treated to a 
concentration of less than 100 mg/kg HTF, it will be moved from the LTU to another portion of the site until it 
is reused at the facility as fill material. 

Based on available operation data from other sites, it is anticipated that approximately 750 cubic yards (on 
average) of HTF-affected soil may be treated per year.  Larger or smaller quantities could be generated 
during some years, depending on the frequency and size of leaks and spills. 
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A spill prevention, control, and countermeasure (SPCC) plan will be undertaken for the Project (refer to 
Section 13.4 for details).  Periodically, equipment failures in and around mirror fields are expected at the 
Project resulting in spills of HTF onto soil.  Spills greater than 25 gallons are required to be reported to the 
Lahontan RWQCB. 

4.3 Waste Classification 

4.3.1 Wastewater 
Lower Bound TDS Case:  The concentrations of chemical constituents in the wastewater discharge to the 
evaporation ponds using the onsite groundwater (lower bound TDS) is provided in revised Table 7A.  The 
wastewater concentrations have been compared to the Soluble Threshold Limit Concentrations (STLCs) as 
reported in the California Code of Regulations (CCR) Title 22, Chapter 11, Division 4.5, Article 3, Section 
66261.24 “Characteristics of Toxicity”, and compared to Toxicity Characteristic Leaching Procedure (TCLP) 
values as reported in the Code of Federal Regulations (CFR) Part 261, Section 261.24.  The concentration 
of chemical constituents in wastewater discharging into the evaporation ponds is less than the STLC and 
TCLP for all reported parameters; therefore, the wastewater is not considered a hazardous waste under 
State or Federal regulations.   

Upper Bound TDS Case:  Currently, there is not sufficient data to fully characterize the higher bound TDS 
water from the Koehn Lake region.  A sample from a well collected in 1976 with a TDS of 1,900 mg/L was 
used to generate the process flow diagram for this option and represent the upper bound design condition.  
However as shown in revised Table 7B, the wastewater concentration of fluoride derived from this water 
exceeds the STLC; therefore, this sample would produce hazardous wastewater.  Data to determine the 
concentrations of other hazardous constituents were not available, so it is not known whether other 
constituents could also be present at concentrations exceeding State or Federal hazardous waste 
thresholds.  The Toxic Pits Cleanup Act (TPCA) prohibits the discharge of liquid hazardous waste into a 
surface impoundment in California.  It should be noted that the fluoride concentration in the 1976 design 
sample was 9.3 mg/L, yet the average fluoride concentration in all samples from the wells in the area in the 
last 35 years was 0.89 mg/L and would produce wastewater that contains fluoride at concentrations below 
the hazardous waste threshold.  Therefore, for design purposes, it is assumed that raw water that will not 
produce hazardous wastewater is available in the Koehn Lake region and will be used for the Project.  The 
characteristics of the produced wastewater would be considered in selecting a final raw water source or 
sources for the Project, and a raw water source that would result in the generation of hazardous wastewater 
would not be utilized.   

It would be theoretically possible to use high TDS raw water from Koehn Lake that could produce hazardous 
wastes, but maintain discharge concentrations below hazardous waste thresholds by using fewer cycles of 
concentration in the recirculating cooling system.  However, this option is not acceptable as the hazardous 
constituents would increase in concentration in the evaporation ponds over time, possibly creating 
hazardous wastewater in the evaporation pond, which is a violation of the TPCA.   

The option of adding a treatment system at the end of the wastewater process to remove hazardous levels 
of constituents will be energy intensive, not cost effective, and would produce very large quantities of 
hazardous solid waste that would need to be regularly disposed of off site.    

The California Water Code Section 13173 defines a designated waste as: 

a) Hazardous waste that has been granted a variance from hazardous waste management 
requirements pursuant to Section 25143 of the Health and Safety Code; or 

b) Nonhazardous waste that consists of, or contains, pollutants that, under ambient environmental 
conditions at a waste management unit, could be released in concentrations exceeding applicable 
water quality objectives, or that could reasonably be expected to affect beneficial uses of the waters 
of the state as contained in the appropriate state water quality control plan. 
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The wastewater discharging into the evaporation ponds will be non hazardous; however, it will contain 
pollutants which could exceed water quality objectives of the affected Water of the State (groundwater) if 
released, or that could be expected to affect the beneficial uses of Waters of the State.  Therefore, the 
wastewater will be classified as a “designated waste.”  This classification is consistent with CCR Title 27, 
Chapter 3, Subchapter 2, Article 2, Section 20210. 

4.3.2 Evaporation Pond Residue 

The total concentrations of chemical constituents expected in the evaporation pond sludge that will 
accumulate in the ponds during operation using onsite groundwater (lower bound TDS) are provided in 
revised Table 8A, Predicted Chemistry of Evaporation Pond Residue.   

The concentrations in the evaporation pond residue have been compared to the STLCs and the Total 
Threshold Limit Concentrations (TTLCs) as reported in the CCR, Title 22, Chapter 11, Division 4.5, Article 3, 
Section 66261.24 “Characteristics of Toxicity”.  Table 7 also includes the TCLP as reported under CFR Part 
261 Section 261.24. 

The total concentrations of chemical constituents in the evaporation pond residue are less than the TTLC for 
all reported parameters.  The total concentrations of chemical constituents in the evaporation pond residue 
in the ponds is less than 10 times the STLC for reported parameters; therefore, further analysis of the 
residue using the Waste Extraction Test is not be required and the waste may be classified as 
nonhazardous under CCR Title 22, Division 4.5.  In addition, the total concentrations of chemical 
constituents in the evaporation pond residue in the ponds is less than the TCLP for all reported parameters; 
therefore, further analysis of the residue using the TCLP method would not be required and the waste may 
be considered a non-hazardous waste under Federal regulations.  Testing of this material will be conducted 
as part of the facility monitoring program (Section 5.1.2) to verify this characterization.  The evaporation 
pond residue accumulated in the ponds is non hazardous; however, it does contain pollutants which could 
exceed water quality objectives if released, or that could be expected to affect the beneficial uses of Waters 
of the State.  Therefore, the evaporation pond residue is classified as a “designated waste.”  This 
classification is consistent with CCR Title 27, Chapter 3, Subchapter 2, Article 2, Section 20210. 

The mass of chemical constituents expected in the evaporation sludge that will accumulate in the ponds 
during operation using offsite groundwater (upper bound TDS) is provided in Table 8B.  The concentration 
of additional chemical constituents in the residue can not be calculated until there are sufficient data to 
characterize the raw water.  The characteristics of the generated solids will be considered in final selection 
of a raw water source for the project, and water sources that would result in the generation of hazardous 
waste residue will not be considered.     

4.3.3 Land Treatment Unit 
The HTF-impacted soils must be characterized as hazardous or non hazardous waste prior to determination 
of whether the material can be treated at the site or must be removed for offsite disposal.  Therefore HTF-
impacted soils will be relocated to the staging area (refer Section 4.2) and characterized in accordance with 
California and Federal law.  Samples of excavated HTF-affected soil will be collected in accordance with the 
USEPA’s current version of the manual “Test Methods for Evaluating Solid Waste” (SW-846) and the waste 
material would be characterized in accordance with State and Federal requirements.  Samples would be 
analyzed for HTF using modified USEPA Method 8015.  Initially, samples would also be analyzed for 
ignitability and toxicity using appropriate State and Federal methods to verify generator knowledge and 
characterize the waste as hazardous or non-hazardous.  Once a sufficient data set has been accumulated 
to allow characterization of the material as hazardous or non-hazardous based on HTF content and 
generator knowledge, the DTSC will be petitioned for a determination of waste classification for HTF-
affected soils generated at the facility.  Following this determination, subsequent samples would only be 
analyzed for HTF to make this determination.  If the soil is characterized as a hazardous waste, the 
impacted soils will be transported from the site by a licensed hazardous waste hauler for disposal at a 
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licensed hazardous waste landfill.  No HTF-impacts soils characterized as hazardous waste will be disposed 
or treated on site.    

Based on past experience with a similar waste stream at a similar facility in the same county, it is anticipated 
that soil containing 10,000 mg/kg HTF or more will be managed as hazardous waste, and that soil 
containing less than 10,000 mg/kg HTF will be non-hazardous waste and can be managed at the site.  At 
the Kramer Junction SEGS facility, the Department of Toxic Substances Control (DTSC) issued a letter 
dated April 4, 1995, stating that soil contaminated with HTF “poses an insignificant hazard” and classifies 
the waste as non-hazardous for soils with a concentration of less than 10,000 ppm HTF pursuant to CCR 
Title 22, Section 66260.200(f).  Given the formulation of HTF has not changed significantly, it is anticipated 
that future waste characterization at BSEP will yield a similar result.       

All HTF-affected soil classified as a hazardous waste will be removed for the site for proper offsite disposal; 
therefore the material in the LTU will be managed as a non-hazardous “designated waste” as defined in 
CCR Title 23, Chapter 15, Section 2522.  Appendix E, DTSC Classification of Contaminated Soil, provides 
the documentation from the DTSC.  Material Safety Data Sheets (MSDS) for HTF are provided in 
Appendix F, MSDS for HTF. 

Based on waste discharge requirements for similar sites, soil containing HTF in concentrations less than 
100 mg/kg will not be regulated as a waste when reused as fill at the Facility. 

4.4 Unit Classification 

No Changes to RoWD documentation from March 18, 2009. 

4.5 Unit Locations 

No Changes to RoWD documentation from March 18, 2009. 
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5.0 Monitoring and Reporting Requirements 

5.1 Evaporation Pond Monitoring 

No Changes to RoWD documentation from March 18, 2009. 

5.1.1 Evaporation Pond Wastewater 
No Changes to RoWD documentation from March 18, 2009. 

5.1.2 Evaporation Pond Residue 
No Changes to RoWD documentation from March 18, 2009. 

5.1.3 Detection Monitoring 
No Changes to RoWD documentation from March 18, 2009. 

5.2 Evaporation Pond Monitoring 

No Changes to RoWD documentation from March 18, 2009. 

5.2.1 Land Treatment Unit - Runoff 
No Changes to RoWD documentation from March 18, 2009. 

5.2.2 Heat Transfer Fluid-Contaminated Soil - Land Treatment Unit 
No Changes to RoWD documentation from March 18, 2009. 

5.3 Groundwater Monitoring 

In accordance with CCR Title 27, Chapter 3, Subchapter 3, Article 1, Section 20380, a groundwater 
monitoring network (GMN) will be established at the site to monitor groundwater for impacts from potential 
releases from the three proposed evaporation ponds and the proposed LTU.  The proposed GMN will 
consist of a combination of existing onsite and offsite wells and three new proposed onsite monitoring wells.  
The GMN and the sampling schedule is discussed in the Detection Monitoring Plan (Appendix G) (AECOM 
2009).  

To provide water to the proposed facility, Beacon Solar proposes to use onsite water supply by alternately 
pumping wells 49 and 63 as the primary water supply wells.  Wells 41 and 42 will be used as backup water 
sources, should either of the two primary wells require shutdown for maintenance or be damaged/destroyed.  
As noted above, BSEP is exploring alternative offsite water supply sources, which include recycled 
wastewater from Rosamond Wastewater Treatment Plant or groundwater from the Koehn Lake region in 
response to CEC PSA comments.  A list of chemical additives that are anticipated to be added to the 
process water on a regular basis is presented on Table 6. 

5.3.1 Groundwater Monitoring Network Layout of Regional Groundwater 
The proposed GMN layout includes three categories of monitoring wells:  1) background wells which are 
located upgradient of the evaporation ponds and LTU; 2) detection wells, which are located adjacent to the 
evaporation ponds and LTU; and 3) compliance wells, which are located near the property boundaries.  For 
both onsite and offsite water supply scenarios, the detection wells are comprised of three proposed wells 
(MW-1 through MW-3) located immediately adjacent to the evaporation ponds and LTU.    
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The GMN layouts for the two water supply scenarios are: 

Onsite Water Supply (Figure 4-1A): 

 Background Wells – 47, Domestic Well, 50 and USGS.  As shown in Figure 4-1A, a cone of 
depression will develop under the evaporation ponds and LTU due to the location of primary 
pumping Wells 49 and 63 and backup wells 41 and 42.  Under pumping conditions, 
groundwater is predicted to move toward the primary pumping well(s) from all points of the 
compass.  Thus all wells become background wells  

 Detection Well – MW-1, MW-2 and MW-3 

 Compliance Wells – The compliance well will be the well that is active, either 49, 63, 41 or 42. 

Offsite Water Supply (Figure 4-1B): 

 Background Wells – 47, Domestic Well and 41 

 Detection Wells – MW-1, MW-2 and MW-3 

 Compliance Wells – 50, 51 and USGS 

5.3.2 Monitoring Well Sampling 
No Changes to RoWD documentation from March 18, 2009. 

5.3.2.1 Background Groundwater Monitoring 
No Changes to RoWD documentation from March 18, 2009. 

5.3.2.2 Routine Quarterly Groundwater Monitoring 
No Changes to RoWD documentation from March 18, 2009. 

5.3.2.3 Routine Annual Groundwater Monitoring 
No Changes to RoWD documentation from March 18, 2009. 

5.3.2.4 Detection Monitoring Program Sampling 
Each groundwater monitoring well in the GMN will be analyzed for the analytes listed in Tables 14 and 15, 
on an annual and quarterly basis, respectively.  In the onsite water supply scenario, the operating water 
supply well will also be sampled. 

5.3.2.5 Potentiometeric Surface Monitoring 
No Changes to RoWD documentation from March 18, 2009. 
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7.0 Design and Construction Standards 

7.1 General Design Description of the Evaporation Pond 

7.1.1 Overview 
The containment strategy for the evaporation ponds is summarized as follows: 

 Size the ponds to achieve sufficient evaporative capacity under annual average and peak 
discharge conditions, to allow for 3 feet of evaporative residue accumulation, to maintain a 
minimum of 2 feet freeboard at all times, and to allow one pond to be taken out of service for 
one year for maintenance without impacting the operation of the Project; 

 Meet or exceed regulatory requirements for containment of liquid designated wastes; 

 Select materials that are compatible with the physical, chemical and thermal characteristics of 
the wastewater and evaporation pond residue being contained; 

 Protect against physical damage to the containment layers by including protective layers in the 
design of each containment facility and to allow evaporative residue removal; 

 Allow for occasional removal, if needed, of contained media without otherwise damaging the 
integrity of the containment systems; and 

 Include the ability to monitor the integrity of the containment system, to collect and recover 
leakage through the primary liner, and to transfer fluids from one evaporation pond to another.   

As outlined in Section 4.1, the size of the evaporation ponds is related to the TDS concentration and flow 
rate.  The optimal size of the evaporation ponds are: 

 Using the lower bound TDS (550 mg/L), the required top surface area of the ponds is 6 acres; 
or 

 Using the upper bound TDS (1,900 mg/L), the required top surface area of the ponds is 8 
acres. 

The proposed design for the evaporation ponds has been selected to optimize performance based on these 
operating criteria.  The top surface area of the evaporation ponds is based on a corrected evaporation rate 
of 53 inches per year due to a lake factor of 0.7 and a salinity factor of 0.7, which is representative of a brine 
concentration.  The location and general arrangement of the 8 acre ponds is shown on revised Figure 3.  If 
the lower TDS value was used, each pond would be reduced by 0.7 acres to achieve a top pond area of 6 
acres.  The proposed design for evaporation ponds and site details are provided in the following revised 
figures: 

 Figure 8: Evaporation Pond Cross Section; 

 Figure 9: Evaporation Pond and Land Treatment Unit Drainage and Grading Plan; and 

 Figure 10: Evaporation Pond Section and Details. 

7.1.2 Description 
The three 2.7-acre evaporation ponds have a proposed average design depth of 8 feet across each pond, 
which incorporates: 

 3 feet of residue build up; 

 3 feet of operational depth; and 
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 2 feet of freeboard. 

The containment design for the evaporation ponds, from the surface of the evaporation ponds downwards, 
consists of the following: 

 A hard surface/protective layer with granular fill/free draining sub-base over geotextile; 

 A primary 60 mil high-density polyethylene (HDPE) liner; 

 An interstitial leak detection and removal system (LDRS) comprising a geomembrane geonet 
and collection piping; 

 A secondary 40 mil HDPE liner; and 

 A base layer consisting of either a geosynthetic clay liner (GCL) or 2 feet of onsite material with 
a hydraulic conductivity of less than 1 x 10-6 centimeter per second of which 30 percent, by 
weight, shall pass through a No. 200 standard sieve. 

7.1.3 Hard Surface/Protective Layer 
The hard surface/protective layer provides protection against accidental damage to the HDPE liners which 
could be caused by burrowing animals, falling objects, varying climatic conditions and worker activities 
during maintenance.  Secondly, the hard surface/protective layer will allow for removal of the precipitated 
solids within the evaporation ponds.  The proposed design consists of roller-compacted concrete to serve as 
the hard surface/protective layer for the ponds.  Alternate hard surface media such as reinforced concrete, 
revetments, gunite, or combinations of these media may be submitted for approval as an alternate to the 
roller-compacted concrete. 

A granular fill/free draining native soil sub-base is placed under the hard surface and is intended to serve 
two purposes: 

 As the supporting base for the hard surfacing; and 

 As a drainage layer between the hard surfacing and underlying primary liner. 

Prior to the placement of the sub-base, pre-construction percolation tests shall be conducted within the 
footprint of the evaporation ponds. 

7.1.4 Liner System 
No Changes to RoWD documentation from March 18, 2009. 

7.1.5 Base Layer 
No Changes to RoWD documentation from March 18, 2009. 

7.1.6 Leak Detection, Collection and Removal System 
An HDPE geonet drainage layer, with an option for non-woven geotextile heat bonded to one or both sides, 
will be used in the leak detection and collection layer between the primary and secondary liners.  HDPE 
geonet used in combination with geotextile materials has been selected because polyethylene is not 
reactive with the fluids and provides a highly conductive layer, it is readily available, and is easily installed 
with minimal potential for damage to the liner system during installation. 

The base of the evaporation pond leak detection and collection layer will slope at a minimum inclination of 
1 percent towards a leak detection and collection sump, located at the lowest point in the pond.  The water 
in the collection sump will drain by gravity to a monitoring well that is constructed for each evaporation pond 
(one well per pond).  Automated pneumatic pumping systems in the monitoring wells will automatically 
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return water collected in the sump to that evaporation pond, which in turn minimizes the hydraulic pressures 
across the secondary liners and, therefore, minimizes the risk of leakage through the secondary liner.  
Leakage rates will be measured using a flow totalizer. 

The collection sump, pipe, and monitoring well, will include prefabricated and field-fabricated HDPE 
components with water tight, extrusion welded and wedge-welded seams and penetrations.  The liner 
system will be installed in accordance with current practices.  Destructive and non-destructive testing 
procedures will be used to verify sump and penetration tightness and continuity. 

This design is consistent with CCR Title 27, Section 20340, which requires an LDRS between the liners for 
the evaporation ponds. 

7.1.7 Berms and Side Slopes 
No Changes to RoWD documentation from March 18, 2009. 

7.1.8 Material Compatibility 
No Changes to RoWD documentation from March 18, 2009. 

7.2 Engineered Alternative 

No Changes to RoWD documentation from March 18, 2009. 

7.3 Construction Methods and Sequence of the Evaporation Ponds 

The containment construction process will follow these general steps: 

a) Stripping, grubbing and clearing of organic materials and topsoil from the construction area; 

b) Excavation and rough grading of the pond area, construction of berms, stockpiling of excess soil for 
later reuse;  

c) Installation of the carrier pipe for the moisture detection (neutron probe) system beneath the base of 
the ponds; 

d) Construction of finish grading to sub grade, as needed, and excavation of the leak 
detection/collection sumps; 

e) Scarification, moisture conditioning, compaction, proof rolling and testing of sub-grade materials; 

f) Supplemental moisture conditioning of sub grade and placement of the GCL or equivalent layer 
material; 

g) Installation of secondary HDPE liner; 

h) Installation of leak detection layer, sump, and leak detection monitoring wells/extraction risers; 

i) Installation of primary HDPE liner; 

j) Installation of the non-woven geomembrane liner; 

k) Installation of granular fill/sub base; and 

l) Installation of hard surface. 

7.3.1 Moisture Detection System 
No Change to RoWD documentation from March 18, 2009. 
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7.3.2 Site Preparation, Excavation and Compaction 
No Change to RoWD documentation from March 18, 2009. 

7.3.3 Liner System Installation 
SUBGRADE 

No Change to RoWD documentation from March 18, 2009. 

GCL 

No Change to RoWD documentation from March 18, 2009. 

SECONDARY LINER 

No Change to RoWD documentation from March 18, 2009. 

LEAK DETECTION SYSTEMS 

The leak detection system between the upper and lower liners consists of a geonet drainage media, leak 
detection sump piping and sand bedding/granular fill to support the pipe.  The sand bedding/granular in the 
trench will have to be carefully placed on top of the underlying 40 mil HDPE liner.  The geonet shall be 
placed across the top of the leak detection sump to avoid strain on the material.  The construction sequence 
will have to be developed with the emphasis of material placement, spreading, and consolidation techniques 
that will ensure that damage to the liner does not occur. 

PRIMARY LINER 

No Change to RoWD documentation from March 18, 2009. 

7.3.4 Hard Surface/Protective Layer 
No Change to RoWD documentation from March 18, 2009. 

7.4 Land Treatment Unit 

7.4.1 Overview 
The proposed design for the LTU has been selected to optimize performance based on the operating 
requirements specified in Section 4.2.  The location of the LTUs is shown on revised Figure 3.  Cross 
section detail of the LTU is shown on revised Figure 11, Land Treatment Unit Section and Details. 

The LTU will not incorporate a liner containment system or LDRS, but will be constructed with a prepared 
base consisting of 2 feet of compacted, low permeability, lime-treated material.  This base will serve as a 
competent platform for land treatment activities, and will serve to slow the rate of surface water infiltration in 
the treatment area.  The compacted and native soil beneath the LTU is designated as a “treatment zone” to 
a depth of 5 feet.  Although the LTU will be taking vehicle traffic, no hard surface will be required, as there is 
no liner system to protect.  A staging area is allocated in the LTU for storage of HTF-impacted soils while 
they are being characterized.  Soil characterized as hazardous will be removed from the site; therefore, no 
additional liner system is required in the LTU to cater for the hazardous waste.   

The LTU will be surrounded on all sides by a 2-foot high compacted earthen berm with side slopes of 
approximately 3:1 (horizontal: vertical).  These berms will control and prevent potential inflow (run on) of 
surface stormwater into the LTU or runoff of stormwater from the unit (refer to Section 7.6 for further 
stormwater information). 
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7.4.2 Heat Transfer Fluid Treatment Process 
No Change to RoWD documentation from March 18, 2009. 

7.4.3 LTU Construction Process 
No Change to RoWD documentation from March 18, 2009. 

7.4.4 Site Preparation, Excavation and Grading 
No Change to RoWD documentation from March 18, 2009. 

7.5 Grading Plans 

As outlined above, earthwork will be required for the construction of the evaporation pond and LTU.  The 
existing contours and finished grades are shown on revised Figure 9 and revised Figure 12, Conceptual 
Grading Plan.  The evaporation ponds are designed in tiers to facilitate cut and fill balance and minimize 
the earthwork requirements.  The finished elevations of each pond, including the berm and top of the 
base, are shown in revised Figure 8.  There will be additional grading required below the base to 
accommodate the sub-base, liners and LCRS. 
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9.0 Stormwater Management 

A conceptual drainage study for this project was undertaken by Carlton Engineering in February 2008.  
Further investigations were undertaken by AECOM and WorleyParsons in June 2009 which included 
redesign of the Pine Creek Wash based on flood mapping, hydrology, hydraulic studies and retention 
basins.  Excerpts from the conceptual drainage study and additional studies are provided in Attachment B.  
The objective of the drainage studies was to investigate the hydraulic and hydrologic conditions associated 
with the development of approximately 2,012 acres of desert shrub and provide mitigation requirements for 
the anticipated increase in stormwater runoff due to development. 

9.1 Offsite Drainage 
The entire watershed covers 83.2 square miles (refer to Appendix D, Drawing DS1).  A majority of the 
stormwater runoff from the offsite watershed enters the site from the south, along the Pine Tree Creek dry 
wash (refer to Section 3.2).  However 937 acres of the offsite watershed enters the site from the west, near 
the proposed location of the evaporation ponds and LTU.  The offsite flows from the west are directed 
underneath State Route 14 and the Southern Pacific Railroad before they enter the Project site.  All 
stormwater from offsite sources will be diverted through the site in channels.   

9.2 Onsite Drainage 
All rain that falls on the site will be captured and diverted through retention basins which outfall into the 
rerouted Pine Tree Creek Wash.  As shown on revised Figure 9 and revised Figure 12, the evaporation 
ponds and LTU east of the entrance gate, near a drainage path for the offsite flows that enter the site under 
the Southern Pacific Railroad right of way.  For the purposes of the RoWD, the drainage “area” will be 
bounded by the following: 

 Solar fields and drainage channel to the south; 

 Solar fields and access road to the east; 

 Access road and transmission line to the north; and 

 Administration building and transmission line to the west. 

The rate of flow within the drainage reach at the Southern Pacific Railroad crossing was evaluated as part of 
the drainage study (Carlton, 2008).  Runoff rates for this drainage channel at the culvert beneath the railroad 
right of way are shown below  

 Runoff in a 10-year, 24-hour storm event = 13.95 cubic feet per second 

 Runoff in a 100-year, 24-hour storm event = 73.11 cubic feet per second 

The runoff under pre-development and post-development conditions is the same as there is no development 
planned upstream of the railroad culvert.  The drainage channel has been designed with a 15 foot wide base 
with gravel base, 1 foot deep with side slopes of 5:1 (horizontal: vertical) (refer to Appendix D).  The 100-
year, 24-hour storm event stormwater runoff will be contained either within the aforementioned drainage 
channel or pipe system, which will commence at the culverts under the Southern Pacific Railroad on the 
west boundary of the Project site and outfall into the rerouted dry wash on the east boundary of the Project 
site.  Grading of the channel may serve a dual purpose as an access road, as the gravel bottom channel 
with 5:1 sides can serve as a path of travel when not passing storm flows, and will be designed so that 
drainage from the solar collector area is separated from this offsite stormwater source. 

As there is not change between pre-development and post-development flows in the vicinity of the 
evaporation ponds and LTU, a detention basin is not required in this area of the Project site. 
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Pine Tree Creek will be re routed around the solar collector field to the south and east, and therefore will 
have no interaction with the evaporation ponds and land farm unit location.  The storm flows from the solar 
collector arrays will be treated through the use of multiple retention ponds.  These retention ponds will be 
linked via shallow, gradually sloped ditches that will enhance the treatment of the storm flows. 

9.2.1 Stormwater Design for Evaporation Ponds and Land Treatment Unit 

Both the evaporation ponds and LTU are surrounded by berms which will control and prevent potential 
inflow (run on) of surface stormwater into the evaporation ponds and LTU or runoff of stormwater from the 
ponds and LTU.  The berms will protect stormwater entering the evaporation ponds and LTU in the 100-
year, 24-hour storm event. 

Precipitation that falls on the berms between the evaporation ponds located next to each other will enter into 
the evaporation ponds.  A drainage swale between the ponds was investigated; however, due to the length 
of the evaporation ponds and required slope of the swale, the downstream drainage channel would need to 
be deepened to ensure the swale had an adequate outfall.  Due to the minimal runoff expected from these 
small areas between the ponds, the drainage swales were not incorporated in the design.  The area and 
extent of the impermeable surface contributing runoff from the evaporation ponds and LTU are shown on 
Figure 13, Evaporation Pond and Land Treatment Unit Layout. 

As outlined in Section 4.1.1.4, precipitation that accumulates in the LTU will be pumped to the evaporation 
ponds only after visual observation to establish the water is free from HTF product, sheen or other evidence 
of contamination.  If contamination is observed, the stormwater will be pumped into a holding tank prior to 
offsite disposal.  Because significant precipitation events are relatively isolated, transfer of accumulated 
rainwater collected in the LTU is expected to be needed only every approximately three to five years. 

9.2.2 Best Management Practices 

Stormwater Best Management Practices (BMPs) will be provided on site and will be included in the 
Stormwater Pollution Prevention Plans (SWPPP) in compliance with the National Pollutant Discharge 
Elimination System General Permit for Storm Water Discharges Associated with Construction Activity and 
Operation of the site.  BSEP will not undertake a Notice of Intent for the SWPPPS, as they are not legally 
required by the SWRCB as a 401 and 404 Permit is not required.   

During construction, BMPs will include: 

 Temporary Erosion Control Measures: Construction of berms and ditches re-vegetation, slope 
stabilizers (interior slopes of the berms in the evaporation ponds are to be stabilized before the 
liner systems are placed), dust suppression and sediment barriers; 

 Sediment Control: Silt fences, gravel bags, fiber rolls, check dams and street sweeping; 

 Tracking Controls: Stabilizing entrance and exit; 

 Wind Erosion Controls: Applying potable groundwater to disturbed areas and covering exposed 
stockpiles; 

 Non-Stormwater Control: Inspecting vehicles for leaks and dispose of cement appropriately; 
and 

 Waste Management and Materials Pollution Control: Using watertight containers, prevent runoff 
(with berm, trench etc), into the storage areas and clean up spills immediately after discovery. 

Permanent BMPs shall also be provided to protect the evaporation ponds and LTU during operation of the 
Project.  These BMPs will include the following erosion and sediment control measures: 

 Berms around the evaporation ponds and LTU; 
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 Exterior slopes of the berms stabilized to prevent wind and water erosion after completion of the 
liner system placement (e.g., placement of stripped organics removed from the pond area 
during grading, track walking transverse to slopes); 

 Monitoring of berm integrity monthly and after any runoff-producing storm event for erosion; 

 Repair of the berms as needed (regrading and track walking for minor erosion (less than 6 
inches depth), regrading and placement of coarse aggregate for deeper erosion; 

 Grading of drainage channel north of the evaporation ponds and LTU to direct flow away from 
the pond and unit area; and 

 Maintenance of the drainage channel as needed to restore flow lines and bank integrity. 
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11.0 Environmental Controls 

11.1 Nuisance Controls 

No Change to RoWD documentation from March 18, 2009. 

11.2 Fire Control 

No Change to RoWD documentation from March 18, 2009. 

11.3 Leak Detection and Removal System 

In accordance with CCR Title 27, Section 21600(b)(8)(C), there is an LDRS located beneath the primary 
liner in the evaporation pond.  As outlined in Section 7.1.1, the LDRS will be located between the primary 
and secondary liners underlying the each evaporation pond (refer to revised Figure 10, Evaporation Pond 
Section and Details).  The LDRS will comprise of a layer of geonet sloped to a leak detection sump in each 
pond.  The leak detection sump will include a 16-inch diameter leak detection and removal well fitted with an 
electronic leak sensor and a submersible pump to allow removal of leakage.  The pump will discharge back 
into the evaporation pond.  The discharge pipe may be equipped with a recording flow totalizer to allow 
monitoring of the amount of fluid removed over time and calculation of leakage rates. 

The inspection and maintenance requirements for the LDRS are outlined in Section 12. 

11.3.1 Action Leakage Rate 

The Action Leakage Rate (ALR) is the allowable leakage from the primary liner system above which SPCC 
Plan actions are triggered.  According to CFR Title 40, Section 264.222 the ALR is defined as “…the 
maximum design flow rate that the leak detection system can remove without the fluid head on the bottom 
liner exceeding 1 foot”.  The ALR must also include an adequate safety margin to allow for variability in the 
containment system design (e.g. liner and collection pipe slope, interstitial fill hydraulic conductivity, 
thickness of drainage material, etc.). 

The estimated ALR for the evaporation ponds is 2,750 gallons per acre per day.  The references and 
assumptions used to establish the ALR is presented in revised Appendix J, Action Leakage Rates.  This is 
based on one standard hole per acre, a drainage layer geonet with hydraulic conductivity of 0.06 meters per 
second and a 50 percent safety factor.  The assumption underlying this ALR calculation will be verified in 
the actual constructed ponds.  Based on a 2.7-acre pond, each evaporation pond would have an ALR of 
7,425 gallons per day.  However the ALR will need to have field verification as this rate will vary depending 
on actual drainage material used and its hydraulic conductivity.  A final ALR will be submitted to the 
RWQCB within six months of the effective date of the permit based on field analysis. 

A large hole in the geomembrane may cause a rapid large leakage rate (RLLR) of approximately 9,500 
gallons per acre per day (refer Appendix J, Action Leakage Rates).  This would equate to a RLLR of 25,650 
gallons per day per pond.  The RLLR is provided herein for informational purposes only. 

The recording flow totalizer at each sump will be monitored at least weekly to determine the leakage rate 
through the primary liner.  If the leakage rate exceeds the ALR, then the appropriate actions in the SPCC 
Plan will be implemented. 

11.4 Dust Control 

An Operations Dust Control Plan will be prepared for the Project as specified in the Application for 
Certification to manage fugitive dust emissions and comply with the requirements of CCR Title 27, Section 
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21600(b)(8)(D).  Best Management Practices for dust control in the vicinity of the evaporation ponds will be 
implemented as necessary and will include the following: 

 Maintaining at least 2 feet of freeboard during operation of the ponds to reduce potential for 
dust entrainment; 

 Moisture conditioning of ponds to allow them to evaporate to dryness; 

 Using moisture conditioning during removal and loading of accumulated residue; 

 Adhering to speed limits during travel on dirt roads for monitoring and maintenance of the 
ponds; and 

 Tarping of any truck loads of residue removed from the site for offsite disposal 

Wastewater from the evaporation ponds will not be used for dust control on site. 

11.5 Vector Control 

No Change to RoWD documentation from March 18, 2009. 

11.6 Drainage and Erosion Control 

No Change to RoWD documentation from March 18, 2009. 

11.7 Noise Control 

No Change to RoWD documentation from March 18, 2009. 

11.8 Traffic Control 

No Change to RoWD documentation from March 18, 2009. 
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12.0 Inspection, Sampling and Maintenance Programs 

12.1 Inspection Program 

No Change to RoWD documentation from March 18, 2009. 

12.2 Sampling Program 

No Change to RoWD documentation from March 18, 2009. 

12.3 Maintenance Program 

12.3.1 Evaporation Pond 
12.3.1.1 Clean Out 

The ponds will require clean out when 3 feet of residue/precipitated solids have accumulated in the base of 
the evaporation ponds (estimated to be every 3.8 to 4.5 years depending on the TDS concentration and 
discharge flow rate of the wastewater).  The general requirements for undertaking clean out works for 
evaporation ponds are outlined below 

Before water can be pumped out of the pond for maintenance, the capacity of the other evaporation ponds 
must be assessed to verify that sufficient capacity exists to contain wastewater from continued operation for 
a sufficient amount of time to allow planned maintenance activities.  Preliminary design estimates indicate 
that if one pond is undergoing clean out activities, the additional two ponds can operate effectively for up to 
one year. 

A manually placed pumping system should be used to transfer the water into an adjacent evaporation pond.  
As the pond liners are covered with a hard protective layer, it will be possible to place and activate these 
pumping systems without otherwise damaging the pond liners or transfer piping.  During pond drainage, the 
flow rates from the pumps should be monitored to ensure that the outflow is not negatively impacting on the 
receiving evaporation pond.  Details of this pumping system must be provided by the manufacturer. 

The appropriate time of year and ideal weather conditions to undertake the clean out activities should be 
investigated.  Dust generated during the activities will need to be controlled in accordance with the Facilities 
Operations Dust Control Plan.  Health and safety issues for the clean out activity include potentially slipping 
or falling into the pond.  As part of the Facilities Operations Safety Training Program and Personal 
Protective Equipment Plan, employees will be trained on how to undertake the clean out activities in a safe 
manner, which may include having ropes and ladders accessible at the evaporation ponds. 

12.3.1.2 Residue Removal 

The general requirements for undertaking residue and sediment removal for evaporation ponds are outlined 
below. 

The removal activities should only be conducted on an as-needed basis depending upon the inspection of 
the system.  The inspections should include estimating the depth of residue and assessing if the residue or 
sediment is impeding flows into the pond and impacting the evaporation rate or capacity of the system.  The 
evaporation ponds are design to hold 3 feet of residue, which is estimated to accumulate every 3.8 to 4.5 
years.  

The residue shall be removed by a pumping or vacuum system if in a fluid state, or should be dried and 
removed using conventional excavation and loading equipment light enough to reduce the potential for 
damage to the liner system.  If necessary, the residue should be sampled and analyzed to meet the 
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characterization requirements of the receiving disposal facility.  The characteristics of the residue will 
determine the transportation and disposal methodology. 

12.3.2 Land Treatment Unit 
No Change to RoWD documentation from March 18, 2009. 

12.4 Avian Monitoring 

No Change to RoWD documentation from March 18, 2009. 

12.5 Moisture Detection Monitoring 

No Change to RoWD documentation from March 18, 2009. 
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RoWD Table Revisions 



Table 5: Raw Water Chemistry

2007 Well 63 2007 Well 48 2007 Well 43

(ppm) (ppm) (ppm)
Calcium 50 46 45 47 116 69

Magnesium 10 12 11 11 31.4 9.9
Sodium 76 84 74 78 572 510

Potassium 4.2 4.3 3.7 4.1 8.5 6.3
Iron 0.067 0.015 0.06 0.047 0.25 < 0.010 

Ammonia 0 0.031 0.084 0.038 * *
Aluminum 0 0.033 0.036 0.023 * *

Zinc 0.011 0.013 0.011 0.012 * *
Boron 0.14 0.16 0.24 0.18 4.32 30

Chloride 14.6 14 18 15.5 746 250
Sulfate 124 110 120 118 476 690

Alkalinity 160 290 170 207 * 210
HCO3 (bicarbonate alkalinity) 200 360 210 257 250 319

CO3 (carbonate alkalinity) ND * ND * 3 0
Cyanide (amenable/total) 0 0.02 0 0.007 * *

Silica 35.9 34 30 33.3 33.1 33
Silicon 16 16 15 15.7 * *

Phosphate 0.047 0 0.011 0.019 * *
Polyphosphate ND ND ND * * *

Fluoride 0.378 0.4 0.6 0.459 0.89 9.3
Nitrate 1.05 1.5 1 1.183 3.71 *

Suspended Solids ND ND ND * * *
Total Dissolved Solids 470 470 550 550 1012 1900

Hardness 170 160 160 * 379 210
SDI 0.2 0.6 1.17 * * *

Manganese 0.048 0.015 0.057 * 0.68 9.9
Barium 0.037 0.045 0.027 * * *

Strontium 0.84 0.75 0.76 0.78 * *
Selenium 0.00031 0.00048 0.00038 0.00039 * *
Copper 0.0037 * 0.0018 * * *
Arsenic 0.0034 0.003 0.0041 0.0035 0.22 *

Chromium 0.00011 0.0028 0.0007 * * *
Cobalt 0.00005 * * * * *
Lead 0.00056 0.0003 0.00041 * * *

Nitrate 1.05 1.48 1.5 * * *
Vanadium 0.0047 0.0058 0.0074 * * *

Nickel 0.00021 0.00013 0.00009 * * *
Molybdenum 0.016 * * * * *

Antimony 0.00028 0.0003 0.0013 * * *
Thallium 0.0003 * * * * *

Hexavalent Chromium * 0.0027 0.0003 * * *
Notes:
* Not sampled/anaylsed

KOEHN LAKE OFF-SITE WELLS
Concentration Used in 
Water Balance (Well 

30S37E13CO1M)
Constituent Concentration in 

Mean Well Water 

ON-SITE WELLS

Concentration in 
Mean Well Water 



Table 6:  Chemical Additives in Treatment Processes

Process Aim Type of Additive Example of Additive

Limit growth of bacteria Oxidizing Biocide Sodium Hypochlorite 

pH Control Sulfuric Acid, Hydrochloric Acid (included in Tables 5 and 7)

Antiscalants Organic Phosphates (used in small amounts)

Minimize corrosion Corrosion Inhibitors Zinc, Phosphate (used in small amounts)

Control pH pH Control Amines (i.e. Cyclohexamine, Monoethanolamine, 
Methoxypropylamine) (used in small amounts)

Remove remaining dissolved oxygen Oxygen Scavenger Hydrazine, Carbohydrazide (used in small amounts)

Minimize corrosion from pH pH Control Phosphates (used in small amounts)

Removal of hardnesss Calcium compound Lime (Calcium Hydroxide)

Control pH pH Control Soda Ash (Sodium Carbonate)

Control pH pH Control Caustic (Sodium Hydroxide)

Flocculant Polymer Long-chain polymer for settling of wastewater solids

Removal of silica Magnesium compound Magnesium Chloride 

Coagulant Iron compound Ferric Chloride 

Removal of hardness elements Regenernt Sodium Hydroxide 

Removal of hardness elements Regenerant Hydrochloric Acid 

Weak Acid Cation 
Exchange Softener

ONSITE GROUNDWATER - LOWER LIMIT TDS PROCESS

Circulating Water Limit formation of scale

Steam Cycle

OFFSITE GROUNDWATER - UPPER LIMIT TDS PROCESS

Pre- and Post- 
Treatment Clarifier



Table 7A:  Predicted Chemistry of Wastewater Streams for Onsite Groundwater (Lower TDS)

Constituent Units
Concentration in 

Mean Well 
Water

Concentration in 
Cooling Tower 

Blow Down

Concentration in 
Ion Exchange 
Regeneration 
Wastewater

Concentration 
into Brine 

Concentrator

Concentration in 
Evaporation Pond 

Discharge 

STLC   
(mg/L)

TCLP    
(mg/L)

Aluminum (total) (mg/L Al) 0.023 0.04 0.25 0.15 1.54 * *
Ammonia (as N) 0.038 0.06 0.41 0.26 2.55 * *

Arsenic (total) (mg/L As) 0.0035 0.01 0.04 0.02 0.23 5.0 5.0
Boron (total) (mg/L B) 0.18 0.30 1.96 1.21 12.08 * *

Calcium (total) (mg/L Ca) 47 77.40 511.83 315.43 3151.11 * *
Chloride (mg/L Cl) 15.5 25.50 168.80 104.01 1039.08 * *

Cyanide (total) (mg/L as HCN) 0.007 0.01 0.08 0.05 0.47 * *
Fluoride (mg/L as F) 0.459 0.75 5.00 3.08 30.75 180 *

HCO3 (bicarbonate alkalinity) (mg/L HCO3) 257 16.40 48.68 34.09 340.53 * *
Iron (total) (mg/L Fe) 0.047 0.08 0.51 0.32 3.15 * *

Magnesium (total) (mg/L Mg) 11 18.15 119.79 73.84 737.65 * *
M-Alkalinity (mg/L as CaCO3) 207 14.10 2254.23 1241.48 12402.37 * *

Nitrate (mg/L as NO3) 1.183 1.95 12.88 7.94 79.32 * *
Phosphate (total) (mg/L as PO4) 0.019 0.03 0.21 0.13 1.27 * *
Potassium (total) (mg/L K) 4.1 6.76 44.65 27.52 274.92 * *
Selenium (total) (mg/L Se) 0.00039 0.00 0.00 0.00 0.03 1.0 1.0

Silica (mg/L as SiO2) 33.3 54.90 362.64 223.51 2232.87 * *
Silicon (mg/L as Si) 15.7 24.35 170.97 104.69 1045.80 * *

Sodium (total) (mg/L Na) 78 141.90 3739.92 2113.27 21111.58 * *
Strontium (total) (mg/L Sr) 0.78 1.21 8.49 5.20 51.96 * *

Sulfate (mg/L SO4) 118 477.56 6952.81 4025.38 40213.55 * *
Zinc (total) (mg/L Zn) 0.012 0.02 0.13 0.08 0.80 250 *

pH pH 8.00 7.00
Total Dissolved Solids (ppm) 550 857.28 12150.05 7044.64 70331.24 * *

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
---- Unknown
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24 
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24



Table 7B - Predicted Chemistry of Wastewater Streams for Offsite Groundwater (Upper TDS)

Constituent Units
Concentration in 
Mean Well Water 

(mg/L)

Concentration in 
Evaporation Pond 
Discharge (mg/L)

STLC   
(mg/L)

TCLP    
(mg/L)

Calcium (total) (mg/L Ca) 69 934 * *
Chloride (mg/L Cl) 250 20,098 * *
Fluoride (mg/L as F) 9.3 620 180 *

HCO3 (bicarbonate (mg/L HCO3) 319 271 * *
Iron (total) (mg/L Fe) < 0.010 - * *

Magnesium (total) (mg/L Mg) 9.9 324 * *
M-Alkalinity (mg/L as CaCO3) 210 223 * *

Nitrate (mg/L as NO3) 0 2 * *
Nitrate and Nitrite (mg/L as N) 0.03 - * *
Potassium (total) (mg/L K) 6.3 420 * *

Silica (mg/L as SiO2) 33 667 * *
Sodium (total) (mg/L Na) 510 36,446 * *

Sulfate (mg/L SO4) 690 51,171 * *
pH pH 7.8 - * *

Total Dissolved Solids (ppm) 1900 110,951 * *

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
---- Unknown
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24 
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24
The list of constituents only includes parameters that there were mean well water data for.  A completed waste stream 

stream evaluation should be undertaken when additional raw water constituents are known



Table 8A:  Predicted Chemistry of Evaporation Pond Residue for Onsite Groundwater (Lower TDS)

Concentration 
in Mean Well 

Water 

Total Residue 
Mass After 30 

Years

Concentration 
in Residue STLC TTLC Wet-

Weight TCLP

(ppm) (lbs) (% or ppm) (mg/L) (mg/kg) (mg/L)
CATIONS

Ammonia 0.038 5,000 97 ppm * * *
Calcium 47 6,130,900 11.93% * * *

Magnesium 11 1,434,891 2.79% * * *
Potassium 4.1 530,475 1.03% * * *

Sodium 78 10,174,684 19.80% * * *
ANIONS

Alkalinity 30 3,909,869 7.61% * * *
HCO3 (bicarbonate alkalinity) 37 4,855,806 9.45% * * *

CO3 (carbonate alkalinity) 0 0 0 ppm * * *
Boron 0.18 23,480 457 ppm * * *

Chloride 15.5 2,026,241 3.94% * * *
Fluoride 0.459 59,918 1166  ppm 180                  18,000 *
Nitrate 1.183 154,360 0.30% * * *

Phosphate 0.019 2,522 49 ppm * * *
Polyphosphate 0 0 0.00% * * *

Silica 33.3 4,343,808 8.45% * * *
Silicon 15.7 2,043,633 3.98% * * *
Sulfate 118 15,392,471 29.95% * * *

METALS
Aluminum 0.023 3,000 58 ppm * * *

Arsenic 0.0035 457 9  ppm 5.0 500 5.0
Antimony 0.0006 82 2  ppm 15 500 *
Barium 0.036 4,739 92 ppm * * 100.0

Chromium 0.0012 157 3  ppm * * 5.0
Cobalt 0.00005 7 0  ppm 5 2,500 *
Copper 0.002 239 5  ppm * * *

Cyanide (amenable/total) 0.007 870 17 ppm * * *
Hexavalent Chromium 0.0015 196 4  ppm 5 500 5.0

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
The only source for these species is from ground water makeup. 
Site will makeup 1600 acre-feet per year for 30 years. 
All waste is non-volatile and will be collected in the evaporation ponds.
All species removed by ion exchange are returned to the evap ponds during regen

Constituent



Table 8B:  Predicated Chemistry of Evaporation Pond Residue for Offsite Groundwater (Upper TDS)

Total Residue Mass After 
30 Years

(lbs)
CATIONS

Calcium 69 9,000,682
Magnesium 9.9 1,291,402

Sodium 510 66,526,783
Potassium 6.3 821,801

ANIONS
Boron 30 3,913,340

Chloride 250 32,611,168
Fluoride 9.3 1,213,135

Silica 33 4,304,674
METALS

Iron 0.01 1,304

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
1.  A comparison to STLC / TTLC or TCLP is not possible as there is significant data gaps.  
2. The list of constituents only includes parameters that there were mean well water data for.  A completed waste stream 

stream evaluation should be undertaken when additional raw water constituents are known
3. The only source for these species is from ground water makeup. 
4. Site will makeup 1600 acre-feet per year for 30 years. 
5. All waste is non-volatile and will be collected in the evaporation ponds.
6. All species removed by ion exchange are returned to the evap ponds during regen

Constituent
Concentration Used in 

Water Balance (Well 
30S37E13CO1M)



Parameter USEPA or Standard 
Method

PQL Units

Arsenic 6020 0.5 mg/L
Boron 6020 0.5 mg/L
Calcium 200.7 0.5 mg/L
Chloride 300 0.5 mg/L
Fluoride 300 0.5 mg/L
Iron 200.7 0.5 mg/L
Magnesium 200.7 0.5 mg/L
Manganese 200.7 0.5 mg/L
Nitrate as Nitrogen 300 0.5 mg/L
Nitrite as Nitrogen 300 0.5 mg/L
Potassium 200.7 0.5 mg/L
Phosphate 365.3 0.03 mg/L
Selenium 200.7 0.5 mg/L
Sodium 200.7 0.5 mg/L
Sulfate 300 0.5 mg/L
TDS SM 2450C 10 mg/L
Total Alkalinity
(as CaCO3)
Biphenyl Oxide 8015M 1 mg/L
Diphenyl Oxide 8015M 1 mg/L

mg/L – milligrams per liter
PQL – practical quantitation limit

Note: 
If turbidity exceeds 10 NTUs, groundwater samples will be field filtered and both 
the unfiltered and filtred groundwater samples will be submitted to the laboratory 
for metals and TDS analysis. 

Table 14: Annual Groundwater Monitoring Parameters

SM 2350B 1 mg/L

SM – Standard Method
TDS – Total Dissolved Solids

Key:
CaCO3 – calcium carbonate



Parameter U.S. EPA or 
Standard Method

PQL Units

Chloride 300 0.5 mg/L
Nitrate as Nitrogen 300 0.5 mg/L
Phosphate 365.3 0.03 mg/L
Sulfate 300 0.5 mg/L
TDS SM 2450C 10 mg/L
Biphenyl Oxide 8015M 1 mg/L
Diphenyl Oxide 8015M 1 mg/L
Static Water Depth Field +/- 0.1 feet bgs
pH reading Field +/- 0.1 pH units
Temperature Field +/- 0.1 °F or °C

SM – Standard Method

Note: 
If turbidity exceeds 10 NTUs, groundwater samples will be field filtered and both the 
unfiltered and filtred groundwater samples will be submitted to the laboratory for metals 
and TDS analysis. 

Table 15  Groundwater Sample Analytical Parameters – Quarterly Monitoring

Key:
mg/L – milligrams per liter
PQL – practical quantitation limit
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Figure 2A
Township and Range Map
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Figure 4
Site Map with Alquist-Priolo

Fault Zones
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Figure 5A
Regional Geology in the
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Legend for
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Figure 6A
Onsite Groundwater

Wastewater Flow Diagram
(Peak Flow Conditions)
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Figure 6B
Offsite Groundwater

Wastewater Flow Diagram
(Peak Flow Conditions)
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Figure 7
Land Treatment Unit

Flow Diagram
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Figure 8
Evaporation Pond Area

Cross Section
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Figure 9
Evaporation Pond and

Land Treatment Unit Drainage
and Grading Plan
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Figure 10
Evaporation Pond

Section and Details
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Figure 11
Land Treatment Unit
Section and Details

Map Location
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Figure 12
Conceptual Grading Plan
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Figure 13
Evaporation Pond and

Land Treatment Unit Layout

Map Location
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Appendix G - Detection Monitoring Plan 

This document presents an amendment to the Detection Monitoring Program (DMP) prepared for the 
Beacon Solar Energy Project (BSEP) and submitted to the California Energy Commission (CEC) and 
California Regional Water Quality Control Board – Lahontan Region (RWQCB) as Appendix G of the 
Application/Report of Waste Discharge (RoWD), on March 18, 2009.  The RWQCB provided comments to 
the March 18 application on April 17 and subsequently to the CEC Preliminary Staff Assessment (PSA) on 
May 14, 2009.   

This amendment was prepared to address changes in the project water and waste management programs.  
The annual water supply requirement for the project is 1,600 acre-feet per year (AFY) supplied from 
groundwater below the site.  A partial zero liquid discharge (ZLD) system has been added to the original 
design presented in the March 18, 2009 RoWD documentation.  Partial ZLD system will reduce the amount 
of onsite groundwater needed for cooling and will reduce the amount of water discharged to the evaporation 
ponds therefore reduce the evaporation pond size.  It is anticipated that the partial ZLD system will reduce 
consumption by about 12.5 percent or 200 AFY.  Correspondingly, the reduction in the water discharge has 
reduced the top area size of the evaporation ponds to about 6 acres, down from the 40 acres as proposed in 
the March 18, 2009 RoWD. 

Alternative sources of water supply are also being considered in response to CEC PSA recommendations.  
Alternative water supply sources include tertiary-treated wastewater from the City of Rosamond and offsite 
groundwater in the area of Koehn Lake.  Because of the variable water chemistry of the sources, the 
amendment to the RoWD provides an upper and lower bound design for the water treatment processes and 
evaporation pond sizes, reflecting the range of total dissolved solids (TDS) concentrations reported in recent 
and historical data.  The upper bound source of water, the water with the highest TDS concentrations, is 
assumed to be present in the area of Koehn Lake.  The lower bound design was based on the onsite 
groundwater chemistry as described in the March 18, 2009 RoWD and DMP with the inclusion of a partial 
ZLD system.  The upper bound TDS design basis requires evaporation ponds of 8 acres and the lower 
bound TDS design basis requires evaporation ponds of 6 acres as aforementioned.     

Due to the potential for an offsite source of water the DMP has been modified to reflect changes to the 
detection monitoring network should an offsite source of water be used to supply the project.  In the initial 
application and DMP, the groundwater monitoring program was designed to reflect onsite groundwater as 
the raw water source and the associated cone of depression that will develop in the central portion of the 
site and in the area of the evaporation ponds and the land treatment unit.  Should an offsite source be 
selected, no such cone of depression will develop and groundwater flow and direction will remain unaltered 
from the current regional flow pattern.  Subsequently, the DMP has been altered to include a detection 
monitoring network for onsite non-pumping conditions. 

The proposed source of water for the project is through several existing wells on the Project site.  To reflect 
the changes and incorporating the partial ZLD into the project, the following changes have been made to 
sections, tables and figures from the March 2009 DMP for an upper and lower bound water quality estimate 
and a revised detection monitoring network for an offsite water source.   

1.3 Waste Handling Facilities 

The waste storage and treatment units include three evaporation ponds and the storage area [Land 
Treatment Unit (LTU)] for HTF-contaminated soils as described below.  The configuration of the planned 
evaporation ponds, land treatment unit, and adjacent areas are shown in Figure 1-8. 
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1.3.1 Evaporation Ponds 
The configuration of the planned evaporation ponds and adjacent areas are shown in the aforementioned 
Figure 1-8.  The evaporation ponds are based on the upper-bound TDS design criteria (total top area of 8 
acres).  Topography of the BSEP and surrounding areas are shown on Figure 1-9.   

The three 2.7-acre evaporation ponds (total combined pond top area of 8.0 acres) have an average 
proposed design depth of 8 feet, which incorporates the following: 

 3 feet of residue build up over 3.8 years of operation followed by cleaned out; 

 3 feet of operational depth; and 

 2 feet of freeboard. 

If the lower bound TDS design was used, each pond would be reduced by 0.7 acres to achieve a top pond 
area of 6 acres.  Then residue built up rate would also be altered to approximately every 4.5 yeas of 
operation.     

The containment design for the evaporation ponds, from the surface of the evaporation ponds downwards, 
consists of the following: 

 A hard surface / protective layer with granular fill/free draining sub-base over geotextile; 

 A primary 60 mil high density polyethylene (HDPE) liner; 

 An interstitial leak detection and removal system (LDRS) comprising a geomembrane geonet and 
collection piping; 

 A secondary 40 mil HDPE liner; and 

 A base layer consisting of either a geosynthetic clay liner or 2 feet of onsite material with a hydraulic 
conductivity of less than 1 x 10-6 centimeter per second of which 30 percent, by weight, shall pass 
through a No. 200 Standard sieve. 

The design details of the Evaporation Ponds are shown in Figure 1-10. 

3.1.3 Residue Inspections and Removal 
Monthly inspections of the pond inlet, outlet and all associated drainage ditches/pipes/culverts will be 
conducted for residue including sediment and debris accumulation.  If residue appears to be impeding flow 
into the pond or potential flow from the pond, maintenance actions will be scheduled for cleaning these 
areas as soon as possible.  Residue removal activities will be conducted on an as-needed basis depending 
upon the inspection results.  Residue removal from the ponds is scheduled to occur when 3 feet of residue 
have built up in each pond, estimated to be every 3.5 to 4.5 years of operation.  During these activities, 
residue associated with pond inlet/outlet would also be removed. 

3.3.1 Evaporation Pond Cleanout 
The ponds are designed to hold up to 3 feet of accumulated residue/precipitated solids before clean out is 
required.  It is estimated the ponds can operate for approximately 3.8 to 4.5 years before the 3 foot 
accumulation is reached and cleanout is required. 

4.1 Groundwater Monitoring 

In accordance with CCR Title 27, Chapter 3, Subchapter 3, Article 1, Section 20380, a groundwater 
monitoring network (GMN) will be established at the site to monitor groundwater for impacts from potential 
releases from the three proposed evaporation ponds and the proposed (LTU).  The proposed GMN will 
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consist of a combination of four existing onsite and offsite wells and three new proposed onsite monitoring 
wells.  

The depth to groundwater below the site, measured in October 2007, ranged from 210 (west end of site) to 
436 feet below ground surface (bgs) (east end of Ste).  In the vicinity of the proposed evaporation ponds 
and LTU, the depth to groundwater ranged from approximately 276 to 284 feet bgs.  Groundwater flow is to 
the east-northeast at a gradient of about 0.012 feet per foot (Figure 4-1).To provide water to the proposed 
facility, BSEP proposes to: 

1)  Alternately pump onsite Wells 49 and 63 (see Figure 4-1) as the primary water supply wells.  Wells 41 
and 42 will be used as backup water sources, should either of the two primary wells require shutdown for 
maintenance or be damaged/destroyed.  Figure 4-1 shows the predicted groundwater drawdown under the 
site due to active pumping of Wells 49 and 63; or 2) obtain water from an offsite source (recycled 
wastewater from Rosamond Wastewater Treatment Plant or groundwater from the Koehn Lake region) via 
pipeline. 

The proposed GMN is designed to address the hydrogeologic conditions that will occur during: 1) active 
onsite pumping from the regional groundwater aquifer that occurs between 210 and 436 feet bgs; or 2) non-
pumping (static) conditions at the site.  Table 4-1 is a summary of the well details in the vicinity of the site.  
Table 4-2a is a summary of analytical results of groundwater from Wells 43, 48, and 63 that were sampled 
in September 2007 and Table 4-2b is a summary of analytical results of offsite groundwater from Well 
30S37E13C01M, located near Koehn Lake. 

A list of chemical additives that are anticipated to be added to process water on a regular basis is presented 
on Table 4-3. 

4.1.1.1 Groundwater Monitoring Network Layout for Regional Groundwater 

The proposed GMN layout includes two categories of monitoring wells:  1) detection wells, which are located 
adjacent to the evaporation ponds and LTU; and 2) compliance wells, which are located near the property 
boundaries.  For both onsite and offsite water supply scenarios, the detection wells are comprised of three 
proposed wells (MW-1 through MW-3) located immediately adjacent to the evaporation ponds and LTU.  
Depending on the water supply scenario, the compliance wells will consist of existing onsite and offsite Well 
47, Domestic Well, Well 51 and Well USGS for onsite pumping.  For offsite water supply Well 47, Well 41, 
Domestic Well, Well 51, Well 50 and Well USGS will be used as compliance wells. 

As shown in Figure 4-1a, a cone of depression will develop under the evaporation ponds and LTU due to 
the location of primary pumping Wells 49 and 63.  Should either of the back-up wells be needed, the center 
of the groundwater sink would likely migrate closer to the evaporation ponds and the LTU.  Under pumping 
conditions, groundwater is predicted to move toward the primary pumping well(s) from all points of the 
compass.  Thus, all of the wells will become background compliance wells and the well that is pumping will 
be considered a detection well.  

As shown in Figure 4-1b, the offsite water supply scenario does not alter the existing static conditions at the 
site.  Existing wells 41, 47 and the Domestic Well will be considered background compliance wells.  Wells 
51, 50 and USGS will be considered downgradient compliance wells. 

4.1.1.3 GMN Well Rehabilitation and Installation Activities 

The GMN is based on using existing water supply wells that are inactive (no longer used to provide water for 
agriculture and are currently permitted as “Not in Service” through Kern County) as monitoring wells and the 
installation of new monitoring wells.  The GMN installation will comprise two main activities:  1) rehabilitation 
and modification of existing wells 47, 51 and USGS, as well as the Domestic Well under the onsite pumping 
scenario or rehabilitation and modification of existing wells 47, 41, 50, 51, USGS and the Domestic Well 
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under the offsite supply scenario; and 2) installation of three new proposed monitoring wells.  The steps 
associated with each activity are described below. 

Rehabilitation and Modification of Existing Wells 

All existing wells proposed to be included in the GMN will undergo the following: 

1. Measurement of the well total depth (TD) and depth to water; 

2. A video log survey to identify the screen interval, condition of the well and screen and occurrence of 
any debris in the well; 

3. Removal of any debris identified in the video log survey;   

4. Re-measurement of well TD and rerun of the video log (if not previously to well TD), repeat as 
necessary; 

5. If the regional water level is below the top of the screen interval, the well will be considered viable 
for monitoring the water table;  

6. Conduct a non-pumping spinner log test on the well to determine if there is upward groundwater 
flow in the well.  If no upward flow is detected, the well will be judged to have passed the spinner log 
test and  included in the GMN;  and 

7. Redevelop well and cut down/modify well head completion as appropriate for location within the 
solar field. 

Should an existing well not meet the requirement of the water table being below the top of the screen 
interval or not pass the spinner log test, a new monitoring well will be installed in the general vicinity of the 
existing well.  In addition should any of the existing wells become unusable in the future, new monitoring 
wells will be installed as replacements.  The specific location and construction of the replacement wells will 
be based on the hydrogeologic conditions at the time of the installation. 

Field activities including drilling, well installation, well development, groundwater sampling, field analytical 
procedures, and record keeping will be performed using the standard operating procedures provided in 
Appendix B.  Field activities will be performed under the oversight of a California-registered Professional 
Geologist.
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Detection Monitoring Plan Table Revisions 



Table 3-1A  Anticipated Chemistry of Wastewater Streams For Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond 
Discharge  

STLC   
(mg/L) 

TCLP    
(mg/L) 

Aluminum (total) (mg/L Al) 0.023 0.04 0.25 0.15 1.54 * * 
Ammonia  (as N) 0.038 0.06 0.41 0.26 2.55 * * 
Arsenic (total) (mg/L As) 0.0035 0.01 0.04 0.02 0.23 5.0 5.0 
Boron (total) (mg/L B) 0.18 0.30 1.96 1.21 12.08 * * 
Calcium (total) (mg/L Ca) 47 77.40 511.83 315.43 3151.11 * * 
Chloride (mg/L Cl) 15.5 25.50 168.80 104.01 1039.08 * * 

Cyanide (total) (mg/L as 
HCN) 0.007 0.01 0.08 0.05 0.47 * * 

Fluoride (mg/L as F) 0.459 0.75 5.00 3.08 30.75 180 * 
HCO3 (bicarbonate 
alkalinity) (mg/L HCO3) 257 16.40 48.68 34.09 340.53 * * 

Iron (total) (mg/L Fe) 0.047 0.08 0.51 0.32 3.15 * * 
Magnesium (total) (mg/L Mg) 11 18.15 119.79 73.84 737.65 * * 

M-Alkalinity (mg/L as 
CaCO3) 

207 14.10 2254.23 1241.48 12402.37 * * 

Nitrate (mg/L as 
NO3) 

1.183 1.95 12.88 7.94 79.32 * * 

Phosphate (total) (mg/L as 
PO4) 

0.019 0.03 0.21 0.13 1.27 * * 

Potassium (total) (mg/L K) 4.1 6.76 44.65 27.52 274.92 * * 
Selenium (total) (mg/L Se) 0.00039 0.00 0.00 0.00 0.03 1.0 1.0 

Silica (mg/L as 
SiO2) 33.3 54.90 362.64 223.51 2232.87 * * 

Silicon (mg/L as Si) 15.7 24.35 170.97 104.69 1045.80 * * 
Sodium (total) (mg/L Na) 78 141.90 3739.92 2113.27 21111.58 * * 
Strontium (total) (mg/L Sr) 0.78 1.21 8.49 5.20 51.96 * * 



Table 3-1A  Anticipated Chemistry of Wastewater Streams For Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond 
Discharge  

STLC   
(mg/L) 

TCLP    
(mg/L) 

Sulfate (mg/L SO4) 118 477.56 6952.81 4025.38 40213.55 * * 
Zinc (total) (mg/L Zn) 0.012 0.02 0.13 0.08 0.80 250 * 
pH pH 8.00  7.00     
Total Dissolved Solids (ppm) 550 857.28 12150.05 7044.64 70331.24 * * 
Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
---- Unknown 
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24 
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 

 
Notes:  
Regulatory Standards/Reportable Quantities are for elements mentioned only  
* Not listed/no standards  
---- Unknown  
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24   

TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 



Table 3-1B  Predicted Chemistry of Wastewater Streams for Offsite Groundwater (Upper TDS) 

Constituent Units Concentration 
in Mean Well 
Water (mg/L) 

Concentration in 
Evaporation Pond 
Discharge (mg/L) 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Calcium (total) (mg/L Ca) 69 934 * * 
Chloride (mg/L Cl) 250 20,098 * * 
Fluoride (mg/L as F) 9.3 620 180 * 
HCO3 (bicarbonate 
alkalinity) 

(mg/L HCO3) 319 271 * * 

Iron (total) (mg/L Fe) < 0.010  - * * 
Magnesium (total) (mg/L Mg) 9.9 324 * * 
M-Alkalinity (mg/L as CaCO3) 210 223 * * 
Nitrate (mg/L as NO3) 0 2 * * 
Nitrate and Nitrite (mg/L as N) 0.03 - * * 
Potassium (total) (mg/L K) 6.3 420 * * 
Silica (mg/L as SiO2) 33 667 * * 
Sodium (total) (mg/L Na) 510 36,446 * * 
Sulfate (mg/L SO4) 690 51,171 * * 
pH pH 7.8 - * * 
Total Dissolved Solids (ppm) 1900 110,951 * * 

 
Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
---- Unknown 
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, 
Section 66261.24  
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 
The list of constituents only includes parameters that there were mean well water data for.  A completed 
waste stream evaluation should be undertaken when additional raw water constituents are known.



Table 3-2  Evaporation Pond Wastewater Startup and Annual 
Sampling Parameters 

Parameter U.S. EPA or 
Standard 
Method 

RL Goal Units 

Ammonia (as N) 350.1 100 ug/L 
Aluminum 200.7 20 ug/L 
Arsenic 6020 2.0 ug/L 
Boron 200.7 140 ug/L 
Calcium 200.7 40,000 ug/L 
Chloride 300.0 14,000 ug/L 
Cyanide (total) SM 4500 10 ug/L 
Fluoride  300.0 500 ug/L 
Iron 200.7 20 ug/L 
Magnesium 200.7 10,000 ug/L 
Manganese 200.7 15 ug/L 

Molybdenum 6020 10.00 ug/L 
Nitrate as Nitrogen 300.0 1,000 ug/L 

Nitrite as Nitrogen SM 4500 4 ug/L 

Potassium 200.7 3,000 ug/L 
Phosphate (total) 365.3 100 ug/L 
Selenium 6020 0.5 ug/L 
Silica (as SiO2) 200.7 1,000 ug/L 
Silicon (as Si) 200.7 1,000 ug/L 
Sodium 200.7 10,000 ug/L 
Strontium 200.7 500 ug/L 
Sulfate 300.0 100,000 ug/L 
TDS SM 2540C 10,000 ug/L 
Total Alkalinity 
(as CaCO3) 

SM 2320B 100,000 ug/L  

Zinc 6020 10 ug/L 
Biphenyl Oxide 8015M 500 ug/L 
Diphenyl Oxide 8015M 500 ug/L 
Cyclohexamine 
(20-40%) 

8015M 500 ug/L 

Morpholine 
(1-10%) 

8015M 500 ug/L 

pH reading Field +/- 0.1 pH units 
Temperature Field +/- 0.1 °F or °C 



Table 3-2  Evaporation Pond Wastewater Startup and Annual 
Sampling Parameters 

Parameter U.S. EPA or 
Standard 
Method 

RL Goal Units 

Nalco 3D Trasar 
177 

Hand-Held 
Fluorometer 

na na 

Nalco 3D Trasar 
190 

Hand-Held 
Fluorometer 

na na 

Key: 
CaCO3 - calcium carbonate                   SM – Standard Method 
ug/L – micrograms per liter                     na – not applicable 
RL – reporting limit 



Table 3-4A  Predicted Chemistry of Evaporation Pond Residue 

Constituent Concentration 
in Mean Well 

Water  

Total Residue 
Mass After 30 

Years 

Concentration 
in Residue 

STLC  TTLC 
Wet-

Weight  

TCLP 

 (ppm) (lbs) (% or ppm) (mg/L) (mg/kg) (mg/L) 

CATIONS       
Ammonia  0.038 5,000 97 ppm * * * 
Calcium 47 6,130,900 11.93% * * * 
Magnesium 11 1,434,891 2.79% * * * 
Potassium 4.1 530,475 1.03% * * * 
Sodium 78 10,174,684 19.80% * * * 
ANIONS       
Alkalinity 30 3,909,869 7.61% * * * 
HCO3 (bicarbonate 
alkalinity) 

37 4,855,806 9.45% * * * 

CO3 (carbonate alkalinity) 0 0 0 ppm * * * 
Boron 0.18 23,480 457 ppm * * * 
Chloride 15.5 2,026,241 3.94% * * * 
Fluoride 0.459 59,918 1166  ppm 180 18,000  * 
Nitrate 1.183 154,360 0.30% * * * 
Phosphate 0.019 2,522 49 ppm * * * 
Polyphosphate 0 0 0.00% * * * 
Silica 33.3 4,343,808 8.45% * * * 
Silicon 15.7 2,043,633 3.98% * * * 
Sulfate 118 15,392,471 29.95% * * * 
METALS       
Aluminum 0.023 3,000 58 ppm * * * 
Arsenic 0.0035 457 9  ppm 5.0 500 5.0 
Antimony 0.0006 82 2  ppm 15 500 * 
Barium 0.036 4,739 92 ppm * * 100.0 
Chromium 0.0012 157 3  ppm * * 5.0 
Cobalt 0.00005 7 0  ppm 5  2,500  * 
Copper 0.002 239 5  ppm * * * 
Cyanide (amenable/total) 0.007 870 17 ppm * * * 
Hexavalent Chromium 0.0015 196 4  ppm 5 500 5.0 

Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
The only source for these species is from ground water makeup.  
Site will makeup 1600 acre-feet per year for 30 years.  
All waste is non-volatile and will be collected in the evaporation ponds. 
All species removed by ion exchange are returned to the evap ponds during regen



TABLE 3-4B:  PREDICTED CHEMISTRY OF EVAPORATION POND RESIDUE 
FOR OFFSITE GROUNDWATER (UPPER TDS) 

Constituent Concentration Used in 
Water Balance (Well 

30S37E13CO1M) 

Total Residue Mass 
After 30 Years 

  (lbs) 

CATIONS   
Calcium 69 9,000,682 

Magnesium 9.9 1,291,402 
Sodium 510 66,526,783 

Potassium 6.3 821,801 
ANIONS   

Boron 30 3,913,340 
Chloride 250 32,611,168 
Fluoride 9.3 1,213,135 

Silica 33 4,304,674 
METALS   

Iron 0.01 1,304 
 
Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
1.  A comparison to STLC / TTLC or TCLP is not possible as there is significant data gaps.   
2. The list of constituents only includes parameters that there were mean well water data for.  A 
completed waste stream  
stream evaluation should be undertaken when additional raw water constituents are known 
3. The only source for these species is from ground water makeup.  
4. Site will makeup 1600 acre-feet per year for 30 years.  
5. All waste is non-volatile and will be collected in the evaporation ponds. 
6. All species removed by ion exchange are returned to the evap ponds during regen



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

 

Volatile Organic Compounds (VOCs)  No analytes reported above practical quantitation limits (PQLs) 

 

Semivolatile Organic Compounds 
(SVOCs) 

No analytes reported above practical quantitation limits (PQLs) 

 

Petroleum Hydrocarbons Gasoline Range Organics 
(GRO) 

USEPA 
8015B 

ug/l ND<25 ND<50 ND<50 -- -- -- -- -- -- 

 Diesel Range Organics 
(DRO) 

USEPA 
8015B 

ug/l ND<50 ND<50 ND<50 -- -- -- -- -- -- 

 Oil Range Organics (ORO)  USEPA 
8015B 

ug/l ND<500 ND<500 ND<500 -- -- -- -- -- -- 

 

Organochlorine Pesticides  No analytes reported above practical quantitation limits (PQLs)      -- -- -- 

 

Organophosphorous Pesticides Dimethoate USEPA 
8141A 

ug/l ND<0.5 ND<0.5 0.18J -- -- -- -- -- 7.3 

 Fensulfothion USEPA 
8141A 

ug/l 0.26J ND<2.5 0.31J -- -- -- -- -- -- 

 

Chlorinated Herbicides No analytes reported above practical quantitation limits (PQLs)         

 

Polychlorinated Biphenyls No analytes reported above practical quantitation limits (PQLs)         

 



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

Aluminum, Dissolved USEPA 
200.7 

ug/l 7.9J ND<20 ND<20 -- -- -- 200 or 

1,0006 

50 or 

2006 

36,000 

Aluminum, Total USEPA 
200.7 

ug/l 36 33 ND<20 -- -- --    

Antimony, Dissolved USEPA 6020 ug/l 1.3 0.30J 0.28J -- -- -- 6 6 14.6 

Antimony, Total USEPA 6020 ug/l ND<5 ND<0.1 ND<5 -- -- --    

Arsenic, Dissolved USEPA 6020 ug/l 4.0 2.8 3.4 3.4 4.0 2.8 50 10 0.0071 

Arsenic, Total USEPA 6020 ug/l 4.1 3.0 3.4 3.5 4.1 3    

Barium, Dissolved USEPA 6020 ug/l 26 45 37 36 45 26 1,000 2,000 2,600 

Barium, Total USEPA 6020 ug/l 27 41 36 35 41 27    

Beryllium, Dissolved USEPA 6020 ug/l ND<0.3 ND<0.3 ND<0.3 -- -- -- 4 4 73 

METALS 

Beryllium, Total USEPA 6020 ug/l ND<0.3 ND<0.3 ND<0.3 -- -- --    

Boron, Dissolved USEPA 
200.7 

ug/l 240 160 140 180 240 140 -- -- 7,300 

Boron, Total USEPA 
200.7 

ug/l 240 160 140 180 240 140    

Cadmium, Dissolved USEPA 
200.7 

ug/l ND<0.5 ND<0.5 ND<0.5 -- -- -- 5 5 18 

Cadmium, Total USEPA 
200.7 

ug/l ND<0.5 ND<0.5 ND<0.5 -- -- --    

Chromium, Dissolved USEPA 6020 ug/l 0.45J 2.8 0.070J -- -- -- 50 100 55,000 

Chromium, Total USEPA 6020 ug/l 0.70J 3.5 0.11J -- -- --    

Chromium, Hexavalent7 USEPA 
218.6 

ug/l 0.3 2.7 ND<0.1 -- -- -- 50 -- 110 

Cobalt, Dissolved USEPA 6020 ug/l ND<0.2 ND<0.2 0.05J -- -- -- -- -- 730 

 

Cobalt, Total USEPA 6020 ug/l ND<0.2 ND<0.2 0.05J -- -- --    



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

Copper, Dissolved USEPA 6020 ug/l 1.8J 2 3.4 -- -- -- 1,300 1,300 1,500 

Copper, Total USEPA 6020 ug/l 4.1 5.7 3.7 4.5 5.7 3.7    

Iron, Dissolved USEPA 
200.7 

ug/l 18J 15J 25 -- -- -- 300 300 11,000 

Iron, Total USEPA 
200.7 

ug/l 60 14J 67 -- -- --    

Lead, Dissolved USEPA 6020 ug/l 0.060J 0.30J 0.56J -- -- -- 15 15 -- 

Lead, Total USEPA 6020 ug/l 0.41J 0.96J 0.56J -- -- --    

Manganese, Dissolved USEPA 
200.7 

ug/l 29 15 48 31 48 15 50 50 880 

Manganese, Total USEPA 
200.7 

ug/l 57 15 47 40 57 15    

Mercury, Dissolved USEPA 
7470A 

ug/l ND<0.1 ND<0.1 ND<0.1 -- -- -- 2 2 11 

Mercury, Total USEPA 
7470A 

ug/l ND<0.1 ND<0.1 ND<0.1 -- -- --    

Molybdenum, Dissolved USEPA 6020 ug/l 23 12 16 17 23 12 -- -- 180 

Molybdenum, Total USEPA 6020 ug/l 23 11 16 17 23 11    

Nickel, Dissolved USEPA 6020 ug/l 0.07J 0.13J 0.18J -- -- -- 100 100 730 

Nickel, Total USEPA 6020 ug/l 0.09J 0.46J 0.21J -- -- --    

Selenium, Dissolved USEPA 6020 ug/l 0.375 0.5J 0.28J -- -- -- 50 50 180 

Selenium, Total USEPA 6020 ug/l 0.38J 0.48J 0.31J -- -- --    

Silicon, Total USEPA 
200.7 

ug/l 15,000 16,000 16,000 15,667 16,000 15,000 -- -- -- 

Silver, Dissolved USEPA 6020 ug/l ND<0.5 ND<0.5 ND<0.5 -- -- -- 100 100 180 

 Silver, Total USEPA 6020 ug/l ND<0.5 ND<0.5 ND<0.5 -- -- --    



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

Strontium, Dissolved USEPA 
200.7 

ug/l 730 740 840 770 840 730 -- -- 22,000 

Strontium, Total USEPA 
200.7 

ug/l 760 750 820 777 820 750    

Thallium, Dissolved USEPA 6020 ug/l ND<0.5 ND<0.5 0.13J -- -- -- 2 2 2.4 

Thallium, Total USEPA 6020 ug/l ND<0.5 ND<0.5 0.3J -- -- --    

Vanadium, Dissolved USEPA 6020 ug/l 7.4 5.8 4.7J -- -- -- -- -- 36 

Vanadium, Total USEPA 6020 ug/l 7.8 6.2 4.7J -- -- --    

Zinc, Dissolved USEPA 6020 ug/l 10 13 11 11 13 10 5,000 5,000 11,000 

Zinc, Total USEPA 6020 ug/l 11 13 10 11 13 10    

 

Chloride USEPA 
300.0 

mg/
l 

18 14 15 16 18 14 250-500 250 -- 

Fluoride USEPA 
300.0 

mg/
l 

0.6 0.4J 0.4J -- -- -- 2 4 -- 

Nitrate as Nitrogen USEPA 
300.0 

mg/
l 

1.0 1.5 1.1 1.2 1.5 1 10 10 10 

Nitrite as Nitrogen SM 4500-
NO2-B 

mg/
l 

0.002 ND<0.0
04 

0.012 -- -- -- 1 1 1 

Ammonia as N USEPA 
350.1 

mg/
l 

0.084J 0.031J ND<0.1 -- -- -- 10 10 10 

MAJOR ANIONS 

Sulfate USEAP 
300.0 

mg/
l 

120 110 120 117 120 110 250-500 250 -- 

 

Calcium, Dissolved USEPA 
200.7 

mg/
l 

45 46 50 47 50 45 -- -- -- MAJOR CATIONS 

Calcium, Total USEPA 
200.7 

mg/
l 

45 46 50 47 50 45    



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

Magnesium, Dissolved USEPA 
200.7 

mg/
l 

11 12 10 11 12 10 -- -- -- 

Magnesium, Total USEPA 
200.7 

mg/
l 

11 12 10 11 12 10    

Potassium, Dissolved USEPA 
200.7 

mg/
l 

3.7 4.3 4.2 4.1 4.3 3.7 -- -- -- 

Potassium, Total USEPA 
200.7 

mg/
l 

3.6 4.3 4.1 4 4.3 3.6    

Sodium, Dissolved USEPA 
200.7 

mg/
l 

74 82 75 77 82 74 -- -- -- 

 Sodium, Total USEPA 
200.7 

mg/
l 

74 84 76 78 84 74    

 

Alkalinity as CaCO3 SM 2320B mg/
l 

170 290 160 207 290 160 -- -- -- 

Biochemical Oxygen 
Demand 

SM 5310 B mg/
l 

ND<10 ND<10 ND<10 -- -- -- -- -- -- 

Bicarbonate Alkalinity as 
HCO3 

SM 2320B mg/
l 

210 360 200 257 360 200 -- -- -- 

Carbonate Alkalinity as 
CaCO3 

SM 2320B mg/
l 

ND<2 120 ND<2 -- -- -- -- -- -- 

Hardness, Total  as CaCO3 USEPA 
200.7 

mg/
l 

160 160 170 163 170 160 -- -- -- 

Hydroxide Alkalinity as Ca 
CO3 

SM 2320B mg/
l 

ND<2 NR ND<2 -- -- -- -- -- -- 

Orthophosphate as 
Phosphate 

USEPA 
300.0  

mg/
l 

ND<0.5 ND<0.5 ND<0.5 -- -- -- -- -- -- 

GENERAL WATER CHEMISTRY  

Phosphate, Total as PO4 USEPA 
365.3 

mg/
l 

0.11J 0.064 0.047J -- -- -- -- -- -- 



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

Sulfide, Soluble SM 4500 S2-
D 

mg/
l 

ND<0.1 ND<0.1 ND<0.1 -- -- -- -- -- -- 

Sulfide, Total SM 4500 S2-
D 

mg/
l 

ND<0.1 ND<0.1 ND<0.1 -- -- -- -- -- -- 

Total Dissolved Solids (TDS) SM 2540C mg/
l 

550 470 470 497 550 470 500-
1,000 

500 -- 

Total Organic Carbon (TOC) SM 5310C mg/
l 

0.16J 0.15J 0.23J -- -- -- -- -- -- 

Total Settleable Solids SM 2540F ml/l ND<0.1 ND<0.1 ND<0.1 -- -- -- -- -- -- 

 

Cyanide (total) SM 4500-CN-
E 

mg/
l 

ND<0.01 0.020 ND<0.01 -- -- -- 0.1 0.2 0.73 

Cyanide Free (amenable) SM 4500-CN-
G 

mg/
l 

ND<0.01 0.020 ND<0.01 -- -- --    

Gross Alpha Particle Activity8 USEPA 
900.0 

pCi
/L 

 9.1 (11.3) 
pCi/L 

9.3 
(11.8) 
pCi/L 

ND <3 
pCi/L 

-- -- -- 15 pCi/L 15 pCi/L -- 

Total Toxic Organic 
Halogens (TOX) 

SM 5320B mg/
l 

ND<0.02 ND<0.0
2 

ND<0.02 -- -- -- -- -- -- 

OTHER ANALYTES 

Reactive Silica as SiO2 SM 4500-
SiO2-C 

mg/
l 

30 34 33 32 34 30 -- -- -- 

Silica USEPA/ML 
200.7 

mg/
l 

-- -- 35.9 -- -- -- -- -- --  

Silt Density Index ASTM D4189 -- 1.17 0.6 0.2 0.7 1.2 0.2 -- -- -- 

NOTES 

1 Only the analytes reported above the practical quantitation limit were reported.  Refer to Appendix __ for the certified analytical laboratory reports and chain-of-
custody documentation. 

2 Analyte concentrations reported in BOLD are above any one of the numerical water quality 
criteria. 

      



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

3 Elementary statistics provided.  Only complete data sets with values not estimated ("J") or without any values that were not reported ("ND") were 
calculated. 

 

4 Water quality data provided assuming a drinking water resources (i.e., State of California and Federal MCL values) or a USEPA Region IW Preliminary 
Remediation Goal for tap water. 

5 USEPA Region IX (San Francisco) Preliminary Remediation Goal for tap water.        

6 Secondary MCL for a drinking water (i.e., "Consumer Acceptance Levels").  Secondary MCLs shall be monitored in water supplied to the 
public  

  

 in addition to bicarbonate, carbonate and hydroxide alkalinity, calcium, magnesium sodium, pH and 
total hardness. 

     

7 A separate California MCL for hexavalent chromium has not been established (OHHEA is currently working on a PHG for hexavalent 
chromium). 

  

8 Value in parentheses includes the primary value plus the error (2 
sigma error) 

        

ACRONYMS and DEFINITIONS 

ASTM American Standards Testing and Materials           

Dissolved Sample filtered (0.45 micron) prior to analysis.           

J Estimated value. Concentration detected between the practical quantitation limit and method detection 
limit. 

     

MCL Maximum contaminant level for a drinking water 
resource 

         

 State of California, Title 22 CCR, Article 5.5, Section 64444 (Table 64444-A) - Maximum Contaminant Levels - Organic Compounds for Public Water 
Systems 

 

 State of California, Title 22 CCR, Article 4, Section 64431 (Table 64431-A) - Maximum Contaminant Levels - Inorganic Chemicals for Public Water 
Systems 

 

 State of California, Title 22 CCR, Article 16, Section 64449 (Table 64449 A/B) - Secondary Maximum Contaminant Levels - Consumer Acceptance Contaminant 
Level Ranges 

 40CFR, Part 141 - National Primary Drinking Water Standards, Section 141.11 - Maximum Contaminant Levels for Inorganic 
Chemicals 

   

 40CFR, Part 141 - National Primary Drinking Water Standards, Section 141.61 - Maximum Contaminant Levels for Organic 
Chemicals 

   



Table 4-2A  Summary of 2007 Groundwater Analytical Results – Wells 43, 48, and 63 

WELL2 STATISTICS3 WATER QUALITY SUMMARY4 

No. 43 No. 48 No. 63 

Sample Date 

State 
of 

California 
Federal Federal5 CHEMICAL GROUP ANALYTE1 ANALYTICAL 

METHOD UNITS

9/28/2007 9/20/2007 9/11/2007 

Mean Maximum Minimum

MCL MCL PRG 

 40CFR, Part 141 - National Primary Drinking Water Standards, Section 14.3 - Secondary Maximum Contaminant 
Levels 

    

mg/l milligrams per liter            

ml/l milliliters per liter            

ND <50 Not Detected at the practical quantitation limit 
shown 

          

NR Not reported by the Laboratory (at present, inquiry has been made of the lab to resolve as this analyze was reported in the 
other samples) 

   

PQL Practical quantitation limit            

SM Standard Methods            

SVOC Semivolatile organic 
compounds 

           

Total Un-filtered sample analyzed            

TDS Total Dissolved Solids            

TOC Total Organic Carbon            

TOX Total Organic Halogens            

TSS Totals Suspended Solids            

VOC Volatile organic compounds            

USEPA United States Environmental Protect Agency           

ug/l micrograms per liter            

-- Not reported or no standard reported.  In the case of silica, laboratory should not have initially reported this analyte by the method employed (Well 
No. 63 sample).  

 



Table 4-2B Raw Water Chemistry 

 ON-SITE WELLS   KOEHN LAKE OFF-SITE WELLS 

Constituent 2007 Well 63 2007 Well 48 2007 Well 43 Concentration 
in Mean Well 

Water  

Concentration in 
Mean Well Water  

Concentration Used 
in Water Balance 

(Well 
30S37E13CO1M) 

 (ppm) (ppm) (ppm)    

Calcium 50 46 45 47 116 69 
Magnesium 10 12 11 11 31.4 9.9 
Sodium 76 84 74 78 572 510 
Potassium 4.2 4.3 3.7 4.1 8.5 6.3 
Iron  0.067 0.015 0.06 0.047 0.25 < 0.010 
Ammonia  0 0.031 0.084 0.038 * * 
Aluminum 0 0.033 0.036 0.023 * * 
Zinc 0.011 0.013 0.011 0.012 * * 
Boron 0.14 0.16 0.24 0.18 4.32 30 
Chloride 14.6 14 18 15.5 746 250 
Sulfate 124 110 120 118 476 690 
Alkalinity 160 290 170 207 * 210 
HCO3 (bicarbonate 
alkalinity) 

200 360 210 257 250 319 

CO3 (carbonate alkalinity) ND * ND * 3 0 
Cyanide (amenable/total) 0 0.02 0 0.007 * * 
Silica 35.9 34 30 33.3 33.1 33 
Silicon 16 16 15 15.7 * * 
Phosphate 0.047 0 0.011 0.019 * * 
Polyphosphate ND ND ND * * * 
Fluoride 0.378 0.4 0.6 0.459 0.89 9.3 
Nitrate 1.05 1.5 1 1.183 3.71 * 
Suspended Solids ND ND ND * * * 



Total Dissolved Solids 470 470 550 550 1012 1900 
Hardness 170 160 160 * 379 210 
SDI 0.2 0.6 1.17 * * * 
Manganese 0.048 0.015 0.057 * 0.68 9.9 
Barium 0.037 0.045 0.027 * * * 
Strontium 0.84 0.75 0.76 0.78 * * 
Selenium 0.00031 0.00048 0.00038 0.00039 * * 
Copper 0.0037 * 0.0018 * * * 
Arsenic 0.0034 0.003 0.0041 0.0035 0.22 * 
Chromium 0.00011 0.0028 0.0007 * * * 
Cobalt 0.00005 * * * * * 
Lead 0.00056 0.0003 0.00041 * * * 
Nitrate 1.05 1.48 1.5 * * * 
Vanadium 0.0047 0.0058 0.0074 * * * 
Nickel 0.00021 0.00013 0.00009 * * * 
Molybdenum 0.016 * * * * * 
Antimony 0.00028 0.0003 0.0013 * * * 
Thallium 0.0003 * * * * * 
Hexavalent Chromium * 0.0027 0.0003 * * * 

 
Notes: 
* Not sampled/anaylsed



Table 4-3  Chemical Additives in Treatment Processes 

Process Aim Type of Additive Example of Additive 

ONSITE GROUNDWATER - LOWER LIMIT TDS PROCESS 

Circulating Water Limit growth of bacteria Oxidizing Biocide Sodium Hypochlorite  
 Limit formation of scale pH Control Sulfuric Acid, Hydrochloric Acid (included in Tables 5 and 7) 
  Antiscalants Organic Phosphates (used in small amounts) 
 Minimize corrosion Corrosion Inhibitors Zinc, Phosphate (used in small amounts) 

Steam Cycle Control pH pH Control Amines (i.e. Cyclohexamine, Monoethanolamine, 
Methoxypropylamine) (used in small amounts) 

 Remove remaining dissolved oxygen Oxygen Scavenger Hydrazine, Carbohydrazide (used in small amounts) 
 Minimize corrosion from pH pH Control Phosphates (used in small amounts) 

OFFSITE GROUNDWATER - UPPER LIMIT TDS PROCESS 

Pre- and Post- 
Treatment Clarifier Removal of hardnesss Calcium compound Lime (Calcium Hydroxide) 

 Control pH pH Control Soda Ash (Sodium Carbonate) 
 Control pH pH Control Caustic (Sodium Hydroxide) 
 Flocculant Polymer Long-chain polymer for settling of wastewater solids 
 Removal of silica Magnesium compound Magnesium Chloride  
 Coagulant Iron compound Ferric Chloride  
Weak Acid Cation 
Exchange Softener Removal of hardness elements Regenernt  Sodium Hydroxide  

 Removal of hardness elements Regenerant Hydrochloric Acid  
 



 

Beacon Solar Energy Project 34 June 2009 

Detection Monitoring Plan Figure Revisions 
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Appendix I - Corrective Action Plan 

CORRECTIVE ACTION PROGRAM 

AMENDMENT REFLECTING INCORPORATION OF PARTIAL ZERO-LIQUID DISCHARGE AND 
ALTERNATIVE SOURCES OF WATER SUPPLY 

This document presents an amendment to the Corrective Action Program (CAP) prepared for the Beacon 
Solar Energy Project (BSEP) and submitted to the California Energy Commission (CEC) and California 
Regional Water Quality Control Board – Lahontan Region (RWQCB) as Appendix I of the Application/Report 
of Waste Discharge (ROWD), on March 18, 2009.  The RWQCB provided comments to the March 18 
application on April 17 and subsequently to the CEC Preliminary Staff Assessment (PSA) on May 14, 2009.   

This amendment was prepared to address changes in the project water and waste management programs 
wherein a partial zero-liquid discharge (ZLD) system has been added to reduce water consumption for the 
project.  The annual water supply requirement for the project is 1,600 acre-feet per year (AFY) supplied from 
groundwater below the site.  The partial ZLD is anticipated to reduce consumption by about 12.5 % or 200 
AFY.  Correspondingly, the reduction in the water discharge from partial ZLD will substantially reduce the 
size of the evaporation ponds to about 10 acres, down from the 40 acres proposed in the March 18, 2009 
ROWD. 

Alternative sources of water supply are also being considered in response to CEC PSA recommendations.  
The water supply sources include onsite groundwater, tertiary-treated wastewater from the City of 
Rosamond and offsite groundwater in the area of Koehn Lake.  Because of the variable water chemistry of 
the sources, the amendment to the ROWD provides an upper and lower bound design for the partial ZLD, 
reflecting the range of total dissolved solids (TDS) concentrations reported in recent and historical data.  The 
upper bound source of water, the water with the highest TDS concentrations, is assumed to be present in 
the area of Koehn Lake.  The lower bound design was based on the onsite groundwater chemistry as 
described in the March 18, 2009 ROWD and CAP.  Due to the potential for an offsite source of water the 
CAP has been modified to reflect changes to the detection monitoring network should an offsite source of 
water be used to supply the project.  The proposed source of water for the project is through several existing 
wells on the Project site.   

In the initial application and CAP, the groundwater monitoring program was designed to reflect this source of 
water and the associated cone of depression that will develop in the central portion of the site and in the 
area of the evaporation ponds and the land treatment unit.  Should an offsite source be selected, no such 
cone of depression will develop and groundwater flow and direction will remain unaltered from the current 
regional flow pattern.  Subsequently, the CAPP has been altered to include a detection monitoring network 
for onsite non-pumping conditions. 

To reflect the changes and incorporating the partial ZLD into the project, the following changes have been 
made to sections, tables and figures from the March 2009 DMP for an upper and lower bound water quality 
estimate and a revised detection monitoring network for an offsite water source.   

1.3 Waste Handling Facilities 

The waste storage and treatment units include three evaporation ponds and the storage area [Land 
Treatment Unit (LTU)] for HTF-contaminated soils as described below.  The configuration of the planned 
evaporation ponds, land treatment unit, and adjacent areas are shown in Figure 1-8. 
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1.3.1 Evaporation Ponds  
The configuration of the planned evaporation ponds and adjacent areas are shown in the aforementioned 
Figure 1-8.  Topography of the BSEP and surrounding areas are shown on Figure 1-9.   

The waste storage units include three evaporation ponds.  The evaporation ponds will receive wastewater 
from: 1) circulating water blow down from the cooling tower; 2) wastewater flow from the ion exchange 
regeneration stream, generated from pre-treatment of water for use at the plant; and 3) stormwater 
accumulated in the LTU.  Tables 1-2A and 1-2B provide an estimate of the concentrations of various 
chemicals/metals that will be present in the wastewater stored in the evaporation ponds.  The design details 
of the evaporation ponds are shown on Figure 1-10. 

The three 2.7-acre evaporation ponds (total combined pond top area of 8.1 acres) have an average 
proposed design depth of 8 feet, which incorporates the following: 

 3 feet of residue build up over 3.5 to 4.5 years of operation followed by cleaned out; 

 3 feet of operational depth; and 

 2 feet of freeboard. 

The containment design for the evaporation ponds, from the surface of the evaporation ponds downwards, 
consists of the following: 

 A hard surface / protective layer with granular fill/free draining sub-base over geotextile; 

 A primary 60 mil high density polyethylene (HDPE) liner; 

 An interstitial leak detection and removal system (LDRS) comprising a geomembrane geonet 
and collection piping; 

 A secondary 40 mil HDPE liner;  

 A base layer consisting of either a geosynthetic clay liner or 2 feet of onsite material with a 
hydraulic conductivity of less than 1 x 10-6 centimeter per second of which 30 percent, by 
weight, shall pass through a No. 200 Standard sieve; 

 A leak detection system consisting of continuous carrier pipes installed at the sides and low 
point of each pond at a depth of approximately 5 feet below the secondary liner (WP, 2009).  A 
neutron probe will be pulled through the pipes to assess the moisture content of the soil.  The 
background moisture content and subsequent action level that will indicate a leak will be 
established after the evaporation ponds have been constructed, but prior to any liquids being 
placed in the ponds; and 

 A groundwater monitoring network (GMN), consisting of three monitoring wells located 
immediately adjacent to the evaporation ponds and the LTU, and four additional wells located 
near the facility boundaries (Figure 1-11) monitors the regional groundwater aquifer, which is 
the first water encountered under the Project site.  

The design detail of the Evaporation Ponds are shown in Figure 1-10.   

3.2 Groundwater Corrective Actions  

As described in Section 1.3.1, a GMN has been proposed for the evaporation ponds and the LTU.  The 
DMP (AECOM 2009) presents the sampling schedule, analytes and reporting requirements for the site 
under CCR Title 27, Section 20420. 
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For a CAP under CCR Title 27, Section 20430: 1) a sufficient number of monitoring points need to be 
installed at appropriate locations and depths to yield groundwater samples from the uppermost aquifer that 
represent the quality of groundwater passing the point of compliance and at other locations in the uppermost 
aquifer to provide the data needed to evaluate the effectiveness of the CAP; 2) a sufficient number of 
monitoring points and background monitoring points need to be installed at appropriate locations and depths 
to yield ground water samples from portions of the zone of saturation, including other aquifers, not 
monitored pursuant to CCR Title 27, Section 20420, to provide the data needed to evaluate the 
effectiveness of the CAP; and 3) a sufficient number of monitoring points and background monitoring points 
need to be installed at appropriate locations and depths to yield groundwater samples from zones of 
perched water to provide the data needed to evaluate the effectiveness of the corrective action program. 

As discussed in Section 1.1, the March 2009 CAP was developed using site groundwater as the water 
supply source.  At the request of the CEC, BSEP is exploring offsite sources of water supply including 
wastewater from the Rosamond Wastewater Treatment Plant and offsite groundwater from the Koehn Lake 
region.  The following section presents corrective actions for a scenario where groundwater is pumped from 
onsite wells for water supply and for a scenario where water from an offsite source, thus no groundwater is 
pumped from onsite wells   

3.2.2 Regional Groundwater  
The proposed GMN layout includes three categories of monitoring wells:  1) background wells which are 
located upgradient of the evaporation ponds and LTU; 2) detection wells, which are located adjacent to the 
evaporation ponds and LTU; and 3) compliance wells, which are located near the property boundaries.  For 
both onsite and offsite water supply scenarios, the detection wells are comprised of three proposed wells 
(MW-1 through MW-3) located immediately adjacent to the evaporation ponds and LTU.    

The GMN layouts for the two water supply scenarios are: 

Onsite Water Supply (Figure 1-11A): 

 Background Wells – 47, Domestic Well, 50 and USGS.  As shown in Figure 4-1A, a cone of 
depression will develop under the evaporation ponds and LTU due to the location of primary 
pumping Wells 49 and 63 and backup wells 41 and 42.  Under pumping conditions, 
groundwater is predicted to move toward the primary pumping well(s) from all points of the 
compass.  Thus all wells become background wells  

 Detection Well – MW-1, MW-2 and MW-3. 

 Compliance Wells – The compliance well will be the well that is active, either 49, 63, 41 or 42. 

Offsite Water Supply (Figure 1-11B): 

 Background Wells – 47, Domestic Well and 41 

 Detection Wells – MW-1, MW-2 and MW-3 

 Compliance Wells – 50, 51 and USGS 

Therefore under the onsite pumping scenario, if a release is detected through physical evidence or 
statistical analyses performed on the data collected under the DMP and soil excavation does not achieve 
clean closure (i.e. no COCs detected in confirmation soil samples), groundwater monitoring will continue as 
setforth in the DMP and the extraction well(s) will be sampled on the same schedule set forth for the 
monitoring wells in the DMP.  This sampling will allow for evaluation, compliance, and performance 
monitoring of the success of the corrective action.  This sampling will be considered as the Evaluation 
Monitoring Program (EMP).  No further action would be required as the direction of the groundwater flow 
would carry any COC detected in the groundwater to the extraction well(s). 
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Under the offsite water supply scenario, if a release is detected through physical evidence or statistical 
analyses performed on data collected under the DMP and soil excavation does not achieve clean closure 
(i.e. no COCs detected in confirmation soil samples) groundwater monitoring will continue as setforth in the 
DMP and will be considered as the Evaluation Monitoring Program (EMP).  The need for additional 
groundwater monitoring wells and/or groundwater extraction wells would be assessed during the EMP and 
recommendations made to the RWQCB for this additional work. 
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Corrective Action Plan Table Revisions 



Table 1-2A  Predicted Chemistry of Wastewater Streams for Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond Discharge 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Aluminum (total) (mg/L Al) 0.023 0.04 0.25 0.15 1.54 * * 

Ammonia  (as N) 0.038 0.06 0.41 0.26 2.55 * * 

Arsenic (total) (mg/L As) 0.0035 0.01 0.04 0.02 0.23 5.0 5.0 

Boron (total) (mg/L B) 0.18 0.30 1.96 1.21 12.08 * * 

Calcium (total) (mg/L Ca) 47 77.40 511.83 315.43 3151.11 * * 

Chloride (mg/L Cl) 15.5 25.50 168.80 104.01 1039.08 * * 

Cyanide (total) (mg/L as 
HCN) 

0.007 0.01 0.08 0.05 0.47 * * 

Fluoride (mg/L as F) 0.459 0.75 5.00 3.08 30.75 180 * 

HCO3 (bicarbonate 
alkalinity) 

(mg/L 
HCO3) 

257 16.40 48.68 34.09 340.53 * * 

Iron (total) (mg/L Fe) 0.047 0.08 0.51 0.32 3.15 * * 

Magnesium (total) (mg/L Mg) 11 18.15 119.79 73.84 737.65 * * 

M-Alkalinity (mg/L as 
CaCO3) 

207 14.10 2254.23 1241.48 12402.37 * * 

Nitrate (mg/L as 
NO3) 

1.183 1.95 12.88 7.94 79.32 * * 

Phosphate (total) (mg/L as 
PO4) 

0.019 0.03 0.21 0.13 1.27 * * 

Potassium (total) (mg/L K) 4.1 6.76 44.65 27.52 274.92 * * 

Selenium (total) (mg/L Se) 0.00039 0.00 0.00 0.00 0.03 1.0 1.0 



Table 1-2A  Predicted Chemistry of Wastewater Streams for Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond Discharge 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Silica (mg/L as 
SiO2) 

33.3 54.90 362.64 223.51 2232.87 * * 

Silicon (mg/L as Si) 15.7 24.35 170.97 104.69 1045.80 * * 

Sodium (total) (mg/L Na) 78 141.90 3739.92 2113.27 21111.58 * * 

Strontium (total) (mg/L Sr) 0.78 1.21 8.49 5.20 51.96 * * 

Sulfate (mg/L SO4) 118 477.56 6952.81 4025.38 40213.55 * * 

Zinc (total) (mg/L Zn) 0.012 0.02 0.13 0.08 0.80 250 * 

pH pH 8.00  7.00     

Total Dissolved Solids (ppm) 550 857.28 12150.05 7044.64 70331.24 * * 

 

Notes:  
Regulatory Standards/Reportable Quantities are for elements mentioned only  
* Not listed/no standards  
---- Unknown  
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24   
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 



Table 1-2B  Predicted Chemistry of Wastewater Streams for Offsite Groundwater (Upper TDS) 

Constituent Units Concentration 
in Mean Well 
Water (mg/L) 

Concentration in 
Evaporation Pond 
Discharge (mg/L) 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Calcium (total) (mg/L Ca) 69 934 * * 

Chloride (mg/L Cl) 250 20,098 * * 

Fluoride (mg/L as F) 9.3 620 180 * 

HCO3 (bicarbonate 
alkalinity) 

(mg/L HCO3) 319 271 * * 

Iron (total) (mg/L Fe) < 0.010  - * * 

Magnesium (total) (mg/L Mg) 9.9 324 * * 

M-Alkalinity (mg/L as CaCO3) 210 223 * * 

Nitrate (mg/L as NO3) 0 2 * * 

Nitrate and Nitrite (mg/L as N) 0.03 - * * 

Potassium (total) (mg/L K) 6.3 420 * * 

Silica (mg/L as SiO2) 33 667 * * 

Sodium (total) (mg/L Na) 510 36,446 * * 

Sulfate (mg/L SO4) 690 51,171 * * 

pH pH 7.8 - * * 

Total Dissolved Solids (ppm) 1900 110,951 * * 
 
Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
---- Unknown 
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, 
Section 66261.24  
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 
The list of constituents only includes parameters that there were mean well water data for.  A completed 
waste stream  
stream evaluation should be undertaken when additional raw water constituents are known 
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Corrective Action Plan Figure Revisions 
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Appendix J - Action Leakage Rate 



CLIENT: JOB NUMBER:

PROJECT :

SUBJECT: CALCULATION No.:

REV.: 0 1 2 3

BY/DATE: JF / 02/25/09 JF / 06/16/09

REV/DATE: BA / 03/02/09 BA / 06/16/09

LDE/DATE:

The maximum flow rate from a single hole in the primary HDPE liner that a geocomposite drainage layer
can convey without the fluid head on the secondary liner exceeding one foot is given by the following
equation (USEPA 1992)

Q = k*D*(2h-D) (Equation 1)

Where:
Q = flow rate through a single hole in the primary liner (ft3/s) per acre
k = hydraulic conductivity of the leakage detection layer (geonet) ft/s
h = head on the secondary liner (ft)
D = thickness of the leak detection layer (geonet) (ft)

k = transmissivity / thickness

Transmissivity (of geonet) = 0.0003 m2/s ( 3×10−4m2/s or more is requirement under
Federal Regs - actual value will be dependant on

material used during construction)

Thickness (of geonet) = 5 mm (assumed - to be revised after construction)

0.005 m

k = 0.0003 / .005

0.06 m/s

Conversion: 1 meter = 3.28 feet

0.1968 ft/s

D = 5 mm

0.0164 ft
h = 1 ft allowed 1 foot under EPA guidelines

Q = 0.1968 x 0.0164 x (2*1-0.0164)

0.0064 ft3/s per acre

553.1422 ft3/day per acre

Conversion: 1 cubic foot = 7.480 gallon [US, liquid]

Q = 4138 GPAD

Applying a Safety Factor of 50%:

Q = 2758 GPAD

RECOMMENDED ALR = 2,750 GPAD
These calculations would need to be revised based on the actual drainage material used on site during

construction. The material used is critical to the hydraulic conductivity and therefore the

final ALR value. If sand/gravel was used instead of the geonet, the ALR would be lower as its

hydraulic conductivity would be less

ALR Calculation 1

Beacon Solar LLC

Action Leakage Rate

Beacon Solar Energy Project



CLIENT: JOB NUMBER:

PROJECT :

SUBJECT: CALCULATION No.:

REV.: 0 1 2 3

BY/DATE: JF / 02/25/09 JF / 06/16/09

REV/DATE: BA / 03/02/09 BA / 06/16/09

LDE/DATE:

Cross Check the ALR Calculation 1 against another method of estimating the ALR.

For leakage calcuations in secondary standard lining systems, Giroud and Bonapart concluded

that for geomembranes installed with good CQA/CQC, a defect frequency of one hole per acre is

appropriate.

"J.P. Giroud and R. Bonaparte, "Leakage Through Liners Constructed with Geomembranes, Part 1:

Geomembrane Liners", Geotextiles and Geomembranes, Vol.8, No.1 pp27-67 1989

They also recommend that a large size of 1 cm2 (11.3 mm diameter) be used for calculations to size

LDS and that a small hole size of 3.1 mm2 (2-mm diameter) be used to evaluate the perforamce of the lining
system (ALR rate).

Bernoulli's equation through an oriface Q = CBa(2gh)0.5 (Equation 2)
where: Q = Leakage Rate

Cb = dimensionless coefficient - 0.6 for sharp edges

a = area of single defect (m2)
g = acceleration due to gravity (m/s)

h = liquid depth over geomembrane (m)

Liquid depth on liner 3 ft 0.91 metre ("operational" liquid level)

Potential depth on liner 8 ft 2.43 metres (worst case with freeboard and sludge)

Large Hole 1 per acre Performance Hole 1 per acre

D = 0.0113 m D = 0.002 m

A = 1.E-04 m2 A = 3.14E-06 m2

Q = 0.6 x 1.E-04 x ( 2 x 9.81 x 2.43 ) 1/2 Q = 0.6 x 3.1E-06 x ( 2 x 9.81 x 2.43 ) 1/2

.= 4.15E-04 m3/acre/s .= 1.30E-05 m3/acre/s

Conversion: 1 cubic meter = 264.172 gallon [US, liquid]

Q = 1.10E-01 gal/acre/s Q = 3.44E-03 gal/acre/s

.= 9483 gal/acre/day .= 297 gal/acre/day

The standard ALR through a large hole in the primary liner is 9500 gal/acre/day (assign as Rapid Leakage Rate)

The ALR through a small hole in the primary liner is 300 gal/acre/day

Based on the EPA requirements, a small hole in the primary liner would not cause the ALR to be exceeded.

Reference:

Evaporation Pond Lining System Equivalency Analysis

Idaho National engineering and Environmental Laboratory 07/24/2001

ALR Calculation 2

Beacon Solar LLC

Action Leakage Rate

Beacon Solar Energy Project
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Appendix K - Preliminary Closure Plan for the Evaporation Ponds 

2.1 Evaporation Ponds 

The waste storage units include three evaporation ponds.  The configuration of the planned evaporation 
ponds and adjacent areas are shown in Figure 2-1.  Topography of the Project and surrounding areas are 
shown on Figure 2-2.  The final contours of the ponds and the changes in surface drainage patterns, as 
compared to the preexisting natural drainage patterns are shown on Figure 2-3. 

The three 2.7-acre (total combined pond top area of 8 acres) evaporation ponds have an average proposed 
design depth of seven feet, which incorporates the following: 

 Three feet of sludge, 

 Three feet of operational depth, and 

 Two feet of freeboard. 

The containment design for the evaporation ponds, from the surface of the evaporation ponds downwards, 
consists of the following: 

 A hard surface/protective layer with granular fill/free draining sub-base over geotextile; 

 A primary 60 milliliter (mil) high density polyethylene (HDPE) liner; 

 An interstitial leak detection and removal system comprising a geomembrane geonet and collection 
piping; 

 A secondary 40 mil HDPE liner; and 

 A base layer consisting of either a geosynthetic clay liner (GCL) or 2 feet of onsite material with a 
hydraulic conductivity of less than 1 x 10-6 centimeters per second of which 30 percent, by weight, 
shall pass through a Number 200 standard sieve. 

The design details of the evaporation ponds are shown in Figure 2-4. 

3.2.2 Wastewater Disposal/Use 
Wastewater will be consolidated into one evaporation pond or until that one pond is full (i.e., minimum two 
feet of freeboard as required).  Wastewater remaining in the other evaporation ponds will be allowed to 
evaporate to atmosphere.  As long as liquids remain in the evaporation ponds, the monitoring and reporting 
requirements included in the licensing requirements will be followed.   

Wastewater that is not evaporated will not be used for dust control, and will be characterized and profiled 
prior to disposal.  The characterized wastewater will be loaded in appropriate containers, handled, and 
transported by a licensed waste hauler to an approved disposal facility following all federal, state, and local 
requirements. 

4.3 Cost Analysis 

A detailed cost estimate to close the evaporation ponds is provided in Appendix A.  Unit costs are based on 
RS Means Building Construction Cost Data 2001 Western Version and adjusted by ENR Historical Cost 
Index to obtain present value unit costs.  The total cost estimate is $12,153,000.  A letter of credit will be 
used to demonstrate financial assurance for the closure costs. 



 

Beacon Solar Energy Project 44 June 2009 

Preliminary Closure Plan for the Evaporation Ponds 
Figure Revisions 
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Preliminary Closure Plan for the Evaporation Ponds 
Appendix A Revisions 



Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Costs
1. Remove and Dispose Sludge (solid)
Mobilization LS $25,000 1 1 $25,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $5 9,098 1 $43,696 Means 02315-40-1500&-4100
Loading to trucks CYD $0.72 9,098 1 $6,554 Means 02315-400-0020
Hauling to Landfill (18 tons/truck&220 mileRT) mile $3.27 220 278 $199,962 Means 02110-300-1260

Disposal ton $45.83 5,000 1 $229,129
4-11-08 WM verbal; tipping fee for 
Class II  @ McKittrick Landfill

Sampling and RWQCB Report each $25,000 1 1 $25,000 ROM Estimate
Total $529,341

2. Remove and Dispose/Recycle Hard Surface
Mobilization LS $10,000 1 1 $10,000 ENSR Estimate
Demolition of 12" Concrete CYD $113 11,293 1.0 $1,277,287 Means 02220-875-2100
Loading to trucks CYD $0.72 11,293 1 $8,136 Means 02315-400-0020
Crush concrete on site ton $4 22,869 1.0 $91,375 See CIWMB assumption below
Sampling of Crushed concrete demonstrating no imp LS $25,000 1 1 $25,000 ROM Estimate
Loading to trucks CYD $0.72 11,293 1 $8,136 Means 02315-400-0020
Truck Haul to on site stockpiles and dump CYD $5.73 11,293 1 $64,748 Means 02320-200-0330
Spread dumped crushed concrete,no compaction CYD $1.88 11,293 1 $21,208 Means 02320-200-0400

Total $1,505,890

3. Remove, Wash, & Reuse Granular Fill
Mobilization LS $25,000 1 1 $25,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $3 11,293 1 $33,900 Means 02315-40-1500

s:2000/4523/DRAFT Cost Evaluation -Beacon Closure (gcl).xls/Evap Ponds Page 1 of 6
6/19/2009   2:29 PM



Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Loading to trucks CYD $0.45 11,293 1 $5,085 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $4.17 11,293 1 $47,075 Means 02320-200-0400
Wash to remove salts CYD $5.00 11,293 1 $56,467 ROM Estimate
Disposal of Wash Water gal $0.50 225,867 1 $112,933 ROM Estimate
Loading to stockpile CYD $0.45 11,293 1 $5,085 Means 02315-400-0020

Total $285,545

4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
Mobilization LS $5,000 1 1 $5,000 ROM Estimate
Pick up and cutting of Non-Woven, HDPE SF $0.40 304,920 1 $121,463 Means 02225-380-0400 (roughly ~)
Loading to trucks SF $0.06 304,920 1 $18,219 Means 02315-400-0020 (roughly ~)
Hauling to Facility (18 tons/truck & 220 mileRT) mile $3.27 220 4 $3,049 Means 02110-300-1260
Disposal ton $92.47 76 1 $7,049 Means 02225-740-0100

Total $154,780

5. Remove Screened Sand /piping trench ; Sump
Excavate  (0.75 cyd Front End Loader) CYD $3 4 1 $12 Means 02315-40-1500
Loading to trucks CYD $0.45 4 1 $2 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $6.69 4 1 $27 Means 02320-200-0400

Total $41

6. Remove and Dispose of 40 mil Geomembrane

Mobilization LS $5,000 1 1 $5,000 ROM Estimate

s:2000/4523/DRAFT Cost Evaluation -Beacon Closure (gcl).xls/Evap Ponds Page 2 of 6
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Pick up and cutting of HDPE SF $0.20 304,920 1 $60,731 Means 02225-380-0400 (roughly ~1/2
Loading to trucks SF $0.03 304,920 1 $9,110 Means 02315-400-0020 (roughly ~)
Hauling to Facility (18 tons/truck & 220 mileRT) mile $3.27 220 2 $1,524 Means 02110-300-1260
Disposal of 40 mil HDPE ton $92.47 38 1 $3,525 Means 02225-740-0100

Total $79,890

6A Remove GCL layer (alternate ) and dispose as daily cover at landfill 
Excavate  (0.75 cyd Front End Loader) CYD $3 3,761 1 $11,289 Means 02315-40-1500
Loading to trucks SF $0.06 304,920 1 $18,219 Means 02315-400-0020 (roughly ~)
Hauling to Facility (18 tons/truck & 220 mileRT) mile $3.27 220 272 $195,518 Means 02110-300-1260
Disposal of GCL ton $42.68 4,889 1 $208,656 AECOM experience

Total $433,682

7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
Sample Collection Day $1,800 2 1 $2,744 ROM Estimate
Sample Analysis Each $250 30 1 $7,623 TPH by 8015 & Title 22
Report of Analytical Each $7,500 1 1 $7,500 ROM Estimate

Total $17,867

8. Return Granular Fill to interior of pond
Mobilization LS $5,000 1 1 $5,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $3 11,293 1 $33,900 Means 02315-400-1500
Loading to trucks CYD $0.45 11,293 1 $5,085 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $5.73 11,293 1 $64,748 Means 02320-200-0330
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Spread dumped fill,no compaction CYD $1.88 11,293 1 $21,208 Means 02320-200-0400
Total $129,941

9. Excavate Berms and return to interior of pond
Mobilization LS $10,000 1 1 $10,000 ROM Estimate
Excavate  (Dozer, 300' haul, common earth) CYD $7 86,267 1 $597,684 Means 02315-410-4420

Total $607,684

Subtotal Field Activities Costs $3,744,662

Contingency (0% of All of the Above Costs) $0
Total $3,744,662

Total Field Activities Costs $3,750,000

Engineering and Oversite

Engineering (2% of Total Construction Cost) $75,000 Means 01107-300-1200 (min.)
Permitting (0.5% of Total Construction Cost) $19,000 Means 01310-150-0010 (min.)
Construction Management (5% of Total Construction Cost) $188,000 Means 01107-200-0010 (min.)
Closure Report (0.5% of Total Construction Cost) $19,000 Means 01310-150-0010

Total Engineering and Oversite Cost $301,000

T O T A L     C O S T $4,051,000
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Assumptions
No need for construction support facilities since site has infrastructure
Berms are constructed by removal of native material from site
See Attached worksheet for support to berm volumes
Volume of berm material is ~ 86267 cyd Vol
Based on Cleanout of Sludge, 4 years accumlation is 30,000,000 pounds or for 3 ponds 10,000,000 pounds
Accumulated Sludge is now a solid Dry Weight 5000 tons or 9098 Cubic Yards
Sludge is not a RCRA or Cal hazardous material,is equivalent to hydrocarbon impacted soil & can be disposed in WM landfill in McKittrick, CA
Sludge  meets landfill permit on moisture content and density is roughly equivalent to impacted soil

Assume that Project description over rides Worley Parson design drawings 
Area 7.00 acres

Pond Area Area 304920 Square Feet

Concrete  Thickness 1 feet Vol 11293 Cubic Yards
Density 150 lbs/cft Wt. 22869 Tons

Concrete crushing assumes that there is no rebar; A 1997 study (CALTRANS) as reported by CIWMB found that costs to produce 3/4inch  
material were $4 to $5/ton and to produce 1.5 inch material were $3 to $3.50/ton; Use 4.00 per ton
Granular Fill  Thickness 1 feet Vol 11293 Cubic Yards

60-mil HDPE/Geotextile 304920 Square Feet
Sand/Gravel Fill Trench  Thickness 6 feet Vol 4 Cubic Yards
40-mil HDPE 304920 Square Feet
Compacted Clay/Silt  Thickness 2 feet Vol 22587 Cubic Yards
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Assume that Compact Clay/Silt can remain as it is not impacted

Notes 
Unit Costs are from RS Means Building Construction Cost Data 2001 Western Version
Unit Costs are adjusted by the City Cost Index; 1.13 Means page 612 for Installation index for Riverside, CA
Unit Costs are adjusted by the ENR Historical Cost Index to estimate 2008 costs  
Compare Construction Cost Index since closure is mostly labor and not materials purchase
ENR Construction Cost Index for Los Angeles in December 1997 6664
ENR Construction Cost Index for Los Angeles in December 2000 7068
ENR Construction Cost Index for Los Angeles in December 2007 (est) 8875
Historical Cost adjustment is 2007 #/ 1997 # 1.33
Historical Cost adjustment is 2007 #/ 2000 # 1.26
Combine historical (2007 to 2000) & City cost adjustment 1.42
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Costs
1. Remove and Dispose Sludge (solid)
Mobilization LS $25,000 1 1 $25,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $5 9,098 1 $43,696 Means 02315-40-1500&-4100
Loading to trucks CYD $0.72 9,098 1 $6,554 Means 02315-400-0020
Hauling to Landfill (18 tons/truck&220 mileRT) mile $3.27 220 278 $199,962 Means 02110-300-1260

Disposal ton $45.83 5,000 1 $229,129
4-11-08 WM verbal; tipping fee for 
Class II  @ McKittrick Landfill

Sampling and RWQCB Report each $25,000 1 1 $25,000 ROM Estimate
Total $529,341

2. Remove and Dispose/Recycle Hard Surface
Mobilization LS $10,000 1 1 $10,000 ENSR Estimate
Demolition of 12" Concrete CYD $113 11,293 1.0 $1,277,287 Means 02220-875-2100
Loading to trucks CYD $0.72 11,293 1 $8,136 Means 02315-400-0020
Crush concrete on site ton $4 22,869 1.0 $91,375 See CIWMB assumption below
Sampling of Crushed concrete demonstrating no LS $25,000 1 1 $25,000 ROM Estimate
Loading to trucks CYD $0.72 11,293 1 $8,136 Means 02315-400-0020
Truck Haul to on site stockpiles and dump CYD $5.73 11,293 1 $64,748 Means 02320-200-0330
Spread dumped crushed concrete,no compaction CYD $1.88 11,293 1 $21,208 Means 02320-200-0400
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Total $1,505,890

3. Remove, Wash, & Reuse Granular Fill
Mobilization LS $25,000 1 1 $25,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $3 11,293 1 $33,900 Means 02315-40-1500
Loading to trucks CYD $0.45 11,293 1 $5,085 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $4.17 11,293 1 $47,075 Means 02320-200-0400
Wash to remove salts CYD $5.00 11,293 1 $56,467 ROM Estimate
Disposal of Wash Water gal $0.50 225,867 1 $112,933 ROM Estimate
Loading to stockpile CYD $0.45 11,293 1 $5,085 Means 02315-400-0020

Total $285,545

4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
Mobilization LS $5,000 1 1 $5,000 ROM Estimate
Pick up and cutting of Non-Woven, HDPE SF $0.40 304,920 1 $121,463 Means 02225-380-0400 (roughly ~)
Loading to trucks SF $0.06 304,920 1 $18,219 Means 02315-400-0020 (roughly ~)
Hauling to Facility (18 tons/truck & 220 mileRT mile $3.27 220 4 $3,049 Means 02110-300-1260
Disposal ton $92.47 76 1 $7,049 Means 02225-740-0100

Total $154,780
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

5. Remove Screened Sand /piping trench ; Sump
Excavate  (0.75 cyd Front End Loader) CYD $3 4 1 $12 Means 02315-40-1500
Loading to trucks CYD $0.45 4 1 $2 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $6.69 4 1 $27 Means 02320-200-0400

Total $41

6. Remove and Dispose of 40 mil Geomembrane

Mobilization LS $5,000 1 1 $5,000 ROM Estimate
Pick up and cutting of HDPE SF $0.20 304,920 1 $60,731 Means 02225-380-0400 (roughly ~1/2)
Loading to trucks SF $0.03 304,920 1 $9,110 Means 02315-400-0020 (roughly ~)
Hauling to Facility (18 tons/truck & 220 mileRT mile $3.27 220 2 $1,524 Means 02110-300-1260
Disposal of 40 mil HDPE ton $92.47 38 1 $3,525 Means 02225-740-0100

Total $79,890

6A Remove GCL layer (alternate ) and dispose as daily cover at landfill 
Excavate  (0.75 cyd Front End Loader) CYD $3 3,761 $0 Means 02315-40-1500
Loading to trucks SF $0.06 304,920 $0 Means 02315-400-0020 (roughly ~)
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Hauling to Facility (18 tons/truck & 220 mileRT mile $3.27 220 $0 Means 02110-300-1260
Disposal of GCL ton $42.68 4,889 $0 AECOM experience

Total $0

7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
Sample Collection Day $1,800 2 1 $2,744 ROM Estimate
Sample Analysis Each $250 30 1 $7,623 TPH by 8015 & Title 22
Report of Analytical Each $7,500 1 1 $7,500 ROM Estimate

Total $17,867

8. Return Granular Fill to interior of pond
Mobilization LS $5,000 1 1 $5,000 ROM Estimate
Excavate  (0.75 cyd Front End Loader) CYD $3 11,293 1 $33,900 Means 02315-400-1500
Loading to trucks CYD $0.45 11,293 1 $5,085 Means 02315-400-0020
Truck Haul to on site stockpile and dump CYD $5.73 11,293 1 $64,748 Means 02320-200-0330
Spread dumped fill,no compaction CYD $1.88 11,293 1 $21,208 Means 02320-200-0400

Total $129,941
9. Excavate Berms and return to interior of pond
Mobilization LS $10,000 1 1 $10,000 ROM Estimate
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Excavate  (Dozer, 300' haul, common earth) CYD $7 86,267 1 $597,684 Means 02315-410-4420
Total $607,684

Subtotal Field Activities Costs $3,310,980

Contingency (0% of All of the Above Costs) $0
Total $3,310,980

Total Field Activities Costs $3,320,000

Engineering and Oversite

Engineering (2% of Total Construction Cost) $67,000 Means 01107-300-1200 (min.)
Permitting (0.5% of Total Construction Cost) $17,000 Means 01310-150-0010 (min.)
Construction Management (5% of Total Construction Cost) $166,000 Means 01107-200-0010 (min.)
Closure Report (0.5% of Total Construction Cost) $17,000 Means 01310-150-0010

Total Engineering and Oversite Cost $267,000
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

T O T A L     C O S T $3,587,000
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

Assumptions
No need for construction support facilities since site has infrastructure
Berms are constructed by removal of native material from site
See Attached worksheet for support to berm volumes
Volume of berm material is ~ 86267 cyd Vol
WDR Joint Document states that a total of 30,000,000 pounds or for 3 ponds 10,000,000 pounds
Accumulated Sludge is now a solid Dry Weight 5000 tons or 9098 Cubic Yards
Sludge is not a RCRA or Cal hazardous material,is equivalent to hydrocarbon impacted soil & can be disposed in WM landfill in McKittrick, CA
Sludge  meets landfill permit on moisture content and density is roughly equivalent to impacted soil

Assume that Project description over rides Worley Parson design drawings 
Area 7.00 acres

Pond Area Area 304920 Square Feet

Concrete  Thickness 1 feet Vol 11293 Cubic Yards
Density 150 lbs/cft Wt. 22869 Tons

Concrete crushing assumes that there is no rebar; A 1997 study (CALTRANS) as reported by CIWMB found that costs to produce 3/4inch  
material were $4 to $5/ton and to produce 1.5 inch material were $3 to $3.50/ton; Use 4.00 per ton
Granular Fill  Thickness 1 feet Vol 11293 Cubic Yards
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Order-of-Magnitude  Cost Estimate-Closure of Evap Ponds 
Sequence of Closure of Evaporation Pond with Trench 
1. Remove and Dispose Sludge (solid)
2. Remove, Crush , and Recycle Hard Surface (Roller compacted concrete without rebar)
3. Remove, Wash, and Reuse on site Granular Fill
4. Remove and Dispose of Non-Woven layer , 60 mil Geomembrane, and Geonet 
5. Remove Screened Sand /piping trench ; reuse sand on site & dispose of piping 
6. Remove and Dispose of 40 mil Geomembrane
6A No GCL layer (alternate ) 
7. Sample Clay/Silt layer to demonstrate that it is acceptable to leave in place
8. Return Granular Fill to interior of pond
9. Excavate Berms and return to interior of pond

Unit Unit Unit Number Cost
Cost Quantity Reference

60-mil HDPE/Geotextile 304920 Square Feet
Sand/Gravel Fill Sump  Thickness 6 feet Vol 4 Cubic Yards
40-mil HDPE 304920 Square Feet
Compacted Clay/Silt  Thickness 2 feet Vol 22587 Cubic Yards
Assume that Compact Clay/Silt can remain as it is not impacted

Notes 
Unit Costs are from RS Means Building Construction Cost Data 2001 Western Version
Unit Costs are adjusted by the City Cost Index; 1.13 Means page 612 for Installation index for Riverside, CA
Unit Costs are adjusted by the ENR Historical Cost Index to estimate 2008 costs  
Compare Construction Cost Index since closure is mostly labor and not materials purchase
ENR Construction Cost Index for Los Angeles in December 1997 6664
ENR Construction Cost Index for Los Angeles in December 2000 7068
ENR Construction Cost Index for Los Angeles in December 2007 (est) 8875
Historical Cost adjustment is 2007 #/ 1997 # 1.33
Historical Cost adjustment is 2007 #/ 2000 # 1.26
Combine historical (2007 to 2000) & City cost adjustment 1.42
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Appendix L - Preliminary Closure Plan for the Land Treatment Unit 
Figure Revisions 
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Beacon Solar Energy Project 46 June 2009 

Appendix M - Preliminary Post-Closure Maintenance Plan for the 
Evaporation Ponds and Land Treatment Unit 

2.0 Site Background 

The Project is a concentrating solar electric generating facility proposed on an approximately 2,012-acre site 
in Kern County, California.  The Project will use well-established parabolic trough solar thermal technology 
to produce electrical power using a steam turbine generator (STG) fed from a solar steam generator (SSG).  
The SSG receives HTF from solar thermal equipment comprised of arrays of parabolic mirrors that collect 
energy from the sun.   

The Project proposes to use a wet cooling tower for power plant cooling.  Water for cooling tower makeup, 
process water makeup, and other industrial uses such as mirror washing will be supplied from on-site 
groundwater wells, which will also be used to supply water for employee use (e.g., drinking, showers, sinks, 
and toilets).  A package water treatment system will be used to treat the water used by employees to meet 
potable standards.  A sanitary septic system and on-site leach field will be used to dispose of sanitary 
wastewater.   

The Project cooling water blow down will be piped to lined, on-site evaporation ponds.  The ponds will be 
sized to retain all solids generated during the life of the Project.  However, if required for maintenance, 
dewatered residues from the ponds will be sent to an appropriate off-site landfill as non-hazardous waste.  
The layout of the proposed facility is shown in Figure 2-1.  The waste storage and treatment units include 
three evaporation ponds and the LTU for HTF-contaminated soils as described below.  

2.1 Waste Handling Facilities 
The configuration of the planned evaporation ponds, LTU, and adjacent areas are shown in Figure 2-1.  
Topography of the Project and surrounding areas are shown on Figure 2-2.  The final grading contours for 
the entire Site are shown on Figure 2-3 and a close-up grading plan for the evaporation ponds and LTU are 
shown on Figure 2-4. 

2.1.1 Evaporation Ponds 
The three 2.7-acre (total combined pond top area of 8.1 acres) evaporation ponds have an average 
proposed design depth of 8 feet, which incorporates the following: 

 3 feet of residue build up over 3.5 to 4.5 years followed by cleanout, 

 3 feet of operational depth, and 

 2 feet of freeboard. 

The containment design for the evaporation ponds, from the surface of the evaporation ponds downwards, 
consists of the following: 

 A hard surface/protective layer with granular fill/free draining sub-base over geotextile; 

 A primary 60 mil high density polyethylene (HDPE) liner; 

 An interstitial leak detection and removal system comprising a geomembrane geonet and 
collection piping; 

 A secondary 40 mil HDPE liner; and 
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 A base layer consisting of either a geosynthetic clay liner (GCL) or 2 feet of on-site material with 
a hydraulic conductivity of less than 1 x 10-6 centimeters per second of which 30 percent, by 
weight, shall pass through a Number 200 U.S. standard sieve. 

The design details of the evaporation ponds are shown in Figure 2-5. 

Wastewater that is discharged to the evaporation ponds consists of boiler feedwater, cooling tower blow 
down water, and HTF.  Table 2-1 is a list of anticipated chemicals that wastewater may contain.  

2.1.2 Land Treatment Unit 
The LTU will cover an area of approximately 400 feet by 800 feet.  The LTU will not incorporate a liner 
containment system or leak detection and removal system (LDRS), but will be constructed with a prepared 
base consisting of a minimum of 2 feet of compacted, low permeability, lime-treated native material.  This 
base will serve as a competent platform for land treatment activities, and will serve to slow the rate of 
surface water infiltration in the treatment area.  The compacted and native soil beneath the LTU is 
designated as a “treatment zone” to a depth of 5 feet.  Although the land treatment will be taking vehicle 
traffic, no hard surface will be required, as there is no liner system to protect.  

The LTU will be surrounded on all sides by a two-foot high compacted earthen berm with side slopes of 
approximately 3:1 (horizontal: vertical).  These berms will control and prevent potential inflow (run on) of 
surface stormwater into the LTU or runoff of stormwater from the unit. 

The LTU will be used for soils with concentrations less than 10,000 milligrams per kilogram (mg/kg) of HTF.  
Based on the experience at the existing solar electric generating system (SEGS) facilities, the California 
Department of Toxics Substances Control (DTSC) has determined that soil contaminated with HTF in 
concentrations less than 10,000 mg/kg is classified as a non-hazardous waste.  Since this project uses 
similar technology as the SEGS facilities, it is assumed that for this project, HTF-impacted soil will be 
handled in a similar fashion to the SEGS facilities.  A copy of the DTSC determination letter is included in 
Appendix A. 

Contaminated soil will remain in the LTU until concentrations are reduced to less than an average 
concentration of 100 mg/kg; the remediated soil is expected to be used as fill material on the site.  Soils with 
initial HTF concentrations less than 100 mg/kg will be used as fill material on the site.  

The construction design details of the LTU are shown in Figure 2-6. 

2.2 Closure Description Summary 

BSEP proposes to clean-close the evaporation ponds and LTU after operational activities of the solar power 
plant permanently cease.  Clean closure activities will consist of the removal of all improvements to within 3 
feet of final grade followed by the restoration of lines and grades in the disturbed area of the Project Site to 
match the natural gradients.   

The strategy to close the Project will consist of the following measures: 

 Conducting pre-closure activities such as final closure and restoration planning that addresses 
the “as-found” site conditions at the start of the Project;  

 Demolition of the above-ground structures (dismantling and removal of improvements and 
materials) in a phased approach while still using some items until close to the end of the 
Project;  

 Demolition and removal of below-ground facilities (underground utilities) as needed to meet the 
closure goals;   
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 Soils cleanup, if needed, with special attention applied to evaporation pond and hazardous 
materials use/storage areas to ensure that clean closure is achieved;   

 Disposal of materials in appropriate facilities for treatment/disposal or recycling; and  

 Re-contouring of lines and grades to match the natural gradient and function.  

3.0 Preliminary Post Closure Maintenance Plan  

Closure of the waste facilities will involve the complete removal of the evaporation ponds and LTU.  As 
such, the Post Closure Maintenance Plan consists of a post closure groundwater monitoring program.  The 
post closure groundwater monitoring program will be a continuation of the detection monitoring program 
(DMP) and will involve analyzing groundwater samples from the same wells used in the DMP. 

3.1.1 Groundwater Monitoring 
Post closure groundwater monitoring will involve collecting groundwater samples from the existing wells 
shown on Figure 3-1.  No new wells are proposed to be installed as part of the post closure groundwater 
monitoring program.  Groundwater samples will be collected from wells that are adjacent to the evaporation 
ponds and LTU, and from wells near the property boundaries.   

Depth-to-water will be measured in each well and groundwater samples will be collected on a semi-annual 
basis (once every six months) using low-flow groundwater sampling techniques (see Appendix B for field 
procedures).  For each calendar year, groundwater samples for the first semiannual monitoring event will be 
analyzed for the parameters listed on Table 3-1.  Later in the year, the second semiannual monitoring event 
will be referred to as the “Annual” monitoring event and groundwater from this event will be analyzed for the 
parameters shown on Table 3-2.  

Each well will have a dedicated pump in it from which groundwater samples can be obtained.  The pumps 
will be installed as part of the detection monitoring program.  During the operational life of the solar plant, 
process water will be provided to the plant from one of two existing on-site water supply wells:  Well 49 or 
well 62 (see Figure 3-1) or from an offsite source (recycled wastewater from Rosamond Wastewater 
Treatment Plant or offsite groundwater from the Koehn Lake region).  If the onsite wells are used for the 
water supply, and are shut down following plant decommissioning and closure of the evaporation 
ponds/LTUs, it is anticipated that water levels within the former cone of depression will rise as much as 30 
feet as the water table reverts to a static elevation.  In the event of this occurrence, it will be necessary to 
raise the groundwater sampling pumps in all wells within the former cone of depression so that the pump 
inlets are approximately 5 to 6 feet below the stabilized water level.    

3.1.2 Data Evaluation 
Using approved statistical or non-statistical data analysis methods approved in Board Order No. 6-98-74, 
the Project will, for each monitoring event, compare the concentration of each monitoring parameter with its 
respective concentration limit to determine if groundwater has been impacted by constituents from the 
former evaporation ponds and/or LTU.  Consistent with CCR Title 22, Section 66264.97(e), the groundwater 
monitoring report will include a graphical and statistical trend analysis of the groundwater monitoring data.   

3.1.2.1 Graphical Analysis 

Time series graphs of groundwater chemical data will be presented.  Graphs will be at a scale appropriate to 
show trends or variations in water quality.  Wells that have been primarily below detection limits for a given 
constituent will not be graphed. 

Maps illustrating the groundwater flow direction and chemical data (e.g., chloride, nitrate as nitrogen, 
phosphate, sulfate, total dissolved solids (TDS), biphenyl oxide, and diphenyl oxide will be presented.   
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3.1.2.2 Statistical Trend Analysis 

A trend is defined as the general increase or decrease in observed values of some variable over time.  
Trend analysis can be used to determine the significance of an apparent trend and to estimate the 
magnitude of that trend.  The Mann Kendall trend test and the Sen's slope estimator were chosen to 
statistically analyze the data because they are the accepted non parametric trend analysis methods for data 
that are not normally distributed. 

Mann Kendall Trend Test.  The test will be conducted on the groundwater data to evaluate the existence of 
significant trends.  The Mann Kendall formula is as follows: 

n-1 n 
 S =  sgn (xj - xk) 
 k=1 j = k +1 

The resulting statistic is the number of positive differences minus the number of negative differences.  The 
statistics can be used to test the null hypothesis for the absence of a trend or the presence of a trend.   

Sen's Slope Estimator.  This simple procedure developed by Sen is used to estimate the slope or rate of 
change of the parameters in question.  The advantage of this method over simple linear regression is that it 
is not greatly affected by gross data errors or outliers, and can even be computed when data are missing. 

The N' individual slope estimates, Q, are computed for each time period: 

Q = Xi'-Xi 
 i' i 
where 
 Xi' and Xi are data values at time i' and i, respectively 
 N' is the number of data pairs for which i'>i 
The median of these N' values of Q is Sen's estimator of slope. 
N' is determined as follows: 

N' = n(n-1) 
 2 
 

If only one datum per time period exists, n is the number of time periods. 

A value of one half of the detection limit will be substituted for Xi values below the detection limit. 

The median of the N' slope estimates is obtained by ranking the values of Q from smallest to largest and 
computing as follows: 

 Sen's estimator= median slope 

 Q(N'+1)/2 if N' is even 

 1/2 {Q(N'/2) + Q[(N'+2)/2]} if N' is odd
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Preliminary Post-Closure Plan for the Evaporation Ponds and 
Land Treatment Unit Table Revisions 



Table 2-1A  Predicted Chemistry of Wastewater Streams for Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond Discharge 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Aluminum (total) (mg/L Al) 0.023 0.04 0.25 0.15 1.54 * * 

Ammonia  (as N) 0.038 0.06 0.41 0.26 2.55 * * 

Arsenic (total) (mg/L As) 0.0035 0.01 0.04 0.02 0.23 5.0 5.0 

Boron (total) (mg/L B) 0.18 0.30 1.96 1.21 12.08 * * 

Calcium (total) (mg/L Ca) 47 77.40 511.83 315.43 3151.11 * * 

Chloride (mg/L Cl) 15.5 25.50 168.80 104.01 1039.08 * * 

Cyanide (total) (mg/L as 
HCN) 

0.007 0.01 0.08 0.05 0.47 * * 

Fluoride (mg/L as F) 0.459 0.75 5.00 3.08 30.75 180 * 

HCO3 (bicarbonate 
alkalinity) 

(mg/L 
HCO3) 

257 16.40 48.68 34.09 340.53 * * 

Iron (total) (mg/L Fe) 0.047 0.08 0.51 0.32 3.15 * * 

Magnesium (total) (mg/L Mg) 11 18.15 119.79 73.84 737.65 * * 

M-Alkalinity (mg/L as 
CaCO3) 

207 14.10 2254.23 1241.48 12402.37 * * 

Nitrate (mg/L as 
NO3) 

1.183 1.95 12.88 7.94 79.32 * * 

Phosphate (total) (mg/L as 
PO4) 

0.019 0.03 0.21 0.13 1.27 * * 

Potassium (total) (mg/L K) 4.1 6.76 44.65 27.52 274.92 * * 

Selenium (total) (mg/L Se) 0.00039 0.00 0.00 0.00 0.03 1.0 1.0 



Table 2-1A  Predicted Chemistry of Wastewater Streams for Onsite Groundwater (Lower TDS) 

Constituent Units Concentration 
in Mean Well 

Water 

Concentration 
in Cooling 

Tower Blow 
Down 

Concentration 
in Ion 

Exchange 
Regeneration 
Wastewater 

Concentration 
into Brine 

Concentrator 

Concentration 
in Evaporation 

Pond Discharge 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Silica (mg/L as 
SiO2) 

33.3 54.90 362.64 223.51 2232.87 * * 

Silicon (mg/L as Si) 15.7 24.35 170.97 104.69 1045.80 * * 

Sodium (total) (mg/L Na) 78 141.90 3739.92 2113.27 21111.58 * * 

Strontium (total) (mg/L Sr) 0.78 1.21 8.49 5.20 51.96 * * 

Sulfate (mg/L SO4) 118 477.56 6952.81 4025.38 40213.55 * * 

Zinc (total) (mg/L Zn) 0.012 0.02 0.13 0.08 0.80 250 * 

pH pH 8.00  7.00     

Total Dissolved Solids (ppm) 550 857.28 12150.05 7044.64 70331.24 * * 

 

Notes:  
Regulatory Standards/Reportable Quantities are for elements mentioned only  
* Not listed/no standards  
---- Unknown  
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, Section 66261.24   
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 



Table 2-1B  Predicted Chemistry of Wastewater Streams for Offsite Groundwater (Upper TDS) 

Constituent Units Concentration 
in Mean Well 
Water (mg/L) 

Concentration in 
Evaporation Pond 
Discharge (mg/L) 

STLC   
(mg/L) 

TCLP    
(mg/L) 

Calcium (total) (mg/L Ca) 69 934 * * 

Chloride (mg/L Cl) 250 20,098 * * 

Fluoride (mg/L as F) 9.3 620 180 * 

HCO3 (bicarbonate 
alkalinity) 

(mg/L HCO3) 319 271 * * 

Iron (total) (mg/L Fe) < 0.010  - * * 

Magnesium (total) (mg/L Mg) 9.9 324 * * 

M-Alkalinity (mg/L as CaCO3) 210 223 * * 

Nitrate (mg/L as NO3) 0 2 * * 

Nitrate and Nitrite (mg/L as N) 0.03 - * * 

Potassium (total) (mg/L K) 6.3 420 * * 

Silica (mg/L as SiO2) 33 667 * * 

Sodium (total) (mg/L Na) 510 36,446 * * 

Sulfate (mg/L SO4) 690 51,171 * * 

pH pH 7.8 - * * 

Total Dissolved Solids (ppm) 1900 110,951 * * 
 
Notes: 
Regulatory Standards/Reportable Quantities are for elements mentioned only 
* Not listed/no standards 
---- Unknown 
STLC = Soluble Threshold Limit Concentration, Regulated by CCR Title 22, Division 4.5, Article 3, 
Section 66261.24  
TCLP = Toxicity Characteristics Leaching Procedure; Regulated under 40 CFR Section 261.24 
The list of constituents only includes parameters that there were mean well water data for.  A completed 
waste stream  
stream evaluation should be undertaken when additional raw water constituents are known



Table 3-1  Groundwater Sample Analytical Parameters – Semi-
Annual Monitoring 

Parameter U.S. EPA or 
Standard 
Method 

RL Goal Units 

Chloride 300.0 14,000 ug/L 

Nitrate as Nitrogen 300.0 1,000 ug/L 

Phosphate (total) 365.3 100 ug/L 

Sulfate 300.0 100,000 ug/L 

TDS SM 2450C 10,000 ug/L 

Biphenyl Oxide 8015M 1,000 ug/L 

Diphenyl Oxide 8015M 1,000 ug/L 

Static Water Depth Field +/- 0.1 feet bgs 

pH reading Field +/- 0.1 pH units 

Temperature Field +/- 0.1 °F or °C 

 
Key: 

ug/L – micrograms per liter 
RL – reporting limit 
SM – Standard Method 
Note: If turbidity exceeds 10 NTU, groundwater samples will be field 
filtered and both the unfiltered and filtered groundwater samples will be 
submitted to the laboratory for metals and TDS analysis.



Table 3-2.  Groundwater Sample Analytical Parameters – 
Annual Monitoring 

Parameter U.S. EPA or 
Standard 
Method 

RL Goal Units 

Ammonia (as N) 350.1 100 ug/L 

Aluminum 200.7 20 ug/L 

Arsenic 6020 2.0 ug/L 

Boron 200.7 140 ug/L 

Calcium 200.7 40,000 ug/L 

Chloride 300.0 14,000 ug/L 

Cyanide (total) SM 4500 10 ug/L 

Fluoride  300.0 500 ug/L 

Iron 200.7 20 ug/L 

Magnesium 200.7 10,000 ug/L 

Manganese 200.7 15 ug/L 

Molybdenum 6020 10.00 ug/L 

Nitrate as Nitrogen 300.0 1,000 ug/L 

Nitrite as Nitrogen SM 4500 4 ug/L 

Potassium 200.7 3,000 ug/L 

Phosphate (total) 365.3 100 ug/L 

Selenium 6020 0.5 ug/L 

Silica (as SiO2) 200.7 1,000 ug/L 

Silicon (as Si) 200.7 1,000 ug/L 

Sodium 200.7 10,000 ug/L 

Strontium 200.7 500 ug/L 

Sulfate 300.0 100,000 ug/L 

TDS SM 2540C 10,000 ug/L 

Total Alkalinity 
(as CaCO3) 

SM 2320B 100,000 ug/L  

Zinc 6020 10 ug/L 

Biphenyl Oxide 8015M 500 ug/L 

Diphenyl Oxide 8015M 500 ug/L 

Cyclohexamine 
(20-40%) 

8015M 500 ug/L 

Morpholine 8015M 500 ug/L 



Table 3-2.  Groundwater Sample Analytical Parameters – 
Annual Monitoring 

Parameter U.S. EPA or 
Standard 
Method 

RL Goal Units 

(1-10%) 

pH reading Field +/- 0.1 pH units 

Temperature Field +/- 0.1 °F or °C 

Nalco 3D Trasar 
177 

Hand-Held 
Fluorometer 

na na 

Nalco 3D Trasar 
190 

Hand-Held 
Fluorometer 

na na 

 
Key: 

CaCO3 - calcium carbonate                   SM – Standard Method 
ug/L – micrograms per liter                     na – not applicable 
RL – reporting limit 
Note: 
If turbidity exceeds 10 NTU, groundwater samples will be field filtered 
and both the unfiltered and filtered groundwater samples will be 
submitted to the laboratory for metals and TDS analysis. 
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Preliminary Post-Closure Plan for the Evaporation Ponds and 
Land Treatment Unit Figure Revisions 
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Figure 2-2
Topography Map
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Figure 2-3
Conceptual Grading Plan
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Figure 2-4
Evaporation Pond and
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Figure 2-5
Evaporation Pond
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ATTACHMENT A 
RESPONSE TO RWQCB COMMENTS 
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ATTACHMENT A 

Response to Comments 
Regional Water Quality Control Board – Lahontan Region 
April 17, 2009 Comments to the Draft Report of Waste Discharge 
Beacon Solar Energy Project 

The initial draft report of waste discharge (RoWD) was provided by Beacon to the Lahontan Regional Water 
Quality Control Board (RWQCB) on May 21, 2008.  The RWQCB provided comments to this application on 
January 12, 2009.  Subsequently, a conference call was held with Beacon, its consultants and the RWQCB 
on January 30, 2009.  From this call, the RoWD was revised and resubmitted to the RWQCB on March 18, 
2009.  Subsequently, the RWQCB provided comments to the revised application on April 17, 2009. 

The following responses address comments provided in the April 17, 2009, letter and pertain to the March 
18 RoWD and project design at that time.   

1. RWQCB Comment – Waste Characteristics 

a. The Revised RoWD states that the wastewater would be classified as designated waste under California 
Water Code Section 13173, because the wastewater contains constituents that could affect the beneficial 
uses of the waters of the State. The specific constituents must be listed in order to design an appropriate 
monitoring program.  

Response 

Revised Table 7A and 7B within the RoWD lists the predicted chemistry of the wastewater streams and 
Table 5 in the JTD lists the raw water chemistry from the water supply wells.  In the unlikely worse case 
scenario of evaporation pond wastewater leaking into the groundwater (i.e. evaporation pond double 
liner system and collection sump pump failures simultaneously), there would be some constituents that 
have the potential to be released into the groundwater that have a higher concentration than the existing 
raw water concentrations.  This is applicable to boron, calcium, fluoride, iron, magnesium, phosphate, 
potassium, selenium, silica, silicon and total dissolved solids for the lower bound TDS limit (onsite 
groundwater with partial ZLD).  Although the evaporation pond wastewater has “higher” concentrations 
than the raw water for the aforementioned constituents, the waste water is not hazardous under the 
California Code of Regulations (CCR) Title 22, Division 4.5, Article 3, Section 66261.24 (as discussed in 
Section 4.3.1 of the RoWD).  All of these constituents are included in Detection Monitoring Program for 
the site (refer to Appendix G, “Detection Monitoring Plan” Table 4-4). 

b. There are discrepancies between Table 8, Predicted Chemistry of Evaporation Pond Residue, and Table 
3-4 of Appendix G, Predicted Chemistry of Evaporation Residue. For example, selenium and zinc are listed 
in Table 8, but not in Table 3-4. Hexavalent chromium and sulfate are listed in Table 3-4, but not in Table 8. 
Also, there are some differences of the predicted concentrations for the same constituent. For example, the 
predicted concentration of boron is 247 parts per million (ppm) in Table 8 and 457 ppm in Table 3-4. The 
predicted concentration of fluoride is 630 ppm in Table 8, but 166 ppm in Table 3-4. These discrepancies 
must be resolved prior to the adoption of waste discharge requirements for the facility.  

Response 

Table 3-4 of Appendix G is an older version of Table 8 of the Revised RoWD.  The constituents and 
predicted concentrations for the evaporation pond residue were recalculated to account for changes in 
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the design/system.  Table 3-4 of Appendix G has been updated to reflect the constituents and predicted 
concentrations shown on Table 8, and is attached for reference. 

c. The Revised RoWD provides additional information on waste characterization and includes the statement 
that heat transfer fluids "biodegrade relatively rapidly in the environment, have slight toxicity to tested 
terrestrial species, higher toxicity to aquatic species, and a potential to bioaccumulate." The Lahontan Water 
Board requires additional information to evaluate the potential threat from the waste stream. Provide specific 
information regarding anticipated degradation rates, potential breakdown products, and toxicity, fate and 
transport information for HTF and its breakdown products.  

Response 

Heat transfer fluid (HTF) is composed of approximately 76.5% biphenyl and 23.5% diphenyl ether.  
Specific information requested on HTF or each of these compounds as available is as follows: 

Degradation Rates: 

- Complete Product: An online MSDS reports aqueous biodegradation (elimination of 
dissolved organic carbon) of Solutia VP1 in OECD test 302A (inoculated with sewage) 
in 28 days. 

- Biphenyl: Biphenyl has a soil half-life of 32 to 168 hours (1).  In a silt loam soil, 86% of 
originally applied biphenyl mineralized to carbon dioxide in 98 days (2).  In another soil, 
81% of biphenyl initially applied was mineralized after 24 days (3). 

- Diphenyl ether: structurally similar 4,4' diaminodiphenyl ether has a soil biodegradation 
half life of 672 hours to 6 months (1).  Although biodegradation can occur, as discussed 
below photodegradation is expected to drive the half life of diphenyl ether in soil.  

- At the Kramer Junction facility, HTF contaminated soils with concentrations between 
1,000 and 10,000 mg/kg have treatment times that vary between one and four months.  
The variation in treatment times varies with ambient air and soil temperature (personal 
communication Glen King, Environmental Manager - Kramer Junction SEGS). 

Potential Breakdown Products: 

A study with a pure culture inoculum showed that the metabolites of biphenyl degradation are 2,3-
dihydro-2,3-dihydroxybiphenyl, alpha-hydroxy-beta-phenylmuconic semi-aldehyde, phenyl pyruvate 
and benzoic acid (4).  Each of these compounds is more readily biodegraded than biphenyl and 
biological transformations are expected to occur intracellularly.  Similar information is not available 
for diphenyl ether. 

Toxicity (Complete Product) - Acute animal toxicity data 

– Oral: LD50, rat, 2,050 mg/kg, No more than slightly toxic. 

– Dermal: LD50, rabbit, > 5,010 mg/kg, practically nontoxic after skin application in 
animal studies. 

– Inhalation: LC50, rat, 2.66 mg/l, 4 h, Toxic based on animal inhalation exposure 
studies. 

– Skin irritation: rabbit, slightly irritating to skin - 24 hours. 

– Repeat dose toxicity: (rat) inhalation, 13 weeks, Produced effects on body weight, 
serum enzymes and/or organ weights in repeat dose studies. 
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– Repeat dose toxicity: (rat) 26 weeks, produced effects on body weight, serum enzymes 
and/or organ weights in repeat dose studies. Effects only observed at very high dose 
levels. Target organs affected kidneys, liver, spleen. 

– Repeat dose toxicity: (rat) diet, sub-chronic, repeated oral exposure produced liver and 
kidney changes in animal models.  Target organs affected liver, kidneys. 

– Developmental toxicity: (rat) No effects on offspring observed in laboratory animals in 
the presence of maternal toxicity (5). 

Fate and Transport Information 

- Biphenyl: Based on Koc values as high as 3,300(6), biphenyl is expected to have low to 
slight mobility in soil and adsorption to soil is expected to attenuate volatilization. 
Biphenyl is not expected to volatilize from dry soil surfaces (SRC) based upon a vapor 
pressure of 8.93X10-3 mm Hg(7).  As previously discussed, biodegradation is the 
expected fate for biphenyl in soil. 

- Diphenyl ether: An experimental Koc value of 1950(8) suggests that diphenyl ether will 
have low mobility in soil (9).  Transport from terrestrial surfaces to air via evaporation (10) 
is expected to occur, attenuated by sorption to soil.  The rate constant for the vapor 
phase reaction of diphenyl ether with photochemically produced hydroxyl radicals has 
been estimated to be 1.9X10-11 cu cm/molecule-sec at 25 deg C which corresponds to 
an atmospheric half-life of about 20 hours (11). 

References: 

(1) "Handbook of Environmental Degradation Rates" Philip Hall Howard, Heather Taub Printup, 
CRC Press, 1991, ISBN 0873713583, 9780873713580, 725 pages. 

(2) Fries GF, Marrow GS; Bull Environ Contam Toxicol 33: 6-12 (1984) 

(3) Focht DD, Brunner W; Appl Environ Microbiol 50: 1058-63 (1985)  

(4) Tucker ES et al; Bull Environ Contam Toxicol 14: 705-13 (1975) 

(5) Solutia Material Safety Data Sheet (MSDS) 

(6) Briggs GG; J Agric Food Chem 29: 1050-9 (1981) 

(7) Southworth GR, Keller JL; Water Air Soil Pollut 28: 239-48 (1986)  

(8) Burkhard LP et al; J Chem Eng Data 29: 248-50 (1984)  

(9) Swann RL et al; Res Rev 85: 23 (1983) 

(10) Bauer K et al; pp. 195 in Ullmann's Encyclopedia of Industrial Chemistry, NY: VCH Publishers. 
A11 (1988) 

(11) Meylan WM, Howard PH; Chemosphere 26: 2293-9 (1993) 

2. RWQCB Comment – Plot Plan 

Lahontan Water Board staff apologizes that the January 12, 2009 letter specified that all figures should be 
8.5 x 11 inches. Staff realizes that the features of a 2,000-acre site cannot be adequately portrayed at such 
a scale. Please include all figures at an appropriate scale and size. Also, staff could not locate the 
Assessor's Parcel Numbers or the parcel boundaries on Figure 2. 
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Response 

These maps have been provided as part of the amended RoWD.  In addition, a map showing the 
Assessor’s Parcel Numbers and the parcel boundaries will be provided. 

3. Flood Protection 

The Lahontan Water Board requested information on facility-wide flood protection. The January 12, 2009 
letter stated "Provide a description of the measures that are taken for controlling stormwater runon and 
runoff at the facility." Much of the required information appears to be contained in the Applicant's Conceptual 
Drainage Study (Drainage Study), which was submitted to the California Energy Commission's (CEC). The 
CEC issued a Preliminary Staff Assessment (PSA) in April 2009 that included an evaluation of the Drainage 
Study. Based on the PSA, offsite stormwater, under current conditions, flows across the site via Pine Tree 
Creek and small drainage swales. As proposed, the BSEP project would alter historic stormwater flow paths 
and change runoff patterns from the property. Site development would include an onsite stormwater 
collection system that would discharge the majority of runoff directly into a rerouted Pine Tree Creek. The 
PSA concluded that runoff from the site as well as potential nuisance flows or discharges of hazardous 
substances from plant operation and maintenance would cause significant impacts to the receiving waters. 
The PSA also raised concern regarding the retention basin design and location.  

Lahontan Water Board staff concurs with the CEC's concerns regarding stormwater as expressed in the 
PSA and concurs with the relevant conditions listed in the Soil and Water Resources section of the PSA 
Additionally, the PSA discusses the proposed design for rerouting the Pine Tree Creek. The PSA concludes 
that the design of the rerouted channel is inadequate for flood control and for reproducing the hydrologic 
and hydromorphic functions of the creek. Based on the Public Meeting held in California City on April 14, 
2009, Lahontan Water Board staff understands that the design for the rerouted creek is currently being 
modified. This information must be submitted with a subsequent revision or amendment to the Revised 
RoWD. 

Response:  

In response to CEC, hydrology and hydraulic studies were commissioned to review Pine Tree Creek 
(upstream of the Project site and its rerouted path through the Project site) and the onsite stormwater 
requirements which included the removal of the detention basin, and addition of retention basins, in line 
with the Kern Country requirements.  This amendment to the RoWD provides an overview of the 
stormwater on site and revised Figure 12 presents it schematically.  The project refinement document 
that accompanied the RoWD amendment provides extensive information on the modeling undertaken 
and the revised stormwater design.  The revised 100 year stormwater flows will be confined within the 
rerouted Pine Tree Creek, and the solar fields have been removed from the flood plain to prevent 
interaction (refer to revised Figure 3).       

In addition, there will be a spill prevention, control and countermeasure (SPCC) plan on site which will 
address hazardous waste discharge and preventative measures to ensure there is no impact to the 
downstream waterways (refer to Section 13.4 of the RoWD).  Detailed design of the channel and 
detention basins will address the other Kern County requirements listed in the PSA. 

4. Civil Engineering Design Package 

The Lahontan Water Board's January 12, 2009 letter instructed the Applicant to include a Plan of 
Development/Civil Engineering Design Package in the Revised RoWD. The plan/package was to include 
grading, clearing, excavation, and stormwater management system plans. The intent of this comment was 
for a facility-wide plan. This information was not provided in the Revised RoWD. 
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Response 

A conference call was held on January 30, 2009 to review the comments provided to the draft RoWD 
(May 19, 2008) received on January 12, 2009.  During the call it was noted by the RWQCB (Joe 
Koutsky) that a full facility-wide set of Development/Civil Engineering Design Package was NOT 
required for the response to the January 12, 20098 comments.  The response to comments and 
revision to the RoWD followed the agreed upon detail pertinent to the evaporation ponds and LTU.  The 
relevant portion of the meeting minutes is provided below.  

C. Timeline required for Civil Engineering Design  

Mike Tietze stated that the RoWD incorporated conceptual grading plans and civil design 
for evaporation ponds and LTUs.  BSEP is still undergoing detailed design and if the 
RWQCB requires detailed design drawings now it would take about 2-3 months and they 
may need to be revised later upon the request of the CEC.  The level of design for the 
RoWD is the same conceptual level of design as that submitted for the SAA being used as 
the dredge and fill permit application. 

Joe stated that the RWQCB does not expect a detailed grading plan for the entire BSEP 
site.  At a minimum the following would be needed for civil design: 

 Site surface hydrology and stormwater runoff 

 Precipitation and climactic data used for stormwater runoff calculations 

 Site topography 

Narrative and graphic information must be adequate to show that the LTU and ponds are 
protected from inundation.  All figures must be 8.5 by 11 inches. 

WP response stated that they could provide updated grading and drainage plans for LTU 
and evaporation ponds per the above requirements.  However WP cannot make these 
revisions by the February 10 deadline.  Joe stated that a placeholder can be provided in 
February 10 response and updated design drawing and grading plan for LTU’s and 
evaporation ponds can be provided by March 2.  March 2 date will allow two weeks during 
30 day PSA review for upper level RWQCB review. 

Joe stated that if CEC has comments changing pond design, the re-design can be dealt 
with during the FSA process. 

5. Design Report and Operations Plan 

a. The Revised RoWD proposed three double-lined evaporation ponds with a nominal surface area of 40 
acres. The purpose of multiple ponds was to allow plant operations to continue in the event that one of the 
ponds would need to be taken out of service. Each pond would be designed to have enough surface area 
so that the evaporation rate exceeds the process wastewater and cooling tower blowdown rate at peak 
design conditions and at annual average conditions. However, the PSA concluded that to contain the 
expected flows, the impoundments would have to have a total area of at least 43.5 acres. Also, according to 
the PSA, the applicant would construct another pond (in addition to those three proposed to hold 
wastewater) to be used for dilution of potentially toxic salinity concentrations in the evaporation ponds. With 
this additional pond, the nominal evaporation pond surface area would be on the order of 58 acres. The 
fourth pond was not included in the Revised RoWD. The accurate size, number, and uses must be included 
in the RoWD.  
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Response 

As outlined in the amendment to the RoWD, evaporation pond have been reduced in size to 8 acres 
(based on the upper limit TDS from offsite Koehn Lake groundwater).  The project refinement 
document that accompanied the RoWD amendment provides information on the evaporation pond 
modeling also.  The revised calculation uses a Class ‘A’ pan evaporation rate, which is converted to 
pond evaporation rate (53 inches per year) by factoring in the precipitation, lake factor (0.7) and 
salinity factor (0.7).  The salinity factor is the industry standard for a saturated brine.  The evaporation 
pond design presented in the March 18 RoWD and the revised amended design proposed to use 
three ponds during operation, which will allow the flexibility for BSEP to operate all three ponds or 
fewer as needed.  There was no intention to have a fourth pond. 

b. The January 12, 2009 letter requested a "description of the manner in which liquid and solid wastes 
(wastewater and soil) are handled and disposed..." The Revised RoWD implies that that wastewater 
(classified as a designated waste) used for dust control will be part of the wastewater management. The 
volumes, sources and application rates of this wastewater intended for dust control was not provided. A 
Facilities Operation Dust Control Plan (mentioned in Appendix G) must be submitted in the RoWD for the 
RoWD to be properly evaluated by Water Board staff.  

Response 

Using wastewater for dust suppression is not proposed as part of the normal operating dust control 
procedure.  It has been included in Section 4.1 of Appendix G (Detection Monitoring Plan) of the 
RoWD as a contingency plan during emergency pond repair or in the event of an extreme drought to 
reduce the use of well water, however in both cases, approval is required by the RWQCB before it is 
undertaken.       

As outlined in Section 11.4 of the RoWD, an Operations Dust Control Plan will be prepared to 
manage fugitive dust emissions in compliance with CCR Title 27, Section 21600(b)(8)(D).  This has 
been included in the PSA as condition AQ-SC7.    

Additional Deficiencies 

In addition to the comments conveyed previously, Lahontan Water Board staff noted additional deficiencies 
in the Revised RoWD as described in the following text.  

1. Heat Transfer Fluid Spills  

The Revised RoWD states that HTF spills will be identified by daily inspections. The Revised RoWD does 
not describe how HTF spills will be identified, i.e., are these spills apparent based on visual inspection or will 
the use of a detection instrument be used? The Revised RoWD states that releases of more than 25 gallons 
of HTF fluid will be reported to the Lahontan Water Board. How will the quantity of the release be 
estimated? What are the emergency response plans in the event of rupture on the Western Garlock fault 
strand, which bisects the site? Such an event could result in releases from containment structures and 
piping. 

Response 

Spills will be identified by the following methods:  

- Visual Inspections: Visual and olfactory senses will be used to detect HTF leaks in the solar 
array loops. This practice has been in place for many years at similar facilities, including the 
Kramer Junction SEGS.  Operations will involve regular (at least once a day) walk-downs and 
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visual inspections of the entire solar field including the HTF system (pumps, valves, flanges, 
joints, etc.).  Regular visual inspection is an effective means of detecting small leaks.  It is very 
important to note that from experience, when hot HTF when exposed to the atmosphere, it 
turns into a very visible bright white cloud.  Hot HTF is also an aromatic material and easily 
detected with olfactory senses.  Evidence of leaks from the daily inspection will be immediately 
reported, investigated, and any necessary repairs promptly scheduled.   

- Rapid Loss Monitoring (Detection of Large Volume Leaks):  HTF system piping will include 
multiple piping loops (each serving a different portion of the solar field) with individual isolation 
valves.  The system will incorporate the use of sensors capable of detecting flow and pressure, 
located at the input and output collectors of each section of HTF piping loop.  If the recorded 
flow or pressure of a specific HTF piping loop exceeds the normal operating range, 
computerized plant monitoring software will trigger an alarm, trip the applicable VFD pump, and 
isolate the affected portion of the solar field, thereby immediately stopping the flow of HTF to 
the leak area.  

Control room operators will be able to monitor VFD pump discharge pressure and flow. The 
monitoring system will utilize pressure transmitters and a software algorithm that is continuously 
checking the system’s operational status. The advantage of this method is that it can respond to 
a rupture anywhere in the system instantaneously and automatically. 

- Detection of Small Volume Leaks:  The leak detection system will also include automatic 
recordation of temperature, pressure and volume in the HTF holding tank. These 
measurements allow the operator to identify common operating points under typical 
configurations for the system so that tank levels can be checked as the system is at or passes 
through those operating points.  

In the HTF system’s case, the monitoring system would be based on recorded tank levels at 
peak daily operating temperatures and overnight shut-down tank levels (the common operating 
points).  If there is a small leak it will manifest itself as a drop in the level of HTF in the holding 
tank compared to the benchmarks that have been established during the initial days or weeks 
of the system’s operation.  By comparing these printouts on a daily basis, the operators will be 
able to detect small variations that would be associated with slight leaks in the HTF system.  

Upon determining that such small volume leak is occurring, operators can be dispatched with 
Photo Ionization Detectors (PIDs) to detect the leak’s location and immediately initiate 
repair/mitigation measures.  

The system will also utilize fixed pole mounted PID’s located on the downwind sides of the solar 
field. These detectors will be integrated into the monitoring software logic and will be capable of 
detecting fugitive HTF molecules during daytime or nighttime conditions.   

The volume (gallons) of HTF released will be estimated by one of two methods: 

- An estimate of the spill area and an assumption of the soil density and the density and 
concentration of the HTF will be made to calculate the estimated release volume. 

- If a leak occurs along a segment of HTF system piping equipped with isolation valves, then the 
volume of the segment will be calculated to estimate the volume of HTF released. 

In the event that there is a rupture on the Garlock fault, the Rapid Loss Monitoring system will isolate 
segments of HTF lines experiencing leaks, triggering the automatic shutoff systems.  Visual inspections 
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would be conducted following the event and procedures outlined in the Spill Prevention, Control and 
Countermeasure (SPCC) plan would be followed.  The SPCC plan will be prepared prior to operation 
and construction of the facility. 

2.  HTF Spill Staging Area  

Describe the staging area where HTF contaminated soils will be temporarily stored. Specifically, where will 
the staging area be located, what is its size, what are the design specifications for the underlying liner, will 
the staging area be bermed, will there be secondary containment, and how will runoff from the staging area 
be controlled? 

Response 

The location of the staging area in the land farm unit is shown on Figure 3 (General Arrangement Site 
Plan) in the RoWD.  The staging area is within the land farm unit therefore refer to Figure 11 (Land 
Treatment Unit) and Section 7.4 in the RoWD for the liner system and berm designs and construction 
process and Section 8.0 of the RoWD for the construction specifications.     

As outlined in Section 4.2 of the RoWD, impacted soils will be placed on plastic sheeting and covered 
with plastic sheeting pending receipt of analytical results.  Covering of the stockpiles serves two main 
purposes; dust control and preventing contact with rainwater.     

As outlined in Section 9.2.1, storm water within the land treatment unit will either evaporate, infiltrate, 
or pumped to the evaporation ponds if free from HTF project, sheen or other evidence of 
contamination.  However the storm water would not have come into contact with the staging area 
HTF-impacted soils due to the plastic sheeting. 

3. Regional Geology in the Area of the Project Site  

The legend for Figure 5 is incomplete. Please include a legend for the geologic units.  

Response 

As requested, a legend for the geologic units shown in Figure 5, Regional Geology in the Area of the 
Project site is attached. 

4.  State Water Resources Control Board (State Water Board) Resolution 75-58  

The Applicant is proposing the use of high quality groundwater for power plant construction and power plant 
cooling. State Water Board Resolution 75-58, Water Quality Control Policy on the Use and Disposal of 
Inland Waters Used for Power Plant Cooling states that fresh inland waters should only be used for power 
plant cooling if other sources of water or other methods of cooling would be environmentally undesirable or 
economically unsound. The Revised RoWD does not demonstrate that accessing and using a source of 
lower quality water is environmentally undesirable or economically unsound. An evaluation of the use of 
lower quality must be submitted to the Lahontan Water Board. Response 

Response 

Evaluations of environmental and economic feasibility of accessing alternative water supplies were provided 
in the Application for Certification (March 8, 2008), subsequent data response submittals to the California 
Energy Commission (CEC), and in Beacon’s comments on the Preliminary Staff Assessment (PSA), 
submitted to the CEC May 1, 2009 (see the “Alternatives” section).  In the PSA, Staff identified seven 
potential alternatives that might reduce the Project’s need for potable groundwater, including dry cooling, 
photovoltaic solar technology, and use of lower quality water supplies from off-site sources.  As noted in 
Beacon’s comments on the PSA, neither dry cooling nor photovoltaic solar technology are economically 
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viable at this site.  With respect to the acquisition of low quality water, two potential supply alternatives are 
currently being considered, but it has not yet been determined that they are feasible alternatives, within the 
meaning of that term as defined in the CEC’s 2003 Integrated Energy Policy Report (cross-referencing State 
Water Board Resolution 75-58).  One alternative under consideration is to draw water from the area around 
Koehn Lake, where limited historical data shows the groundwater may have higher total dissolved solids 
(TDS) levels than the groundwater found in the wells on the BSEP plant site.  However, a sampling of wells 
and pumping data in the area has yet to be conducted, and other considerations such as subterranean 
aquifer features and the need for a 7-9 mile pipeline may affect the ultimate feasibility of this option.  The 
other alternative is to obtain tertiary treated reclaimed water from the Rosamond Wastewater Treatment 
Plant, approximately 40 miles from the BSEP plant site.  Preliminary discussions with Rosamond officials 
have been initiated; however, given the distance of this source from the plant site (necessitating a 40 mile 
pipeline) and the potential concerns associated with transferring water from a basin that is currently in 
overdraft (Antelope Valley) to a basin that is in recovery, it remains to be seen whether this will ultimately be 
environmentally, socially, and economically feasible.  Each of these alternatives is presented in the 
amended RoWD, along with Beacon’s original proposal to utilize onsite groundwater. 



Table 8A:  Predicted Chemistry of Evaporation Pond Residue for Onsite Groundwater (Lower TDS)

Concentration 
in Mean Well 

Water 

Total Residue 
Mass After 30 

Years

Concentration 
in Residue STLC TTLC Wet-

Weight TCLP

(ppm) (lbs) (% or ppm) (mg/L) (mg/kg) (mg/L)
CATIONS

Ammonia 0.038 5,000 97 ppm * * *
Calcium 47 6,130,900 11.93% * * *

Magnesium 11 1,434,891 2.79% * * *
Potassium 4.1 530,475 1.03% * * *

Sodium 78 10,174,684 19.80% * * *
ANIONS

Alkalinity 30 3,909,869 7.61% * * *
HCO3 (bicarbonate alkalinity) 37 4,855,806 9.45% * * *

CO3 (carbonate alkalinity) 0 0 0 ppm * * *
Boron 0.18 23,480 457 ppm * * *

Chloride 15.5 2,026,241 3.94% * * *
Fluoride 0.459 59,918 1166  ppm 180                  18,000 *
Nitrate 1.183 154,360 0.30% * * *

Phosphate 0.019 2,522 49 ppm * * *
Polyphosphate 0 0 0.00% * * *

Silica 33.3 4,343,808 8.45% * * *
Silicon 15.7 2,043,633 3.98% * * *
Sulfate 118 15,392,471 29.95% * * *

METALS
Aluminum 0.023 3,000 58 ppm * * *

Arsenic 0.0035 457 9  ppm 5.0 500 5.0
Antimony 0.0006 82 2  ppm 15 500 *
Barium 0.036 4,739 92 ppm * * 100.0

Chromium 0.0012 157 3  ppm * * 5.0
Cobalt 0.00005 7 0  ppm 5 2,500 *
Copper 0.002 239 5  ppm * * *

Cyanide (amenable/total) 0.007 870 17 ppm * * *
Hexavalent Chromium 0.0015 196 4  ppm 5 500 5.0

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
The only source for these species is from ground water makeup. 
Site will makeup 1600 acre-feet per year for 30 years. 
All waste is non-volatile and will be collected in the evaporation ponds.
All species removed by ion exchange are returned to the evap ponds during regen

Constituent



Table 8B:  Predicated Chemistry of Evaporation Pond Residue for Offsite Groundwater (Upper TDS)

Total Residue Mass After 
30 Years

(lbs)
CATIONS

Calcium 69 9,000,682
Magnesium 9.9 1,291,402

Sodium 510 66,526,783
Potassium 6.3 821,801

ANIONS
Boron 30 3,913,340

Chloride 250 32,611,168
Fluoride 9.3 1,213,135

Silica 33 4,304,674
METALS

Iron 0.01 1,304

Notes:
Regulatory Standards/Reportable Quantities are for elements mentioned only
* Not listed/no standards
1.  A comparison to STLC / TTLC or TCLP is not possible as there is significant data gaps.  
2. The list of constituents only includes parameters that there were mean well water data for.  A completed waste stream 

stream evaluation should be undertaken when additional raw water constituents are known
3. The only source for these species is from ground water makeup. 
4. Site will makeup 1600 acre-feet per year for 30 years. 
5. All waste is non-volatile and will be collected in the evaporation ponds.
6. All species removed by ion exchange are returned to the evap ponds during regen

Constituent
Concentration Used in 

Water Balance (Well 
30S37E13CO1M)



Table 5: Raw Water Chemistry

2007 Well 63 2007 Well 48 2007 Well 43

(ppm) (ppm) (ppm)
Calcium 50 46 45 47 116 69

Magnesium 10 12 11 11 31.4 9.9
Sodium 76 84 74 78 572 510

Potassium 4.2 4.3 3.7 4.1 8.5 6.3
Iron 0.067 0.015 0.06 0.047 0.25 < 0.010 

Ammonia 0 0.031 0.084 0.038 * *
Aluminum 0 0.033 0.036 0.023 * *

Zinc 0.011 0.013 0.011 0.012 * *
Boron 0.14 0.16 0.24 0.18 4.32 30

Chloride 14.6 14 18 15.5 746 250
Sulfate 124 110 120 118 476 690

Alkalinity 160 290 170 207 * 210
HCO3 (bicarbonate alkalinity) 200 360 210 257 250 319

CO3 (carbonate alkalinity) ND * ND * 3 0
Cyanide (amenable/total) 0 0.02 0 0.007 * *

Silica 35.9 34 30 33.3 33.1 33
Silicon 16 16 15 15.7 * *

Phosphate 0.047 0 0.011 0.019 * *
Polyphosphate ND ND ND * * *

Fluoride 0.378 0.4 0.6 0.459 0.89 9.3
Nitrate 1.05 1.5 1 1.183 3.71 *

Suspended Solids ND ND ND * * *
Total Dissolved Solids 470 470 550 550 1012 1900

Hardness 170 160 160 * 379 210
SDI 0.2 0.6 1.17 * * *

Manganese 0.048 0.015 0.057 * 0.68 9.9
Barium 0.037 0.045 0.027 * * *

Strontium 0.84 0.75 0.76 0.78 * *
Selenium 0.00031 0.00048 0.00038 0.00039 * *
Copper 0.0037 * 0.0018 * * *
Arsenic 0.0034 0.003 0.0041 0.0035 0.22 *

Chromium 0.00011 0.0028 0.0007 * * *
Cobalt 0.00005 * * * * *
Lead 0.00056 0.0003 0.00041 * * *

Nitrate 1.05 1.48 1.5 * * *
Vanadium 0.0047 0.0058 0.0074 * * *

Nickel 0.00021 0.00013 0.00009 * * *
Molybdenum 0.016 * * * * *

Antimony 0.00028 0.0003 0.0013 * * *
Thallium 0.0003 * * * * *

Hexavalent Chromium * 0.0027 0.0003 * * *
Notes:
* Not sampled/anaylsed

KOEHN LAKE OFF-SITE WELLS
Concentration Used in 
Water Balance (Well 

30S37E13CO1M)
Constituent Concentration in 

Mean Well Water 

ON-SITE WELLS

Concentration in 
Mean Well Water 
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ATTACHMENT A 

Response to Comments 
Regional Water Quality Control Board – Lahontan Region 

Comments dated May 14, 2009 to the   
California Energy Commission Preliminary Staff Assessment 

for the Beacon Solar Energy Project, 
Fremont Valley, Kern County, California 

The following responses address each of Lahontan Regional Water Quality Control Board (RWQCB) 
received the California Energy Commission’s Preliminary Staff Assessment (PSA) for Beacon Solar Energy 
Project (Project).  The California Energy Commission (Energy Commission) requested that Lahontan Water 
Board staff review the portions of the PSA relevant to the Lahontan Water Board’s authority. 

Comment 1:  General Comment Regarding Waters of the United States and Waters of the State 

In a February 5, 2008 letter, the U.S. Army Corps of Engineers (USACE) determined that the ephemeral 
drainages on the site are not waters of the United States.  The USACE stated the basis for this non-federal 
jurisdiction determination was because the waters did not meet the requirements of Code of Federal 
Regulations 33 parts 328.3(a)(3)(iii) and 328.2(a)(1). 

The PSA contains numerous references to the National Pollutant Discharge Elimination System (NPDES) 
permits and concludes that storm water will be adequately regulated through the Applicant’s enrollment 
under the State Water Resources Control Board’s (State Water Board) NPDES general permits No. 
CAS000002 (Construction General Permit) and No. CAS000001 (Industrial General Permit).  The PSA also 
states that activities in stream beds will be permitted in accordance with Federal Clean Water Act (CWA) 
sections 404 and 401. Since the USACE has determined there are no waters of the United States on the 
site, these federal permits do not apply to this Project. 

The drainages affected by the Project are waters of the State, as defined by California Water Code (Water 
Code) section 13050, and are subject to State requirements in accordance with Water Code section 13260. 
Therefore, the requirements for construction and industrial storm water management will be issued in the 
form of proposed Waste Discharge Requirements (WDRs) that will be incorporated in the Energy 
Commission's certification process. The PSA should be revised to reflect the proposed WDRs, which 
Lahontan Water Board staff is currently drafting for this Project. The PSA should eliminate references to the 
CWA permitting process for non-federal jurisdiction waters. Soil and Water conditions 2 through 5 must be 
revised to reflect the WDR requirements under development by Lahontan Water Board staff. 

Response 

In discussion with the Lahontan RWQCB on June 9th 2009, it is understood that Federal 401, 402, and 
404 permits are not required for the proposed project because the project does not discharge to or have 
onsite waters of the U.S.  Although the RWQCB’s have often used 402 NPDES program general 
permits to manage storm water from construction projects and facilities that do not discharge to Waters 
of the U.S., these permits are not enforceable for locations that do not discharge to Waters of the U.S.  
Therefore, the RWQCB must consider the use of Waste Discharge Requirements (WDRs) to implement 
and enforce storm water management practices for these sites and meet compliance with the Porter 
Cologne Water Quality Act for discharges to waters of the State.  The applicant and CEC understand 
the regulatory framework, and based on meetings with the RWQCB, understand that for this project, 
storm water management and compliance with the Porter Cologne Water Quality Act will be 
accomplished by using the fundamental processes identified under the NPDES program (i.e., 
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Construction and Industrial SWPPPs) and Porter Cologne Act and that WDRs will be prepared and 
submitted to the CEC for inclusion in the CEC permit as Conditions of Certification.  No separate Report 
of Waste Discharge or associated permit with WDRs will be issued by the RWQCB that would require 
separate compliance tracking with the RWQCB for storm water management. 

Comment 2:  General Comment for Clarity 

Several portions of the PSA state that estimates or assumptions used in an evaluation are "conservative." 
However, it is not always clear what the word "conservative" implies. For clarity, the text should explicitly 
state why the estimate is conservative, e.g., the estimate reflects assumptions that result in a value that is 
large relative to the range of possible values. 

Response 

Searching the soil and water resources section of the PSA, the word conservative is used on page 4.9-15 in 
discussion of surface soil types and their relationship to construction water demand for dust suppression 
and on page 4.9-16 in the discussion of seasonal water usage demand.  

In the case of the discussion of dust suppression and construction water requirements, staff used a value of 
15% for silt content that was double the value used by Beacon (7.5%) in the calculation of water for dust 
control.  The notion of using a value double the value used in the AFC was termed conservative as it was 
significantly higher than used in AFC calculations. 

In the case of seasonal water demand, the word conservative was applied since the estimate demand 
values did not consider period of shutdown (i.e., water usage was estimate assuming operation without 
interruption for the entire year).  As such, what was used to evaluate water resource requirements is higher 
than would likely be required and the word conservative was applied. 

In future documents, an explanation will be provided to justify the application of the word “conservative” to 
estimates of project impacts. 

Comment 3:  Executive Summary, Energy Commission’s “In Lieu” Permitting Process 

Please change "Lohantan" to "Lahontan" in the last line of Page 1-1. 

Response 

All references to “Lohantan” or other variations of spelling, if present, will be changed to correctly reflect 
“Lahontan”. 

Comment 4:  Project Location and Project Description 

Pages 1-2 and 3-2 of the PSA state that the section of the Garlock fault that bisects the site is expressed as 
an elevation change of up to 10 feet. The Geologic Hazards and Resources section of the PSA and the 
Application for Certification (AFC) describe the fault escarpment as between 15 and 25 feet high. The Soil 
and Water Resources section of the PSA describes the escarpment as 20 feet. The document should be 
revised for consistency and cite appropriate supporting documentation. See Comment 5, which describes 
Lahontan Water Board staff's concerns regarding potential water quality impacts related to the Garlock fault. 

Response 

The preliminary Geotechnical/Geologic Constraints Evaluation by Kleinfelder (September 21, 2007, pg. 
15) states, “An approximate 15 to 25 foot northeast trending eroded escarpment trends through the 
middle of the site.  This escarpment coincides with the mapped trace of the Cantil Valley Fault”. 
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In the future, consistency in citing the escarpment height will reflect the observations reported in the 
Kleinfelder (September 21, 2007) Geotechnical/Geological Constraints Evaluation. 

Comment 5:  Hazardous Materials Management, Seismic Issues 

This section concludes that hazardous material storage tanks would not fail as a result of an earthquake. 
It is not clear if the seismic evaluation addresses both ground shaking and fault rupture on the Garlock 
fault, which bisects the site. The text should be revised to specify whether the seismic evaluation included 
both ground shaking and fault rupture.  

Additionally, the discussion of the seismic evaluation does not consider the numerous pipelines containing 
heat transfer fluid. In accordance with Water Code section 13173, heat transfer fluid would be defined as a 
designated waste if it were released to the environment. Since leaks are expected under normal (static) 
conditions, it is likely that even minor ground shaking could result in significant leakage throughout the 
Project area. If this section of the Garlock fault were subject to even a small displacement, all the pipelines 
crossing the fault would likely fail and result in a massive release of heat transfer fluid. These possible 
releases could cause significant impacts to the environment and waters of the State. What preventative 
measures and/or emergency response actions would be in place to deal with a seismically induced failure of 
the pipelines? 

Response 

Ground shaking and ground rupture were considered as part of the Geotechnical/Geologic Constraints 
evaluation for the project.  The power island and related tanks and structures are located beyond the 
Kern County Seismic Hazard Zone and outside the State Alquist-Priolo Special Studies area that are 
associated with the Cantil Valley Fault (also known as the west strand of the Garlock Fault).  All tanks 
and related structures will be designed in accordance with the CBC to withstand design level seismic 
forces. 

The solar arrays cross the fault.  As described in detail in the response to RWQCB April 17 comments, 
isolation valves will be designed into the solar array HTF piping system to limit the release of HTF in the 
event of a catastrophic failure from fault rupture.  HTF system piping will include multiple piping loops 
(each serving a different portion of the solar field) with individual isolation valves.  The system will 
incorporate the use of sensors capable of detecting flow and pressure, located at the input and output 
collectors of each section of HTF piping loop.  If the recorded flow or pressure of a specific HTF piping 
loop exceeds the normal operating range, computerized plant monitoring software will trigger an alarm, 
trip the applicable VFD pump, and isolate the affected portion of the solar field, thereby immediately 
stopping the flow of HTF to the leak area. 

Comment 6:  Impacts to Groundwater 

The groundwater resources of the Antelope Valley are in the process of being adjudicated. The groundwater 
modeling discussed in this section, assumes a flow rate of 1,000 acre-feet per year from the Antelope Valley 
groundwater basin to the Fremont Valley groundwater basin. Was this adjudication process considered in 
the evaluation of groundwater impacts and water balance analysis? 

Response 

The adjudication process was not considered in the water balance and assumptions of flux from the 
Antelope Valley to the Fremont Valley.  Any adjudication of the Antelope Valley would need to consider 
flux into the Fremont Valley, and communities within the Fremont Valley Groundwater Basin would have 
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a significant interest in maintaining the flux, as in some instances, water flux from the Antelope Valley is 
a significant component of recharge to Fremont Valley sub-basins. 

The groundwater model was recently revised to respond to PSA comments, one being the amount of 
groundwater flux from the Antelope Valley from the California City sub-basin to the Koehn Lake sub-
basin.  The groundwater model originally assumed 1,000 AFY of recharge into the Koehn Lake sub-
basin from the California City sub-basin.  The PSA indicated that this amount of recharge might be too 
high suggesting a flux of 200 AFY citing recent groundwater assessments in the Antelope Valley.  The 
numerical groundwater model was revised, and the flux from the California City sub-basin was 
calibrated to 200 AFY.  The numerical modeling predictive results from project pumping did not 
significantly change from this modification (May 2009). 

Comment 7:  Construction Wastewater 

The discussion of construction waste water streams on page 4.9-29 appears to be incomplete. The only 
waste water stream discussed is a one-time hydrostatic testing of pipelines and pressure vessels. Please 
evaluate construction activities to determine if all waste streams have been identified, e.g., vehicle wash 
down. 

Response 

Wastewater generated during construction will include hydrostatic testing, vehicle wash down, moisture 
from steam blow operations, and contact storm water.  Each of these wastewater streams will be 
addressed in the final SWPPP, which will be available for LRWQCB review and comment prior to start 
of construction.  BMPs for operations phase activities that have the potential to impact storm water will 
be implemented to meet the objectives of the Porter Cologne Water Quality Act and NPDES programs 
such that water quality is protected to the maximum extent practicable.  BMPs are expected to include 
source control, site design, and treatment control BMPs. 

Comment 8:  Construction Wastewater 

This section states that "discharge of any waste water during construction would be required to comply 
with applicable Basin-wide waste discharge regulations adopted by the LRWQCB." The reference to 
"Basin-wide" WDRs is unclear. If there are specific WDRs that are applicable to these discharges, they 
should be included in the Laws, Ordinances, Regulations, and Standards (LORS) for Soil and Water.  

As noted in Comment 1, State Water Board's Construction General Permit does not apply at this site and 
Lahontan Water Board staff is drafting facility-specific WDRs for the Project. Some State Water Board or 
Lahontan Water Board general permits may apply to specific Project construction waste water, e.g., State 
Water Board's Statewide General WDRs for Discharges to Land With A Low Threat to Water Quality 
(Order No. 2003-0003-DWQ). This general permit includes various low-threat and low-volume discharges, 
such as discharges from well development and hydrostatic pipe test water. Please note, because the 
Project includes a very extensive piping system, the discharge volume for hydrostatic pipe testing could 
be relatively high. In a case of a high volume discharge, this general permit would not apply. Also, see 
Comments 1, '12, and 13. 

Response 

See response to Comment No. 1. 
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Comment 9:  Operation Wastewater 

The Applicant submitted a draft Report of Waste Discharge (RoWD) to the Lahontan Water Board on May 
21, 2008. In a January 12, 2009 letter, Lahontan Water Board staff stated the draft RoWD was incomplete 
and outlined its deficiencies. The Applicant submitted a revised draft RoWD on March 23, 2009 and 
Lahontan Water Board staff responded in an April 17,2009 letter (Attachment 1) stating that the revised draft 
RoWD did not supply all previously requested information. To date, the Applicant has not responded to 
staff's April 17,2009 letter. Therefore, the WDRs for the evaporation ponds and surface treatment units have 
not been developed.  

Please note, that the final WDRs will contain specific requirements regarding measures to protect water 
quality, including the installation of additional monitoring wells rather than using existing water supply wells 
for detection monitoring purposes. The existing supply wells are not screened properly to be used as 
monitoring wells.  In addition there must be an adequate number of monitoring wells downgradient of each 
land disposal unit and adequate background monitoring wells. 

Response 

Please see the response to April 17, 2009 comments above as regards the initial comment regarding 
responding to comments to the March 18 RoWD. 

Regarding the use of existing water supply wells to monitor groundwater quality within the upper portion 
of the aquifer, Beacon believes that these wells should be considered and evaluated as to their 
sufficiency as monitoring wells prior to the installation of a new monitor well.  The following provides the 
rationale and a proposed approach to determine if these wells should be considered.   

Project Water Supply and Associated Hydrodynamic Conditions 

The Project proposes to use groundwater that will be pumped primarily from wells No. 63 and 49, with 
backup supply coming from wells No. 41 and 42.  Well No. 63 is centrally located within the evaporation 
ponds and land treatment unit (LTU) (see revised detection monitoring program).  The groundwater 
extraction rates from these wells will vary seasonally from about 100 gallons per minute (gpm) during 
the winter time to a peak of about 4,000 gpm during the summer months.  Numerical groundwater 
modeling shows that a cone of depression will develop to a depth of about 30 feet from the pumping of 
well No. 63 (see Section 5.17-3 in the AFC and Appendix J-2).  Under this condition, groundwater flow 
will be greatly influenced in the area of the evaporation ponds and LTU, with strong horizontal and 
vertical flow vectors toward the pumping well.  Given the cone of depression that will develop and the 
change to ambient groundwater flow the pumping well will serve as the down-gradient point of 
compliance.  Further, wells located in a radial fashion about the pumping well should serve as 
background wells. 

At this time, alternative offsite sources of water supply are being considered.  Should an offsite source 
be selected, there will be no onsite groundwater pumping and ambient groundwater flow will not be 
altered.  Under this circumstance groundwater flows to the east-northeast toward Koehn Lake. 

Groundwater Sampling Program 

The groundwater monitoring program proposes to use a low-flow sampling approach to collect 
groundwater samples within these wells.  Low-flow sampling techniques are widely accepted and 
standardized methods have been published by several sources including ASTM, the U.S. 
Environmental Protection Agency and the U.S. Army Corps of Engineers.   

Sampling with using a low-flow program has been shown to represent groundwater over the screen 
interval with pumping influence preferentially drawing water with the higher conductivity materials across 



 

Beacon Solar Energy Project 69 June 2009 

from the screen.  The United States Environmental Protection Agency (USEPA) recommends that low 
flow sampling be conducted in wells with short screen intervals generally about 10 feet in length or less.  
In wells with long screen intervals (i.e., generally those with screens longer than 20 feet or more), 
ambient groundwater flow has been shown in some cases, to flow preferentially through the well casing 
migrating in from deeper portions of the screen and exiting at shallow intervals.   

Proposed Evaluation of Water Supply Wells as Monitor Wells 

The collocation of new monitor wells installed adjacent to the evaporation ponds and LTU and existing 
water supply wells Nos. 44B, 45B and 49 might be used to evaluate the adequacy of water supply wells 
use as monitor wells for the Project.  A stepwise analysis of the former water supply wells is proposed to 
determine their adequacy as monitor wells.   

 Install the three groundwater monitor wells as shown in the revised detection monitoring plan.  
Complete the wells with short screen intervals and in consideration of the project water supply 
(i.e., if onsite pumping is proposed extend the screens accordingly to account for projected 
drawdown). 

 Conduct a video survey of all the water supply wells to determine well condition and their 
screen interval.  Consider water supply wells for use as monitor wells only if the screen interval 
extends above the static groundwater level.  Those wells that are screened below the water 
table will not be consider for further evaluation as monitor wells.  Rehabilitate (develop) those 
wells with screen intervals above the water table and that have been designated as potential 
monitor wells. 

 Perform a spinner test in those water supply wells proposed for monitoring purposes.  Conduct 
the test to evaluate if the well is acting as a conduit for ambient flow exchange through the well 
from one part of the aquifer to another.  Perform tests at 25 foot intervals below the top of water 
table to a depth of 100 feet below the water table.   

 Depending on the outcome of the video survey, if wells Nos. 44B, 45B and 49 have screen 
intervals above the water table, conduct a comparative study with the newly installed monitor 
wells to understand if the water supply wells can produce representative groundwater samples 
from the uppermost portion of the aquifer below the site.  If none of the wells has a suitable 
screen interval the comparative study will not be conducted.   

 Collect samples using a variety of low-flow sampling techniques and analyze the groundwater 
samples for the same suite including pH, total dissolved solids, general minerals and dissolved 
metals.  In all cases follow the standard operating procedures for low-flow sampling listed in the 
detection monitoring plan. 

– Sample pump placed at a depth of 10 feet below the static water table; 

– Sample pump placed at a depth of 10 feet below the static water table fitted with a 
packer set at 15 feet below the static water; and, 

– Sample pump placed at a depth of 10 feet below the static water table fitted with a 
Spectra SamplerTM (QED flow equalization product for long-screen wells). 

 Compare the data to determine if the water supply wells can provide a representative sample 
from the upper portion of the aquifer below the site. 
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If the comparative results are similar consider those water supply wells with screen above the water 
table suitable for use as monitor wells.  Implement the low-flow sampling technique that provided the 
best results by comparison to the monitor wells data. 

If the comparative results are not similar consider sealing the lower portion of the well with a high solids 
bentonite grout to within 20 to 30 feet of the static water level and repeat the test procedure.  If the wells 
do not produce comparative data, replace them with new monitor wells. Additionally, replace those 
former water supply wells that have been identified in the detection monitor program that are screen 
below the water table with new monitor wells. 

Comment 10:  Operation Wastewater 

Section 4.0 of the revised draft RoWD (March 2009) confirms that the two primary sources of waste water 
(cooling tower blow down and ion exchange regeneration stream) and one occasional source (storm water 
accumulated in the Land Treatment Unit) are designated waste per the California Code of Regulations 
(CCR) Title 27 section 20210. Designated waste can only be discharged into appropriate waste 
management units; therefore, use of this waste water for dust control is prohibited. 

Response 

Comment noted.  As provided in the RoWD amendment, waste water will not be used for dust control. 

Comment 11:  Soil Erosion Potential by Water and Wind During Construction 

The first full paragraph on page 4.9-33 seems to imply that there is no historical record of precipitation or 
storm water runoff reaching the valley floor in the vicinity of the Project site. However, the AFC states the 
mean annual precipitation is approximately 6 inches and the 1OO-year flood plain bisects the site. Please 
revise this section for clarity and consistency with existing and historical conditions. 

Response 

Comment noted. The inference will be corrected in future submittals, as there is no misunderstanding 
that the site hydrology is critical in the design and operation of the project.  The project refinement 
document provides a detailed assessment of the hydrologic conditions at the site, the civil design to 
control stormwater and the re-routing of Pine Tree Creek.   

Comment 12:  Soil Erosion Potential by Water and Wind During Construction 

Lahontan Water Board staff does not agree with the stated conclusion on page 4.9-34, that the best 
management practices (BMPs) proposed in the draft Drainage, Erosion, and Sediment Control Plan/Storm 
Water Pollution Prevention Plan (DESCP/SWPPP) and Soil & Water Condition 2 are sufficient to prevent 
significant soil erosion by water during construction. Firstly, the draft DESCP/SWPPP states it is a 
preliminary document because the soils analysis has not been finalized and because the grading and 
drainage calculations are based on "conceptual" designs. Additionally, the DESCP/SWPPP does not 
contain BMPs or have a plan for containment of discharge runoff to adjacent properties. Therefore, 
Lahontan Water Board staff does not consider the draft DESCP/SWPPP adequate to protect against 
erosion by water during construction. Secondly, Soil & Water Condition 2 is not applicable because the 
Project cannot be permitted under the State Water Board's General Construction Permit. See Comment 1 
regarding the proposed WDRs. 

Response 

The project is not required to complete the SWPPP/DESCP prior to permitting, but rather prior to project 
construction.  The project has implemented design changes to reflect low-impact development (LID) 
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techniques, including onsite retention of the water quality storm event per the Kern County design 
standards.  In addition, the project will implement a combination of source control, site design, and 
treatment control BMPs to manage storm water at the site during construction and operations.  These 
BMPs will include erosion and sediment control practices. 

Comment 13:  Soil Erosion Potential by Water and Wind During Construction 

The PSA does not address potential impacts to waters of the State by the construction of linear facilities 
(e.g., gas pipeline) outside of the Project site. Construction of linear features across waters of the State must 
be addressed by proposed WDRs that Lahontan Water Board staff is currently drafting. See Comment 1. 

Response 

No waters of the State or waters of the U.S. were identified along proposed linear facilities surveyed.  
No impacts to state or U.S. jurisdictional waters will be impacted by construction or operation of the 
linear features. 

Comment 14:  Soil Erosion Potential by Water and Wind During Construction 

Lahontan Water Board staff does not agree that the draft DESCP/SWPPP and Soil & Water Condition 4 
provide adequate protection against soil erosion by water during Project operation (see Comment 12). 
Additionally, Soil & Water Condition 4 is not appropriate because the Project cannot be permitted under the 
State Water Board's General Construction Permit (see Comment 1). Finally, the text should provide some 
information on the Compliance Project Manager, e.g., who does this manager represent, what is the 
manager's role and authority. 

Response 

See response to comment no. 12. 

Comment 15:  Construction Storm Water 

See Comment 12 regarding the adequacy of DESCP/SWPPP and Soil & Water Condition 2. Lahontan 
Water Board staff does not agree that these measures are adequate or applicable for the protection of water 
quality. 

Response 

See response to comment no. 12. 

Comment 16:  Operation Storm Water 

Lahontan Water Board staff concurs with the proposed revisions to the Conceptual Drainage Study listed on 
pages 4.9-37 and 4.9-38. Staff wishes to reinforce the PSA's recommendations that storm water 
conveyances must be designed so that they do not discharge directly to the proposed diversion channel and 
that all retention basins be located and designed for rapid infiltration of the storm water rather than 
evaporation. Staff also believes that the redesigned diversion channel must consider the information that will 
be generated by the recommended geomorphic assessment. Staff concurs with the recommendations and 
comments provided by the Energy Commission and California Department of Fish and Game on the 
redesigned diversion channel. Additionally, the Project must eliminate or mitigate losses of the ephemeral 
wash's natural functions and designated beneficial uses of "groundwater recharge" and "wildlife habitat." 

Response 

See response to comment no. 12. 
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Comment 17:  Proposed Conditions of Certification, Soil & Water 5 

The meaning of the last sentence of item "c." on page 4.9-5, is unclear. It appears to be an incomplete 
sentence. 

Response 

It is uncertain how to respond to this question as item “c” can not be found in the soil and water 
resources section. 

Comment 18:  Proposed Conditions of Certification, Soil & Water 5 

The last sentence of item "1." on page 4.9-56 should be revised to specify that comments from the Lahontan 
Water Board will also be considered by the Compliance Project Manager. 

Response 

The compliance manager will adhere to conditions of certification as provided in the license.  As these 
conditions will be derived from input and comments provided by the RWQCB, they will serve as the 
basis for environmental oversight of the project. 

Alternatives 

The following comment is on the Alternatives section of the PSA. 

Comment 19:  State Water Board Resolution 75-58, Water Quality Control Policy on the Use and 
Disposal of Inland Waters Used for Power Plant Cooling 

The Applicant is proposing the use of high quality groundwater for power plant construction and power plant 
cooling. State Water Board's Water Quality Control Policy on the Use and Disposal of Inland Waters Used 
for Power Plant Cooling (Power Plant Cooling Policy, adopted by Resolution 75-58) states that fresh inland 
waters should only be used for power plant cooling if other sources of water or other methods of cooling 
would be environmentally undesirable or economically unsound. Based on the PSA alternative analysis, 
other methods of cooling and other sources of water are economically viable. No undesirable environmental 
impacts were identified for these cooling methods or sources of water.  Therefore, the use of high quality 
groundwater "for power plant cooling would not be consistent with this State Water Board Policy. Please 
note that policies adopted by the State Water Board and approved by the Office of Administrative Law, such 
as the Power Plant Cooling Policy, have the weight of law. 

Response 

Evaluations of environmental and economic feasibility of accessing alternative water supplies were provided 
in the Application for Certification (March 8, 2008), subsequent data response submittals to the California 
Energy Commission (CEC), and in Beacon’s comments on the Preliminary Staff Assessment (PSA), 
submitted to the CEC May 1, 2009 (see the “Alternatives” section).  In the PSA, Staff identified seven 
potential alternatives that might reduce the Project’s need for potable groundwater, including dry cooling, 
photovoltaic solar technology, and use of lower quality water supplies from off-site sources.  As noted in 
Beacon’s comments on the PSA, neither dry cooling nor photovoltaic solar technology are economically 
viable at this site.  With respect to the acquisition of low quality water, two potential supply alternatives are 
currently being considered, but it has not yet been determined that they are feasible alternatives, within the 
meaning of that term as defined in the CEC’s 2003 Integrated Energy Policy Report (cross-referencing State 
Water Board Resolution 75-58).  One alternative under consideration is to draw water from the area around 
Koehn Lake, where limited historical data shows the groundwater may have higher total dissolved solids 
(TDS) levels than the groundwater found in the wells on the BSEP plant site.  However, a sampling of wells 



 

Beacon Solar Energy Project 73 June 2009 

and pumping data in the area has yet to be conducted, and other considerations such as subterranean 
aquifer features and the need for a 7-9 mile pipeline may affect the ultimate feasibility of this option.  The 
other alternative is to obtain tertiary treated reclaimed water from the Rosamond Wastewater Treatment 
Plant, approximately 40 miles from the BSEP plant site.  Preliminary discussions with Rosamond officials 
have been initiated; however, given the distance of this source from the plant site (necessitating a 40 mile 
pipeline) and the potential concerns associated with transferring water from a basin that is currently in 
overdraft (Antelope Valley) to a basin that is in recovery, it remains to be seen whether this will ultimately be 
environmentally, socially, and economically feasible.  Each of these alternatives is presented in the 
amended RoWD, along with Beacon’s original proposal to utilize onsite groundwater. 

Laws, Ordinances, Regulations, and Standards 

The following comments apply to the LORS tables of the Soils and Water and Waste Management sections 
of the PSA. 

Comment 20:  Soil & Water Table 1 and Waste Management Table 1 

State Water Board policies are approved by the Office of Administrative Law and have the weight of law. 
Therefore, the policies should be included under "State LORS" rather than included with guidance. 

Response 

Beacon is uncertain as to the meaning of the term “weight of law.”  As a general matter, only statutes 
that have been passed and codified by the legislature may be termed “law,” though regulations 
promulgated by an administrative agency that are within the scope and purpose of the authority 
delegated to that agency by the legislature are given great legal deference, similarly to ordinances 
adopted by a political municipality.  (See i.e. Gov. Code § 11342.2.)  As an administrative policy 
adopted by through resolution, however, whether or not approved by the Office of Administrative Law, it 
does not appear that the State Water Board’s Power Plant Cooling Policy 75-58, would be proper to 
include in the “State LORS” section as opposed to the guidance section. 

Comment 21:  State LORS for Soil and Water Resources and Waste Management: Porter-Cologne 
Water Quality Control Act (Water Code Sections 13000 et seq.) 

Lahontan Water Board staff concurs with the inclusion of the Porter-Cologne Water Quality Control Act 
(Water Code sections 13000 et seq.) in the LORS for the PSA sections: Soils and Water and Waste 
Management. Although staff agrees that Water Code 13000 et seq. are applicable in entirety, the following 
highlight specific examples of applicable sections of the Water Code. (listing not provided - reference is 
made to the original submittal for the list of LORS that are recommended to be included) 

Response 

Comment noted.   

Comment 22:  State LORS for Soil and Water Resources and Waste Management: Additional State 
LORS 

Neither LORS tables for the Soils and Water or Waste Management sections appear to be complete. The 
both PSA tables should be revised for consistency with the following tabulation of requirements and their 
descriptions. (listing not provided - reference is made to the original submittal for the list of LORS that are 
recommended to be included) 

Comment noted. LORS will be revised in consideration of these recommendations in final staff 
assessment. 
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Groundwater Mitigation Plan 
Beacon Solar Energy Project 

Kern County California 
 

Beacon Solar, LLC (Beacon) continues to believe that the Beacon Solar Energy Project (BSEP) 
does not have the potential to significantly impact groundwater resources.  Nevertheless, to 
address agency concerns over the project’s potential impacts to groundwater, Beacon is 
proposing a groundwater mitigation program with the following four components: 
 

1. Implementing a partial zero liquid discharge (ZLD) process. 
2. Incorporating low impact development (LID) practices to facilitate groundwater recharge. 
3. Developing and implementing a Tamarisk Removal Program. 
4. Monitoring of groundwater within the BSEP Plant Site and adjacent area. 

 
This memorandum summarizes each groundwater mitigation component. 
 
1.   Partial Zero Liquid Discharge System 
 
Beacon has proposed to modify the BSEP design to incorporate a partial zero-liquid discharge 
(ZLD) (i.e., brine concentration) process for the express purpose of reducing water demand to the 
project.  A partial ZLD system will reduce the amount of on site groundwater needed for cooling 
and will reduce the amount of water discharged to the evaporation ponds therefore reduce the 
evaporation pond size.  The partial ZLD includes pre- and post-treatment systems before and 
after the cooling tower.  The pre-treatment processes are designed to reduce total dissolved 
solids concentrations (TDS) and scaling species in water entering the cooling water system.  
Post-treatment includes a brine concentrator, which is placed directly upstream of water 
discharge into the evaporation ponds.  The brine concentrator is a partial ZLD system, as 90% of 
the process water will be recovered in the brine concentrator to reduce water consumption and 
significantly decrease the evaporation pond size.  Discharge to the post-treatment brine 
concentrator and the evaporation ponds is derived from two primary sources and one occasional 
source, listed as follows: 
 

• Blow down of circulating water from the cooling tower; 

• Wastewater flow from the ion exchange regeneration stream; and 

• Occasionally, storm water accumulated in the proposed LTU that will be used to treat soil 
affected by spills of HTF. 

Wastewater from these sources will be routed to a brine concentrator, where water is boiled off 
from the feed stream and a slurry, high in dissolved solids, is discharged to the evaporation 
ponds.  Incorporation of the partial ZLD process would result in a reduction in on site groundwater 
demand for the project by approximately 200 acre-feet per year (AFY). 
 
2.   Low Impact Development 
 
The project has been redesigned to incorporate LID practices into the facility layout and design.  
LID is a process of incorporating best management practices that address water flows and water 
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quality using onsite processes that minimize hydromodification impacts.  As part of the LID 
design, Beacon has incorporated a series of retention basins across the Plant Site that will 
contain average storm events and infiltrate the runoff.  This approach provides a two-fold benefit: 
(1) treatment of the first flush and (2) infiltration and recharge of the groundwater basin.  The 
retention basins have been designed to retain flows for the water quality storm event using the 
Kern County guidelines.  More detail on the retention design has been provided as a separate 
submittal. 
 
3.   Tamarisk Removal Program 
 
The purpose of the Tamarisk Removal Program is to provide for an additional mechanism to 
mitigate for potential impacts to groundwater supply as a result of water use by the BSEP.  This 
component not only provides benefits to the groundwater system, but also provides a substantial 
biological benefit by the removal of an invasive species that out-competes native vegetation and 
alters the natural desert ecosystem functions and values by converting the habitats into 
monocultures void of the diversity that supports native flora and fauna populations.   
 
Tamarisk (salt cedar) is native to southwestern Asia and was introduced to the United States in 
the early 1800’s for wind breaks.  In the western United States, tamarisk is a highly invasive weed 
that has taken hold in semi-arid and arid watersheds in recent decades1.  Tamarisk can consume 
up to 250 gallons of ground water per day per mature tree2.  In addition, it competes for 
resources utilized by native species and in many cases disrupts ecological cycles. Previous 
studies suggest that tamarisk spread has significant effects on river channel morphology 
including the ability to decrease channel width, increase overbank flooding, stabilize sand bars at 
river bends, and enlarge and stabilize islands3.  Local Bureau of Land Management (BLM) 
representatives in Kern County have expressed concern over the spreading of tamarisk in the 
watersheds surrounding BSEP and have expressed interest in a program for tamarisk removal. 
 
A summary of the proposed approach for the Tamarisk Removal Program is provided below.  A 
detailed plan would be developed prior to implementation that would document the program 
purpose and components, including implementation mechanisms, monitoring and maintenance, 
and funding mechanisms.  
 
Tamarisk Removal Program Funding 
Program implementation, maintenance, and monitoring would be funded through an Endowment 
Fund established by Beacon.  The fund would be held and managed by the BLM and/or RCD 

                                                 
1 de Gouvenain, Roland C. “Origin, History and Current Range of Saltcedar in the U.S.”   
1996. USDI Bureau of Land Management. 11 June 2009 http://www.invasivespeciesinfo.gov/ 
docs/news/workshopJun96/ Paper1.html.>. 
 
2 “Non-Native Invasive Freshwater Plants.”  2009. Department of Ecology, State of Washington. 11 June 
2009 http://www.ecy.wa.gov/programs/wq/plants/weeds/aqua013.html>. 
 
3 Lovich, Jeffery E. Phd. “A Brief Review of the Impacts of Tamarisk, or Saltcedar on Biodiversity in the New 
World.”  1996.  National Biological Service. 11 June 2009. <http://www.invasivespeciesinfo.gov/docs/ 
news/workshopSep96/lovich.html>. 
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based on resources and mechanisms available.  The BLM and RCD would use the fund to 
facilitate and manage implementation of the program. 
 
Background Data Acquisition 
A literature review would include researching background information on tamarisk, existing 
conditions of groundwater use and impacts specifically related to tamarisk, a description of Koehn 
Subarea Watershed/Cache Creek drainage area (area of concern), land ownership issues and 
requirements within Cache Creek drainage area including railway ownership, and a summary of 
GIS data to assist with mapping populations of tamarisk.   
 
Stakeholder Coordination 
Stakeholder coordination would occur with key agencies and groups including the BLM, Kern 
Weed Management Area, RCDs, and the Union and Southern Pacific Railroads.  Stakeholder 
meetings are key to obtaining program support and access to private and public lands where 
tamarisk is located.  Coordination with the railways is important for the implementation of tamarisk 
removal within their right-of-way (ROW).  Coordination with the BLM and RCDs is important for 
identifying and securing funding mechanisms and managing resources for development of a cost-
effective program. 
 
Tamarisk Population Mapping 
The current area of concern identified by the BLM for tamarisk removal is located within the 
Koehn sub-basin area of influence is the Cache Creek drainage.  This area, however, needs to 
be mapped to better characterize the extent of tamarisk populations and the property ownership 
affected by the representative species.  The area within the Cache Creek watershed will be 
assessed and tamarisk populations will be mapped using GPS and photo-documentation.  Once 
tamarisk populations are identified, it will be possible to more accurately quantify total acreage 
and square footage of tamarisk trees, which will help determine the acre-feet per year of water 
absorbed by tamarisk in the Cache Creek drainage.   
 
Tamarisk Removal Implementation 
Implementation of the Tamarisk Removal Program will involve site preparation including site 
boundary identification, boundary marking, and permission to access property.  Tamarisk will be 
removed from the specified areas using both manual and chemical means including use offhand 
tools such as saws and shovels and use of herbicides such as Rodeo ® or other chemical 
approved for use in waterways, if necessary.  Tamarisk can be removed with use of contractors 
and local volunteer groups who have expressed interest in the Program.  Herbicide application, if 
necessary, would only be performed by contractors who are licensed to apply herbicide by the 
State of California.  Program implementation would be managed by the BLM and/or the RCD(s), 
based upon the funding mechanism established as discussed below. 
 
Tamarisk Removal Monitoring 
Monitoring is an integral part of the success of a re-vegetation project.  A five-year monitoring 
program would begin after implementation of initial removal activities and would involve periodic 
visits to monitor the sites.  A combination of horticultural (qualitative) and botanical (quantitative) 
methods would be used to track the progress of the sites according to success criteria that will be 
established for the Program.  The results of these visits will be detailed in periodic status reports 
including a comparison of the progress of the mitigation areas with success criteria. 
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Tamarisk Removal Maintenance 
If necessary, maintenance procedures such as dethatching (dead thatch removal), hand weeding, 
herbicide spot treatments, or other agency approved methods can be implemented to assist in 
meeting success criteria.  Maintenance activities will utilize the most appropriate methods based 
on site conditions, rainfall patterns, and development stage of the weeds.  Weed control may 
include dethatching (dead thatch removal), hand weeding, weed eating, herbicide application, or 
other agency approved methods.   
 
Tamarisk Removal Program Mitigation 
 
The Tamarisk Removal Program has the potential to conserve a substantial amount of 
groundwater consumption within the BSEP groundwater basin by removing a high water demand 
habitat that also monopolizes resources and negatively impacts native habitats in the area.  A 
summary of water consumption estimates based on two scenarios is provided below.   
 
Table 1a - Water savings assuming mature trees 
VARIABLES      Calculations   

20  acres       
250  gallons/tree/day   Trees/Acre  217.8 
200  sf/tree    Trees Removed  4356 

43560  sf/acre    Gallons/Day  1089000 
365  days/year    Gallons/Year  397485000 

325,851  gal/ac‐ft   
Acre‐feet/Year
Savings  1220 

 
Table 1b -  Water savings assuming a mix of mature and immature trees 
VARIABLES ‐         

20  acres       
100  gallons/tree/day   Trees/Acre  435.6 
100  sf/tree    Trees Removed  8712 

43560  sf/acre    Gallons/Day  871200 
365  days/year    Gallons/Year  317988000 

325,851  gal/ac‐ft   
Acre‐feet/Year 
Savings  976 

         
Conversion Factors         
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4.   Groundwater Monitoring 
 
The groundwater monitoring program was provided in the response to PSA comments (May 1, 
2009) and represents a significant part of the approach toward groundwater mitigation for the 
project.  The following is what was provided in the response to PSA comments. 

Proposed Groundwater Monitoring Program 

To provide for land owner protection and participation in evaluation of project impacts, a Koehn 
Sub-basin groundwater monitoring committee will be formed.  The committee will include a 
representative from the following: 

- California City 
- Community of Cantil 
- Rancho Seco 
- Honda 
- Beacon Solar LLC 

The monitoring committee’s function will be to implement and oversee the groundwater 
monitoring program and to verify that there are no unacceptable impacts to groundwater levels or 
quality in water supply wells adjacent to the BSEP. 

Gather Historic Water Level and Water Quality Data  

• Secure access, if authorized by the land owner, for the purpose of monitoring of water 
levels and water quality for those water supply wells predicted by the numerical 
groundwater model to experience water level decline over the term of the project (30 
years). 

• Through the access agreement, obtain all historic water level and water quality data for 
each water supply well.  Additionally, obtain well completion information, historic well 
performance data, including pumping and non-pumping water levels and pump 
specifications for each well to be monitored.  

• Update the application for certification (AFC) water level and geochemical and water level 
database with all new information. 

• Prepare time series graphs (i.e., trend plots) for water level and total dissolved solids 
(TDS) data, as information is available for each well. 

• Perform statistical trend analysis using Mann-Kendall Trend Test and Sen’s Slope 
Estimator for water levels and the TDS data.  The Mann-Kendall Trend Test and the 
Sen's Slope Estimator are proposed to statistically analyze the data because they are the 
accepted non-parametric trend analysis methods for data that are not normally 
distributed.  Use trend analysis to determine the significance of an apparent trend and to 
estimate the magnitude of that trend.  Further, use adjacent well data to evaluate local 
affects from pumping in water level trends.  

Establish Pre-Project Baseline Water Quality and Water Level Database 

• To the extent possible, prior project construction collect groundwater levels from the off-
site and on-site wells.  Additionally, collect groundwater samples to provide baseline TDS 

Beacon Solar Energy Project (08-AFC-2)    June 2009 5



AECOM Environment 
 

data for both on-site and off-site wells.   Analyze TDS samples using Standard Methods 
2540C by a California Certified Analytical Laboratory.  

• Map TDS data and groundwater levels within the Koehn Sub-basin from the groundwater 
data collected prior to construction.  Update trend plots and statistical analyses, as data 
is available. 

Groundwater Monitoring During Construction 

• During construction, collect water levels on a quarterly basis for a period of one year or 
on a quarterly basis through the construction period, and collect TDS data at the end of 
the construction period and prior to site operations. 

Groundwater Monitoring During Operation 

• On a quarterly basis for the first five years, collect water level measurements from the 
wells and collect TDS data to evaluate operational influence from the project.  
Additionally, monitor quarterly operational parameters (i.e., pumping rate) of the water 
supply wells.   

• After a period of five years, evaluate the data and determine if the sampling frequency 
and TDS sampling should be revised or eliminated. 

• Subsequently, evaluate the data set every five years and determine if the sampling 
frequency and TDS sampling should be revised or eliminated. 

 

Proposed Mitigation Options 

Water Level Offset Mitigation Options 

Based on the results of the statistical trend analyses, determine if the project pumping has 
induced a drawdown in the water supply at a level of five feet or more below the baseline trend.  If 
water levels have been lowered below pre-site operational trends, then implement any of the 
following options, as appropriate and considering the cost effectiveness of each option.  

• Electrical cost reimbursement – If the pumping water level falls below a depth of 5 feet 
from an average of the baseline measurements, the well owner will be compensated for 
the additional electrical costs commensurate with the additional lift required to pump.  
The water level in the well will be assessed relative to the pumping rate during pre-site 
operational period. 

• Pump lowering – In the event that groundwater is lowered and existing pumps are day 
lighted, pumps can be lowered to maintain production in the well. 

• Deepening of wells – If the groundwater is lowered enough that there is insufficient water 
in the well and pump lowering is not an option, then wells can be deepened. 

Groundwater Storage Mitigation Options 

Expected groundwater usage during BSEP operation is estimated to be 1,600 acre feet per year 
(AFY).  Options to offset that include implementation of a partial ZLD and tamarisk removal 
program, which are described in detail above. 
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5.   Summary 
 
In summary, inclusive of the partial ZLD and estimates for the tamarisk removal program, the 
mitigation alternatives proposed could yield between about 1,200 to 1,400 AFY to the project in 
water savings.  This represents about 75 to 87 percent of the total annual water demand (1600 
AFY) for the project.  This percentage may also be higher given the enhancement through storm 
water retention as proposed through Low-Impact Development.   
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PROJECT SUMMARY 

PURPOSE AND SCOPE 
SWCA Environmental Consultants (SWCA) was retained by AECOM Environment to conduct a 
supplemental paleontological resources survey and assessment for a second proposed access road project 
(project) to the Beacon Solar Energy Project (BSEP) located in Kern County, California. A previous 
paleontological survey and assessment of the BSEP was performed by SWCA in 2008. The scope of 
services for the current study included (1) a reconnaissance field survey of the proposed access road 
alignment and buffer, and (2) preparation of this supplemental report of findings that includes 
recommendations.   

DATES OF INVESTIGATION 
The supplemental field survey of the project alignment was performed on May 23, 2009. This technical 
report was completed on June 15, 2009. 

RESULTS OF THE INVESTIGATION 
According to geologic mapping by Jennings et al. (1962) the Project alignment is entirely underlain by 
Quaternary lake deposits of Pleistocene (1.8 million years ago [Ma] to 10,000 years before present [BP]) 
to Holocene (10,000 years BP to Recent) age. No previously recorded fossil localities occur within the 
Project alignment and no fossils were discovered during the field survey.  

Although Quaternary lake bed deposits are unlikely to contain significant paleontological resources in 
their uppermost (youngest) layers, similar older deposits nearby and elsewhere in the Mojave Desert have 
produced numerous fossil vertebrate localities. Therefore, the sediments underlying the Project alignment 
are determined to have a high paleontological sensitivity at an unknown, but potentially shallow depth.  

RECOMMENDATIONS 
The geologic sediments underlying the project area are determined to be paleontologically sensitive at 
depth. SWCA recommends that a qualified paleontologist be retained to design and implement a 
paleontological resources monitoring and mitigation plan during any ground disturbances within the study 
area.  

DISPOSITION OF DATA 
This report will be filed with AECOM Environment. A copy will be retained at SWCA Environmental 
Consultants, along with maps, field notes, photographs, and all other records relating to the project. 
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INTRODUCTION 
SWCA was retained by AECOM Environment to perform a paleontological resources survey and 
assessment of the Beacon Solar Energy Project (BSEP) in 2007 and 2008. The study included museum 
records searches, field surveys, and preparation of a paleontological resources technical report and 
paleontological resources section of the project’s Application for Certification. This supplemental study 
was performed in order to evaluate the paleontological sensitivity of a newly identified proposed access 
road into the BSEP. All paleontological work was conducted in accordance with the professional 
guidelines established by the Society of Vertebrate Paleontology (SVP) (1995) and requirements set forth 
by the California Energy Commission (2000). 

DEFINITION AND SIGNIFICANCE OF PALEONTOLOGICAL RESOURCES 
Paleontology is a multidisciplinary science that combines elements of geology, biology, chemistry, and 
physics in an effort to understand the history of life on earth. Paleontological resources, or fossils, are the 
remains, imprints, or traces of once-living organisms preserved in rocks and sediments. These include 
mineralized, partially mineralized, or unmineralized bones and teeth, soft tissues, shells, wood, leaf 
impressions, footprints, burrows, and microscopic remains. The fossil record is the only evidence that life 
on earth has existed for more than 3.6 billion years. Fossils are considered nonrenewable resources 
because the organisms they represent no longer exist (Murphey and Daitch, 2007). Thus, once destroyed, 
a fossil can never be replaced. Fossils are an important scientific and educational resource because they 
are used to:  

• Study the phylogenetic relationships between extinct organisms, as well as their relationships to 
modern groups.  

• Elucidate the taphonomic, behavioral, temporal, and diagenetic pathways responsible for fossil 
preservation, including biases in the fossil record.  

• Reconstruct ancient environments, climate change, and paleoecological relationships.  
• Provide a measure of relative geologic dating, which forms the basis for biochronology and 

biostratigraphy, and which is an independent and supporting line of evidence for isotopic dating.  
• Study the geographic distribution of organisms and tectonic movements of land masses and ocean 

basins through time. 
• Study patterns and processes of evolution, extinction, and speciation.  
• Identify past and potential future human-caused effects to global environments and climates 

(Murphey and Daitch, 2007).  
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LAWS, ORDINANCES, REGULATIONS, AND STANDARDS 
Fossils are classified as nonrenewable scientific resources and are protected by various laws, ordinances, 
regulations, and standards (LORS) across the country. The SVP (1995) has established professional 
standards for the assessment and mitigation of adverse impacts to paleontological resources. This 
paleontological assessment was conducted in accordance with the LORS that are applicable to 
paleontological resources within the study area. These LORS are summarized in Table 1 and the 
following paragraphs. 

FEDERAL 
Federal legislative protection for paleontological resources stems from the Antiquities Act of 1906 (PL 
59-209; 16 United States Code 431 et seq.; 34 Stat. 225), which calls for protection of historic landmarks, 
historic and prehistoric structures, and other objects of historic or scientific interest on federally 
administered lands. Federal protection for significant paleontological resources would apply to the project 
if any construction or other related project impacts occurred on federally owned or managed lands. No 
federal protection of paleontological resources pertains to this project. 

STATE 
With regard to paleontological resources, the CEC environmental review process under the Warren-
Alquist Act is considered functionally equivalent to that of the California Environmental Quality Act 
(CEQA, Public Resources Code Sections 15000 et seq.). Guidelines for the Implementation of CEQA, as 
amended March 29, 1999 (Title 14, Chapter 3, California Code of Regulations: 15000 et seq.) define 
procedures, types of activities, persons, and public agencies required to comply with CEQA, and include 
as one of the questions to be answered in the Environmental Checklist (Section 15023, Appendix G, 
Section XIV, Part a) the following: “Will the proposed project directly or indirectly destroy a unique 
paleontological resource or site or unique geologic feature?” 

Other state requirements for paleontological resources management are included in the Public Resources 
Code (Chapter 1.7), Section 5097.5 and 30244. These statutes prohibit the removal of any paleontological 
site or feature on public lands without permission of the jurisdictional agency, define the removal of 
paleontological sites or features as a misdemeanor, and require reasonable mitigation of adverse impacts 
to paleontological resources from developments on public (state) lands. These protections would apply to 
the proposed project only if the state or a state agency were to obtain ownership of project lands during 
the term of the project license. 

LOCAL 
The Land Use, Conservation, Open Plan Element of the Kern County General Plan addresses 
paleontological resources under “General Provision 1.10.3: Archaeological, Paleontological, Cultural, and 
Historical Preservation.” This General Provision states as Policy 25, “the County will promote the 
preservation of cultural and historic resources which provide ties with the past and constitute a heritage 
value to residents and visitors.” Implementation Measure L states that “the County shall address 
archaeological and historical resources for discretionary projects in accordance with CEQA.” 
Implementation Measure M states that “in areas of known paleontological resources, the County should 
address the preservation of these resources where feasible.”  
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Table 1. Summary of Paleontological Laws, Ordinances, Regulations, and Standards Applicable 
to the Project 

Agency/Owner Pertinent Paleontological LORS 

Federal None 
State CEQA 
County Kern County General Plan 
City None 

PROFESSIONAL STANDARDS 
The SVP has established standard guidelines (SVP, 1995) that outline professional protocols and 
practices for the conducting of paleontological resource assessments and surveys, monitoring and 
mitigation, data and fossil recovery, sampling procedures, and specimen preparation, identification, 
analysis, and curation. Most practicing professional vertebrate paleontologists adhere closely to the SVP’s 
assessment, mitigation, and monitoring requirements as specifically provided in its standard guidelines. 
Typically, state regulatory agencies with paleontological LORS accept and utilize the professional 
standards set forth by the SVP. 

As defined by the SVP (1995:26), significant nonrenewable paleontological resources are defined as: 

…Fossils and fossiliferous deposits here restricted to vertebrate fossils and their 
taphonomic and associated environmental indicators. This definition excludes 
invertebrate or paleobotanical fossils except when present within a given vertebrate 
assemblage. Certain invertebrate and plant fossils may be defined as significant by a 
project paleontologist, local paleontologist, specialists, or special interest groups, or by 
lead agencies or local governments. 

As defined by the SVP (1995:26), significant fossiliferous deposits are defined as: 

A rock unit or formation which contains significant nonrenewable paleontologic 
resources, here defined as comprising one or more identifiable vertebrate fossils, large or 
small, and any associated invertebrate and plant fossils, traces and other data that provide 
taphonomic, taxonomic, phylogenetic, ecologic, and stratigraphic information (ichnites 
and trace fossils generated by vertebrate animals, e.g., trackways, or nests and middens 
which provide datable material and climatic information). Paleontologic resources are 
considered to be older than recorded history and/or older than 5,000 years, BP [before 
present]. 

Based on the significance definitions of the SVP (1995), all identifiable vertebrate fossils are considered 
to have significant scientific value. This position is adhered to because vertebrate fossils are relatively 
uncommon, and only rarely will a fossil locality yield a statistically significant number of specimens of 
the same genus. Therefore, every vertebrate fossil found has the potential to provide significant new 
information on the taxon it represents, its paleoenvironment, and/or its distribution. Furthermore, all 
geologic units in which vertebrate fossils have previously been found are considered to have high 
sensitivity. Identifiable plant and invertebrate fossils are considered significant if found in association 
with vertebrate fossils or if defined as significant by project paleontologists, specialists, or local 
government agencies. 
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A geologic unit known to contain significant fossils is considered to be “sensitive” to adverse impacts if 
there is a high probability that earth-moving or ground-disturbing activities in that rock unit will either 
disturb or destroy fossil remains directly or indirectly. This definition of sensitivity differs fundamentally 
from that for archaeological resources as follows: 

It is extremely important to distinguish between archaeological and paleontological 
(fossil) resource sites when defining the sensitivity of rock units. The boundaries of 
archaeological sites define the areal extent of the resource. Paleontologic sites, however, 
indicate that the containing sedimentary rock unit or formation is fossiliferous. The limits 
of the entire rock formation, both areal and stratigraphic, therefore define the scope of the 
paleontologic potential in each case. [SVP, 1995] 

Many archaeological sites contain features that are visually detectable on the surface. In contrast, fossils 
are contained within surficial sediments or bedrock and are therefore not observable or detectable unless 
exposed by erosion or human activity. Monitoring by experienced paleontologists greatly increases the 
probability that fossils will be discovered during ground-disturbing activities and that, if these remains are 
significant, successful mitigation and salvage efforts may be undertaken in order to prevent adverse 
impacts to these resources. 

RESOURCE ASSESSMENT GUIDELINES 
Paleontological resources are limited, nonrenewable resources of scientific, cultural, and educational 
value and are afforded protection under federal (National Environmental Policy Act, or NEPA), state 
(California Environmental Quality Act, or CEQA), and local (County of Kern) laws and regulations. This 
study satisfies project requirements in accordance with CEQA (13 PRC, 2100 et seq.) and Public 
Resources Code Section 5097.5 (Stats 1965, c 1136, p. 2792). This analysis also complies with guidelines 
and significance criteria specified by the SVP (1995) and requirements set forth by the California Energy 
Commission (CEC) in Appendix B, Information Requirements for an Application of the CEC’s Power 
Plant Site Certification Regulations (CEC, 2000). 

PALEONTOLOGICAL SENSITIVITY 
Paleontological sensitivity is defined as the potential for a geologic unit to produce scientifically 
significant fossils. This is determined by rock type, past history of the geologic unit in producing 
significant fossils, and fossil localities recorded from that unit. Paleontological sensitivity is derived from 
the known fossil data collected from the entire geologic unit, not just from a specific survey. In its 
“Standard Guidelines for the Assessment and Mitigation of Adverse Impacts to Nonrenewable 
Paleontologic Resources,” the SVP (1995:23) defines three categories of paleontological sensitivity 
(potential) for sedimentary rock units: high, low, and undetermined:  

• High Potential. Rock units from which vertebrate or significant invertebrate fossils or suites of 
plant fossils have been recovered and are considered to have a high potential for containing 
significant nonrenewable fossiliferous resources. These units include, but are not limited to, 
sedimentary formations and some volcanic formations that contain significant nonrenewable 
paleontologic resources anywhere within their geographical extent and sedimentary rock units 
temporally or lithologically suitable for the preservation of fossils. Sensitivity comprises both 
(a) the potential for yielding abundant or significant vertebrate fossils or for yielding a few 
significant fossils, large or small, vertebrate, invertebrate, or botanical, and (b) the importance of 
recovered evidence for new and significant taxonomic, phylogenetic, ecologic, or stratigraphic 
data. Areas that contain potentially datable organic remains older than Recent, including deposits 
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associated with nests or middens, and areas that may contain new vertebrate deposits, traces, or 
trackways are also classified as significant.  

• Low Potential. Reports in the paleontological literature or field surveys by a qualified vertebrate 
paleontologist may allow determination that some areas or units have low potentials for yielding 
significant fossils. Such units will be poorly represented by specimens in institutional collections.  

• Undetermined Potential. Specific areas underlain by sedimentary rock units for which little 
information is available are considered to have undetermined fossiliferous potentials. 

It should be noted that metamorphic and granitic rock units do not yield fossils and therefore have no 
potential to yield significant nonrenewable fossiliferous resources. 
 
In general terms, for geologic units with high potential, full-time monitoring typically is recommended 
during any project-related ground disturbance. For geologic units with low potential, protection or salvage 
efforts typically are not required. For geologic units with undetermined potential, field surveys by a 
qualified paleontologist are usually recommended to specifically determine the paleontologic potential of 
the rock units present within the study area.   

PROJECT LOCATION  
The proposed access road is located at the northeast corner of the BSEP site which is located along 
California State Route 14, northwest of the city of California City and south of the Red Rock Canyon 
State Recreation Area, in Kern County, California (Figure 1). The proposed alignment is approximately 
0.5-miles in length and is mapped within sections 3 and 34 of Township 31 South, Range 37 East, on the 
Cantil, California U.S. Geological Survey quadrangle (See Figure 1).  
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Figure 1. Project Location Map 
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PROJECT PERSONNEL 
SWCA paleontologists Justin Strauss and Stephanie Lukowski and paleontological field technicians 
Benjamin Borkan and Gary King conducted fieldwork. Jessica DeBusk authored this report. GIS 
Specialist David Cao produced graphics. Technical Editor Michelle Trevino edited and formatted this 
report. Cara Corsetti, Qualified Paleontologist and SWCA Paleontology Program Director, managed this 
project and provided quality assurance/quality control (QA/QC) review of this technical report.  

METHODS 
Due to the nature of the fossil record, paleontologists cannot know either the quality or the quantity of 
fossils present in a given geologic unit prior to natural erosion or human-caused exposure. Therefore, in 
the absence of surface fossils, it is necessary to assess the sensitivity of rock units based on their known 
potential to produce scientifically significant fossils elsewhere within the same geologic unit (both within 
and outside of the study area) or a unit representative of the same depositional environment.  

MUSEUM RECORDS SEARCH 
In 2007 and 2008, SWCA performed museum records searches for the BSEP area and a one-mile buffer 
that includes the current study area. The searches were performed by the Vertebrate Paleontology Section 
of the Natural History Museum of Los Angeles County (LACM), the Department of Earth Sciences at the 
San Bernardino County Museum (SBCM), and the Department of PaleoServices at the San Diego Natural 
History Museum (SDNHM). Records were searched for the purposes of determining whether there are 
any known fossil localities in or near the BSEP project site, identifying the geologic units present in the 
project area, and determining the paleontological sensitivity ratings of those geologic units in order to 
assess potential impacts to nonrenewable paleontological resources. Published and unpublished literature 
and geologic maps were reviewed, and mitigation measures specific to this project were developed in 
accordance with the SVP’s professional standards and guidelines (1995).  

FIELD SURVEY 
A pedestrian reconnaissance survey of the 0.5-mile long proposed access road was performed for the 
purpose of inspecting the study area for surface fossils and exposures of potentially fossil-bearing 
geologic units and to determine areas in which fossil-bearing geologic units could be exposed during 
project-related ground disturbances. 
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GEOLOGY AND PALEONTOLOGY 

GEOLOGIC SETTING 
California is naturally divided into the following twelve geomorphic provinces, each distinguished from 
one another by having unique topographic features and geologic formations: (1) the Sierra Nevada, (2) the 
Klamath Mountains, (3) the Cascade Range, (4) the Modoc Plateau, (5) the Basin and Range, (6) the 
Mojave Desert, (7) the Colorado Desert, (8) the Peninsular Ranges, (9) the Transverse Ranges, (10) the 
Coast Ranges, (11) the Great Valley, and (12) the Offshore area. The Beacon Solar Energy Project 
(BSEP) area is located in the western region of the Mojave Desert geomorphic province. The Mojave 
Desert is bounded to the northwest by the Transverse Ranges and to the southwest by the Colorado 
Desert. The Sierra Nevada and the Basin and Ranges provinces establish the northern boundary and the 
Nevada state line and Colorado River establish the eastern boundary (Norris and Webb, 1976). 

The Mojave Desert is an elevated alluvial plain located on a wedge-shaped fault block bounded by the 
San Andreas and Garlock fault zones to the southwest and north, respectively. The western Mojave 
Desert is characterized by three major rock groups. The first is the basement complex consisting of a pre-
Tertiary granitoid batholith believed to be an extension of the Sierra Nevada batholith (Dibblee, 1967). 
The second is Tertiary-age sedimentary and volcanic rocks mostly of terrestrial origin and consisting of 
conglomerates, sandstones, shales, carbonates, tuffs and breccias, lava flows, and basaltic and rhyolitic 
plugs. The third major rock assemblage in the western Mojave Desert is composed of Quaternary alluvial, 
fluvial, and playa, or lake bed, deposits. Quaternary-age alluvial sediments, largely derived from the San 
Gabriel and Sierra Nevada Mountains, were deposited either conformably or, more commonly, 
unconformably on top of Tertiary- and pre-Tertiary–age rocks. The depth of alluvial deposition ranges 
from a few feet to possibly several thousand feet in thickness. These Quaternary-age deposits underlie the 
proposed access road alignment. 

SITE-SPECIFIC GEOLOGY AND PALEONTOLOGY 
According to geologic mapping by Jennings et al. (1962) the Project alignment is entirely underlain by 
Quaternary lake deposits of Pleistocene (1.8 million years ago [Ma] to 10,000 years before present [BP]) 
to Holocene (10,000 years BP to Recent) age. (Figure 2). Based on recent work by Amoroso and Miller 
(2006), these deposits are composed surficially of recent playas and mud flats, and of clay, silt, and fine 
sands at depth. Amoroso and Miller (2006) date these sediments to the Holocene and the latest 
Pleistocene. Although the lake bed exposures are unlikely to contain significant paleontological resources 
in their uppermost layers, similar deposits nearby and elsewhere in the Mojave Desert have produced 
numerous fossil vertebrate localities (McLeod, 2007; Scott, 2007; Jefferson, 1989; Reynolds, 1989; 
Jefferson, 1991). Therefore, these sediments are determined to have a high paleontological sensitivity at 
an unknown, but potentially shallow depth (Figure 3).  
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Figure 2. Geologic Map of Project Area* 
*Geology taken from Jennings, et al. (1962) 
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Figure 3. Paleontological Sensitivity of the Geologic Units exposed within the Project Area 
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ANALYSIS AND RESULTS 

MUSEUM RECORDS SEARCH 
A comprehensive review of museum collections records confirmed that no fossil localities have been 
previously recorded within the BSEP project site or within 1 mile of the project boundaries (including the 
current study area). There are, however, 15 vertebrate fossil localities known from similar geologic units 
beyond 1 mile of the project boundaries. There is one vertebrate locality from mountain wash deposits 
between Jawbone Canyon and Kelso Valley, northwest of the project area; 14 vertebrate localities 
producing 28 different taxa are known from Pleistocene-age fan, fluvial, and lacustrine deposits in the 
Red Rock Canyon area, directly north of the project area (see Table 2) (McLeod, 2007).  

Table 2. Vertebrate Fossils Previously Recovered Greater Than 1 mile Outside of the Project Area 

Geological Formation Museum Locality Number Taxon Common Name 
Mountain wash deposits LACM 5943 Leporidae rabbit 

Sorex palustris shrew 
Gerrhonotus sp. alligator lizard 
Phrynosoma sp. horned lizard 
Sceloporus occidentalis fence lizard 
Pituophis sp. gopher snake 
Lampropeltis getulus king snake 
Passeriformes perching birds 
Pipistrellus hesperus bat 
Lepus californicus rabbit 
Sylvilagus audubonii rabbit 
Ammospermophilus leucurus squirrel 
Tamias minimus squirrel 
Thomomys monticola pocket gopher 
Thomomys townsendii pocket gopher 
Dipodomys merriami kangaroo rat 
Dipodomys panamintinus kangaroo rat 
Perognathus longimembris pocket mouse 
Chaetodipus penicillatus pocket mouse 
Neotoma fucipes wood rat 
Microtus californicus deer mouse 
Peromyscus maniculatus deer mouse 
Reithrodontomys megalotis deer mouse 
Mammuthus columbi mammoth 
Canis sp. dog 
Equus sp. horse 
Antilocapridae pronghorn antelope 
Camelops sp. camel 

Quaternary fan, fluvial, 
and lacustrine deposits 

*LACM 4708-4709, 5771-
5775, 5836, 5922-5926, 5932 

Bison antiquus bison 
LACM = Natural History Museum of Los Angeles County 
*Museum records indicate that many of the smaller animals were collected from a local lignitic layer. An analysis of these fossils 
was published by D. W. Whistler (1990). 
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FIELD SURVEY 
A pedestrian reconnaissance survey of the proposed Project was performed on May 23, 2009 by SWCA 
paleontologists Justin Strauss, M.S. and Stephanie Lukowski, M.S. and field technicians Gary King and 
Benjamin Borkan. The survey was accomplished by walking parallel transects along the 0.5 mile long 
alignment and 150-foot buffer. Ground visibility was excellent (Photographs 1 and 2) and vegetation was 
sparse. No fossil resources were discovered during the course of the survey. 

 

Photograph 1. View looking east from west end of proposed access road. 
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Photograph 2. View looking west from east end of proposed access road.  

 

CONCLUSIONS 
The destruction of fossils as a result of human-caused ground disturbance has a significant cumulative 
impact, as it makes biological records of ancient life permanently unavailable for study by scientists. 
Implementation of proper mitigation measures can, however, reduce the impacts to the paleontological 
resources to below the level of significance. Shallow excavations (less than 6 ft) related to the 
construction of the proposed access road and are unlikely to result in adverse impacts to significant 
paleontological resources; however, deeper excavations (greater than 6 feet) will most likely impact Late 
Pleistocene sediments and may have an adverse impact to paleontological resources unless proper 
mitigation measures are implemented.  

RECOMMENDED MITIGATION MEASURES 
Ground-disturbing activities related to the construction of the proposed access road into the BSEP site 
may result in adverse impacts to significant paleontological resources unless proper mitigation measures 
are implemented. Implementation of proper mitigation measures can, however, reduce the impacts to the 
paleontological resources to below the level of significance. 

The following mitigation measures were developed to ensure that the potential adverse impacts to 
paleontological resources resulting from the construction of the BSEP are at a less than significant level. 
The measures are based on the SVP standard guidelines (1995) and meet the requirements of CEQA. 
These mitigation measures have been used throughout California and have been demonstrated to be 
successful in protecting paleontological resources while allowing timely completion of construction 
projects in paleontologically sensitive areas.  
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PRE-CONSTRUCTION PHASE 
Measure A. Prior to the start of any project related construction (defined as construction related 
vegetation clearing, ground disturbance and preparation, and site excavation activities), the project owner 
shall ensure that the designed paleontological resource specialist approved by the CEC Compliance 
Project Manager (CPM) is available for field activities and prepared to implement the conditions of 
certification. The designated paleontological resource specialist shall be responsible for implementing all 
the paleontological conditions of certification and for using qualified personnel to assist in this work. 

Measure B. Prior to the start of construction, a Paleontological Resource Monitoring and Mitigation Plan 
drafted by the designated paleontological resource specialist shall be submitted to the CPM for approval. 
The plan shall identify general and specific measures to minimize potential impacts to sensitive 
paleontological resources. The project paleontological resource specialist shall implement the 
Paleontological Resource Monitoring and Mitigation Plan (PRMMP) as needed.   

The PRMMP shall include, but not be limited to, the following elements and measures.  

• A discussion of the sequence of project-related tasks, such as preconstruction surveys (if any), 
fieldwork, flagging or staking; construction monitoring; and if fossils are discovered, mapping 
and data recovery; fossil preparation and recovery; identification and inventory; preparation of 
final reports; and transmittal of materials for curation;  

• Identification of the person(s) expected to assist with the tasks the PRMMP, and a discussion of 
the mitigation team leadership and organizational structure; 

• Where monitoring of project construction activities is deemed necessary, the extent of the areas 
where monitoring is to occur; 

• An explanation that the designated Paleontological Resource Specialist shall have the authority 
to halt or redirect construction in the immediate vicinity of a vertebrate fossil find until the 
significance of the find can be determined;  

• A discussion of the equipment and supplies necessary for the recovery of fossil materials and 
any specialized equipment needed to prepare, remove, load, transport, and analyze large-sized 
fossils or extensive fossil deposits;  

• Inventory, preparation and delivery for curation info a retrievable storage collection in a public 
repository or museum, which meets the Society of Vertebrate Paleontology standards and 
requirements for the curation of paleontological resources; and 

• Identification of the institution that has agreed to receive any data and fossil materials 
recovered during project-related monitoring and mitigation work, discussion of any 
requirements of specifications for materials delivered for curation and how they will be met, 
and the name and phone number of the contact person at the institution.  

Measure C. Prior to the start of construction, the Paleontological Resource Specialist shall prepare a staff 
training program for review and approval by the CPM. The paleontological training program shall address 
the potential to encounter paleontological resources in the field, the sensitivity and importance of these 
resources, and the legal obligations to preserve and protect such resources. The training program shall 
also include the set of reporting procedures that workers are to follow if paleontological resources are 
encountered during project activities.  
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CONSTRUCTION PHASE 
Measure D. The designated paleontological resource specialist or paleontological monitor shall be 
present at times he or she deems appropriate to monitor construction-related grading, excavation, 
trenching, and/or augering in areas with a significant potential for fossil-bearing sediments to occur. All 
ground-disturbing activities at depths greater than 6 feet shall be monitored on a full-time basis because of 
their high paleontological sensitivity (see Figure 3). All ground disturbances at depths less than 6 feet will 
be “spot-checked” by paleontological monitors. The frequency of the spot checks shall be determined by 
the Paleontological Specialist and will be based on factors such as the extent of ground disturbance and 
the location of those disturbances in relation to paleontologically sensitive sediments. Paleontological 
monitoring will include inspection of exposed rock units and collection of matrix to be testing for the 
presence of microscopic fossils. Paleontological monitors will have authority to temporarily divert 
excavations or drilling away from exposed fossils in order to efficiently and professionally recover the 
fossil specimens and collect associated data.  

POST-CONSTRUCTION PHASE 
Measure E.  If any significant paleontological resource materials are recovered, the project owner, 
through the designated Paleontological Resource Specialist, shall ensure recovery, preparation for 
analysis, analysis, identification and inventory, the preparation for curation, and the delivery for curation 
of all such materials encountered and collected during the monitoring, data recovery, mapping, and 
mitigation activities related to the project.  

Measure F. The project owner shall ensure preparation of a Paleontological Resources Report by the 
designated paleontological resource specialist. The Paleontological Resources Report shall be completed 
following the analysis of the recovered fossil materials and related information. The project owner shall 
submit the Paleontological Resources Report to the CPM for approval. If applicable, the Paleontological 
Resources Report shall include, but not be limited to, a description and inventory list of recovered fossil 
materials; a map showing the location of paleontological resources found in the field; determinations of 
sensitivity and significance; and a statement by the paleontological resource specialist that project impacts 
to paleontological resources have been mitigated. If fossil materials were recovered, the Paleontological 
Resources Report shall be submitted with a request for confidentiality. 
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EXECUTIVE SUMMARY 
 
EDAW, Inc (EDAW) conducted cultural resources surveys in support of an emergency access 
route for Beacon Solar Energy Project (BSEP). The results of the survey are summarized below. 
 
The BSEP is located along the State Route 14 (SR-14) corridor, approximately 10 miles north-
northwest of California City, and approximately 15 miles north-northeast of the Town of 
Mojave, in Kern County, California. The BSEP includes an approximately 2,012-acre Plant Site 
that would contain the solar array field and supporting facilities. The Plant Site is located south 
of Jawbone Canyon and to the east of SR-14 in the Fremont Valley. The California Energy 
Commission has requested that an emergency access route to the Plant Site be incorporated into 
the BSEP. In response to this request, Beacon Solar, LLC identified a potential emergency 
access route along an existing easement from the northeast corner of the BSEP property and 
directed east along the north line of Section 3, connecting to Neuralia Road. The emergency 
access route is approximately 0.5 mile long (12 feet wide). The access road corridor measures 55 
feet wide. This emergency access route corridor and 50-foot buffer zone (located 50 feet from 
each edge) were surveyed for cultural resources.  
 
The emergency access road, corridor, and 50-foot buffer were surveyed by EDAW on June 16, 
2009. No cultural resources were identified.  
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INTRODUCTION AND PROJECT DESCRIPTION 
 
Introduction 
 
The Beacon Solar Energy Project (BSEP) is located along the State Route 14 (SR-14) corridor, 
approximately 10 miles north-northwest of California City, and approximately 15 miles north-
northeast of the Town of Mojave, in Kern County, California. The BSEP includes an 
approximately 2,012-acre Plant Site that would contain the solar array field and supporting 
facilities. The Plant Site is located south of Jawbone Canyon and to the east of SR-14 in the 
Fremont Valley. The California Energy Commission (CEC) has requested that an emergency 
access route to the Plant Site be incorporated into the BSEP (Figure 1). In response to this 
request, Beacon Solar, LLC identified a potential emergency access route along an existing 
easement from the northeast corner of the BSEP property and directed east along the north line 
of Section 3, connecting to Neuralia Road. The emergency access route is approximately 0.5 
mile long (12 feet wide). The access road corridor measures 55 feet wide. This emergency access 
route, corridor, and 50-foot buffer zone (located 50 feet from each edge) were surveyed for 
cultural resources (Figure 2).  
 
For more detailed discussions of the broader context, regulatory setting, and results of the 
archaeological survey, please refer to The Beacon Solar Energy Project Archaeological 
Resources Report, Kern County, California (Apple and Glenny 2008).  
 
Project Description 
 
The BSEP is a concentrated solar electric generating facility proposed on approximately 2,012 
acres in Fremont Valley, Kern County, California. The BSEP plant site and its general environs 
are essentially undeveloped and have been significantly disturbed from past agricultural 
activities that occurred up to the early 1980s.  
 
The BSEP will use parabolic trough solar thermal technology to concentrate the sun’s energy on 
a linear receiver located at the center point of each parabolic solar subarray. 
 
Project Personnel 
 
EDAW Senior Archaeologist Rebecca McCorkle Apple, M.A., R.P.A., is project manager for the 
cultural resources studies and provided senior technical review for this report. Matthew 
Tennyson, M.A., R.P.A., served as crew chief and authored the report. Brian Spelts, B.A., served 
as field personnel for the survey. 
 
CONTEXT 
 
The natural setting (including physiography, hydrology, climate, flora, and fauna) and cultural 
setting (including prehistory, history, and ethnography) were addressed in the archaeology report 
for the BESP. For an in-depth discussion of the natural and cultural settings for the BESP, please 
refer to Apple and Glenny (2008).  



Page 2

!
!

!!!!!!!!!!!

!
!

!
!

!
!

!!!!!!!!!!!!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!!!!

!
!

!
!

!
!

!!!!!!!!!!!

Power Block

Transmission Line Option 2

Transmission Line
Option 1

Source: USGS 2007 7.5' Topographic Quadrangle Cantil 1973, Cinco 1994

Figure 1
Project Location

Emergency Access Road

50-ft Survey Buffer

Plant Site

Switchyard and Power Block

! ! ! !

Transmission Line
Alternatives
Natural Gas Pipeline

Railroad

Highway

LEGEND

Beacon Solar Energy Project Emergency Access Route Cultural Resources Report
Scale: 1 = 24,000; 1 inch = 2,000 feet

Path: P:\2008\08080001 FPLE Proj Beacon Solar\5GIS\MXD\Cultural\AccessRoadFigures_20090617\Figure1_ProjectLocation.mxd,  06/18/09,  ShahS2

2,000 0 2,0001,000 Feet

I



Page 3

Source: USGS 2007 7.5' Topographic Quadrangle Cantil 1973

Figure 2
Survey Area

Emergency Access Road

50-ft Survey Buffer

Plant Site

LEGEND

Beacon Solar Energy Project Emergency Access Route Cultural Resources Report
Scale: 1 = 5,100; 1 inch = 425 feet

Path: P:\2008\08080001 FPLE Proj Beacon Solar\5GIS\MXD\Cultural\AccessRoadFigures_20090617\Figure2_SurveyArea.mxd,  06/18/09,  ShahS2

425 0 425212.5 Feet

I



 

  
Page 4  Beacon Solar Energy Emergency Access Route Cultural Resources Report 
      

 
 
METHODS AND RESULTS 
 
Records Search 
 
A records search was completed for the original survey of the BSEP in December 2007. The 
records search included a 1-mile buffer around the BESP plant facility, which includes the 
current survey area. The results of the records search were compiled in the cultural resources 
technical report for the BESP (Apple and Glenny 2008). No previously recorded cultural 
resources were identified along the emergency access route or 50-foot buffer. One survey has 
been completed within 1 mile of the emergency access route (Schiffmann 1985). 
 
Field Methods and Results 
 
The emergency access route was surveyed by EDAW archaeologists on June 16, 2009. Linear 
transects of no greater than 20 m were walked. Transects included the 55-foot access road 
corridor and 50-foot buffer zones on either side of the corridor. Archaeologists used a sub-meter 
global positioning system (GPS) to map their location along the emergency access road. Ground 
visibility was good, ranging between 90 and 100 percent. No cultural resources were 
encountered along the access road corridor or the 50-foot buffer zones. 
 
 
SUMMARY  
 
EDAW archaeologists did not identify any cultural materials along the emergency access road 
corridor or the 50-foot buffer.  
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EDAW Inc 
1420 Kettner Boulevard, Suite 500, San Diego, California 92101 
T 619.233.1454  F 619.233.0952  www.edaw.com 
 
 
 
 
June 16, 2009 
 
 
Kenneth Stein 
Beacon Solar, LLC 
700 Universe Boulevard 
Juno Beach, Florida  33408 
 
Subject:  Report Summarizing Results of the Beacon Solar Energy Project Emergency Access 

Route Burrowing Owl Presence/Absence Surveys (Docket No. 08-AFC-2) 
 
Dear Mr. Stein: 
 
This letter summarizes results of focused protocol surveys conducted by EDAW, Inc. (EDAW) to 
determine the presence or absence of the western burrowing owl (Athene cunicularia; WBO) within the 
proposed emergency access route for the proposed Beacon Solar Energy Project (BSEP). EDAW 
conducted protocol surveys on behalf of Beacon Solar, LLC in support of environmental documentation 
required by the California Energy Commission (CEC). 
 
Project Description 
 
The BSEP is located along the State Route 14 (SR-14) corridor, approximately 10 miles north-
northwest of California City, approximately 15 miles north-northeast of the Town of Mojave, and 
approximately 24 miles northeast of the City of Tehachapi, in Kern County, California (Figure 1). The 
proposed project site is located south of Jawbone Canyon and to the east of SR-14 in the Fremont 
Valley. CEC has requested that an emergency access route to the Plant Site be incorporated into the 
BSEP. A potential emergency access route was identified along an existing easement from the 
northeast corner of the BSEP property and directed east along the north line of Section 3, connecting 
to Neuralia Road. The emergency access route is approximately 0.5 mile long and 12 feet wide 
(Figure 2). This route and required buffers were habitat assessed and surveyed in mid-May. For the 
purpose of this report, the proposed emergency access route plus the 500-foot WBO survey buffer 
around the access route will be referred to as the Project Survey Area. 
 
Project Survey Area  
 
The majority of the Project Survey Area has been previously disturbed by past agricultural and grazing 
activities, although portions of the area are gradually in the process of recolonization with native desert 
saltbush scrub vegetation. The soil has high salinity and capped-off irrigation pipes form a line along 
the northern side of the proposed emergency access route. There are sinkholes throughout the Project 
Survey Area, presumably created by erosion, runoff, and leaks in underground pipes at various 
locations. Groups of sinkholes (some over 10 feet deep) occur in various areas within the Project 
Survey Area.  
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Topography of the Project Survey Area is generally flat, with elevation approximately 2,020 feet above 
mean sea level. Vegetation communities that occur within and around the Project Survey Area are 
primarily ruderal and fallow agricultural fields with saltbush (Atriplex spp.) scrub, red brome (Bromus 
rubens), storksbill (Erodium ciculatrium), and Russian thistle (Salsola tragus). Scattered irrigation 
pipes, and piles of debris occur around the Project Survey Area. The soil is primarily loose, with high 
clay content. Very few rodent burrows occur and they are primarily small (less than 3 inches across). 
The habitat is disturbed with little annual forb cover remaining and large patches of nonnative Russian 
thistle. 
 
Background Information 
 
Regulatory Status 
 
The WBO is considered a species of special concern by the California Department of Fish and Game 
(CDFG) due to intensive development pressure on the habitat of species (CDFG 2009). The species is 
also covered under the West Mojave Plan. 
 
Habitat Status 
 
Habitat consists of annual and perennial grasslands, deserts, and scrublands characterized by low-
growing vegetation (Zarn, 1974; California Burrowing Owl Consortium [CBOC],1993). Suitable WBO 
habitat may also include trees and shrubs if the canopy covers less than 30 percent of the ground 
surface. Burrows are the essential component of WBO habitat, and both natural and artificial burrows 
provide protection, shelter, and nests for WBOs. WBOs typically use burrows made by mammals, such 
as ground squirrels or badgers, but also may use man-made structures, such as cement culverts, 
riprap, cement asphalt or wood debris piles, or openings beneath cement or asphalt pavement. WBOs 
may use a site for migratory stopovers, or year-round for breeding and foraging. Suitable habitat is 
considered occupied if there is an observation of at least one WBO observed occupying a burrow there 
within the last 3 years or WBO sign, including molted feathers, cast pellets, prey remains, eggshell 
fragments, or feces, around a burrow. WBOs tend to exhibit high site fidelity, reusing the same site 
year after year (Rich, 1984; Feeney, 1992). 
 
Population Status 
 
WBOs in California are generally nonmigratory and occur mostly in the Central and Imperial valleys, 
primarily in agricultural areas. Small, scattered populations occur in the Mojave Desert. The West 
Mojave Plan documents 53 records of WBOs in the east Mojave Desert (Campbell, 2004), only 5 of 
which are confirmed breeding pairs. Population density seems to be correlated with prey availability, 
particularly small mammals (Klute, et al. 2003). 
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Survey Methodology 
 
The habitat assessment Phase I WBO survey was conducted during previous detailed vegetation 
mapping and habitat assessment surveys in the BSEP Plant Site and buffer zones (EDAW, 2008a, 
2008b). 
 
Southern Nevada Environmental biologists (on behalf of EDAW) conducted Phase II WBO surveys of 
the emergency access route using east-west transects focusing on visual signs of WBO (burrows, 
pellets, owl splash, etc.). All data were recorded with a Global Positioning System Garmin 60 CSx and 
recorded in Table 1. Since desert tortoise (Gopherous agassizii; DT) was known from the area, DT 
surveys were also conducted within the Project Survey Area. For DT surveys, biologists surveyed 100 
percent of the proposed emergency access route, and Zone of Influence (ZOI) surveys occurred at 100 
feet, 300 feet, 600 feet, and 1,200 feet from the center of the emergency access route. Phase II WBO 
surveys were conducted concurrently with DT surveys because 100 percent visual coverage of the 
500-foot buffer zone was attained while surveying the 100-foot and 300-foot ZOIs for DT (CBOC, 
1993). 
 
 

Table 1 
Waypoints, Lat/Long, and Notes of Potential WBO Burrows and Sign 

 
Type of Sign  Latitude Longitude Notes 

Burrow 1 35.27227 -117.987 Rodent burrow, sandy soil, 0.3 x 0.2 feet 
Sinkhole 1 35.27249 -117.992 Sinkhole, no sign, 0.5 x 0.2 feet 
Sinkhole 2 35.27297 -117.988 Sinkhole, no sign, 2.3 x 0.6 feet 
Sinkhole 3 35.27378 -117.991 Sinkhole, no sign, 2.8 x 0.7 feet 
Sinkhole 4 35.26881 -117.987 Sinkhole, beehive inside, 1.0 x 0.7 feet 

Sinkhole 5 35.26896 -117.988 Sinkhole, bird splash near entrance, rodent scat inside, 0.7 x 0.5 
feet 

Pallet 1 35.26895 -117.988 Rabbit pallet, 0.7 x 0.4 feet 

Owl Pellet 1 35.26892 -117.995 Owl cough pellet full of insects near fence post southwest of 
access road  

Owl Pellet 2 35.27189 -117.988 Owl cough pellet full of insects in open in 500-foot buffer zone 
Avian Splash 1 35.27218 -117.988 Avian splash 
Avian Splash 2 35.27226 -117.99 Avian splash on irrigation pipes 
Avian Splash 3 35.27243 -117.99 Avian splash on irrigation pipes 
Avian Splash 4 35.27244 -117.99 Avian splash on irrigation pipes 
Avian Splash 5 35.27244 -117.989 Avian splash on irrigation pipes 
Avian Splash 6 35.27241 -117.987 Avian splash on irrigation pipes 
Avian Splash 7 35.2726 -117.992 Avian splash on irrigation pipe with wooden platform 
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EDAW biologists Andrew Fisher and James McMorran conducted Phase III presence/absence surveys 
for WBOs between June 1 and June 4, 2009. Andrew Fisher has 2.5 years of experience as a wildlife 
biologist in southern California and regularly conducts habitat assessments and focused surveys for 
various wildlife species, including raptors, WBO, and for various federally threatened and endangered 
song birds. James McMorran has 10 years of experience as a wildlife biologist conducting avian 
surveys throughout the United States, primarily in the desert southwest.  
 
WBO surveys were performed according to the protocol established by the CBOC (1993) and accepted 
by CDFG. In addition to the 500-foot buffer surrounding the proposed project area required by CBOC 
protocol, any potential WBO sign, pellets, or burrows that were detected during DT surveys outside the 
500-foot survey buffer were included in the survey. Anything found within the 600-foot or 1,200-foot 
ZOIs (for DT) were also surveyed for WBO. Therefore, the total Project Survey Area included the 
proposed emergency access route, plus a survey buffer out to 1,200 feet. 
 
To locate WBOs, surveyors drove established paved and dirt roads, stopping at observation points that 
provided a wide view, and scanned for owls and burrows with 10 by 42 power binoculars. Vehicles 
were used as blinds, when possible, to minimize disturbance to owls. If burrows with sign were not 
visible from established roads, surveyors approached the burrows on foot, carefully verifying presence 
or absence of WBOs at the burrows. Burrows, perches, or other areas where WBOs might live and 
forage from were searched during each survey for new WBO sign. All WBO locations were mapped 
using Global Positioning Systems (GPS) units. 
 
Results 
 
Generally, there were very few locations at which WBO could burrow, and no burrows detected were 
clearly WBO. There was no whitewash, bone fragments, pellets, feathers, etc. at any of the burrow 
locations. Although seven burrows or sinkholes were encountered and recorded in the Project Survey 
Area, the likelihood of WBO using these for breeding is small. The soil is too loose for a stable WBO 
burrow. Soil around the sinkholes is gradually falling into them; in many cases, coyotes, foxes, or other 
predators could easily access the sinkholes. The sinkholes tend to have a large entrance that is not 
suitable for WBO because mammalian predators can crawl into the sinkholes. Table 1 describes any 
sign of WBO that was detected within the Project Survey Area and the locations of these resources are 
located in Figure 3.  
 
Each of the waypoints in Table 1 was visited four times on four consecutive days during Phase III WBO 
protocol surveys (June 1–4, 2009) conducted by EDAW biologists. No WBOs were detected within the 
Project Survey Area. Table 2 describes the dates, pertinent survey information, and any WBOs or new 
sign detected during the Phase III surveys. Copies of field data sheets are provided in Appendix A.  
 
Discussion 
 
Across all WBO surveys, no WBOs were detected anywhere within the Project Survey Area. No new 
WBO sign was detected, and all sign found in and around the Project Survey Area was very old. Since  
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the burrows observed in the Project Survey Area were small and unstable, it is unlikely that WBOs 
would use them for breeding. The sinkholes in the area were generally too large for WBOs to use them 
since the risks of predation with a large burrow entrance are high. The two cough pellets from owls that 
were located indicate that WBOs have used the site at some point for foraging. It is possible that some 
resident owls in the general area forage within the Project Survey Area, but the lack of recent sign 
indicates that this is rare. 
 
 

Table 2 
Dates, Times, Personnel, Weather Conditions, and Observations for WBO Phase III Surveys 

 
Survey 

# Date Time Personnel Weather Observations 

1 06/01/2009 1755-1900 Andrew Fisher 
James McMorran 

Start: 87ºF, 30% clouds, wind N 9.0 mph 
End: 83ºF, 5% clouds, wind N 4.3 mph 

No WBOs or 
new sign 
observed 

2 06/02/2009 0545-0625 Andrew Fisher 
James McMorran 

Start: 63ºF, 45% clouds, wind SE 2.7 mph 
End: 68ºF, 75% clouds, wind SE 0.8 mph 

No WBOs or 
new sign 
observed 

3 06/03/2009 0545-0645 Andrew Fisher 
James McMorran 

Start: 63ºF, 100% clouds, wind 0.0 mph 
End: 60ºF, 100% clouds, wind 0.0 mph 

No WBOs or 
new sign 
observed 

4 06/04/2009 0545-0630 Andrew Fisher 
James McMorran 

Start: 49º, 75% clouds, wind SW 1.5 mph 
End: 48º, 75% clouds, wind SE 1.5 mph 

No WBOs or 
new sign 
observed 

 
 
Due to the poor soil condition and historical disturbance activities, very few fossorial mammals such as 
ground squirrels, foxes, or badgers use the site. Therefore, very few potential burrows are available for 
WBOs to use. The habitat is open enough for WBOs but lacks the presence of burrows to support 
breeding WBOs. There are some piles of debris and human artifacts (open irrigation pipes, concrete, 
rock, and wood piles) that may have potential for WBO use. However, after a close examination of all 
potential burrow locations, no WBO sign was found. 
 
One sensitive wildlife species was observed during all WBO surveys throughout the Project Survey 
Area, the loggerhead shrike (Lanius ludovicianus; LOSH; CDFG Species of Special Concern). LOSH 
detections were mapped and displayed in Figure 4. The detections seem to reflect the movement of 
one pair using a large portion of the Project Survey Area as part of their territory. All other wildlife 
species detected during WBO surveys are listed in Appendix B.  
 
Certification Statement 
 
Qualified EDAW biologists who conducted WBO surveys for the BSEP emergency access road certify 
that the information in this survey report fully and accurately represents the work performed by EDAW 
biologists. Signatures of EDAW biologists (i.e., Andrew Fisher, James McMorran) who conducted  
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protocol surveys are included below. The results of focused surveys for listed species are typically 
considered valid for one year by the resource agencies. If you have any questions or require additional 
information, feel free to contact Jennifer Guigliano at (619) 233-1454.  
 
Sincerely, 
 
 
 
 
Jennifer Guigliano   Andrew Fisher    James McMorran 
Project Director   Wildlife Biologist    Wildlife Biologist 
 
Attachments: Figure 1 – Regional Map 
 Figure 2 – Vicinity Map 

Figure 3 – Burrowing Owl Resources 
 Figure 4 – Sensitive Wildlife Species Detected 

Appendix A – Field Data Sheets 
 Appendix B – Wildlife Species Detected during Burrowing Owl Surveys 
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Appendix B 
Wildlife Species Detected during Burrowing Owl Surveys 2009 

 
Scientific Names Common Names 

Reptiles 
Order Squamata  
 Family Phrysonomatidae  
  Sceloporus magister desert spiny lizard 
  Urosaurus graciousus long-tailed brush lizard 
 Family Teiidae  
  Cnemidophorus tigris western whiptail 
Birds 
Order Galliformes  
 Family Odontophoridae  
  Callipepla californica California quail 
Order Charadriiformes  
 Family Charadriidae  
 Charadrius vociferus killdeer 
Order Columbiformes  
 Family Columbidae  
 Zenaida macroura mourning dove 
 Streptopelia decaocto Eurasian collared dove 
Order Cuculiformes  
 Family Cuculidae  
 Geococcyx californianus greater roadrunner 
Order Passeriformes  
 Family Laniidae  
 Lanius ludovicianus loggerhead shrike * 
 Family Corvidae  
 Corvus corax common raven 
 Family Alaudidae  
 Eremophila alpestris actia California horned lark * 
 Family Emberizidae  
 Amphispiza belli sage sparrow 
 Family Fringillidae  
 Carpodacus mexicanus house finch 
Mammals 
Order Carnivora  
 Family Canidae  
 Canis latrans coyote 
Order Lagomorpha  
 Family Leporidae  
 Lepus californicus black-tailed jackrabbit 
Order Rodentia  
 Family Sciuridae  
 Ammospermophilus leucurus whitetail antelope ground squirrel 
*CDFG Species of Special Concern (CDFG 2009) 
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SYNOPSIS
This report is prepared for NextEra Energy Resources and is undertaken as part of the Beacon Solar
Energy Project.
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1. INTRODUCTION

The Beacon Solar Energy Project is a concentrated solar electric generating facility proposed on an
approximately 2,012-acre site in Kern County, California. The Project will use well-established
parabolic trough solar thermal technology to produce electrical power using a steam turbine generator
(STG) fed from a solar steam generator (SSG). The SSG receives heated heat transfer fluid (HTF)
from solar thermal equipment comprised of arrays of parabolic mirrors that collect energy from the
sun.

The Project site is located adjacent to State Route 14 and north of the town of California City,
California. The site is bounded by undeveloped land to the north, south, east, and State Route 14 to
the west. A Southern Pacific Railroad track bisects the western portion of the site. The solar collection
arrays will encompass an area of approximately 1,275 acres within the site boundary.

Off site storm flows pass through the site from two basic locations. The first is Pine Tree Creek that
passes through the central portion of the site running from South-West to North-East. Pine Tree
Creek gets drainage from an 83.2 square mile watershed within the El Paso Mountains to the South-
West. The planned design is to reroute the dry wash around the site along the southern and eastern
property boundaries. Design considerations for this channel are prepared separately by AECOM.

The second location of offsite flow originates in a drainage shed west of State Route 14. The flows
from this drainage shed pass through the site and discharge to Pine Tree Creek within the site
boundary. The flows within this drainage shed pass under State Rout 14 and under a Railroad line
and enter the site at a distinct location.



NEXTERA ENERGY RESOURCES

CONCEPTUAL RETENTION AND GRADING STUDY

002-000-PDT-806 (017063) EPF-0174 Page 5
Rev 1 (19/06/2009)

2. PURPOSE

The purpose of this study is to provide a basis for the retention design at the Beacon Solar Energy
Project. The intent is to describe the rational that will be implemented during the detailed on site
grading and drainage design, and to provide a preliminary layout of this concept. The on site grading
and drainage design are directly interrelated, and adjustments to each can and should be made
during the detailed design to provide for the most efficient engineering solutions that provide for storm
water quality control and treatment in compliance with the LORS.
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3. DESIGN BACKROUND

The preliminary conceptual grading plan was prepared by Carlton Engineering and included in the
Conceptual Drainage Study for Beacon Solar Energy Project, dated February 2008. This plan and
study provided for the release of all on-site generated flows (within the solar array) into the re-routed
wash. This design indicated that post development flows from the developed site into the re-routed
wash will be less than or equal to pre development flows from the site into the Pine Tree Creek
watershed. A small detention pond was provided near the North-East corner of the site to maintain
this goal. The concern with this approach is that there are portions of the site that drain directly into
the re-routed wash without the opportunity for treatment though retention facilities.

Additionally, the Carlton design included preliminary grades for the re-routing of Pine Tree Creek.
Subsequent work has been completed by AECOM including flood mapping, hydrologic studies,
sediment and scour analysis, and revised grades for the re-routed wash. The work completed by
AECOM determined the “top of bank” elevation for the re-routed wash channel on the edge of the
project along the south and east sides of the site.

The conceptual design approach included herein uses the Carlton Grading, the AECOM re-routed
channel grades, and incorporates retention to provide for storm water quality treatment.

Using the top of bank grades prepared by AECOM, the Carlton grades across the site were adjusted
slightly to match these grades along the south and east edges of the site. The grades across the site
provide an overall gradual slope of the final graded surface ranging from approximately 0.5% to 1.6%.
This overall gradual slope can be accomplished via the use of a uniform slope (as shown on the
drawings in the appendix), terracing, or a combination of both. The site grades can and should be
adjusted as necessary during final design to accommodate adjustments in cut/fill; however, the
channel grades and the top of bank channel grades need to be set by the design of the channel
prepared by AECOM. Adjustments of the grades in the solar array can be made during the detailed
design process to accommodate larger retention facilities, to provide for adjustments in cut/fill volume,
to allow an adjustment in the locations of the retention facilities, and to accommodate the detention
required.

The following criteria should be considered during the final detailed grading and drainage design:

1) Maintain retention volumes at or above the values indicated herein
2) Adjust grades to balance the volume of cut and fill on site. Design the site so that import or

export of material is averted.
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3) Comply with the detention and retention requirements of Kern County, Division Four,
“Standards for Drainage”, and the Kern County Hydrology Manual.

4) Provide site grades that match the final top of bank grades within the AECOM report, and that
contain the Pine Tree Creek re-routed wash without creating a levy situation on the north and
west sides of the re-routed wash (along the south and east sides of the site).

5) Maintain the off site flow that enters the site from under the railroad track as a “pass though”
flow, so that this flow does not mingle the on site storm water runoff with this flow (this can be
done in a drainage ditch as shown on the attached plan sheets, or can be piped through to
the re-routed Pine Tree Creek location).

6) A location specific percolation test will be required to be performed by a properly licensed
Geotechnical Engineer to confirm that the rain volume captured in each retention pond will
infiltrate within (72 hours) Additional infiltration surface can be added by including French
drains or gravel filled holes to the retention areas.
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4. RETENTION METHOLOGY

The proposed design is based upon the retention basin sizing included in the Kern County Division
Four Standards for Drainage. The Kern County guideline for retention basins require the storage
volume to be based on the 10 year 24 hour depth of rainfall. Based on this approach, storm flow
runoff volume in excess of the runoff volume produced from the 10 year 24 hour rainfall depth will
overflow into the Pine Tree Creek dry wash channel.

Per Kern County Division Four, “Standards for Drainage”, Chapter VIII, “Retention Basin Design”,
Section 408-1, “Design Volume”, the runoff volume is calculated as follows:

Runoff Volume = 0.12(D10)(ai)(Area)

Where: D10 = 10 year 24-hour depth of rainfall (in)

ai = Average percentage of impervious area

Area = Drainage area of total development

The D10 is determined from the Carlton drainage study, and the rainfall intensity duration frequency
curves from NOAA Atlas 14 Point Precipitation Frequency Estimates. The value used is 1.97 inches.

The average percentage of impervious area is somewhat subjective for this type of development. A
very small percentage of the site can be considered truly impervious (asphalt, buildings, or concrete
surfaced), and some areas will contain 100% of the rainfall in that area (no runoff). Mr. Munir Haddad
of Kern County was contacted (661-862-5100) to confirm the units of the equation, and to discuss the
application to a project such as the Beacon Solar Energy Project. The anticipated finish surfacing of
the site was discussed wherein the percentage of impervious area is not certain. Mr. Haddad
indicated that in a situation such as the Beacon Solar Energy Project, the impervious area
determination will be left to the design engineer and that the assumptions would be subject to review
by the applicable authority for confirmation of the calculations and rational for determination of
impervious areas, and therefore the retention volume.

Per the SCS, the highest impervious value for dirt roads is 85%. The approach used looked at each
block of solar panels. Each block of solar panels is 59 feet wide and will include a maintenance road
between each panel of approximately 12 feet in width. Using the 85% and the 12 feet, the equivalent
width of a road that is 100% impervious is 10.2 feet (12’*0.85=10.2 feet). The impervious
percentage for the dirt roads can then be estimated as 17.2% (10.2’/59’=17.2%).
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There are support footings that also contribute to the impervious area of the surface. For the support
footings estimation, each solar block is divided up into “design cubes”. Each design cube is 2,050
linear feet by 1,180 linear feet (2,419,000 square feet). Within each design cube there are eighty, 489
foot long solar panels. Each solar panel has thirteen support footings, measuring an estimated two
feet in diameter (3.1415 square feet). Therefore each design cube contains 3,270 square feet of
impervious solar panel footings, making each design cube approximately 0.14% impervious. %
impervious = 3,270/2,419,000 = 0.14%.

This provides a total estimated percentage of impervious area of 17.34%.

After determining the percentage of impervious area the Retention Volume was calculated for each
separate design cube based on the above formula.

The total estimated retention volume calculated is 58.5 acre feet. The Preliminary Retention Pond
Plan View and Plan Details show the incorporation of 58.5 acres of pond area that are 12” in total
depth. The depth of retention can be increased, adjusted, or modified during the detailed design.
However, the depth should be kept below 18” within the solar arrays, as the Kern County regulations
require freeboard, and other requirements if the depth of the pond is greater than 18”.

The retention volume is meant to provide treatment control for storm water leaving the site. In order
to provide an alternate analysis of the water quality control aspects of the above volumetric
determination, the methodology used in the California Storm Water Quality Association (CASQA)
BMP Handbook for New Development and Redevelopment, the “Urban Runoff Quality Management
Approach” was reviewed.

Per the California BMP Handbook for New Development and Redevelopment, the “Urban Runoff
Quality Management Approach”, the Maximized Detention Volume (Po) is determined as follows:

Po = (a)(C)(P6) - in watershed-inches

C = 0.858i3 – 0.78i2 + 0.774i + 0.04

i = the watershed imperviousness ratio (0.1734 from above)

Therefore; C = 0.0045 – 0.0234 + 0.1342 +0.04 = 0.1553
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Per the same section 5.5.1 of the BMP Handbook, a = 1.582 (for 24 hour draw down, and
1.963 for a 48 hour draw down). For this estimate, the 48 hour drawdown is included.

P6 = 0.5” (per BMP Handbook table Victorville is 0.47, Bakersfield is 0.50, and per calculation
on-line, 0.5 is correct)

Thus:

Po = (.1553)(0.5)(1.963) = 0.1524”

To get the “capture volume of the BMP”, Po is multiplied by the drainage area

= (1,275 Acres)(0.1524”) = 194 acre-inches = 16 acre-feet

This CASQA BMP Handbook method of retention capture shows that the site designed for
58.5 acre-feet of retention will provide adequate volume, and indicates that the Kern County
methodology can be followed for the detailed design of the retention for the site for
management of storm water quality.
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5. DETENTION CONSIDERATIONS

Detention must be considered in the final design of the facility for flow control. The Carlton
“Conceptual Drainage Study for Beacon Solar Energy Project” provided for a detention facility to
reduce the overall project peak post development flows to pre-development runoff rates. The volume
of the detention facility outlined in the Carlton study is 12.6 acre-feet. However, the impervious area
considered in the Carlton report is less than 17.34% of the total drainage area, as used in the
retention calculation above.

The retention facilities, depicted at a total of 58.5 acre-feet on the drawings in the appendix can be
designed to provide this reduction in the overall peak post development flows. Given the potential to
increase the depth or size of the individual retention areas, it follows that these areas will provide
adequate capacity to support the detention needs of the site, including the estimated impervious area
and the potential increase in the runoff coefficient. An increase in the runoff coefficient may be
caused by the application of dust suppressants as indicated in the study “Hydrologic Impacts of
Disturbed Lands Treated with Dust Suppressants”, and can be accounted for in the final
determination of the detention requirements.
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6. STORM WATER MANAGEMENT APPROACH

Storm water management for the completed facility will be provided through the use of source control,
site design, and treatment control best management practices (BMPs) consistent with the typical and
appropriate requirements for storm water management at both construction and industrial sites. A
summary of a sampling of these BMPs was presented in the draft Storm Water Pollution Prevention
Plan (SWPPP) and in the Application for Certification submitted to the CEC; however, detailed
descriptions of appropriate and relevant BMPs for anticipated and potential pollutants during
construction and operation will be provided in the appropriate SWPPP documents to be prepared and
finalized prior to construction.

Locations within the power block for the potential of chemical or oil releases will be fully contained.
Rainfall within the containment areas will be allowed to evaporate or will be drained through an oil
water separator. Locations within the power block where “contact” storm water may occur will be
contained within a system of curbs or trenches. Drains from these curbed areas or containment
trenches will be directed to an oil water separator. The oil separated and captured within the oil water
separator will be trucked off-site to a licensed disposal/recycling facility. Clean water discharged from
the oil water separator will be used on site by discharging it to the cooling tower or to the raw water
storage tank. The water discharge from the oil water separator will not be discharged to the storm
water system.

Off site storm flows will be separated from on site storm flows. This will allow for treatment control of
the flows from the Plant Site, and ensure that off site flows do not come into contact with the solar
collector array area (locations where the potential for storm water to contact the HTF exist). Pine
Tree Creek will be re-routed around the solar collector field to the south and east. The off site flows
from under the railroad track will be passed though the site within a drainage channel or through a
pipe.

The storm flows from the solar collector arrays will be treated through the use of multiple retention
ponds. These retention ponds will be linked via shallow, gradually sloped swales that will enhance
the treatment of the storm flows.
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APPENDIX 1

APPENDIX 1

Preliminary Conceptual Retention Pond Plan – Plan View, Sketch No. FPLS-0-SK-112-716-001,
Rev A
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APPENDIX 2

APPENDIX 2

Preliminary Conceptual Retention Pond – Plan Details, Sketch no FPLS-0-SK-112-716-002,
Rev A
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Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/10/2009

DESCRIPTION SHEET

General
1) The purpose of this calculation is to estimate the required evaporation pond acreage.
2) Site weather data are based on Cantil, CA. Dry bulb temperature data are from www.wrcc.dri.edu.

Monthly average utility and wind speed data are from almanac data found on www.myforecast.com.
3) Site evaporation data are based on Backus Ranch, CA pan evaporation data as found at www.wrcc.dri.edu.
4) Blowdown TDS is based on the site specific mass balance.
5) Blowdown flow rates are based on the site specific water balance.

Instructions
Under the "Inputs" tab:

1) Manually enter the "Pond Design" data required. The Pond Top/Bottom Ratio, Pond Depth for Solids,
Water and Freeboard, Annual Operation and Total Operation Duration must all be manually entered.
Pond Top/Pond Bottom ratio based on a square pond, therefore must be manually changed if different design.

2) Manually enter all data for "Makeup/Blowdown Water Parameters".If the cooling tower make-up water
TDS and the cycles of concentration are known, they should be entered in items 10 and 11.
If the make-up TDS concentration is not known or the blowdown TDS concentration is altered due to other
wastewater streams, the estimated blowdown TDS concentration should be manually entered in item 13.

3) Manually enter the Max and Min Dry Bulb temperatures, the Morning and Afternoon Relative Humidities
and the Wind Speed data under "Site Weather Data".

4) Manually enter the Published Evaporation rate (Class "A" pan), the desired Lake Evaporation Factor, the
estimated Pond TDS Concentration and the published Monthly Precipiation for the site under "Evaporation
Table". Select which months spray nozzle operation is desired.

5) Manually enter the 24x12 net electricity generation for the facility. This data will have been generated
separately by a solar modeling program.

Under the "Pond YEAR 1" tab:
1) Use the "Goalseek" function to set cell C13 to 0 by changing cell C16 on the"Inputs" tab (Inputs!C16).
2) The top and bottom of pond areas are now populated on the "Inputs" tab.

Calculations
Solids

1) Solids were calculated by converting the estimated pond inlet TDS from concentration to total solids
through the life of the plant. The concentration is provided in ppm, which is the equivalent to mg/L.

2) The concentration must first be converted into the units of lb/gal.
3) Next the concentration is multiplied by the Spring/Fall Blowdown flow rate thus resulting in the average

lb/min entering the ponds.
4) This average value is then multiplied by the estimated Annual Operation hours of the plant and then by

the Total Operating Duration (design years of plant) giving the total lbs of TDS generated through the life
of the plant.

5) The total mass of solids is converted to volume by using the assumed Dry TDS Solids Density.
6) The final 30 year depth of dry solids is calculated by dividing the volume of solids produced by

the Average Bottom of Pond Area. This results in a conservative depth estimate as it does not account
for the slope of the pond sides.

7 To determine the depth of solids for a given year the total depth over the life of the pond is scaled per year.
8) A factor of 2X is applied to the dry solids depth in the pond sizing calculations to account for the

additional space required for storage of wet solids verse dry solids.
Monthly Blowdown

1) Design blowdown rates are obtained from a water balance for Summer, Spring/Fall and Winter
ambient conditions. The flow rate for each season is the equivalent for 100% net electricity
production for that given season. The blowdown flow rate will reduce linearly with the electricity



production in times when 100% plant capacity is not attainable (i.e. Summer = 52 gpm design for
250 MW, therefore flow rate would be 26 gpm for 125 MW during summer conditions).

2) The 24x12 net electricity generation for the facility gives an hourly average for each hour of the year thus
enabling the estimation of the average blowdown flow rate for each hour of the year. May, June, July
and August were chosen for the Summer months; September, October, March and April were chosen
for the Spring/Fall months; and November, December, January and February were chosen for the
Winter months. Net plant power generation data is estimated by use of Solar Advisor Model (SAM) as released by NREL.

3) The estimated blowdown rate for each season (in gallons per hour) was multiplied by the total electricity
(MWh) produced in each appropriate month and divided by 250 MW thus resulting in the total gallons
of blowdown entering the evaporation ponds for each month.

Pond Evaporation Rate
1) Published Class "A" pan evaporation rates are used but must converted to pond evaporation rates by the

use of the following equations:

2) Published daily average precipitation for each month is used.
3) Lake Factor based on information from Membrane Concentrate Disposal: Practices and Regulation, Mikey & Associates, 98-FC-81-0054.
4) The Salinity Factor is calculated by the following equation:

However due to the high concentration of TDS water entering the pond, a factor of 0.7 is used, which is industry standard for saturated brines
Reference: Review and Discussion on Evaporation Rate of Brines, December 2000, actis Environmental Services.

5) The Pan Evaporation Rate values are given monthly with a units of inches/acre-month. The pond
acreage used to calculate the inches/month of evaporation is at the top of the solids storage section of
the pond. This level can be easily maintained throughout the life of the pond and provides a conservative
approach in that the water level will always be above the solids level and the smallest possible are for
evaporation is chosen by using the top of the solids storage area.

Spray Nozzle Evaporation
1) Evaporation from spray nozzles is based on the following equation as published in the Journal of Applied

Sciences 9 (3): 597-600, 2009:

where, E = Evaporation Losses (% of nozzle discharge)
u = Wind Speed (mph)
T = Ambient Dry Bulb (°C)
(es - eo) = Vapor Pressure Deficit (mbar)

The Vapor Pressure Deficit is calculated by the following equation:

where, (es - eo) = Vapor Pressure Deficit (mbar)
T = Ambient Dry Bulb (°C)
RH = Relative Humidity

2) The above equations do not account for drift losses. However, since the nozzles will be centrally located
on the evaporation pond with > 100 ft to the nearest pond edge, drift losses are expected to be minimal.

3) Nozzle discharge is the blowdown for each given month.
Pond Sizing

1) The monthly average blowdown (pond inflow), pond evaporation (pond outflow) and spray nozzle evaporation
(when chosen) are calculated and the blowdown is subtracted by the pond and spray nozzle evaporation
values. In some months this value will result in a negative value showing that more water evaporated.
for that month than what has entered the evaporation pond.

2) When the value is greater than zero, the remaining water level is carried over the next month. At no time is
overall water volume in the pond permitted to go below zero or greater than the maximum capacity of the
designated pond depth for water.

3) The maximum capacity for water is calculated based solely on the depth permitted for water and does not
take into account the area below it for solids. This provides a conservative approach in the early years of
operation but becomes more accurate in later years of operation.

4) The data is extrapolated over 30 yrs and listed on the Summary Table.
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Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/10/2009

Pond Design

1) Top of Pond Area 6 acres (Rounded up to nearest acre)
2) Pond Top/Bottom Ratio 70% (Based on square pond design with 3:1 slopes and total pond depth below)
3) Avg Bottom of Pond Area 4.2 acres
4) Pond Depth for Solids 3 ft (to account for maximum depth of sludge before clean out is required for safety purposes)
5) Pond Depth for Water 3 ft
6) Pond Freeboard 2 ft
7) Total Pond Depth 8 ft
8) Annual Operation 3,200 hrs/yr From Solar Advisor Model Hourly Data
9) Total Operating Duration 30 yrs

Make-up/Blowdown Water Parameters

10) Make-up Water TDS Conc. 550 ppm (from table 5.17.10 from the AFC - raw water makeup)
11) Cycles of Concentration 15
12) Blowdown TDS Conc. (calc.) 857 ppm (From Mass Balance, Option 7 post-treatment + BC (2009APR29)
13) Evaporation Pond Feed TDS Conc. (man.)70,331 ppm (From Mass Balance, Option 7 post-treatment + BC (2009APR29)
14) Dry TDS Solids Density 80 lb/ft3 (estimate for wet sludge)
15) Summer Blowdown 52 gpm (from Water Balance, Summer Typical, Partial ZLD)
16) Spring/Fall Blowdown 44 gpm (from Water Balance, Annual Typical, Partial ZLD)
17) Winter Blowdown 36 gpm (calculated from Summer and Spring/Fall flowrates)

Site Weather Data

Source Data Location Cantil, CA

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max Dry Bulb (oF) 58.9 65.6 71.5 76.2 86.5 97.7 104.3 102.1 93.1 80.2 64.1 58.0 80.1
Average Min Dry Bulb (oF) 28.9 33.9 40.8 46.1 55.0 53.8 69.2 67.1 57.1 44.1 34.7 28.2 47.5
Average Dry Bulb (oF) 43.9 49.8 56.2 61.2 70.8 75.8 86.8 84.6 75.1 62.2 49.4 43.1 63.8
Average RH (morning) 70.0 66.0 66.0 53.0 48.0 39.0 37.0 41.0 49.0 50.0 59.0 63.0 53.0
Average RH (afternoon) 40.0 36.0 36.0 25.0 22.0 17.0 17.0 20.0 22.0 24.0 32.0 40.0 28.0
Average RH (total) 55.0 51.0 51.0 39.0 35.0 28.0 27.0 30.5 35.5 37.0 45.5 51.5 40.5
Average Windspeed (mph) 8.7 10.1 11.1 13.1 13.7 13.8 12.0 10.8 9.6 9.2 8.3 8.2 10.8
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Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/10/2009

Evaporation Table

Source Data Location Backus Ranch, CA (Evaporation) and Cantil, CA (Precipitation)

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Published Evaporation (in) 2.85 3.86 6.77 9.80 12.69 15.93 16.92 15.95 12.19 8.01 4.25 2.98 112.20
Lake Evaporation Factor 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Salinity Factor 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700
Monthly Precipitation (in) 0.71 0.48 0.30 0.09 0.15 0.05 0.10 0.12 0.05 0.03 0.43 0.54 3.05
Monthly Evaporation (in) 1.05 1.66 3.17 4.76 6.14 7.78 8.24 7.76 5.95 3.91 1.87 1.20 53.48
Operate Spray Nozzles (Y/N) No No No No No No No No No No No No No

Net Plant Power Generation Table

NET OUTPUT TABLE FOR 250 MW SOLAR PROJECT
Hour Starting Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average

0 - - - - - - - - - - - - -
1 - - - - - - - - - - - - -
2 - - - - - - - - - - - - -
3 - - - - - - - - - - - - -
4 - - - - - - - - - - - - -
5 - - - - - - - - - - - - -
6 - - - - - - - - - - - - -
7 - - 24 15 62 94 56 19 2 - - - 23
8 20 20 128 123 207 250 220 219 137 14 12 0 112
9 46 60 172 215 250 250 250 250 244 110 62 10 160
10 57 74 164 235 250 250 250 250 250 159 69 10 168
11 52 73 149 231 250 250 250 250 249 157 58 10 165
12 43 69 133 211 250 250 250 250 250 142 50 10 159
13 44 74 134 218 250 250 250 250 250 139 58 10 161
14 58 80 141 207 250 250 250 250 250 149 77 10 164
15 60 86 150 192 250 250 250 250 250 165 79 - 165
16 20 40 115 173 250 250 227 246 250 165 10 - 146
17 - - 16 139 213 236 193 216 185 95 - - 108
18 - - - 43 119 162 122 100 38 13 - - 50
19 - - - - 10 19 10 0 - - - - 3
20 - - - - - - - - - - - - -
21 - - - - - - - - - - - - -
22 - - - - - - - - - - - - -
23 - - - - - - - - - - - - -

Total (MWhr) 401 575 1,326 2,003 2,611 2,761 2,578 2,551 2,356 1,308 475 60
Days/month 31 28 31 30 31 30 31 31 30 31 30 31

Monthly Totals (MWhr) 12,442 16,104 41,112 60,094 80,940 82,840 79,904 79,086 70,675 40,560 14,244 1,869
Total Annual Energy Generation 579,869
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Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/10/2009

Year Pond Size (ac) Depth of Solids (ft) Inflow - Plant (gal) Outflow - Evap (gal) Net (gal) Margin
1 6 0.68 6,657,395 6,794,313 -136,918 2%
2 6 1.35 6,657,395 6,794,313 -136,918 2%
3 6 2.03 6,657,395 6,794,313 -136,918 2%
4 6 2.71 6,657,395 6,794,313 -136,918 2%
5 6 3.38 6,657,395 6,794,313 -136,918 2%
6 6 4.06 6,657,395 6,794,313 -136,918 2%
7 6 4.74 6,657,395 6,794,313 -136,918 2%
8 6 5.41 6,657,395 6,794,313 -136,918 2%
9 6 6.09 6,657,395 6,794,313 -136,918 2%

10 6 6.77 6,657,395 6,794,313 -136,918 2%
11 6 7.44 6,657,395 6,794,313 -136,918 2%
12 6 8.12 6,657,395 6,794,313 -136,918 2%
13 6 8.79 6,657,395 6,794,313 -136,918 2%
14 6 9.47 6,657,395 6,794,313 -136,918 2%
15 6 10.15 6,657,395 6,794,313 -136,918 2%
16 6 10.82 6,657,395 6,794,313 -136,918 2%
17 6 11.50 6,657,395 6,794,313 -136,918 2%
18 6 12.18 6,657,395 6,794,313 -136,918 2%
19 6 12.85 6,657,395 6,794,313 -136,918 2%
20 6 13.53 6,657,395 6,794,313 -136,918 2%
21 6 14.21 6,657,395 6,794,313 -136,918 2%
22 6 14.88 6,657,395 6,794,313 -136,918 2%
23 6 15.56 6,657,395 6,794,313 -136,918 2%
24 6 16.24 6,657,395 6,794,313 -136,918 2%
25 6 16.91 6,657,395 6,794,313 -136,918 2%
26 6 17.59 6,657,395 6,794,313 -136,918 2%
27 6 18.27 6,657,395 6,794,313 -136,918 2%
28 6 18.94 6,657,395 6,794,313 -136,918 2%
29 6 19.62 6,657,395 6,794,313 -136,918 2%
30 6 20.30 6,657,395 6,794,313 -136,918 2%

Annual
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Evaporation Pond Sizing Calculation
By: Janine Forrest
Checked: J.Foster
Date: 6/10/2009

Year 1
Top of Pond Area, ac 6
Solids Depth, ft 0.68
Pond Depth for Water, ft 3
Starting Pond Depth for Solids, ft 3
Available Pond Depth for Solids, ft 2.32
Year 10 Minus Year 1 Carry Over Volume 0 (Make 0 by changing "Avg Bottom of Pond Area" on "Inputs" page)
Evaporation (inches/month) 8.2 7.8 5.9 3.9 1.9 1.2 1.0 1.7 3.2 4.8 6.1 7.8 53 Estimated Annual Average Evaporate
Average Dry Bulb (oF) 86.8 84.6 75.1 62.2 49.4 43.1 43.9 49.8 56.2 61.2 70.8 75.8 63.8
Average Dry Bulb (oC) 30.4 29.2 23.9 16.8 9.7 6.2 6.6 9.9 13.4 16.2 21.5 24.3 17.7
Average Relative Humidity 27.0 30.5 35.5 37.0 45.5 51.5 55.0 51.0 51.0 39.0 35.0 28.0 40.5
Windspeed (mph) 12.0 10.8 9.6 9.2 8.3 8.2 8.7 10.1 11.1 13.1 13.7 13.8 10.8

Hour starting Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Total July to June
Days/month 31 31 30 31 30 31 31 28 31 30 31 30 365 Days per year
gal/month Inflow from Plant 997,205 986,991 746,329 428,317 123,064 16,150 107,498 139,135 434,146 634,590 1,010,131 1,033,839 6,657,395 Inflow from Plant (gal)
Spray Evaporation (% of Inflow) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gal/month Outflow (spray evap) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 Outflow - Spray Evap (gal)
gal/month Outflow (pond evap) 1,047,003 985,378 755,684 496,735 237,785 151,884 133,210 210,396 402,741 604,423 780,583 988,490 6,794,313 Outflow - Pond Evap (gal)
Net gal/month total -49,797 1,613 -9,356 -68,418 -114,721 -135,734 -25,712 -71,262 31,404 30,167 229,548 45,349 -136,918 Net (Inflow - Outflow)
Carry over Volume to next month gal 0 1,613 0 0 0 0 0 0 31,404 61,572 291,119 336,469
Available Volume gal/month 4,988,700 4,987,087 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,957,295 4,927,128 4,697,580 4,652,231 4,652,231 Available Volume at end of calendar year
Maximum Capacity without freeboard 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 4,988,700 Maximum Capacity without freeboard

reference files:
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Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/15/2009

DESCRIPTION SHEET

General
1) The purpose of this calculation is to estimate the required evaporation pond acreage.
2) Site weather data are based on Cantil, CA. Dry bulb temperature data are from www.wrcc.dri.edu.

Monthly average utility and wind speed data are from almanac data found on www.myforecast.com.
3) Site evaporation data are based on Backus Ranch, CA pan evaporation data as found at www.wrcc.dri.edu.
4) Blowdown TDS is based on the site specific mass balance.
5) Blowdown flow rates are based on the site specific water balance.

Instructions
Under the "Inputs" tab:

1) Manually enter the "Pond Design" data required. The Pond Top/Bottom Ratio, Pond Depth for Solids,
Water and Freeboard, Annual Operation and Total Operation Duration must all be manually entered.
Pond Top/Pond Bottom ratio based on a square pond, therefore must be manually changed if different design.

2) Manually enter all data for "Makeup/Blowdown Water Parameters".If the cooling tower make-up water
TDS and the cycles of concentration are known, they should be entered in items 10 and 11.
If the make-up TDS concentration is not known or the blowdown TDS concentration is altered due to other
wastewater streams, the estimated blowdown TDS concentration should be manually entered in item 13.

3) Manually enter the Max and Min Dry Bulb temperatures, the Morning and Afternoon Relative Humidity
and the Wind Speed data under "Site Weather Data".

4) Manually enter the Published Evaporation rate (Class "A" pan), the desired Lake Evaporation Factor, the
estimated Pond TDS Concentration and the published Monthly Precipitation for the site under "Evaporation
Table". Select which months spray nozzle operation is desired.

5) Manually enter the 24x12 net electricity generation for the facility. This data will have been generated
separately by a solar modeling program.

Under the "Pond YEAR 1" tab:
1) Use the "Goalseek" function to set cell C13 to 0 by changing cell C16 on the"Inputs" tab (Inputs!C16).
2) The top and bottom of pond areas are now populated on the "Inputs" tab.

Calculations
Solids

1) Solids were calculated by converting the estimated pond inlet TDS from concentration to total solids
through the life of the plant. The concentration is provided in ppm, which is the equivalent to mg/L.

2) The concentration must first be converted into the units of lb/gal.
3) Next the concentration is multiplied by the Spring/Fall Blowdown flow rate thus resulting in the average

lb/min entering the ponds.
4) This average value is then multiplied by the estimated Annual Operation hours of the plant and then by

the Total Operating Duration (design years of plant) giving the total lbs of TDS generated through the life
of the plant.

5) The total mass of solids is converted to volume by using the assumed Dry TDS Solids Density.
6) The final 30 year depth of dry solids is calculated by dividing the volume of solids produced by

the Average Bottom of Pond Area. This results in a conservative depth estimate as it does not account
for the slope of the pond sides.

7 To determine the depth of solids for a given year the total depth over the life of the pond is scaled per year.
8) A factor of 2X is applied to the dry solids depth in the pond sizing calculations to account for the

additional space required for storage of wet solids verse dry solids.
Monthly Blowdown

1) Design blowdown rates are obtained from a water balance for Summer, Spring/Fall and Winter
ambient conditions. The flow rate for each season is the equivalent for 100% net electricity
production for that given season. The blowdown flow rate will reduce linearly with the electricity



production in times when 100% plant capacity is not attainable (i.e. Summer = 56 gpm design for
250 MW, therefore flow rate would be 28 gpm for 125 MW during summer conditions).

2) The 24x12 net electricity generation for the facility gives an hourly average for each hour of the year thus
enabling the estimation of the average blowdown flow rate for each hour of the year. May, June, July
and August were chosen for the Summer months; September, October, March and April were chosen
for the Spring/Fall months; and November, December, January and February were chosen for the
Winter months. Net plant power generation data is estimated by use of Solar Advisor Model (SAM) as released by NREL.

3) The estimated blowdown rate for each season (in gallons per hour) was multiplied by the total electricity
(MWh) produced in each appropriate month and divided by 250 MW thus resulting in the total gallons
of blowdown entering the evaporation ponds for each month.

Pond Evaporation Rate
1) Published Class "A" pan evaporation rates are used but must converted to pond evaporation rates by the

use of the following equations:

2) Published daily average precipitation for each month is used.
3) Lake Factor based on information from Membrane Concentrate Disposal: Practices and Regulation, Mikey & Associates, 98-FC-81-0054.
4) The Salinity Factor is calculated by the following equation:

However due to the high concentration of TDS water entering the pond, a factor of 0.7 is used, which is industry standard for saturated brines
Reference: Review and Discussion on Evaporation Rate of Brines, December 2000, actis Environmental Services.

5) The Pan Evaporation Rate values are given monthly with a units of inches/acre-month. The pond
acreage used to calculate the inches/month of evaporation is at the top of the solids storage section of
the pond. This level can be easily maintained throughout the life of the pond and provides a conservative
approach in that the water level will always be above the solids level and the smallest possible are for
evaporation is chosen by using the top of the solids storage area.

Spray Nozzle Evaporation
1) Evaporation from spray nozzles is based on the following equation as published in the Journal of Applied

Sciences 9 (3): 597-600, 2009:

where, E = Evaporation Losses (% of nozzle discharge)
u = Wind Speed (mph)
T = Ambient Dry Bulb (°C)
(es - eo) = Vapor Pressure Deficit (mbar)

The Vapor Pressure Deficit is calculated by the following equation:

where, (es - eo) = Vapor Pressure Deficit (mbar)
T = Ambient Dry Bulb (°C)
RH = Relative Humidity

2) The above equations do not account for drift losses. However, since the nozzles will be centrally located
on the evaporation pond with > 100 ft to the nearest pond edge, drift losses are expected to be minimal.

3) Nozzle discharge is the blowdown for each given month.
Pond Sizing

1) The monthly average blowdown (pond inflow), pond evaporation (pond outflow) and spray nozzle evaporation
(when chosen) are calculated and the blowdown is subtracted by the pond and spray nozzle evaporation
values. In some months this value will result in a negative value showing that more water evaporated.
for that month than what has entered the evaporation pond.

2) When the value is greater than zero, the remaining water level is carried over the next month. At no time is
overall water volume in the pond permitted to go below zero or greater than the maximum capacity of the
designated pond depth for water.

3) The maximum capacity for water is calculated based solely on the depth permitted for water and does not
take into account the area below it for solids. This provides a conservative approach in the early years of
operation but becomes more accurate in later years of operation.

4) The data is extrapolated over 30 yrs and listed on the Summary Table.
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Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/15/2009

Pond Design

1) Top of Pond Area 8 acres (Rounded up to nearest acre)
2) Pond Top/Bottom Ratio 74% (Based on square pond design with 3:1 slopes and total pond depth below - will change for different shapes)
3) Avg Bottom of Pond Area 5.9 acres
4) Pond Depth for Solids 3 ft (to account for maximum depth of sludge before clean out is required for safety purposes) T W & L
5) Pond Depth for Water 3 ft B W& L
6) Pond Freeboard 2 ft
7) Total Pond Depth 8 ft
8) Annual Operation 3,200 hrs/yr From Solar Advisor Model Hourly Data
9) Total Operating Duration 30 yrs

Make-up/Blowdown Water Parameters

10) Make-up Water TDS Conc. 1900 ppm
11) Cycles of Concentration 10
12) Blowdown TDS Conc. (calc.) N/A ppm
13) Evaporation Pond Feed TDS Conc. (man.)110,951 ppm (from "WB Opt 8 using Lake Koehn Chemistry (2009JUN15)"
14) Dry TDS Solids Density 80 lb/ft3 (estimate for wet sludge)
15) Summer Blowdown 56 gpm (from Koehn Lake Water balance & email from Scott Stern 06/15/09)
16) Spring/Fall Blowdown 46 gpm (from Koehn Lake Water balance & email from Scott Stern 06/15/09)
17) Winter Blowdown 36 gpm (calculated from Summer and Spring/Fall flowrates)

Site Weather Data

Source Data Location Cantil, CA

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max Dry Bulb (oF) 58.9 65.6 71.5 76.2 86.5 97.7 104.3 102.1 93.1 80.2 64.1 58.0 80.1
Average Min Dry Bulb (oF) 28.9 33.9 40.8 46.1 55.0 53.8 69.2 67.1 57.1 44.1 34.7 28.2 47.5
Average Dry Bulb (oF) 43.9 49.8 56.2 61.2 70.8 75.8 86.8 84.6 75.1 62.2 49.4 43.1 63.8
Average RH (morning) 70.0 66.0 66.0 53.0 48.0 39.0 37.0 41.0 49.0 50.0 59.0 63.0 53.0
Average RH (afternoon) 40.0 36.0 36.0 25.0 22.0 17.0 17.0 20.0 22.0 24.0 32.0 40.0 28.0
Average RH (total) 55.0 51.0 51.0 39.0 35.0 28.0 27.0 30.5 35.5 37.0 45.5 51.5 40.5
Average Windspeed (mph) 8.7 10.1 11.1 13.1 13.7 13.8 12.0 10.8 9.6 9.2 8.3 8.2 10.8
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Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/15/2009

Evaporation Table

Source Data Location Backus Ranch, CA (Evaporation) and Cantil, CA (Precipitation)

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Published Evaporation (in) 2.85 3.86 6.77 9.80 12.69 15.93 16.92 15.95 12.19 8.01 4.25 2.98 112.20
Lake Evaporation Factor 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Salinity Factor 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700
Monthly Precipitation (in) 0.71 0.48 0.30 0.09 0.15 0.05 0.10 0.12 0.05 0.03 0.43 0.54 3.05
Monthly Evaporation (in) 1.05 1.66 3.17 4.76 6.14 7.78 8.24 7.76 5.95 3.91 1.87 1.20 53.48
Operate Spray Nozzles (Y/N) No No No No No No No No No No No No No

Net Plant Power Generation Table

NET OUTPUT TABLE FOR 250 MW SOLAR PROJECT
Hour Starting Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average

0 - - - - - - - - - - - - -
1 - - - - - - - - - - - - -
2 - - - - - - - - - - - - -
3 - - - - - - - - - - - - -
4 - - - - - - - - - - - - -
5 - - - - - - - - - - - - -
6 - - - - - - - - - - - - -
7 - - 24 15 62 94 56 19 2 - - - 23
8 20 20 128 123 207 250 220 219 137 14 12 0 112
9 46 60 172 215 250 250 250 250 244 110 62 10 160
10 57 74 164 235 250 250 250 250 250 159 69 10 168
11 52 73 149 231 250 250 250 250 249 157 58 10 165
12 43 69 133 211 250 250 250 250 250 142 50 10 159
13 44 74 134 218 250 250 250 250 250 139 58 10 161
14 58 80 141 207 250 250 250 250 250 149 77 10 164
15 60 86 150 192 250 250 250 250 250 165 79 - 165
16 20 40 115 173 250 250 227 246 250 165 10 - 146
17 - - 16 139 213 236 193 216 185 95 - - 108
18 - - - 43 119 162 122 100 38 13 - - 50
19 - - - - 10 19 10 0 - - - - 3
20 - - - - - - - - - - - - -
21 - - - - - - - - - - - - -
22 - - - - - - - - - - - - -
23 - - - - - - - - - - - - -

Total (MWhr) 401 575 1,326 2,003 2,611 2,761 2,578 2,551 2,356 1,308 475 60
Days/month 31 28 31 30 31 30 31 31 30 31 30 31

Monthly Totals (MWhr) 12,442 16,104 41,112 60,094 80,940 82,840 79,904 79,086 70,675 40,560 14,244 1,869
Total Annual Energy Generation 579,869
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FPLE Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Cked: J.Foster
Date: 6/15/2009

Year Pond Size (ac) Depth of Solids (ft) Inflow - Plant (gal) Outflow - Evap (gal) Net (gal) Margin
1 8 0.79 7,069,226 9,417,756 -2,348,530 33%
2 8 1.59 7,069,226 9,417,756 -2,348,530 33%
3 8 2.38 7,069,226 9,417,756 -2,348,530 33%
4 8 3.18 7,069,226 9,417,756 -2,348,530 33%
5 8 3.97 7,069,226 9,417,756 -2,348,530 33%
6 8 4.77 7,069,226 9,417,756 -2,348,530 33%
7 8 5.56 7,069,226 9,417,756 -2,348,530 33%
8 8 6.36 7,069,226 9,417,756 -2,348,530 33%
9 8 7.15 7,069,226 9,417,756 -2,348,530 33%
10 8 7.95 7,069,226 9,417,756 -2,348,530 33%
11 8 8.74 7,069,226 9,417,756 -2,348,530 33%
12 8 9.54 7,069,226 9,417,756 -2,348,530 33%
13 8 10.33 7,069,226 9,417,756 -2,348,530 33%
14 8 11.13 7,069,226 9,417,756 -2,348,530 33%
15 8 11.92 7,069,226 9,417,756 -2,348,530 33%
16 8 12.72 7,069,226 9,417,756 -2,348,530 33%
17 8 13.51 7,069,226 9,417,756 -2,348,530 33%
18 8 14.31 7,069,226 9,417,756 -2,348,530 33%
19 8 15.10 7,069,226 9,417,756 -2,348,530 33%
20 8 15.90 7,069,226 9,417,756 -2,348,530 33%
21 8 16.69 7,069,226 9,417,756 -2,348,530 33%
22 8 17.49 7,069,226 9,417,756 -2,348,530 33%
23 8 18.28 7,069,226 9,417,756 -2,348,530 33%
24 8 19.08 7,069,226 9,417,756 -2,348,530 33%
25 8 19.87 7,069,226 9,417,756 -2,348,530 33%
26 8 20.67 7,069,226 9,417,756 -2,348,530 33%
27 8 21.46 7,069,226 9,417,756 -2,348,530 33%
28 8 22.26 7,069,226 9,417,756 -2,348,530 33%
29 8 23.05 7,069,226 9,417,756 -2,348,530 33%
30 8 23.85 7,069,226 9,417,756 -2,348,530 33%

Annual
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FPLE Project Beacon
Evaporation Pond Sizing Calculation
By: Janine Forrest
Checked: J.Foster
Date: 6/15/2009

Year 1
Top of Pond Area, ac 8
Solids Depth, ft 0.79
Pond Depth for Water, ft 3
Starting Pond Depth for Solids, ft 3
Available Pond Depth for Solids, ft 2.21
Year 10 Minus Year 1 Carry Over Volume 0 (Make 0 by changing "Avg Bottom of Pond Area" on "Inputs" page)
Evaporation (inches/month) 8.2 7.8 5.9 3.9 1.9 1.2 1.0 1.7 3.2 4.8 6.1 7.8 53 Estimated Annual Average Evaporate
Average Dry Bulb (oF) 86.8 84.6 75.1 62.2 49.4 43.1 43.9 49.8 56.2 61.2 70.8 75.8 63.8
Average Dry Bulb (oC) 30.4 29.2 23.9 16.8 9.7 6.2 6.6 9.9 13.4 16.2 21.5 24.3 17.7
Average Relative Humidity 27.0 30.5 35.5 37.0 45.5 51.5 55.0 51.0 51.0 39.0 35.0 28.0 40.5
Windspeed (mph) 12.0 10.8 9.6 9.2 8.3 8.2 8.7 10.1 11.1 13.1 13.7 13.8 10.8

Hour starting Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Total July to June
Days/month 31 31 30 31 30 31 31 28 31 30 31 30 365 Days per year
gal/month Inflow from Plant 1,073,914 1,062,913 780,253 447,786 123,064 16,150 107,498 139,135 453,879 663,435 1,087,834 1,113,365 7,069,226 Inflow from Plant (gal)
Spray Evaporation (% of Inflow) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gal/month Outflow (spray evap) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 Outflow - Spray Evap (gal)
gal/month Outflow (pond evap) 1,451,275 1,365,855 1,047,472 688,536 329,600 210,530 184,645 291,635 558,249 837,805 1,081,985 1,370,169 9,417,756 Outflow - Pond Evap (gal)
Net gal/month total -377,361 -302,942 -267,219 -240,750 -206,536 -194,380 -77,147 -152,501 -104,370 -174,370 5,849 -256,804 -2,348,530 Net (Inflow - Outflow)
Carry over Volume to next month gal 0 0 0 0 0 0 0 0 0 0 5,849 0
Available Volume gal/month 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,790,275 6,796,124 6,796,124 Available Volume at end of calendar year
Maximum Capacity without freeboard 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 6,796,124 Maximum Capacity without freeboard

reference files:

J.Foster

A J.Forrest 06/15/09
Rev. By Date

Checked By:

Evaporation Pond - Pre-Post Treatment Clarifier (Koehn Lake)
Original Issue
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State Rerouted Wash Mitigation 
Beacon Solar Energy Project 

Kern County California 
 

The Beacon Solar Energy Project (BSEP or Project) would cause direct impacts to 16.0 acres of 
jurisdictional waters of the state in the form of the dry desert washes all within the Plant Site 
boundary.  The permanent Project impacts would be the result of the proposed removal of the 
washes and construction of the rerouted dry washes.  Of these 16.0 acres, 2.4 acres (15 percent) 
are vegetated with an alluvial fan scrub habitat association dominated by the native shrub, scale-
broom (generally at a height of 3 to 5 feet), and 13.6 acres are unvegetated waters of the state 
(i.e., riverine unconsolidated bottom – ephemeral wash).   
 
Beacon Solar, LLC (Beacon) has proposed to mitigate for impacts to state jurisdictional waters as 
summarized in the Streambed Alteration Agreement application and subsequent documents 
docketed with the California Energy Commission, including the Beacon Solar Energy Project 
Mitigation Plan for Impacts to Jurisdictional Waters of the State of California, Kern County, 
California (Mitigation Plan; EDAW 2008).  That Mitigation Plan proposes a 1:1 replacement ratio 
for permanent Project impacts to unvegetated waters of the state and a 2:1 replacement ratio for 
permanent Project impacts to an ephemeral wash vegetated with southern alluvial fan scrub (i.e., 
scale-broom association).  This document is intended to: 
 

1. Address modifications to the Mitigation Plan as a result of refinements that are being 
proposed to the design of the rerouted wash; and 

2. Better articulate how the proposed mitigation addresses hydrological functions as part of 
overall biological mitigation. 

 
The proposed mitigation involves creating appropriate physical conditions and promoting natural 
processes and native revegetation in the rerouted wash.  Based on the proposed mitigation ratios 
presented for each of these jurisdictional habitat conditions, a total of 18.4 acres of mitigation 
would be required for these permanent impacts (Table 1).   
 
 

Table 1 
Review of Maximum CDFG Jurisdictional Impacts 

and Proposed Mitigation Requirements 
 

Permanent Impacts 

CDFG Wetlands and Waters 

CDFG  
Permanent 

Impacts (acres) 
Mitigation 

Ratios Mitigation (acres)1

Vegetated Wetlands    
    Southern Alluvial Fan Scrub 2.4 2:1 4.8 
Unvegetated State Waters    
    Unconsolidated bottom (Ephemeral 

Wash – Streambed) 
13.6 1:1 13.6 
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Total Impacts 16.0  18.4 
1 13.6 acres of unvegetated state waters will be mitigated (at 1:1 ratio) and 2.4 acres of 

vegetated state waters will be mitigated (at a ratio of 2:1 to create 4.8 vegetated acres) 
within the proposed rerouted wash.   

 
 
Rerouted Wash Design Features 
 
Impacts to the wash will be mitigated onsite, to the extent feasible, within the rerouted wash 
system.  Although the overall approach to mitigation has not changed from the original proposal 
in the Mitigation Plan, design changes were initiated for the rerouted wash to address flood flow 
control and storm water management (see Memorandum for Hydrologic and Hydraulic Analysis of 
Rerouted Channel for Beacon Solar Energy - Mojave, CA, AECOM 2009). The changes to the 
design of the rerouted wash also included modifications to facilitate the development of a wash 
system that would replace the existing functions and values of the Pine Tree Creek Wash.  The 
three key design changes intended to facilitate desert wash function and value from both 
hydrological and biological perspectives are summarized below. 
 

1. Side Slopes.  Side slopes of the channel were reduced from 3:1 to 4:1 horizontal to 
vertical (H:V).  This reduction in slope is necessary to meet Kern County requirements 
regarding public safety.  

2. Drop Structures.  Incorporation of 10-foot high drop structures are proposed to maintain 
reasonable velocities through the channel while maximizing the habitat potential between 
drop structures by maintaining maximum distance between drop structures. To further 
enhance the habitat potential between drop structures each one will incorporate low flow 
offset notches to facilitate braiding of the stream bed during low flow events.  The drop 
structures will have a 3:1 (H:V) slope face and be constructed of a soil cement material 
and riprap backfilled with soil to allow desert tortoises to navigate longitudinally within the 
channel (AECOM 2009). 

3. Longitudinal Slope.  The incorporation of drop structures allows for the reduction in the 
longitudinal slope of the channel, which reduces the rate of flow within the channel.  This 
slope reduction is anticipated to facilitate the braiding and microtopographic variation that 
is characteristic of wash systems and would also facilitate vertical movement of water into 
the groundwater basin during low-flow storm events to maintain similar groundwater 
recharge benefits to the existing wash. 

  
The proposed design feature changes to the wash are critical to the successful hydrologic and 
hydraulic function of the wash to avoid and minimize potential downgradient impacts; however, 
they also offer opportunity to facilitate development of the biological functions and values.  The 
development of both hydrological and biological functions and values will be measured by 
success criteria previously established to evaluate the success of the restoration effort.  These 
success criteria are presented below. 
  
Success Standards 
 
The primary success standards for the mitigation area within the rerouted wash are focused on 
maintaining hydrological characteristics of a natural desert wash, maintaining native vegetation 
cover, and maintaining problematic nonnative species below certain thresholds.  An additional 
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goal of the Project mitigation is to create physical conditions that promote natural hydrologic 
functions of a desert wash, natural successional processes and native plant recruitment onsite 
and ultimately attain a minimum of 26 percent cover (4.8 acres of vegetative cover as required for 
2:1 mitigation of impacted vegetation) at the end of five years.  The existing Pine Tree Creek 
Wash prior to filling will serve as a photo-documented reference for determining the success of 
the rerouted wash and will be supplemented by the upstream reach at the Plant Site boundary.  
The Project restoration ecologist will compare the condition of the rerouted wash with the existing 
wash in order to verify the biological and hydrological functions of the rerouted wash are equal to 
or greater than the existing onsite wash. 
 
Hydrological Success Standards
 
The principle hydrologic goal of this mitigation plan is to create a drainage system with physical 
characteristics of a natural desert wash (interfluves, shelving, scour areas and sediment 
deposition areas) and retain the existing hydrology that will support dynamic channel formation 
processes and resulting functions.  Hydrological success criteria must account for the highly 
changeable nature of a desert wash over time base on the unpredictability of precipitation events 
in a desert environment.  Hydrological success of is difficult to gauge on a short time-line and 
therefore, the rerouted wash will be monitored for hydrological success for the life of the Project.  
Successful implementation will be measured by the following criteria: 
 

• Maintain flood flow, volume, and extent equivalent to or better than the existing wash.  
Objective: Minimal or no structures or diversions, and maintain natural water sources and 
flood flow, volume, and extent. 

 
• Maintain hydrologic connections equivalent to or better than exiting wash.  Objective: 

Maintain natural water sources and confirm the on-site wash segment remains properly 
connected with the upstream and downstream channel segments. 

 
• Sediment transport is equivalent to or better than existing wash.  Objective: Maintain 

natural levels of sediment transport by maintaining natural flood-prone area width, and 
prevent development of significant erosion areas.   This is evidenced by creation of 
interfluves, shelving, and sediment deposition that results in a braided system. 

 
The redesign of the wash has incorporated features as summarized above for hydrologic and 
hydraulic processes that will facilitate achievement of the above criteria.  Routine inspections of 
the wash during the life of the project for maintenance and repair will identify issues associated 
with excessive sediment scour (erosion) and deposition that may compromise success of the 
restoration effort. 
  
Biological Success Standards 

 
The principle biological goal of this mitigation plan is to create a drainage system with biological 
functions and values (including botanical and wildlife) equal to or greater than the existing desert 
wash.  Successful implementation will be measured by the following criteria:  
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• Achieve vegetation cover equivalent to or better than existing wash.  Objective: Restore 
and maintain native vegetation to support functional wildlife habitat by obtaining 26 
percent vegetation cover within the wash area consistent with the Mitigation Plan 
presented in the Project’s Streambed Alteration Agreement application package. 

 
• Achieve plant species richness, evenness, and structure equivalent to reference site.  

Objective: Achieve plant species richness, evenness, and structure at least equivalent to 
the existing Pine Tree Creek Wash in the Plant Site. 

 
Creation of the functions and values of a desert wash system in the rerouted wash, and hence 
successful mitigation for impacts, would be measured by achievement of the success criteria 
listed in Table 4.   
 
  

Table 3 
Success Standards for Rerouted Wash 18.4-Acre Mitigation Area 

 
Milestone Success Standards1,2 Remedial Measures 
Year One Maintain cover of problematic nonnative species <10 

percent; Attain 2 percent average native plant cover 
Adjust methods, timing, 
and level of effort as 
necessary to reduce 
nonnative cover below 
threshold. 

Year Two Maintain cover of problematic nonnative species <5 
percent; Attain 8 percent average native plant cover 

Same as above 

Year 
Three 

Maintain cover of problematic nonnative species <5 
percent; Attain 14 percent average native plant cover 

Same as above 

Year Four Maintain cover of problematic nonnative species <2 
percent; Attain 20 percent average native plant cover 

Same as above 

Year Five Maintain cover of problematic nonnative species <2 
percent; Attain 26 percent average native plant cover 

Same as above 

1 Problematic nonnative species for this plan are defined as nonnative species that pose a 
“moderate” or “high” threat to California wildlands as defined by CAL-IPC (2006). 

2  Extended maintenance and monitoring may be warranted beyond five years if success 
standards are not achieved on schedule. 

 
Remedial Measures 
 
The success of restoration is based on achievement of the success criteria defined above.  
Beacon has also identified corrective actions if success criteria are not met within the 5-year 
monitoring period.  Corrective actions include the following: 
 

• If vegetation cover does not represent 26 percent (26 percent cover is equivalent to 4.8 
acres of 18.4 total mitigation acres per the Conceptual Mitigation Plan) average cover 
within the restoration area after 5 years of monitoring, and the restoration ecologist 
determines that the mitigation effort is not progressing at a productive rate, the monitoring 
period will be extended until criteria is met or for a period agreed to by Beacon, CDFG 
and CEC.   

• If appropriate, additional seeding may also occur within the mitigation area if sufficient 
vegetation has not established. 
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• If vegetation establishment does not achieve the 26 percent average cover of native 
species and the monitoring period is extended, invasive weed control will continue for the 
extended monitoring period as agreed to by Beacon, CDFG and CEC. 

• If typical physical characteristics (interfluves/braiding, shelving, scour and deposition) are 
not found to be forming, Beacon will employ a restoration ecologist to identify locations 
and mechanisms to facilitate the development of these features such as additional minor 
grading and contouring or the addition of organic debris (e.g., shrub branches) and/or 
rocks and other abiotic features to promote microtopograhpic complexity. 

 
 
Summary 
 
The design features, mitigation measures, monitoring program, success criteria, and remedial 
measures presented to date in the Mitigation Plan and summarized above are expected to 
adequately mitigate for impacts to state jurisdictional waters by facilitating development of a wash 
system that meets or exceeds the existing hydrological and biological functions and values of 
Pine Tree Creek Wash.  The Mitigation Plan will be updated based on the revised rerouted wash 
design prior to construction and following concurrence from the CEC on the proposed design 
modifications. 
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1.0 Introduction 
This report was prepared to analyze the hydrology and the drainage 
hydraulics of the Beacon Solar Energy Plant Site in Mojave, CA.  This 
report will: 
 

• Give an overview of the existing Plant Site 
• Describe the methodology for ascertaining the drainage 

boundaries tributary to the Pine Tree Creek Wash and their 
hydrologic properties 

• Determine the Peak Discharge generated by the Pine Tree 
Creek Wash and tributary areas  

• Discuss the existing capacity of the natural transport system 
through the proposed Plant Site.  

• Discuss the preliminary proposed improvements to the Project 
Area to reroute existing flows 

2.0 Project Background 
The proposed Beacon Solar Energy Plant site is located northwest of 
California City adjacent to SR-14, and encompasses approximately 4.0 
square miles (Figure 1). Approximately 2.5 square miles are currently 
proposed for solar arrays and other improvements to generate solar 
electricity in the Mojave Desert (Plant Site). It is anticipated that the 
remaining 1.5 square miles of the Plant Site will be left in its existing 
state. Several decades ago the Plant Site was used for agriculture. 
However, operations ceased and recently the site was identified as a 
potential site for solar energy generation. See Exhibits 1d-f for 
historical aerial imagery.  The proposed BSEP site layout is shown in 
Exhibit 1c. 
 
Currently, the Plant Site is bounded to the west by railroad tracks and 
state route 14. To the north, south and east are property fence lines. 
Some of the fences are in varying degrees of disrepair. The natural 
slope of the site tends from the southwest to the northeast and any 
runoff is eventually routed Jaw Bone Wash. Jaw Bone Wash 
ultimately conveys the flows to Koehn Dry Lake, a localized 
depressed basin or "moist" playa with no discernable outflow point. 
Koehn Dry Lake is located approximately six miles away to the 
northeast. Entering the southern boundary of the subject property is an 
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existing natural desert wash. It is part of the larger Pine Tree Creek 
Wash and conveys storm water flows across the proposed Plant Site.  
 
 

3.0 Hydrologic Setting 
The majority of the wash is constrained by a long narrow canyon to 
the southwest known as Pine Tree Canyon. Several offsite drainage 
areas (approximately 5-7 square miles) discharge large volumes of 
runoff into Pine Tree Creek which flows through Pine Tree Canyon.  
The headwaters for Pine Tree Creek reside at the southern limits of the 
Sierra Nevada Mountains. With exception to the western most reaches 
of the canyon which can be characterized as having an alpine climate 
with moderate vegetative coverage, the area in and around Pine Tree 
Canyon can be described as high desert with relatively poor to fair 
vegetative coverage. All surface generated runoff from the canyon 
flows northeast to the Plant Site. The soil for the canyon portion of the 
wash is generally rocky in nature. In addition to Pine Tree Canyon, the 
eastern slopes of the eastern ridge of the canyon as well as large 
alluvial formations bisected by SR-14 generate runoff that is tributary 
to the Pine Tree Creek Wash as well. Most of this area is similar to 
Pine Tree Canyon and can be characterized as high desert with poor 
vegetative coverage. However, because of the large alluvial 
formations, the soil is generally sandy in this region of the tributary 
area.   
 
Climate and rainfall are one of the key technical parameters for 
estimating how much runoff can be expected to flow through the Pine 
Tree Creek Wash. Mojave’s climate is hot during summer where 
average daily temperatures tend to be in the 80's and cold during 
winter when temperatures tend to be in the 40's. The warmest month of 
the year is July with an average maximum temperature of 97degrees 
Fahrenheit, while the coldest month of the year is December with an 
average minimum temperature of 33 degrees Fahrenheit. Temperature 
variations between night and day tend to be relatively large during 
summer with a difference that can reach 30 degrees Fahrenheit. 
Temperature variations are somewhat smaller during winter with an 
average difference of 24 degrees Fahrenheit. The annual average 
precipitation at Mojave is approximately 6 inches. Rainfall is fairly 
evenly distributed throughout the year with the wettest month of the 
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year being February with an average rainfall of 1.25 inches1. However, 
rainfall amounts increase with elevation and slope. The following 
sections describe the specific methods used to determine rainfall 
quantities for the Mojave Pine Tree Creek Wash. 
 

 

4.0 Hydrologic Analysis 
The 1986 Kern County Hydrology Manual (KCHM) is used as the 
basis of design to determine the amount of storm water conveyed to 
the Plant Site from the Pine Tree Creek Wash. The hydrologic analysis 
includes identifying the network of existing natural transport systems 
comprised of mountain creeks and desert washes that eventually 
transmit storm flows generated within the wash’s tributary boundaries 
to the Plant Site.  
 
Modeling Guidelines as described in the KCHM were used to estimate 
peak runoff for drainage design. Specifically, HEC-HMS which can be 
found on the United States Army Corps of Engineer’s (Corps) website2 
was used to model the wash’s tributary area for the Plant Site. The area 
tributary to the Mojave Plant Site is located on Figure B-54 of the 
KCHM. This figure depicts an Isohyet Map or expected rainfall depths 
for the 100-year, 24-Hour Rainfall storm event. Figure B-54 is 
reproduced for reference in Appendix A. 
 

Drainage Basins 
There are 33 identified sub-basins located within the entire wash’s 
tributary area. In total, the sub-basins cover approximately 88 square 
miles (3,846,348 acres). The wash’s tributary boundaries were 
delineated using United States Geologic Survey (USGS) quadrangle 
(quad) sheets.  Drainage areas for this project were sequentially 
numbered and labeled on the exhibit. Exhibit 1A depicts the wash’s 
tributary boundary limits overlaid on aerial imagery. Exhibit 1B shows 
the wash’s tributary boundary limits overlaid on USGS Quad Maps. 
 

                                                 
1 http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?camoja+sca 
2 http://www.hec.usace.army.mil/software/hec-hms/ 
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5.0 Estimated Peak Runoff 
The Soil Conservation Service (SCS) Method for determining 
estimated peak runoff was implemented in the HEC-HMS model.  All 
of the contributing offsite areas fall within the limits defined for using 
the SCS method. The following sections describe the methods for 
determining the input values into HEC-HMS. 

N-Values 
N values were taken from Figure E-2 in the KCHM and describe the 
physical characteristics of the sub-basins. Figure E-2 is reproduced for 
reference in Appendix A. The descriptions were compared to photo 
log generated during a recent field visit to the Plant Site and 
surrounding area and the appropriate N value was applied.  

Hydrologic Soil Types 
Hydrologic Soil Group (HSG) Type information was obtained from 
Natural Resource Conservation Service (NRCS) website1 and soil 
coverage was determined from a photo log (generated during a field 
visit) and descriptions given on figure C-2 of the KCHM.  Figure C-2 
is reproduced for reference in Appendix A. Generally, the areas in and 
around Pine Tree Canyon are comprised of HSG Type D with small 
occurrences of Type B and C. Type A soils are found throughout the 
alluvial formations to the east of Pine Tree Canyon with small 
occurrences of Type B and C. A weighted average was taken in sub-
basins where two or more significant HSG type formations exist.  

Curve Numbers 
Curve Numbers, which are a parameter used in hydrology for 
predicting direct runoff or infiltration from rainfall excess, were taken 
from Figure C-2 and the S values which are used in the lag time 
computations were calculated from equation C.2 below: 

 
S = [1000/CN] - 10 

 
 
 
 

 
 

                                                 
1 http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
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Initial Abstraction 
Initial Abstraction, Ia, or incident rainfall required for the initiation of 
runoff, was calculated using equation C.1 of the KCHM: 

 
Ia = 0.2S 

 
Figure C-2 is reproduced for reference in the Appendix A. 

Lag Time 
The KCHM prescribes the use of Lag time for large scale catchment 
studies. Values in minutes were generated from the following 
equation: 

Tlag  = 60[24n(LLCA/S0.5)0.38] 
 

Basin Geometry 
Basin geometry and the physical characteristics of each reach such as 
maximum and minimum elevation, length, slope, width, and shape 
were determined by aerial imagery. A site visit confirmed the physical 
properties of most of reaches if they were accessible. The geometrical 
and physical parameters were entered into Table 1 below. 
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In the model, locations of junctions of incoming and outgoing reaches 
were chosen to match the physical locations in the field as closely as 
possible. Junction and Reach locations can be found on Exhibit 1a-b. 

Meteorological Model 
Because the Pine Tree Creek Wash encompasses two markedly 
different physical climates, the meteorological model was broken into 

Table 1. Pine Tree Creek Wash Parameter Data Table 
Sub-
Basin 

Area 
(mi2) 

Combined 
Areas (mi2) n 

Weighted 
Ave. n  

Soil 
Type CN 

Weighted 
Ave. CN 

S = 1000/CN - 
10 Ia = 0.2S 

 Tlag (hours) = 
24n(LLCA/S0.5)0.38 

 Tlag (MIN) = 
60[24n(LLCA/S0.5)0.38] 

1 5.09   0.05   D 91   0.989 0.198 0.770 46.23 
2 2.63   0.05   D 91   0.989 0.198 0.590 35.41 
3 4.44   0.05   D 91   0.989 0.198 0.978 58.70 
4 2.42   0.04   D 91   0.989 0.198 0.468 28.08 

5.1 0.95 0.05 B 72 
5.2 0.15 0.03 A 71 
5.3 3.19 

4.29 
0.04 

0.042 
D 86 

82 2.138 0.428 0.714 42.83 

6 1.97   0.04   D 83   2.048 0.410 0.519 31.16 
7 1.97   0.04   D 83   2.048 0.410 0.452 27.12 
8 1.76   0.04   D 83   2.048 0.410 0.418 25.10 

9.1 0.10 0.03 A 71 
9.2 1.97 

2.07 
0.05 

0.049 
D 83 

82 2.130 0.426 0.537 32.21 

10.1 0.75 0.04 D 83 
10.2 0.13 

0.89 
0.03 

0.039 
A 71 

81 2.304 0.461 0.375 22.50 

11.1 0.77 0.04 A 71 
11.2 0.60 

1.37 
0.04 

0.040 
B 82 

76 3.187 0.637 0.178 10.66 

12.1 0.76 0.04 D 83 
12.2 0.19 

0.96 
0.03 

0.038 
A 71 

81 2.412 0.482 0.269 16.15 

13.1 0.75 0.04 D 83 
13.2 0.39 

1.15 
0.03 

0.037 
A 71 

79 2.675 0.535 0.196 11.73 

14.1 0.45 0.04 D 83 
14.2 0.18 

0.63 
0.03 

0.037 
A 71 

80 2.560 0.512 0.204 12.26 

15 0.92   0.04   A 71   4.085 0.817 0.246 14.78 
16.1 0.50 0.04 D 83 
16.2 0.12 

0.62 
0.03 

0.038 
A 71 

81 2.388 0.478 0.153 9.16 

17 1.41   0.05   A 71   4.085 0.817 0.111 6.68 
18.1 1.82 0.04 D 83 
18.2 0.18 

2.00 
0.05 

0.041 
C 77 

82 2.128 0.426 0.276 16.57 

19 1.06   0.04   D 83   2.048 0.410 0.244 14.67 
20 2.07   0.04   D 83   2.048 0.410 0.222 13.32 
21 0.65   0.04   D 83   2.048 0.410 0.169 10.16 
22 2.44   0.04   D 83   2.048 0.410 0.283 16.99 
23 1.06   0.04   D 83   2.048 0.410 0.289 17.32 
24 1.25   0.04   D 83   2.048 0.410 0.200 11.98 

25.1 3.30 0.03 A 71 
25.2 0.28 

3.58 
0.04 

0.031 
D 91 

73 3.781 0.756 0.603 36.17 

26.1 3.14 0.03 A 71 
26.2 1.22 0.03 C 91 
26.3 0.05 0.03 D 91 
26.4 0.63 

5.04 

0.03 

0.030 

D 91 

79 2.730 0.546 0.098 5.86 

27 2.27   0.03   A 71   4.085 0.817 0.551 33.06 
28 3.08   0.03   A 71   4.085 0.817 0.329 19.75 
29 3.41   0.03   A 71   4.085 0.817 0.909 54.56 

30.1 3.62 0.03 A 71 
30.2 0.43 

4.04 
0.03 

0.030 
B 82 

72 3.858 0.772 0.733 44.00 

31.1 1.09 0.03 B 82 
31.2 3.16 

4.25 
0.03 

0.030 
A 71 

74 3.546 0.709 1.304 78.24 

32.1 2.10 0.03 A 71 
32.2 6.42 

8.52 
0.03 

0.030 
B 82 

79 2.612 0.522 1.539 92.33 

33 9.07   0.03   B 82   2.195 0.439 1.054 63.23 
total 88.35                     
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two regions. Rainfall data for the wash can be found on Figure B-54 of 
the KCHM and is reproduced for reference in Appendix A. For the 
wash’s area the rainfall area average method was employed for both 
regions. Region I is wetter with an average of 5.35 inches of rain being 
produced in the 24-hour, 100 year event. This area also coincides with 
most of the geographical boundary encompassed by HSG Type D. 
Region II produces an average of 3.68 inches of rain for the same 
event and is concurrent with most of the geographical boundary 
encompassed by HSG Type A. Appendix D summarizes the estimated 
peak runoff through each junction of the wash based on the 
hydrological model. 
 
In the model, Junction 27 is the significant downstream junction for 
the wetter region of the model and produces approximately 18,300 
cubic feet per second (cfs). Junction 24 is the notable downstream 
junction of the drier region of the wash and generates approximately 
9,400 cfs. Junction 25 collects the discharge from Junctions 24 and 27 
and conveys the combined flow to the Plant Site. Based on the model, 
the wash generates approximately 28,000 cfs of discharge during a 24-
hour, 100-year storm. 
 

6.0 Conveyance of Flood Waters 
To determine the initial conveyance of flood waters through the Plant 
Site, HEC-RAS, which can be found on the Corps website1, was used 
to model flow patterns. Topographic survey data was gathered 
upstream, through, and downstream of the Plant Site. The existing 
geometry of the natural transport system was determined from the 
survey. Sections of the natural desert wash were generated and entered 
into HEC-RAS. Based on 28,000 cfs, the existing wash does not have 
enough capacity to route flood waters through the existing stream bed. 
The topography of the existing site shows there is a point at which a 
well defined natural earthen channel is truncated by an escarpment 
bisecting the Plant Site.  Beyond the escarpment the flood waters spill 
out of the existing wash and inundate much of the Plant Site. However, 
because HEC-RAS is a one-dimensional model, it is unable to 
accurately predict how the water will spread across a basin should the 
capacity of the transport system be exceeded. Therefore, the scenario 
described above was modeled with a two dimensional approach. 
Mike2D, a FEMA approved two dimensional flow software program, 

                                                 
1 http://www.hec.usace.army.mil/software/hec-ras/ 
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was employed and back checked with Flow 2-D, another accepted 
method for modeling two dimensional flood flow by FEMA. Both 
produced similar results. The MIKE 21 and Flow 2-D graphical 
representations of the flood waters routed through the Plant Site in the 
existing condition is shown on Exhibits 2a and 2b respectively. 

7.0 Site Improvements 
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, a drainage channel is proposed to route approximately 
28,000 cfs of flood waters along the southern and eastern boundaries 
of the Plant Site. The channel will be offset 50 feet to the west of the 
eastern project boundary and 55 feet north of the southern project 
boundary in order to accommodate any future county roads.  

 
Fig. 1 Site Layout and Channel Concept 

 
The channel will be approximately 250 feet wide at the base and 
maintain 4 feet horizontal to 1 foot vertical side slopes for public 
safety except along the east-west reach where the north side slope will 
be 3 feet horizontal to 1 foot vertical. The channel will be 
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approximately 12 feet deep and have a diffuser at its downstream end. 
A more detailed conceptual site plan along with typical channel 
sections is shown in Exhibit 1c. 
 

8.0 Channel Hydraulic Analysis 
There are eleven 10-foot high drop structures proposed to maintain 
reasonable velocities through the channel as well as maximize the 
habitat potential between drop structures by maintaining maximum 
distance between drop structures (Figures 3 & 4). The drop structures 
allow the channel bed to slope at approximately 0.002 which is shown 
in HEC-RAS to produce velocities in the 9 to 12 feet per second range. 
Table 3 summarizes the average velocities within each reach of the 
channel between successive drop structures, the average velocity along 
each drop structure, and the average velocity in the spreading basin. 
 
 

Table 2.  Velocity Ranges in Channel 
Reach 

Between 
Drop 

Structure 

Drop Structure Diffuser 

(ft/sec) (ft/sec) (ft/sec) 
9-12 15-35 4-8 

 
To determine the anticipated velocities in the proposed channel design, 
a mixed flow regime was used in HEC-RAS. The mixed flow 
command combines the development of both subcritical super critical 
flows in the output file. The mixed flow regime was used as the basis 
of the scour and sediment transport analysis because it most closely 
models the expected conditions. The conceptual design is shown to 
minimize scour and sediment transport (Appendix C). The mixed flow 
HEC-RAS output of the preliminary channel is shown in its entirety in 
Appendix B and is titled “Sediment Transport Hydraulics”.  
 
At the downstream end of the channel a diffuser will disperse storm 
water to along the original discharge boundary of the Plant Site and 
into Jawbone Wash. The diffuser also assists in generating flood 
waters that are approximately 1-foot deep including velocities that 
reproduce the existing shallow flooding condition. 
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8.1 Drop Structure Hydraulic Analysis 
 
In addition to the channel bed analysis, a mixed flow regime within 
HEC-RAS was used to model the proposed drop structures as well. 
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 Dissipators for Culverts and 
Channels1.  Within this key technical resource, methods and 
procedures are given for the hydraulic design of energy dissipation 
systems.  The concept for each drop structure is to have a longitudinal 
slope of 3 feet horizontal to 1 foot vertical to allow for desert tortoise 
longitudinal access within the channel. Based on that drop geometry, 
the drop structures produce a Froude number of approximately 3 at the 
toe of the drop.  From HEC 14, it is recommended that a United States 
Bureau of Reclamation (USBR) Type IV basin be utilized for a Froude 
number of 3. A HEC-RAS generated water surface profile along with 
the critical water surface and energy gradelines is shown below for a 
USBR Type IV basin. The stilling calculations are shown in Appendix 
E. 

                                                 
1 http://www.fhwa.dot.gov/engineering/hydraulics/pubs/06086/ 



 

 

              14 Beacon Solar Energy Project                            

 
Fig. 2 HEC-RAS Drop Structure Water Surface Profile 

 
From the output profile it is apparent that the basin quickly dissipates 
super critical flow into subcritical flow within the stilling basin. In 
addition to having a 3 horizontal to 1 vertical drop, each structure will 
have a chute blocks, a stilling basin, and end sill to “break head” under 
high flow conditions. To further enhance the habitat potential between 
drop structures each one will incorporate low flow offset notches to 
facilitate braiding of the stream bed. A conceptual plan and section of 
the drop structure and stilling basin are shown below. 
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The initial HEC-RAS analysis shows that the super critical flows occur at the 
drop structures only (see Appendix B - “Sediment Transport Hydraulics”). 
Moreover, the conceptual design of the drop structures has shown those flows to 
be contained within the stilling basin. Therefore, the final HEC-RAS analysis of 
the channel system was modeled with a subcritcal flow regime only to better 
represent the actual flow conditions within the vast majority of the channel bed. 
See Appendix B – “Final Hydraulics with Stilling Basin” for final channel 
results. 
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9.0 Summary 
The hydrologic and hydraulic analysis shows that: 
 

1. The Pine Tree Creek Wash  generates approximately 28,000 
cfs of flood waters in a 100-year, 24-hour storm event 

2. All flows up to and including 28,000 cfs are safely conveyed 
around the solar arrays. 

3. The conceptual design is shown to minimize scour and 
sediment transport 

4. The diffuser flows are approximately 1-foot deep including 
velocities that reproduce the existing shallow flooding 
condition. 
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

14300 28000 2184 2188.85 4.85 2188.85 2191.3 0.005591 12.56 2230.15 460 1
14290.* 28000 2181.25 2186.27 5.02 2186.27 2188.76 0.005358 12.75 2219.39 449 1
14280.* 28000 2178.5 2183.8 5.3 2183.8 2186.38 0.005186 13.01 2190.68 432.08 1
14270.* 28000 2175.75 2181.37 5.62 2181.37 2184.06 0.005021 13.31 2146.57 401.82 0.99
14260.* 28000 2173 2178.95 5.95 2178.95 2181.81 0.00496 13.74 2085.85 371.62 0.99
14250.* 28000 2170.25 2176.6 6.35 2176.6 2179.63 0.004829 14.17 2031.04 341.97 0.99
14240.* 28000 2167.5 2174.35 6.85 2174.35 2177.56 0.004656 14.62 1978.21 312.92 0.98
14230.* 28000 2164.75 2172.18 7.43 2172.18 2175.61 0.00449 15.17 1920.88 284.51 0.98

14220 28000 2162 2172.16 10.16 2174.41 0.001984 12.42 2393.99 271.14 0.69
14210.0* 28000 2161.98 2172.14 10.16 2174.39 0.001984 12.42 2394.04 271.14 0.69
14200.0* 28000 2161.96 2172.12 10.16 2174.37 0.001984 12.42 2394.13 271.14 0.69
14190.0* 28000 2161.94 2172.1 10.16 2174.35 0.001983 12.42 2394.18 271.14 0.69
14180.0* 28000 2161.92 2172.08 10.16 2174.33 0.001983 12.42 2394.26 271.14 0.69
14170.0* 28000 2161.9 2172.06 10.16 2174.31 0.001983 12.42 2394.31 271.14 0.69
14160.0* 28000 2161.88 2172.04 10.16 2174.29 0.001983 12.42 2394.41 271.15 0.69
14150.0* 28000 2161.86 2172.02 10.16 2174.27 0.001983 12.42 2394.4 271.15 0.69
14140.0* 28000 2161.84 2172 10.16 2174.25 0.001983 12.42 2394.48 271.16 0.69
14130.0* 28000 2161.82 2171.99 10.17 2174.23 0.001983 12.42 2394.53 271.15 0.69
14120.0* 28000 2161.8 2171.97 10.17 2174.21 0.001982 12.42 2394.61 271.16 0.69
14110.0* 28000 2161.78 2171.95 10.17 2174.19 0.001983 12.42 2394.5 271.14 0.69
14100.1* 28000 2161.76 2171.93 10.17 2174.17 0.001982 12.42 2394.59 271.14 0.69
14090.1* 28000 2161.74 2171.91 10.17 2174.15 0.001982 12.42 2394.63 271.14 0.69
14080.1* 28000 2161.72 2171.89 10.17 2174.13 0.001982 12.42 2394.72 271.14 0.69
14070.1* 28000 2161.7 2171.87 10.17 2174.11 0.001982 12.42 2394.77 271.14 0.69
14060.1* 28000 2161.68 2171.85 10.17 2174.09 0.001982 12.42 2394.87 271.15 0.69
14050.1* 28000 2161.66 2171.83 10.17 2174.07 0.001981 12.42 2394.92 271.15 0.69
14040.1* 28000 2161.64 2171.81 10.17 2174.05 0.001981 12.42 2394.95 271.14 0.69
14030.1* 28000 2161.62 2171.79 10.17 2174.03 0.001981 12.42 2394.99 271.15 0.69
14020.1* 28000 2161.6 2171.77 10.17 2174.01 0.001981 12.42 2395.02 271.15 0.69

 Final Hydraulics with Stilling Basin
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14010.1* 28000 2161.59 2171.74 10.15 2174 0.001991 12.44 2391.17 271.08 0.69
14000.1* 28000 2161.57 2171.72 10.15 2173.98 0.001991 12.44 2391.13 271.07 0.69
13990.1* 28000 2161.55 2171.7 10.15 2173.96 0.001991 12.43 2391.23 271.08 0.69
13980.1* 28000 2161.53 2171.68 10.15 2173.94 0.001991 12.43 2391.2 271.07 0.69
13970.2* 28000 2161.51 2171.66 10.15 2173.92 0.001991 12.43 2391.3 271.08 0.69
13960.2* 28000 2161.49 2171.64 10.15 2173.9 0.001991 12.43 2391.35 271.08 0.69
13950.2* 28000 2161.47 2171.62 10.15 2173.88 0.001991 12.43 2391.46 271.09 0.69
13940.2* 28000 2161.45 2171.6 10.15 2173.86 0.001991 12.43 2391.44 271.09 0.69
13930.2* 28000 2161.43 2171.58 10.15 2173.84 0.00199 12.43 2391.52 271.09 0.69
13920.2* 28000 2161.41 2171.56 10.15 2173.82 0.00199 12.43 2391.5 271.09 0.69
13910.2* 28000 2161.39 2171.54 10.15 2173.8 0.00199 12.43 2391.42 271.07 0.69
13900.2* 28000 2161.37 2171.52 10.15 2173.78 0.00199 12.43 2391.41 271.07 0.69
13890.2* 28000 2161.35 2171.5 10.15 2173.76 0.001991 12.43 2391.37 271.06 0.69
13880.2* 28000 2161.33 2171.48 10.15 2173.74 0.00199 12.43 2391.48 271.07 0.69
13870.2* 28000 2161.31 2171.46 10.15 2173.72 0.00199 12.43 2391.44 271.06 0.69
13860.2* 28000 2161.29 2171.44 10.15 2173.7 0.00199 12.43 2391.56 271.08 0.69
13850.3* 28000 2161.27 2171.42 10.15 2173.68 0.00199 12.43 2391.53 271.07 0.69
13840.3* 28000 2161.25 2171.4 10.15 2173.66 0.00199 12.43 2391.63 271.08 0.69
13830.3* 28000 2161.23 2171.38 10.15 2173.64 0.00199 12.43 2391.59 271.07 0.69
13820.3* 28000 2161.21 2171.36 10.15 2173.62 0.00199 12.43 2391.7 271.08 0.69
13810.3* 28000 2161.19 2171.34 10.15 2173.6 0.00199 12.43 2391.66 271.07 0.69
13800.3* 28000 2161.17 2171.32 10.15 2173.58 0.00199 12.43 2391.76 271.08 0.69
13790.3* 28000 2161.15 2171.3 10.15 2173.56 0.00199 12.43 2391.72 271.08 0.69
13780.3* 28000 2161.13 2171.28 10.15 2173.54 0.001989 12.43 2391.83 271.09 0.69
13770.3* 28000 2161.11 2171.26 10.15 2173.52 0.00199 12.43 2391.73 271.08 0.69
13760.3* 28000 2161.09 2171.25 10.16 2173.5 0.001989 12.43 2391.85 271.09 0.69
13750.3* 28000 2161.07 2171.23 10.16 2173.48 0.001989 12.43 2391.82 271.08 0.69
13740.3* 28000 2161.05 2171.21 10.16 2173.46 0.001989 12.43 2391.92 271.09 0.69
13730.3* 28000 2161.03 2171.19 10.16 2173.44 0.001989 12.43 2391.88 271.08 0.69
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13720.4* 28000 2161.01 2171.17 10.16 2173.42 0.001989 12.43 2391.93 271.08 0.69
13710.4* 28000 2160.99 2171.15 10.16 2173.4 0.001989 12.43 2391.85 271.07 0.69
13700.4* 28000 2160.97 2171.13 10.16 2173.38 0.001989 12.43 2391.9 271.07 0.69
13690.4* 28000 2160.95 2171.11 10.16 2173.36 0.001989 12.43 2391.98 271.07 0.69
13680.4* 28000 2160.93 2171.09 10.16 2173.34 0.001989 12.43 2392.03 271.07 0.69
13670.4* 28000 2160.91 2171.07 10.16 2173.32 0.001989 12.43 2392.13 271.08 0.69
13660.4* 28000 2160.89 2171.05 10.16 2173.3 0.001988 12.43 2392.18 271.08 0.69
13650.4* 28000 2160.87 2171.03 10.16 2173.28 0.001988 12.43 2392.23 271.08 0.69
13640.4* 28000 2160.85 2171.01 10.16 2173.26 0.001988 12.43 2392.19 271.08 0.69
13630.4* 28000 2160.83 2170.99 10.16 2173.24 0.001988 12.43 2392.29 271.09 0.69
13620.4* 28000 2160.81 2170.97 10.16 2173.22 0.001988 12.43 2392.25 271.08 0.69
13610.4* 28000 2160.8 2170.94 10.14 2173.2 0.001999 12.45 2388.34 271.01 0.69
13600.5* 28000 2160.78 2170.92 10.14 2173.18 0.001999 12.45 2388.31 271 0.69
13590.5* 28000 2160.76 2170.9 10.14 2173.16 0.001999 12.45 2388.34 271.01 0.69
13580.5* 28000 2160.74 2170.88 10.14 2173.14 0.001999 12.45 2388.31 271 0.69
13570.5* 28000 2160.72 2170.86 10.14 2173.12 0.001999 12.45 2388.29 271 0.69
13560.5* 28000 2160.7 2170.84 10.14 2173.1 0.001998 12.45 2388.4 271.01 0.69
13550.5* 28000 2160.68 2170.82 10.14 2173.08 0.001998 12.45 2388.38 271.01 0.69
13540.5* 28000 2160.66 2170.8 10.14 2173.06 0.001998 12.45 2388.39 271.01 0.69
13530.5* 28000 2160.64 2170.78 10.14 2173.04 0.001998 12.45 2388.38 271.01 0.69
13520.5* 28000 2160.62 2170.76 10.14 2173.02 0.001999 12.45 2388.33 271.01 0.69
13510.5* 28000 2160.6 2170.74 10.14 2173 0.001999 12.45 2388.15 270.98 0.69
13500.5* 28000 2160.58 2170.72 10.14 2172.98 0.001999 12.45 2388.17 270.99 0.69
13490.5* 28000 2160.56 2170.7 10.14 2172.96 0.001999 12.45 2388.15 270.98 0.69
13480.5* 28000 2160.54 2170.68 10.14 2172.94 0.001999 12.45 2388.16 270.99 0.69
13470.6* 28000 2160.52 2170.66 10.14 2172.92 0.001999 12.45 2388.15 270.98 0.69
13460.6* 28000 2160.5 2170.64 10.14 2172.9 0.001999 12.45 2388.25 270.99 0.69
13450.6* 28000 2160.48 2170.62 10.14 2172.88 0.001999 12.45 2388.24 270.99 0.69
13440.6* 28000 2160.46 2170.6 10.14 2172.86 0.001999 12.45 2388.26 270.99 0.69
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13430.6* 28000 2160.44 2170.58 10.14 2172.84 0.001999 12.45 2388.24 270.99 0.69
13420.6* 28000 2160.42 2170.56 10.14 2172.82 0.001999 12.45 2388.25 270.99 0.69
13410.6* 28000 2160.4 2170.54 10.14 2172.8 0.001999 12.45 2388.23 270.99 0.69
13400.6* 28000 2160.38 2170.52 10.14 2172.78 0.001999 12.45 2388.22 270.99 0.69
13390.6* 28000 2160.36 2170.5 10.14 2172.76 0.001999 12.45 2388.17 270.99 0.69
13380.6* 28000 2160.34 2170.48 10.14 2172.74 0.001999 12.45 2388.15 270.98 0.69
13370.6* 28000 2160.32 2170.46 10.14 2172.72 0.001999 12.45 2388.17 270.99 0.69
13360.6* 28000 2160.3 2170.44 10.14 2172.7 0.001999 12.45 2388.15 270.98 0.69
13350.7* 28000 2160.28 2170.42 10.14 2172.68 0.001999 12.45 2388.2 270.99 0.69
13340.7* 28000 2160.26 2170.4 10.14 2172.66 0.001999 12.45 2388.18 270.99 0.69
13330.7* 28000 2160.24 2170.38 10.14 2172.64 0.001999 12.45 2388.2 270.99 0.69
13320.7* 28000 2160.22 2170.36 10.14 2172.62 0.001999 12.45 2388.18 270.99 0.69
13310.7* 28000 2160.2 2170.34 10.14 2172.6 0.001999 12.45 2388.09 270.97 0.69
13300.7* 28000 2160.18 2170.32 10.14 2172.58 0.001999 12.45 2388.07 270.97 0.69
13290.7* 28000 2160.16 2170.3 10.14 2172.56 0.001999 12.45 2388.09 270.97 0.69
13280.7* 28000 2160.14 2170.28 10.14 2172.54 0.001999 12.45 2388.07 270.97 0.69
13270.7* 28000 2160.12 2170.26 10.14 2172.52 0.001999 12.45 2388.03 270.97 0.69
13260.7* 28000 2160.1 2170.24 10.14 2172.5 0.001999 12.45 2388.01 270.97 0.69
13250.7* 28000 2160.08 2170.22 10.14 2172.48 0.001999 12.45 2388.05 270.98 0.69
13240.7* 28000 2160.06 2170.2 10.14 2172.46 0.001999 12.45 2388.04 270.97 0.69
13230.7* 28000 2160.04 2170.18 10.14 2172.44 0.001999 12.45 2388 270.96 0.69
13220.8* 28000 2160.02 2170.16 10.14 2172.42 0.001999 12.45 2388.03 270.97 0.69
13210.8* 28000 2160 2170.14 10.14 2172.4 0.001999 12.45 2388 270.96 0.69
13200.8* 28000 2159.99 2170.12 10.13 2172.38 0.002009 12.47 2384.09 270.9 0.69
13190.8* 28000 2159.97 2170.1 10.13 2172.36 0.002009 12.47 2384.06 270.89 0.69
13180.8* 28000 2159.95 2170.08 10.13 2172.34 0.002009 12.47 2384.09 270.9 0.69
13170.8* 28000 2159.93 2170.06 10.13 2172.32 0.002009 12.47 2384.05 270.89 0.69
13160.8* 28000 2159.91 2170.04 10.13 2172.3 0.002009 12.47 2384.09 270.9 0.69
13150.8* 28000 2159.89 2170.02 10.13 2172.28 0.002009 12.47 2384.08 270.89 0.69
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13140.8* 28000 2159.87 2170 10.13 2172.26 0.00201 12.47 2384.05 270.9 0.69
13130.8* 28000 2159.85 2169.98 10.13 2172.24 0.00201 12.47 2384.04 270.9 0.69
13120.8* 28000 2159.83 2169.96 10.13 2172.22 0.00201 12.47 2384.05 270.9 0.69
13110.8* 28000 2159.81 2169.94 10.13 2172.2 0.00201 12.47 2384.03 270.9 0.69
13100.9* 28000 2159.79 2169.92 10.13 2172.18 0.00201 12.47 2383.88 270.88 0.69
13090.9* 28000 2159.77 2169.9 10.13 2172.16 0.00201 12.47 2383.86 270.88 0.69
13080.9* 28000 2159.75 2169.88 10.13 2172.14 0.00201 12.47 2383.83 270.87 0.69
13070.9* 28000 2159.73 2169.86 10.13 2172.12 0.00201 12.47 2383.86 270.88 0.69
13060.9* 28000 2159.71 2169.84 10.13 2172.1 0.00201 12.47 2383.83 270.87 0.69
13050.9* 28000 2159.69 2169.82 10.13 2172.08 0.00201 12.47 2383.89 270.88 0.69
13040.9* 28000 2159.67 2169.8 10.13 2172.06 0.00201 12.47 2383.85 270.87 0.69
13030.9* 28000 2159.65 2169.78 10.13 2172.04 0.00201 12.47 2383.89 270.88 0.69
13020.9* 28000 2159.63 2169.76 10.13 2172.02 0.00201 12.47 2383.85 270.87 0.69
13010.9* 28000 2159.61 2169.74 10.13 2172 0.00201 12.47 2383.83 270.88 0.69
13000.9* 28000 2159.59 2169.72 10.13 2171.98 0.00201 12.47 2383.79 270.87 0.69
12990.9* 28000 2159.57 2169.7 10.13 2171.96 0.00201 12.47 2383.83 270.88 0.69
12980.9* 28000 2159.55 2169.68 10.13 2171.94 0.00201 12.47 2383.79 270.87 0.69
12971.* 28000 2159.53 2169.66 10.13 2171.92 0.00201 12.47 2383.82 270.88 0.69
12961.0* 28000 2159.51 2169.64 10.13 2171.9 0.00201 12.47 2383.79 270.87 0.69
12951.0* 28000 2159.49 2169.62 10.13 2171.88 0.00201 12.47 2383.85 270.88 0.69
12941.0* 28000 2159.47 2169.6 10.13 2171.86 0.00201 12.47 2383.81 270.88 0.69
12931.0* 28000 2159.45 2169.58 10.13 2171.84 0.00201 12.47 2383.85 270.88 0.69
12921.0* 28000 2159.43 2169.56 10.13 2171.82 0.00201 12.47 2383.81 270.88 0.69
12911.0* 28000 2159.41 2169.54 10.13 2171.8 0.00201 12.47 2383.79 270.87 0.69
12901.0* 28000 2159.39 2169.52 10.13 2171.78 0.00201 12.47 2383.64 270.85 0.69
12891.0* 28000 2159.37 2169.49 10.12 2171.76 0.002011 12.47 2383.49 270.85 0.69
12881.0* 28000 2159.35 2169.47 10.12 2171.74 0.002011 12.47 2383.51 270.85 0.69
12871.0* 28000 2159.33 2169.45 10.12 2171.72 0.002011 12.47 2383.49 270.85 0.69
12861.0* 28000 2159.31 2169.43 10.12 2171.7 0.002011 12.47 2383.53 270.85 0.69
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12851.1* 28000 2159.29 2169.41 10.12 2171.68 0.002011 12.47 2383.52 270.85 0.69
12841.1* 28000 2159.27 2169.39 10.12 2171.66 0.002011 12.47 2383.55 270.86 0.69
12831.1* 28000 2159.25 2169.37 10.12 2171.64 0.002011 12.47 2383.52 270.85 0.69
12821.1* 28000 2159.23 2169.35 10.12 2171.62 0.002011 12.47 2383.55 270.86 0.69
12811.1* 28000 2159.21 2169.33 10.12 2171.6 0.002011 12.47 2383.52 270.85 0.69
12801.1* 28000 2159.2 2169.31 10.11 2171.58 0.002021 12.49 2379.55 270.78 0.69
12791.1* 28000 2159.18 2169.29 10.11 2171.56 0.002021 12.49 2379.45 270.77 0.69
12781.1* 28000 2159.16 2169.27 10.11 2171.54 0.002022 12.49 2379.42 270.78 0.69
12771.1* 28000 2159.14 2169.25 10.11 2171.52 0.002022 12.49 2379.31 270.77 0.69
12761.1* 28000 2159.12 2169.23 10.11 2171.5 0.002022 12.5 2379.1 270.76 0.69
12751.1* 28000 2159.1 2169.21 10.11 2171.48 0.002022 12.5 2379.08 270.77 0.69
12741.1* 28000 2159.08 2169.19 10.11 2171.46 0.002023 12.5 2378.99 270.76 0.69
12731.1* 28000 2159.06 2169.17 10.11 2171.44 0.002023 12.5 2378.95 270.77 0.69
12721.2* 28000 2159.04 2169.15 10.11 2171.42 0.002023 12.5 2378.86 270.76 0.69
12711.2* 28000 2159.02 2169.13 10.11 2171.4 0.002023 12.5 2378.81 270.76 0.69
12701.2* 28000 2159 2169.11 10.11 2171.38 0.002024 12.5 2378.56 270.73 0.69
12691.2* 28000 2158.98 2169.09 10.11 2171.36 0.002024 12.5 2378.51 270.74 0.69
12681.2* 28000 2158.96 2169.07 10.11 2171.34 0.002024 12.5 2378.42 270.73 0.69
12671.2* 28000 2158.94 2169.05 10.11 2171.32 0.002024 12.5 2378.38 270.73 0.69
12661.2* 28000 2158.92 2169.03 10.11 2171.3 0.002024 12.5 2378.29 270.73 0.69
12651.2* 28000 2158.9 2169 10.1 2171.28 0.002024 12.5 2378.27 270.73 0.69
12641.2* 28000 2158.88 2168.98 10.1 2171.26 0.002025 12.5 2378.18 270.73 0.69
12631.2* 28000 2158.86 2168.96 10.1 2171.24 0.002025 12.5 2378.01 270.73 0.69
12621.2* 28000 2158.84 2168.94 10.1 2171.22 0.002025 12.5 2377.92 270.72 0.69
12611.2* 28000 2158.82 2168.92 10.1 2171.2 0.002025 12.5 2377.88 270.73 0.69
12601.3* 28000 2158.8 2168.9 10.1 2171.18 0.002026 12.5 2377.72 270.72 0.69
12591.3* 28000 2158.78 2168.88 10.1 2171.16 0.002026 12.5 2377.57 270.71 0.69
12581.3* 28000 2158.76 2168.86 10.1 2171.14 0.002026 12.5 2377.52 270.71 0.69
12571.3* 28000 2158.74 2168.84 10.1 2171.12 0.002027 12.5 2377.37 270.71 0.69
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12561.3* 28000 2158.72 2168.82 10.1 2171.1 0.002027 12.5 2377.33 270.71 0.69
12551.3* 28000 2158.7 2168.8 10.1 2171.08 0.002027 12.5 2377.18 270.7 0.69
12541.3* 28000 2158.68 2168.78 10.1 2171.06 0.002027 12.5 2377.15 270.71 0.69
12531.3* 28000 2158.66 2168.76 10.1 2171.04 0.002028 12.51 2377 270.7 0.69
12521.3* 28000 2158.64 2168.74 10.1 2171.02 0.002028 12.51 2376.95 270.7 0.69
12511.3* 28000 2158.62 2168.72 10.1 2171 0.002028 12.51 2376.74 270.69 0.69
12501.3* 28000 2158.6 2168.7 10.1 2170.98 0.002029 12.51 2376.7 270.7 0.69
12491.3* 28000 2158.58 2168.68 10.1 2170.96 0.002029 12.51 2376.43 270.67 0.69
12481.3* 28000 2158.56 2168.66 10.1 2170.94 0.002029 12.51 2376.39 270.67 0.69
12471.4* 28000 2158.54 2168.64 10.1 2170.92 0.00203 12.51 2376.23 270.66 0.69
12461.4* 28000 2158.52 2168.62 10.1 2170.9 0.00203 12.51 2376.19 270.66 0.69
12451.4* 28000 2158.5 2168.6 10.1 2170.88 0.00203 12.51 2376.04 270.66 0.69
12441.4* 28000 2158.48 2168.58 10.1 2170.86 0.00203 12.51 2376.01 270.66 0.69
12431.4* 28000 2158.46 2168.56 10.1 2170.84 0.002031 12.51 2375.86 270.66 0.69
12421.4* 28000 2158.44 2168.54 10.1 2170.82 0.002031 12.51 2375.69 270.65 0.69
12411.4* 28000 2158.42 2168.52 10.1 2170.8 0.002031 12.51 2375.66 270.65 0.69
12401.4* 28000 2158.41 2168.49 10.08 2170.78 0.002042 12.53 2371.5 270.57 0.7
12391.4* 28000 2158.39 2168.47 10.08 2170.76 0.002043 12.53 2371.4 270.57 0.7
12381.4* 28000 2158.37 2168.45 10.08 2170.74 0.002043 12.54 2371.11 270.56 0.7
12371.4* 28000 2158.35 2168.43 10.08 2170.72 0.002044 12.54 2371.01 270.56 0.7
12361.4* 28000 2158.33 2168.41 10.08 2170.7 0.002044 12.54 2370.78 270.55 0.7
12351.5* 28000 2158.31 2168.39 10.08 2170.68 0.002045 12.54 2370.68 270.55 0.7
12341.5* 28000 2158.29 2168.37 10.08 2170.66 0.002045 12.54 2370.47 270.54 0.7
12331.5* 28000 2158.27 2168.35 10.08 2170.64 0.002045 12.54 2370.38 270.55 0.7
12321.5* 28000 2158.25 2168.32 10.07 2170.62 0.002046 12.54 2370.16 270.54 0.7
12311.5* 28000 2158.23 2168.3 10.07 2170.6 0.002046 12.54 2369.98 270.54 0.7
12301.5* 28000 2158.21 2168.28 10.07 2170.58 0.002047 12.54 2369.77 270.53 0.7
12291.5* 28000 2158.19 2168.26 10.07 2170.56 0.002048 12.54 2369.41 270.5 0.7
12281.5* 28000 2158.17 2168.24 10.07 2170.54 0.002048 12.54 2369.19 270.5 0.7
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

12271.5* 28000 2158.15 2168.22 10.07 2170.52 0.002049 12.55 2368.95 270.48 0.7
12261.5* 28000 2158.13 2168.2 10.07 2170.5 0.002049 12.55 2368.79 270.48 0.7
12251.5* 28000 2158.11 2168.18 10.07 2170.48 0.00205 12.55 2368.43 270.47 0.7
12241.5* 28000 2158.09 2168.16 10.07 2170.46 0.002051 12.55 2368.36 270.48 0.7
12231.5* 28000 2158.07 2168.14 10.07 2170.43 0.002051 12.55 2368.13 270.47 0.7
12221.6* 28000 2158.05 2168.12 10.07 2170.41 0.002052 12.55 2367.96 270.47 0.7
12211.6* 28000 2158.03 2168.1 10.07 2170.39 0.002052 12.55 2367.73 270.46 0.7
12201.6* 28000 2158.01 2168.08 10.07 2170.37 0.002053 12.55 2367.57 270.46 0.7
12191.6* 28000 2157.99 2168.05 10.06 2170.35 0.002053 12.55 2367.33 270.45 0.7
12181.6* 28000 2157.97 2168.03 10.06 2170.33 0.002054 12.56 2367.17 270.45 0.7
12171.6* 28000 2157.95 2168.01 10.06 2170.31 0.002054 12.56 2366.94 270.44 0.7
12161.6* 28000 2157.93 2167.99 10.06 2170.29 0.002055 12.56 2366.77 270.44 0.7
12151.6* 28000 2157.91 2167.97 10.06 2170.27 0.002055 12.56 2366.54 270.42 0.7
12141.6* 28000 2157.89 2167.95 10.06 2170.25 0.002056 12.56 2366.41 270.43 0.7
12131.6* 28000 2157.87 2167.93 10.06 2170.23 0.002057 12.56 2366.04 270.42 0.7
12121.6* 28000 2157.85 2167.91 10.06 2170.21 0.002057 12.56 2365.88 270.42 0.7
12111.6* 28000 2157.83 2167.89 10.06 2170.19 0.002058 12.56 2365.58 270.41 0.7
12101.7* 28000 2157.81 2167.87 10.06 2170.17 0.002059 12.56 2365.36 270.4 0.7
12091.7* 28000 2157.79 2167.85 10.06 2170.15 0.002059 12.57 2365 270.37 0.7
12081.7* 28000 2157.77 2167.83 10.06 2170.13 0.00206 12.57 2364.79 270.36 0.7
12071.7* 28000 2157.75 2167.8 10.05 2170.11 0.00206 12.57 2364.61 270.36 0.7
12061.7* 28000 2157.73 2167.78 10.05 2170.09 0.002061 12.57 2364.32 270.35 0.7
12051.7* 28000 2157.71 2167.76 10.05 2170.07 0.002062 12.57 2364.16 270.35 0.7
12041.7* 28000 2157.69 2167.74 10.05 2170.05 0.002062 12.57 2363.89 270.34 0.7
12031.7* 28000 2157.67 2167.72 10.05 2170.03 0.002063 12.57 2363.73 270.35 0.7
12021.7* 28000 2157.65 2167.7 10.05 2170.01 0.002064 12.57 2363.43 270.33 0.7
12011.7* 28000 2157.63 2167.68 10.05 2169.99 0.002064 12.57 2363.26 270.33 0.7
12001.7* 28000 2157.61 2167.66 10.05 2169.97 0.002065 12.58 2362.9 270.32 0.7
11991.7* 28000 2157.59 2167.64 10.05 2169.95 0.002066 12.58 2362.68 270.32 0.7
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
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 Final Hydraulics with Stilling Basin

11981.7* 28000 2157.58 2167.61 10.03 2169.93 0.002078 12.6 2358.32 270.23 0.7
11971.8* 28000 2157.56 2167.59 10.03 2169.91 0.002078 12.6 2358.09 270.23 0.7
11961.8* 28000 2157.54 2167.57 10.03 2169.89 0.002079 12.6 2357.73 270.21 0.7
11951.8* 28000 2157.52 2167.55 10.03 2169.87 0.00208 12.61 2357.38 270.2 0.7
11941.8* 28000 2157.5 2167.53 10.03 2169.84 0.002081 12.61 2357.16 270.2 0.7
11931.8* 28000 2157.48 2167.51 10.03 2169.82 0.002082 12.61 2356.81 270.19 0.7
11921.8* 28000 2157.46 2167.48 10.02 2169.8 0.002083 12.61 2356.5 270.19 0.7
11911.8* 28000 2157.44 2167.46 10.02 2169.78 0.002083 12.61 2356.15 270.17 0.7
11901.8* 28000 2157.42 2167.44 10.02 2169.76 0.002084 12.61 2355.84 270.17 0.7
11891.8* 28000 2157.4 2167.42 10.02 2169.74 0.002085 12.61 2355.49 270.16 0.7
11881.8* 28000 2157.38 2167.4 10.02 2169.72 0.002086 12.62 2355 270.13 0.7
11871.8* 28000 2157.36 2167.38 10.02 2169.7 0.002088 12.62 2354.52 270.11 0.7
11861.8* 28000 2157.34 2167.36 10.02 2169.68 0.002089 12.62 2354.21 270.11 0.7
11851.9* 28000 2157.32 2167.33 10.01 2169.66 0.00209 12.62 2353.86 270.1 0.7
11841.9* 28000 2157.3 2167.31 10.01 2169.64 0.00209 12.62 2353.58 270.1 0.7
11831.9* 28000 2157.28 2167.29 10.01 2169.62 0.002091 12.63 2353.16 270.08 0.7
11821.9* 28000 2157.26 2167.27 10.01 2169.6 0.002093 12.63 2352.79 270.08 0.7
11811.9* 28000 2157.24 2167.25 10.01 2169.58 0.002094 12.63 2352.37 270.06 0.7
11801.9* 28000 2157.22 2167.23 10.01 2169.56 0.002095 12.63 2352 270.06 0.7
11791.9* 28000 2157.2 2167.21 10.01 2169.54 0.002096 12.63 2351.58 270.04 0.7
11781.9* 28000 2157.18 2167.18 10 2169.51 0.002097 12.64 2351.17 270.03 0.7
11771.9* 28000 2157.16 2167.16 10 2169.49 0.002098 12.64 2350.79 270.02 0.7
11761.9* 28000 2157.14 2167.14 10 2169.47 0.002099 12.64 2350.38 270.01 0.7
11751.9* 28000 2157.12 2167.12 10 2169.45 0.0021 12.64 2349.87 270 0.7
11741.9* 28000 2157.1 2167.1 10 2169.43 0.002102 12.65 2349.46 269.98 0.7
11731.9* 28000 2157.08 2167.08 10 2169.41 0.002103 12.65 2349.11 269.98 0.7
11722.* 28000 2157.06 2167.06 10 2169.39 0.002104 12.65 2348.69 269.97 0.71
11712.0* 28000 2157.04 2167.03 9.99 2169.37 0.002105 12.65 2348.32 269.96 0.71
11702.0* 28000 2157.02 2167.01 9.99 2169.35 0.002106 12.65 2347.84 269.95 0.71
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

11692.0* 28000 2157 2166.99 9.99 2169.33 0.002107 12.66 2347.46 269.94 0.71
11682.0* 28000 2156.98 2166.97 9.99 2169.31 0.002109 12.66 2346.8 269.9 0.71
11672.0* 28000 2156.96 2166.95 9.99 2169.29 0.00211 12.66 2346.42 269.89 0.71
11662.0* 28000 2156.94 2166.93 9.99 2169.27 0.002111 12.66 2345.94 269.88 0.71
11652.0* 28000 2156.92 2166.9 9.98 2169.24 0.002112 12.67 2345.49 269.87 0.71
11642.0* 28000 2156.9 2166.88 9.98 2169.22 0.002114 12.67 2345.01 269.85 0.71
11632.0* 28000 2156.88 2166.86 9.98 2169.2 0.002115 12.67 2344.67 269.85 0.71
11622.0* 28000 2156.86 2166.84 9.98 2169.18 0.002116 12.67 2344.06 269.83 0.71
11612.0* 28000 2156.84 2166.82 9.98 2169.16 0.002118 12.68 2343.5 269.81 0.71
11602.1* 28000 2156.82 2166.8 9.98 2169.14 0.002119 12.68 2343.07 269.81 0.71
11592.1* 28000 2156.8 2166.77 9.97 2169.12 0.002121 12.68 2342.5 269.79 0.71
11582.1* 28000 2156.79 2166.75 9.96 2169.1 0.002133 12.7 2338.04 269.71 0.71
11572.1* 28000 2156.77 2166.72 9.95 2169.08 0.002135 12.71 2337.48 269.69 0.71
11562.1* 28000 2156.75 2166.7 9.95 2169.06 0.002136 12.71 2336.99 269.68 0.71
11552.1* 28000 2156.73 2166.68 9.95 2169.04 0.002138 12.71 2336.36 269.66 0.71
11542.1* 28000 2156.71 2166.66 9.95 2169.02 0.00214 12.72 2335.8 269.65 0.71
11532.1* 28000 2156.69 2166.64 9.95 2169 0.002141 12.72 2335.2 269.63 0.71
11522.1* 28000 2156.67 2166.61 9.94 2168.98 0.002143 12.72 2334.64 269.62 0.71
11512.1* 28000 2156.65 2166.59 9.94 2168.95 0.002145 12.73 2334.03 269.6 0.71
11502.1* 28000 2156.63 2166.57 9.94 2168.93 0.002146 12.73 2333.46 269.59 0.71
11492.1* 28000 2156.61 2166.55 9.94 2168.91 0.002148 12.73 2332.72 269.57 0.71
11482.1* 28000 2156.59 2166.52 9.93 2168.89 0.00215 12.74 2331.96 269.53 0.71
11472.2* 28000 2156.57 2166.5 9.93 2168.87 0.002152 12.74 2331.29 269.51 0.71
11462.2* 28000 2156.55 2166.48 9.93 2168.85 0.002154 12.74 2330.59 269.49 0.71
11452.2* 28000 2156.53 2166.46 9.93 2168.83 0.002156 12.75 2330.04 269.48 0.71
11442.2* 28000 2156.51 2166.43 9.92 2168.81 0.002158 12.75 2329.34 269.46 0.71
11432.2* 28000 2156.49 2166.41 9.92 2168.79 0.002159 12.75 2328.81 269.45 0.71
11422.2* 28000 2156.47 2166.39 9.92 2168.76 0.002161 12.76 2328.12 269.43 0.71
11412.2* 28000 2156.45 2166.37 9.92 2168.74 0.002163 12.76 2327.5 269.42 0.71
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

11402.2* 28000 2156.43 2166.34 9.91 2168.72 0.002165 12.76 2326.74 269.39 0.71
11392.2* 28000 2156.41 2166.32 9.91 2168.7 0.002167 12.77 2326.12 269.38 0.71
11382.2* 28000 2156.39 2166.3 9.91 2168.68 0.002169 12.77 2325.36 269.36 0.71
11372.2* 28000 2156.37 2166.28 9.91 2168.66 0.002171 12.77 2324.61 269.34 0.72
11362.2* 28000 2156.35 2166.25 9.9 2168.64 0.002174 12.78 2323.85 269.32 0.72
11352.3* 28000 2156.33 2166.23 9.9 2168.62 0.002176 12.78 2323.16 269.31 0.72
11342.3* 28000 2156.31 2166.21 9.9 2168.59 0.002178 12.79 2322.4 269.28 0.72
11332.3* 28000 2156.29 2166.19 9.9 2168.57 0.00218 12.79 2321.74 269.27 0.72
11322.3* 28000 2156.27 2166.16 9.89 2168.55 0.002182 12.79 2320.92 269.25 0.72
11312.3* 28000 2156.25 2166.14 9.89 2168.53 0.002184 12.8 2320.23 269.24 0.72
11302.3* 28000 2156.23 2166.12 9.89 2168.51 0.002186 12.8 2319.41 269.21 0.72
11292.3* 28000 2156.21 2166.09 9.88 2168.49 0.002189 12.81 2318.6 269.18 0.72
11282.3* 28000 2156.19 2166.07 9.88 2168.47 0.002191 12.81 2317.64 269.14 0.72
11272.3* 28000 2156.17 2166.05 9.88 2168.45 0.002194 12.82 2316.77 269.11 0.72
11262.3* 28000 2156.15 2166.02 9.87 2168.42 0.002196 12.82 2316 269.1 0.72
11252.3* 28000 2156.13 2166 9.87 2168.4 0.002199 12.82 2315.13 269.07 0.72
11242.3* 28000 2156.11 2165.98 9.87 2168.38 0.002201 12.83 2314.25 269.06 0.72
11232.3* 28000 2156.09 2165.96 9.87 2168.36 0.002204 12.83 2313.38 269.03 0.72
11222.4* 28000 2156.07 2165.93 9.86 2168.34 0.002206 12.84 2312.57 269.02 0.72
11212.4* 28000 2156.05 2165.91 9.86 2168.32 0.002209 12.84 2311.67 268.99 0.72
11202.4* 28000 2156.03 2165.89 9.86 2168.3 0.002211 12.85 2310.86 268.97 0.72
11192.4* 28000 2156.01 2165.86 9.85 2168.27 0.002214 12.85 2309.9 268.94 0.72
11182.4* 28000 2156 2165.83 9.83 2168.25 0.002229 12.88 2304.93 268.85 0.72
11172.4* 28000 2155.98 2165.81 9.83 2168.23 0.002232 12.88 2303.91 268.82 0.72
11162.4* 28000 2155.96 2165.79 9.83 2168.21 0.002235 12.89 2303.03 268.8 0.72
11152.4* 28000 2155.94 2165.76 9.82 2168.19 0.002238 12.89 2301.94 268.76 0.73
11142.4* 28000 2155.92 2165.74 9.82 2168.17 0.002241 12.9 2300.87 268.73 0.73
11132.4* 28000 2155.9 2165.71 9.81 2168.15 0.002244 12.91 2299.93 268.72 0.73
11122.4* 28000 2155.88 2165.69 9.81 2168.13 0.002247 12.91 2298.87 268.69 0.73
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Top 

Width
Froude # 

Chl
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 Final Hydraulics with Stilling Basin

11112.4* 28000 2155.86 2165.67 9.81 2168.1 0.002251 12.92 2297.71 268.66 0.73
11102.5* 28000 2155.84 2165.64 9.8 2168.08 0.002254 12.92 2296.64 268.63 0.73
11092.5* 28000 2155.82 2165.62 9.8 2168.06 0.002257 12.93 2295.61 268.61 0.73
11082.5* 28000 2155.8 2165.59 9.79 2168.04 0.00226 12.93 2294.47 268.57 0.73
11072.5* 28000 2155.78 2165.57 9.79 2168.02 0.002264 12.94 2293.19 268.52 0.73
11062.5* 28000 2155.76 2165.55 9.79 2167.99 0.002268 12.95 2291.99 268.49 0.73
11052.5* 28000 2155.74 2165.52 9.78 2167.97 0.002271 12.95 2290.9 268.46 0.73
11042.5* 28000 2155.72 2165.5 9.78 2167.95 0.002275 12.96 2289.7 268.43 0.73
11032.5* 28000 2155.7 2165.47 9.77 2167.93 0.002278 12.97 2288.54 268.4 0.73
11022.5* 28000 2155.68 2165.45 9.77 2167.91 0.002282 12.97 2287.37 268.37 0.73
11012.5* 28000 2155.66 2165.42 9.76 2167.88 0.002286 12.98 2286.14 268.34 0.73
11002.5* 28000 2155.64 2165.4 9.76 2167.86 0.002289 12.99 2284.88 268.31 0.73
10992.5* 28000 2155.62 2165.37 9.75 2167.84 0.002294 12.99 2283.53 268.27 0.73
10982.5* 28000 2155.6 2165.35 9.75 2167.82 0.002298 13 2282.2 268.24 0.73
10972.6* 28000 2155.58 2165.32 9.74 2167.8 0.002302 13.01 2280.87 268.2 0.73
10962.6* 28000 2155.56 2165.3 9.74 2167.77 0.002306 13.02 2279.58 268.17 0.74
10952.6* 28000 2155.54 2165.27 9.73 2167.75 0.00231 13.02 2278.18 268.13 0.74
10942.6* 28000 2155.52 2165.25 9.73 2167.73 0.002314 13.03 2276.83 268.1 0.74
10932.6* 28000 2155.5 2165.22 9.72 2167.71 0.002319 13.04 2275.44 268.06 0.74
10922.6* 28000 2155.48 2165.2 9.72 2167.69 0.002323 13.05 2274.11 268.03 0.74
10912.6* 28000 2155.46 2165.17 9.71 2167.66 0.002327 13.05 2272.72 267.99 0.74
10902.6* 28000 2155.44 2165.15 9.71 2167.64 0.002332 13.06 2271.36 267.96 0.74
10892.6* 28000 2155.42 2165.12 9.7 2167.62 0.002336 13.07 2269.84 267.92 0.74
10882.6* 28000 2155.4 2165.1 9.7 2167.6 0.002341 13.08 2268.42 267.88 0.74
10872.6* 28000 2155.38 2165.07 9.69 2167.57 0.002346 13.09 2266.71 267.81 0.74
10862.6* 28000 2155.36 2165.05 9.69 2167.55 0.002351 13.09 2265.16 267.78 0.74
10852.7* 28000 2155.34 2165.02 9.68 2167.53 0.002356 13.1 2263.64 267.73 0.74
10842.7* 28000 2155.32 2164.99 9.67 2167.51 0.002361 13.11 2262.09 267.7 0.74
10832.7* 28000 2155.3 2164.97 9.67 2167.48 0.002366 13.12 2260.5 267.65 0.74
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Top 

Width
Froude # 
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10822.7* 28000 2155.28 2164.94 9.66 2167.46 0.002371 13.13 2258.98 267.62 0.74
10812.7* 28000 2155.26 2164.92 9.66 2167.44 0.002376 13.14 2257.33 267.57 0.75
10802.7* 28000 2155.24 2164.89 9.65 2167.42 0.002382 13.15 2255.66 267.52 0.75
10792.7* 28000 2155.22 2164.86 9.64 2167.39 0.002387 13.16 2254 267.49 0.75
10782.7* 28000 2155.2 2164.84 9.64 2167.37 0.002393 13.17 2252.26 267.43 0.75
10772.7* 28000 2155.19 2164.8 9.61 2167.35 0.002412 13.2 2246.4 267.32 0.75
10762.7* 28000 2155.17 2164.78 9.61 2167.33 0.002419 13.21 2244.54 267.26 0.75
10752.7* 28000 2155.15 2164.75 9.6 2167.31 0.002425 13.22 2242.75 267.22 0.75
10742.7* 28000 2155.13 2164.72 9.59 2167.28 0.002431 13.23 2240.82 267.17 0.75
10732.7* 28000 2155.11 2164.7 9.59 2167.26 0.002438 13.24 2238.84 267.12 0.75
10722.8* 28000 2155.09 2164.67 9.58 2167.24 0.002444 13.25 2236.88 267.07 0.75
10712.8* 28000 2155.07 2164.64 9.57 2167.21 0.002451 13.26 2234.96 267.02 0.76
10702.8* 28000 2155.05 2164.61 9.56 2167.19 0.002458 13.28 2232.91 266.97 0.76
10692.8* 28000 2155.03 2164.59 9.56 2167.17 0.002464 13.29 2230.91 266.92 0.76
10682.8* 28000 2155.01 2164.56 9.55 2167.15 0.002472 13.3 2228.81 266.86 0.76
10672.8* 28000 2154.99 2164.53 9.54 2167.12 0.002479 13.31 2226.56 266.78 0.76
10662.8* 28000 2154.97 2164.5 9.53 2167.1 0.002486 13.32 2224.39 266.72 0.76
10652.8* 28000 2154.95 2164.47 9.52 2167.08 0.002494 13.34 2222.14 266.66 0.76
10642.8* 28000 2154.93 2164.45 9.52 2167.05 0.002502 13.35 2220.03 266.61 0.76
10632.8* 28000 2154.91 2164.42 9.51 2167.03 0.00251 13.36 2217.71 266.54 0.76
10622.8* 28000 2154.89 2164.39 9.5 2167.01 0.002517 13.37 2215.56 266.49 0.76
10612.8* 28000 2154.87 2164.36 9.49 2166.98 0.002526 13.39 2213.13 266.43 0.77
10602.9* 28000 2154.85 2164.33 9.48 2166.96 0.002534 13.4 2210.82 266.37 0.77
10592.9* 28000 2154.83 2164.3 9.47 2166.94 0.002542 13.42 2208.38 266.3 0.77
10582.9* 28000 2154.81 2164.27 9.46 2166.91 0.002551 13.43 2206.01 266.24 0.77
10572.9* 28000 2154.79 2164.24 9.45 2166.89 0.00256 13.45 2203.44 266.17 0.77
10562.9* 28000 2154.77 2164.21 9.44 2166.87 0.002569 13.46 2201 266.11 0.77
10552.9* 28000 2154.75 2164.18 9.43 2166.84 0.002578 13.47 2198.37 266.04 0.77
10542.9* 28000 2154.73 2164.16 9.43 2166.82 0.002588 13.49 2195.81 265.98 0.77
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
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10532.9* 28000 2154.71 2164.13 9.42 2166.8 0.002597 13.51 2193.11 265.9 0.78
10522.9* 28000 2154.69 2164.09 9.4 2166.77 0.002607 13.52 2190.51 265.84 0.78
10512.9* 28000 2154.67 2164.06 9.39 2166.75 0.002617 13.54 2187.69 265.76 0.78
10502.9* 28000 2154.65 2164.03 9.38 2166.72 0.002628 13.55 2184.93 265.69 0.78
10492.9* 28000 2154.63 2164 9.37 2166.7 0.002638 13.57 2182.04 265.61 0.78
10482.9* 28000 2154.61 2163.97 9.36 2166.68 0.00265 13.59 2178.99 265.53 0.78
10473.* 28000 2154.59 2163.94 9.35 2166.65 0.002661 13.61 2175.84 265.43 0.78
10463.0* 28000 2154.57 2163.91 9.34 2166.63 0.002673 13.63 2172.77 265.34 0.79
10453.0* 28000 2154.55 2163.88 9.33 2166.6 0.002685 13.65 2169.68 265.26 0.79
10443.0* 28000 2154.53 2163.85 9.32 2166.58 0.002696 13.66 2166.55 265.18 0.79
10433.0* 28000 2154.51 2163.81 9.3 2166.56 0.002709 13.68 2163.42 265.1 0.79
10423.0* 28000 2154.49 2163.78 9.29 2166.53 0.002721 13.7 2160.18 265.02 0.79
10413.0* 28000 2154.47 2163.75 9.28 2166.51 0.002734 13.72 2156.91 264.94 0.79
10403.0* 28000 2154.45 2163.72 9.27 2166.48 0.002747 13.74 2153.45 264.84 0.8
10393.0* 28000 2154.43 2163.68 9.25 2166.46 0.002761 13.76 2150.05 264.75 0.8
10383.0* 28000 2154.41 2163.65 9.24 2166.43 0.002775 13.79 2146.47 264.65 0.8
10373.0* 28000 2154.4 2163.6 9.2 2166.41 0.002821 13.86 2135.17 264.39 0.81
10363.0* 28000 2154.38 2163.56 9.18 2166.39 0.002837 13.88 2131.27 264.28 0.81
10353.1* 28000 2154.36 2163.53 9.17 2166.36 0.002853 13.91 2127.3 264.18 0.81
10343.1* 28000 2154.34 2163.49 9.15 2166.34 0.00287 13.93 2123.21 264.07 0.81
10333.1* 28000 2154.32 2163.46 9.14 2166.31 0.002888 13.96 2119.07 263.96 0.81
10323.1* 28000 2154.3 2163.42 9.12 2166.29 0.002905 13.98 2114.92 263.85 0.82
10313.1* 28000 2154.28 2163.38 9.1 2166.26 0.002924 14.01 2110.59 263.74 0.82
10303.1* 28000 2154.26 2163.35 9.09 2166.24 0.002942 14.04 2106.23 263.62 0.82
10293.1* 28000 2154.24 2163.31 9.07 2166.21 0.002962 14.07 2101.71 263.5 0.82
10283.1* 28000 2154.22 2163.27 9.05 2166.19 0.002982 14.1 2097.16 263.38 0.83
10273.1* 28000 2154.2 2163.23 9.03 2166.16 0.003003 14.13 2092.27 263.23 0.83
10263.1* 28000 2154.18 2163.2 9.02 2166.14 0.003025 14.16 2087.47 263.1 0.83
10253.1* 28000 2154.16 2163.16 9 2166.11 0.003047 14.19 2082.51 262.97 0.83
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Top 

Width
Froude # 
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10243.1* 28000 2154.14 2163.12 8.98 2166.09 0.00307 14.22 2077.45 262.84 0.84
10233.1* 28000 2154.12 2163.08 8.96 2166.06 0.003094 14.26 2072.12 262.69 0.84
10223.2* 28000 2154.1 2163.04 8.94 2166.04 0.003119 14.29 2066.81 262.55 0.84
10213.2* 28000 2154.08 2163 8.92 2166.01 0.003145 14.33 2061.38 262.41 0.85
10203.2* 28000 2154.06 2162.96 8.9 2165.99 0.003171 14.37 2055.82 262.27 0.85
10193.2* 28000 2154.04 2162.91 8.87 2165.96 0.003206 14.42 2048.44 262.07 0.85
10183.2* 28000 2154.02 2162.86 8.84 2162.14 2165.93 0.003241 14.47 2041.42 261.88 0.86
10173.25 28000 2154 2162.12 8.12 2162.12 2165.83 0.004358 15.85 1855.3 256.85 0.98

10167.4* 28000 2152 2159.82 7.82 2159.82 2163.4 0.004427 15.57 1883.77 269.58 0.98
10161.6* 28000 2150 2157.56 7.56 2157.56 2161.02 0.004447 15.27 1917.04 282.2 0.98
10155.8* 28000 2148 2155.29 7.29 2155.29 2158.66 0.004545 15.06 1938.13 294.33 0.98

10150 28000 2146 2154.84 8.84 2156.84 0.002107 11.66 2521.05 320.68 0.69
10140.* 28000 2145.98 2154.81 8.83 2156.82 0.002108 11.66 2520.56 320.67 0.69
10130.* 28000 2145.96 2154.79 8.83 2156.8 0.002109 11.66 2519.99 320.65 0.69
10120.* 28000 2145.94 2154.77 8.83 2156.78 0.002111 11.67 2519.5 320.63 0.69
10110.* 28000 2145.93 2154.74 8.81 2156.76 0.002125 11.69 2514.15 320.52 0.69
10100.* 28000 2145.91 2154.72 8.81 2156.74 0.002126 11.69 2513.49 320.5 0.69
10090.* 28000 2145.89 2154.7 8.81 2156.72 0.002128 11.7 2512.98 320.49 0.69
10080.* 28000 2145.87 2154.68 8.81 2156.7 0.00213 11.7 2512.26 320.47 0.69
10070.* 28000 2145.85 2154.66 8.81 2156.68 0.002131 11.7 2511.61 320.45 0.69
10060.* 28000 2145.83 2154.63 8.8 2156.66 0.002133 11.7 2510.97 320.43 0.7
10050.* 28000 2145.81 2154.61 8.8 2156.64 0.002135 11.71 2510.33 320.42 0.7
10040.* 28000 2145.79 2154.59 8.8 2156.61 0.002137 11.71 2509.53 320.38 0.7
10030.* 28000 2145.78 2154.56 8.78 2156.6 0.002152 11.74 2504.01 320.26 0.7
10020.* 28000 2145.76 2154.54 8.78 2156.57 0.002153 11.74 2503.3 320.24 0.7
10010.* 28000 2145.74 2154.52 8.78 2156.55 0.002156 11.74 2502.49 320.21 0.7
10000.* 28000 2145.72 2154.5 8.78 2156.53 0.002158 11.75 2501.69 320.19 0.7
9990.*  28000 2145.7 2154.47 8.77 2156.51 0.00216 11.75 2500.9 320.17 0.7
9980.*  28000 2145.68 2154.45 8.77 2156.49 0.002162 11.75 2500.08 320.14 0.7
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9970.*  28000 2145.66 2154.43 8.77 2156.47 0.002164 11.76 2499.43 320.14 0.7
9960.*  28000 2145.64 2154.41 8.77 2156.45 0.002166 11.76 2498.63 320.11 0.7
9950.*  28000 2145.63 2154.38 8.75 2156.43 0.002182 11.79 2492.87 319.99 0.7
9940.*  28000 2145.61 2154.35 8.74 2156.41 0.002184 11.79 2491.84 319.96 0.7
9930.*  28000 2145.59 2154.33 8.74 2156.39 0.002187 11.79 2490.97 319.94 0.7
9920.*  28000 2145.57 2154.31 8.74 2156.36 0.002189 11.8 2490 319.91 0.7
9910.*  28000 2145.55 2154.29 8.74 2156.34 0.002192 11.8 2489.05 319.88 0.7
9900.*  28000 2145.53 2154.26 8.73 2156.32 0.002195 11.81 2488.11 319.86 0.7
9890.*  28000 2145.51 2154.24 8.73 2156.3 0.002197 11.81 2487.07 319.82 0.7
9880.*  28000 2145.5 2154.21 8.71 2156.28 0.002214 11.84 2481.17 319.7 0.71
9870.*  28000 2145.48 2154.19 8.71 2156.26 0.002217 11.84 2480.07 319.67 0.71
9860.*  28000 2145.46 2154.16 8.7 2156.24 0.00222 11.85 2478.95 319.64 0.71
9850.*  28000 2145.44 2154.14 8.7 2156.22 0.002223 11.85 2477.89 319.62 0.71
9840.*  28000 2145.42 2154.12 8.7 2156.19 0.002226 11.86 2476.78 319.59 0.71
9830.*  28000 2145.4 2154.09 8.69 2156.17 0.002229 11.86 2475.66 319.55 0.71
9820.*  28000 2145.38 2154.07 8.69 2156.15 0.002233 11.87 2474.4 319.5 0.71
9810.*  28000 2145.36 2154.05 8.69 2156.13 0.002236 11.88 2473.07 319.47 0.71
9800.*  28000 2145.35 2154.02 8.67 2156.11 0.002254 11.9 2466.93 319.33 0.71
9790.*  28000 2145.33 2153.99 8.66 2156.09 0.002257 11.91 2465.67 319.3 0.71
9780.*  28000 2145.31 2153.97 8.66 2156.07 0.002261 11.92 2464.41 319.27 0.71
9770.*  28000 2145.29 2153.94 8.65 2156.04 0.002265 11.92 2463.05 319.22 0.71
9760.*  28000 2145.27 2153.92 8.65 2156.02 0.002269 11.93 2461.71 319.19 0.71
9750.*  28000 2145.25 2153.9 8.65 2156 0.002272 11.94 2460.39 319.16 0.72
9740.*  28000 2145.23 2153.87 8.64 2155.98 0.002276 11.94 2458.95 319.11 0.72
9730.*  28000 2145.21 2153.85 8.64 2155.96 0.00228 11.95 2457.58 319.09 0.72
9720.*  28000 2145.2 2153.82 8.62 2155.94 0.002299 11.98 2451.25 318.95 0.72
9710.*  28000 2145.18 2153.79 8.61 2155.91 0.002303 11.99 2449.73 318.91 0.72
9700.*  28000 2145.16 2153.77 8.61 2155.89 0.002308 11.99 2448.24 318.87 0.72
9690.*  28000 2145.14 2153.74 8.6 2155.87 0.002312 12 2446.67 318.83 0.72
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9680.*  28000 2145.12 2153.72 8.6 2155.85 0.002317 12.01 2444.94 318.78 0.72
9670.*  28000 2145.1 2153.69 8.59 2155.83 0.002322 12.02 2443.29 318.73 0.72
9660.*  28000 2145.08 2153.67 8.59 2155.8 0.002327 12.02 2441.65 318.69 0.72
9650.*  28000 2145.07 2153.64 8.57 2155.78 0.002347 12.06 2434.99 318.55 0.73
9640.*  28000 2145.05 2153.61 8.56 2155.76 0.002353 12.06 2433.18 318.5 0.73
9630.*  28000 2145.03 2153.58 8.55 2155.74 0.002358 12.07 2431.39 318.45 0.73
9620.*  28000 2145.01 2153.56 8.55 2155.72 0.002364 12.08 2429.48 318.39 0.73
9610.*  28000 2144.99 2153.53 8.54 2155.69 0.002369 12.09 2427.57 318.34 0.73
9600.*  28000 2144.97 2153.51 8.54 2155.67 0.002375 12.1 2425.67 318.28 0.73
9590.*  28000 2144.95 2153.48 8.53 2155.65 0.002381 12.11 2423.79 318.23 0.73
9580.*  28000 2144.93 2153.46 8.53 2155.63 0.002387 12.12 2421.83 318.18 0.73
9570.*  28000 2144.92 2153.42 8.5 2155.61 0.002409 12.15 2414.8 318.03 0.73
9560.*  28000 2144.9 2153.4 8.5 2155.58 0.002415 12.16 2412.69 317.97 0.74
9550.*  28000 2144.88 2153.37 8.49 2155.56 0.002422 12.17 2410.51 317.91 0.74
9540.*  28000 2144.86 2153.34 8.48 2155.54 0.002429 12.18 2408.16 317.85 0.74
9530.*  28000 2144.84 2153.32 8.48 2155.51 0.002437 12.2 2405.89 317.79 0.74
9520.*  28000 2144.82 2153.29 8.47 2155.49 0.002444 12.21 2403.63 317.73 0.74
9510.*  28000 2144.8 2153.26 8.46 2155.47 0.002451 12.22 2401.26 317.66 0.74
9500.*  28000 2144.79 2153.23 8.44 2155.45 0.002475 12.25 2393.88 317.5 0.74
9490.*  28000 2144.77 2153.2 8.43 2155.42 0.002483 12.27 2391.45 317.45 0.74
9480.*  28000 2144.75 2153.17 8.42 2155.4 0.002491 12.28 2388.85 317.38 0.75
9470.00* 28000 2144.73 2153.14 8.41 2155.38 0.0025 12.29 2386.29 317.31 0.75
9460.00* 28000 2144.71 2153.11 8.4 2155.35 0.002508 12.3 2383.64 317.24 0.75
9450.00* 28000 2144.69 2153.09 8.4 2155.33 0.002517 12.32 2380.89 317.17 0.75
9440.00* 28000 2144.67 2153.06 8.39 2155.31 0.002526 12.33 2378.17 317.09 0.75
9430.00* 28000 2144.65 2153.03 8.38 2155.28 0.002535 12.35 2375.37 317.02 0.75
9420.00* 28000 2144.64 2152.99 8.35 2155.26 0.002567 12.39 2365.98 316.81 0.76
9410.00* 28000 2144.62 2152.96 8.34 2155.24 0.002578 12.41 2362.87 316.73 0.76
9400.00* 28000 2144.6 2152.93 8.33 2155.21 0.002588 12.43 2359.67 316.62 0.76
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9390.00* 28000 2144.58 2152.9 8.32 2155.19 0.002599 12.44 2356.53 316.54 0.76
9380.00* 28000 2144.56 2152.87 8.31 2155.17 0.00261 12.46 2353.35 316.45 0.76
9370.00* 28000 2144.54 2152.84 8.3 2155.14 0.002621 12.47 2350.22 316.38 0.76
9360.00* 28000 2144.52 2152.81 8.29 2155.12 0.002633 12.49 2346.86 316.29 0.76
9350.00* 28000 2144.5 2152.78 8.28 2155.09 0.002645 12.51 2343.45 316.2 0.77
9340.00* 28000 2144.49 2152.74 8.25 2155.07 0.002681 12.56 2333.19 315.97 0.77
9330.00* 28000 2144.47 2152.7 8.23 2155.05 0.002694 12.58 2329.52 315.87 0.77
9320.00* 28000 2144.45 2152.67 8.22 2155.02 0.002708 12.6 2325.82 315.78 0.77
9310.00* 28000 2144.43 2152.64 8.21 2155 0.002722 12.62 2322.03 315.68 0.78
9300.00* 28000 2144.41 2152.61 8.2 2154.97 0.002736 12.64 2318.05 315.57 0.78
9290.00* 28000 2144.39 2152.57 8.18 2154.95 0.002751 12.66 2314.03 315.46 0.78
9280.00* 28000 2144.37 2152.54 8.17 2154.92 0.002767 12.68 2309.79 315.35 0.78
9270.00* 28000 2144.36 2152.49 8.13 2154.9 0.002816 12.75 2296.76 315.05 0.79
9260.00* 28000 2144.34 2152.46 8.12 2154.87 0.002834 12.78 2292.29 314.93 0.79
9250.00* 28000 2144.32 2152.42 8.1 2154.85 0.002851 12.8 2287.81 314.83 0.79
9240.00* 28000 2144.3 2152.39 8.09 2154.82 0.002869 12.83 2283.08 314.7 0.79
9230.00* 28000 2144.28 2152.35 8.07 2154.8 0.002888 12.85 2278.3 314.58 0.8
9220.00* 28000 2144.26 2152.32 8.06 2154.77 0.002908 12.88 2273.37 314.45 0.8
9210.00* 28000 2144.24 2152.28 8.04 2154.75 0.002928 12.91 2268.26 314.31 0.8
9200.00* 28000 2144.22 2152.24 8.02 2154.72 0.002949 12.94 2263.03 314.17 0.8
9190.00* 28000 2144.21 2152.18 7.97 2154.7 0.003012 13.02 2248.03 313.83 0.81
9180.00* 28000 2144.19 2152.15 7.96 2154.67 0.003037 13.05 2242.03 313.64 0.82
9170.00* 28000 2144.17 2152.11 7.94 2154.65 0.003062 13.09 2236.12 313.48 0.82
9160.00* 28000 2144.15 2152.07 7.92 2154.62 0.003088 13.12 2230.07 313.33 0.82
9150.00* 28000 2144.13 2152.03 7.9 2154.6 0.003115 13.16 2223.82 313.16 0.82
9140.00* 28000 2144.11 2151.99 7.88 2154.57 0.003143 13.19 2217.32 312.99 0.83
9130.00* 28000 2144.09 2151.95 7.86 2154.54 0.003172 13.23 2210.86 312.83 0.83
9120.00* 28000 2144.07 2151.9 7.83 2154.52 0.003204 13.27 2203.94 312.64 0.84
9110.00* 28000 2144.06 2151.81 7.75 2154.49 0.003321 13.42 2178.82 312.05 0.85
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9100.00* 28000 2144.04 2151.76 7.72 2154.46 0.003378 13.49 2167.08 311.74 0.86
9090.00* 28000 2144.02 2151.69 7.67 2151.08 2154.43 0.003445 13.57 2153.49 311.38 0.86

9080 28000 2144 2151.07 7.07 2151.07 2154.34 0.004566 14.8 1968.51 306.59 0.98
9072.5* 28000 2141.5 2148.57 7.07 2148.57 2151.84 0.004566 14.8 1968.51 306.59 0.98
9065.*  28000 2139 2146.07 7.07 2146.07 2149.34 0.004566 14.8 1968.51 306.59 0.98
9057.5* 28000 2136.5 2143.57 7.07 2143.57 2146.84 0.004566 14.8 1968.51 306.59 0.98

9050 28000 2134 2142.69 8.69 2144.77 0.002236 11.88 2473.22 319.49 0.71
9040.*  28000 2133.98 2142.66 8.68 2144.75 0.002239 11.88 2472.03 319.45 0.71
9030.*  28000 2133.97 2142.63 8.66 2144.73 0.002257 11.91 2465.72 319.3 0.71
9020.*  28000 2133.95 2142.61 8.66 2144.71 0.002261 11.92 2464.47 319.26 0.71
9010.*  28000 2133.93 2142.58 8.65 2144.68 0.002265 11.92 2463.11 319.22 0.71
9000.*  28000 2133.92 2142.55 8.63 2144.67 0.002283 11.95 2456.67 319.07 0.72
8990.*  28000 2133.9 2142.53 8.63 2144.64 0.002287 11.96 2455.16 319.02 0.72
8980.*  28000 2133.89 2142.5 8.61 2144.62 0.002306 11.99 2448.76 318.89 0.72
8970.*  28000 2133.87 2142.47 8.6 2144.6 0.002311 12 2447.1 318.84 0.72
8960.*  28000 2133.85 2142.45 8.6 2144.58 0.002316 12.01 2445.35 318.78 0.72
8950.*  28000 2133.84 2142.42 8.58 2144.56 0.002336 12.04 2438.76 318.63 0.72
8940.*  28000 2133.82 2142.39 8.57 2144.54 0.002341 12.05 2437.05 318.59 0.73
8930.*  28000 2133.8 2142.37 8.57 2144.51 0.002347 12.05 2435.13 318.51 0.73
8920.*  28000 2133.79 2142.34 8.55 2144.49 0.002367 12.09 2428.33 318.37 0.73
8910.*  28000 2133.77 2142.31 8.54 2144.47 0.002373 12.1 2426.44 318.32 0.73
8900.*  28000 2133.75 2142.28 8.53 2144.45 0.002379 12.11 2424.28 318.23 0.73
8890.*  28000 2133.74 2142.25 8.51 2144.43 0.002401 12.14 2417.36 318.09 0.73
8880.*  28000 2133.72 2142.22 8.5 2144.41 0.002407 12.15 2415.23 318.03 0.73
8870.*  28000 2133.71 2142.19 8.48 2144.39 0.00243 12.19 2407.96 317.85 0.74
8860.*  28000 2133.69 2142.16 8.47 2144.36 0.002437 12.2 2405.68 317.79 0.74
8850.*  28000 2133.67 2142.14 8.47 2144.34 0.002444 12.21 2403.42 317.73 0.74
8840.*  28000 2133.66 2142.1 8.44 2144.32 0.002468 12.24 2396.02 317.57 0.74
8830.*  28000 2133.64 2142.08 8.44 2144.3 0.002476 12.26 2393.42 317.48 0.74

19 of 47 Appendix  B - Beacon Solar Energy Project



River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

8820.*  28000 2133.62 2142.05 8.43 2144.27 0.002485 12.27 2390.75 317.4 0.74
8810.*  28000 2133.61 2142.01 8.4 2144.25 0.00251 12.31 2383.15 317.24 0.75
8800.*  28000 2133.59 2141.98 8.39 2144.23 0.002519 12.32 2380.3 317.14 0.75
8790.*  28000 2133.57 2141.96 8.39 2144.21 0.002528 12.34 2377.49 317.06 0.75
8780.*  28000 2133.56 2141.92 8.36 2144.19 0.002555 12.38 2369.57 316.89 0.75
8770.*  28000 2133.54 2141.89 8.35 2144.16 0.002565 12.39 2366.41 316.78 0.76
8760.*  28000 2133.53 2141.85 8.32 2144.14 0.002598 12.44 2356.82 316.57 0.76
8750.*  28000 2133.51 2141.82 8.31 2144.12 0.002609 12.46 2353.61 316.48 0.76
8740.*  28000 2133.49 2141.79 8.3 2144.09 0.002621 12.47 2350.17 316.37 0.76
8730.*  28000 2133.48 2141.75 8.27 2144.07 0.002657 12.53 2340.02 316.14 0.77
8720.*  28000 2133.46 2141.72 8.26 2144.05 0.002669 12.54 2336.54 316.05 0.77
8710.*  28000 2133.44 2141.68 8.24 2144.02 0.002682 12.56 2332.89 315.95 0.77
8700.*  28000 2133.43 2141.64 8.21 2144 0.002722 12.62 2322.04 315.68 0.78
8690.*  28000 2133.41 2141.61 8.2 2143.97 0.002736 12.64 2318.07 315.57 0.78
8680.*  28000 2133.4 2141.56 8.16 2143.95 0.002778 12.7 2306.98 315.32 0.78
8670.*  28000 2133.38 2141.53 8.15 2143.93 0.002794 12.72 2302.53 315.18 0.79
8660.*  28000 2133.36 2141.49 8.13 2143.9 0.002812 12.75 2297.97 315.06 0.79
8650.*  28000 2133.35 2141.44 8.09 2143.88 0.002864 12.82 2284.48 314.74 0.79
8640.*  28000 2133.33 2141.41 8.08 2143.85 0.002883 12.85 2279.51 314.59 0.8
8630.*  28000 2133.31 2141.37 8.06 2143.83 0.002903 12.87 2274.6 314.46 0.8
8620.*  28000 2133.3 2141.31 8.01 2143.8 0.002962 12.95 2259.97 314.12 0.81
8610.*  28000 2133.28 2141.28 8 2143.77 0.002985 12.98 2254.41 313.95 0.81
8600.*  28000 2133.26 2141.24 7.98 2143.75 0.003008 13.01 2248.78 313.8 0.81
8590.*  28000 2133.25 2141.17 7.92 2143.72 0.003084 13.11 2231.01 313.37 0.82
8580.*  28000 2133.23 2141.13 7.9 2143.7 0.003111 13.15 2224.71 313.21 0.82
8570.*  28000 2133.22 2141.05 7.83 2143.67 0.003209 13.28 2202.89 312.65 0.84
8560.*  28000 2133.2 2141 7.8 2143.64 0.00325 13.33 2194 312.42 0.84
8550.*  28000 2133.18 2140.95 7.77 2143.61 0.003293 13.38 2184.77 312.18 0.85
8540.*  28000 2133.17 2140.84 7.67 2140.23 2143.58 0.003444 13.57 2153.58 311.39 0.86
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8530 28000 2133.15 2140.22 7.07 2140.22 2143.49 0.004566 14.8 1968.51 306.59 0.98
8520.*  28000 2129.82 2136.89 7.07 2136.89 2140.16 0.004568 14.8 1968.25 306.59 0.98
8510.*  28000 2126.48 2133.55 7.07 2133.55 2136.82 0.004566 14.8 1968.47 306.58 0.98

8500 28000 2123.15 2131.86 8.71 2133.93 0.002214 11.84 2481.02 319.68 0.71
8490.*  28000 2123.13 2131.84 8.71 2133.91 0.002217 11.84 2479.92 319.65 0.71
8480.*  28000 2123.11 2131.81 8.7 2133.89 0.00222 11.85 2478.77 319.63 0.71
8470.*  28000 2123.09 2131.79 8.7 2133.87 0.002223 11.86 2477.73 319.61 0.71
8460.*  28000 2123.07 2131.77 8.7 2133.84 0.002226 11.86 2476.63 319.58 0.71
8450.*  28000 2123.05 2131.74 8.69 2133.82 0.00223 11.87 2475.55 319.56 0.71
8440.*  28000 2123.02 2131.72 8.7 2133.8 0.002223 11.85 2477.84 319.59 0.71
8430.*  28000 2123 2131.7 8.7 2133.77 0.002226 11.86 2476.74 319.56 0.71
8420.*  28000 2122.98 2131.67 8.69 2133.75 0.002229 11.86 2475.66 319.54 0.71
8410.*  28000 2122.96 2131.65 8.69 2133.73 0.002232 11.87 2474.63 319.52 0.71
8400.*  28000 2122.94 2131.63 8.69 2133.71 0.002235 11.87 2473.54 319.49 0.71
8390.*  28000 2122.92 2131.6 8.68 2133.69 0.002238 11.88 2472.47 319.47 0.71
8380.*  28000 2122.9 2131.58 8.68 2133.67 0.002241 11.88 2471.28 319.44 0.71
8370.*  28000 2122.88 2131.56 8.68 2133.64 0.002245 11.89 2470 319.4 0.71
8360.*  28000 2122.86 2131.53 8.67 2133.62 0.002249 11.9 2468.72 319.38 0.71
8350.*  28000 2122.84 2131.51 8.67 2133.6 0.002252 11.9 2467.61 319.36 0.71
8340.*  28000 2122.82 2131.48 8.66 2133.58 0.002256 11.91 2466.33 319.32 0.71
8330.*  28000 2122.8 2131.46 8.66 2133.56 0.002259 11.91 2465.07 319.29 0.71
8320.*  28000 2122.77 2131.44 8.67 2133.53 0.002253 11.9 2467.32 319.33 0.71
8310.*  28000 2122.75 2131.41 8.66 2133.51 0.002256 11.91 2466.04 319.29 0.71
8300.*  28000 2122.73 2131.39 8.66 2133.49 0.00226 11.91 2464.78 319.26 0.71
8290.*  28000 2122.71 2131.37 8.66 2133.47 0.002263 11.92 2463.65 319.25 0.71
8280.*  28000 2122.69 2131.34 8.65 2133.44 0.002267 11.93 2462.29 319.21 0.71
8270.*  28000 2122.67 2131.32 8.65 2133.42 0.002271 11.93 2460.95 319.17 0.72
8260.*  28000 2122.65 2131.29 8.64 2133.4 0.002275 11.94 2459.67 319.15 0.72
8250.*  28000 2122.63 2131.27 8.64 2133.38 0.002279 11.95 2458.23 319.11 0.72
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8240.*  28000 2122.61 2131.24 8.63 2133.36 0.002283 11.95 2456.82 319.08 0.72
8230.*  28000 2122.59 2131.22 8.63 2133.33 0.002287 11.96 2455.46 319.06 0.72
8220.*  28000 2122.57 2131.2 8.63 2133.31 0.002291 11.97 2454.04 319.02 0.72
8210.*  28000 2122.54 2131.17 8.63 2133.28 0.002285 11.96 2456.15 319.04 0.72
8200.*  28000 2122.52 2131.15 8.63 2133.26 0.002289 11.96 2454.79 319.02 0.72
8190.*  28000 2122.5 2131.12 8.62 2133.24 0.002293 11.97 2453.27 318.97 0.72
8180.*  28000 2122.48 2131.1 8.62 2133.22 0.002297 11.97 2451.94 318.95 0.72
8170.*  28000 2122.46 2131.07 8.61 2133.2 0.002301 11.98 2450.5 318.92 0.72
8160.*  28000 2122.44 2131.05 8.61 2133.17 0.002306 11.99 2448.91 318.88 0.72
8150.*  28000 2122.42 2131.03 8.61 2133.15 0.00231 12 2447.33 318.83 0.72
8140.*  28000 2122.4 2131 8.6 2133.13 0.002315 12 2445.82 318.81 0.72
8130.*  28000 2122.38 2130.98 8.6 2133.11 0.00232 12.01 2444.15 318.76 0.72
8120.*  28000 2122.36 2130.95 8.59 2133.08 0.002325 12.02 2442.51 318.73 0.72
8110.*  28000 2122.34 2130.92 8.58 2133.06 0.00233 12.03 2440.9 318.69 0.72
8100.*  28000 2122.32 2130.9 8.58 2133.04 0.002334 12.03 2439.25 318.65 0.72
8090.*  28000 2122.29 2130.88 8.59 2133.01 0.002328 12.03 2441.2 318.67 0.72
8080.*  28000 2122.27 2130.85 8.58 2132.99 0.002333 12.03 2439.58 318.63 0.72
8070.*  28000 2122.25 2130.83 8.58 2132.97 0.002338 12.04 2437.86 318.58 0.72
8060.*  28000 2122.23 2130.8 8.57 2132.95 0.002343 12.05 2436.22 318.56 0.73
8050.*  28000 2122.21 2130.77 8.56 2132.92 0.002348 12.06 2434.53 318.52 0.73
8040.*  28000 2122.19 2130.75 8.56 2132.9 0.002354 12.07 2432.74 318.47 0.73
8030.*  28000 2122.17 2130.72 8.55 2132.88 0.002359 12.07 2430.93 318.43 0.73
8020.*  28000 2122.15 2130.7 8.55 2132.86 0.002365 12.08 2429.03 318.37 0.73
8010.*  28000 2122.13 2130.67 8.54 2132.83 0.002371 12.09 2427.21 318.33 0.73
8000.*  28000 2122.11 2130.65 8.54 2132.81 0.002376 12.1 2425.35 318.3 0.73
7990.*  28000 2122.09 2130.62 8.53 2132.79 0.002382 12.11 2423.37 318.25 0.73
7980.*  28000 2122.06 2130.6 8.54 2132.76 0.002377 12.1 2425.2 318.27 0.73
7970.*  28000 2122.04 2130.57 8.53 2132.74 0.002383 12.11 2423.24 318.22 0.73
7960.*  28000 2122.02 2130.54 8.52 2132.72 0.002389 12.12 2421.19 318.16 0.73
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7950.*  28000 2122 2130.52 8.52 2132.69 0.002395 12.13 2419.38 318.14 0.73
7940.*  28000 2121.98 2130.49 8.51 2132.67 0.002401 12.14 2417.34 318.09 0.73
7930.*  28000 2121.96 2130.46 8.5 2132.65 0.002407 12.15 2415.29 318.03 0.73
7920.*  28000 2121.94 2130.44 8.5 2132.62 0.002414 12.16 2413.24 317.98 0.74
7910.*  28000 2121.92 2130.41 8.49 2132.6 0.00242 12.17 2411.13 317.93 0.74
7900.*  28000 2121.9 2130.38 8.48 2132.58 0.002427 12.18 2408.91 317.86 0.74
7890.*  28000 2121.88 2130.36 8.48 2132.55 0.002434 12.19 2406.88 317.84 0.74
7880.*  28000 2121.86 2130.33 8.47 2132.53 0.002441 12.2 2404.47 317.78 0.74
7870.*  28000 2121.84 2130.3 8.46 2132.51 0.002449 12.21 2402.1 317.71 0.74
7860.*  28000 2121.81 2130.28 8.47 2132.48 0.002443 12.21 2403.79 317.73 0.74
7850.*  28000 2121.79 2130.25 8.46 2132.46 0.002451 12.22 2401.42 317.66 0.74
7840.*  28000 2121.77 2130.22 8.45 2132.44 0.002458 12.23 2399.07 317.6 0.74
7830.*  28000 2121.75 2130.2 8.45 2132.41 0.002465 12.24 2396.9 317.58 0.74
7820.*  28000 2121.73 2130.17 8.44 2132.39 0.002473 12.25 2394.45 317.51 0.74
7810.*  28000 2121.71 2130.14 8.43 2132.37 0.002481 12.26 2392.03 317.44 0.74
7800.*  28000 2121.69 2130.11 8.42 2132.34 0.002489 12.28 2389.6 317.39 0.75
7790.*  28000 2121.67 2130.09 8.42 2132.32 0.002497 12.29 2387 317.32 0.75
7780.*  28000 2121.65 2130.06 8.41 2132.3 0.002506 12.3 2384.43 317.25 0.75
7770.*  28000 2121.63 2130.03 8.4 2132.27 0.002514 12.31 2382.03 317.22 0.75
7760.*  28000 2121.61 2130 8.39 2132.25 0.002523 12.33 2379.2 317.14 0.75
7750.*  28000 2121.58 2129.98 8.4 2132.22 0.002518 12.32 2380.48 317.13 0.75
7740.*  28000 2121.56 2129.95 8.39 2132.2 0.002527 12.33 2377.9 317.08 0.75
7730.*  28000 2121.54 2129.92 8.38 2132.17 0.002536 12.35 2375.07 317 0.75
7720.00* 28000 2121.52 2129.89 8.37 2132.15 0.002546 12.36 2372.37 316.95 0.75
7710.00* 28000 2121.5 2129.86 8.36 2132.13 0.002555 12.38 2369.56 316.89 0.75
7700.00* 28000 2121.48 2129.83 8.35 2132.1 0.002565 12.39 2366.58 316.81 0.76
7690.00* 28000 2121.46 2129.8 8.34 2132.08 0.002575 12.41 2363.62 316.73 0.76
7680.00* 28000 2121.44 2129.77 8.33 2132.05 0.002585 12.42 2360.6 316.65 0.76
7670.00* 28000 2121.42 2129.74 8.32 2132.03 0.002596 12.44 2357.54 316.58 0.76
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7660.00* 28000 2121.4 2129.71 8.31 2132.01 0.002606 12.45 2354.54 316.52 0.76
7650.00* 28000 2121.38 2129.68 8.3 2131.98 0.002618 12.47 2351.27 316.44 0.76
7640.00* 28000 2121.36 2129.65 8.29 2131.96 0.002629 12.48 2347.99 316.36 0.76
7630.00* 28000 2121.33 2129.63 8.3 2131.93 0.002626 12.48 2348.86 316.34 0.76
7620.00* 28000 2121.31 2129.59 8.28 2131.91 0.002637 12.5 2345.52 316.25 0.77
7610.00* 28000 2121.29 2129.56 8.27 2131.88 0.002649 12.51 2342.23 316.17 0.77
7600.00* 28000 2121.27 2129.53 8.26 2131.86 0.002661 12.53 2338.93 316.11 0.77
7590.00* 28000 2121.25 2129.5 8.25 2131.83 0.002674 12.55 2335.33 316.01 0.77
7580.00* 28000 2121.23 2129.47 8.24 2131.81 0.002686 12.57 2331.84 315.93 0.77
7570.00* 28000 2121.21 2129.44 8.23 2131.79 0.0027 12.59 2328.12 315.83 0.77
7560.00* 28000 2121.19 2129.41 8.22 2131.76 0.002713 12.61 2324.29 315.72 0.78
7550.00* 28000 2121.17 2129.38 8.21 2131.74 0.002727 12.63 2320.5 315.64 0.78
7540.00* 28000 2121.15 2129.34 8.19 2131.71 0.002741 12.65 2316.74 315.57 0.78
7530.00* 28000 2121.13 2129.31 8.18 2131.69 0.002756 12.67 2312.69 315.45 0.78
7520.00* 28000 2121.1 2129.28 8.18 2131.66 0.002754 12.67 2313.16 315.44 0.78
7510.00* 28000 2121.08 2129.25 8.17 2131.63 0.002769 12.69 2309.06 315.33 0.78
7500.00* 28000 2121.06 2129.22 8.16 2131.61 0.002785 12.71 2304.87 315.21 0.78
7490.00* 28000 2121.04 2129.18 8.14 2131.58 0.002801 12.73 2300.7 315.12 0.79
7480.00* 28000 2121.02 2129.15 8.13 2131.56 0.002817 12.75 2296.5 315.04 0.79
7470.00* 28000 2121 2129.12 8.12 2131.53 0.002835 12.78 2291.99 314.91 0.79
7460.00* 28000 2120.98 2129.08 8.1 2131.51 0.002852 12.8 2287.51 314.81 0.79
7450.00* 28000 2120.96 2129.05 8.09 2131.48 0.00287 12.83 2282.8 314.69 0.8
7440.00* 28000 2120.94 2129.01 8.07 2131.46 0.00289 12.85 2277.91 314.55 0.8
7430.00* 28000 2120.92 2128.98 8.06 2131.43 0.002908 12.88 2273.35 314.48 0.8
7420.00* 28000 2120.9 2128.94 8.04 2131.41 0.002929 12.91 2268.26 314.34 0.8
7410.00* 28000 2120.88 2128.9 8.02 2131.38 0.00295 12.94 2263.06 314.2 0.8
7400.00* 28000 2120.85 2128.87 8.02 2131.35 0.00295 12.94 2262.92 314.16 0.8
7390.00* 28000 2120.83 2128.84 8.01 2131.33 0.002971 12.97 2257.6 314.02 0.81
7380.00* 28000 2120.81 2128.8 7.99 2131.3 0.002994 13 2252.1 313.87 0.81
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7370.00* 28000 2120.79 2128.76 7.97 2131.28 0.003017 13.03 2246.69 313.76 0.81
7360.00* 28000 2120.77 2128.72 7.95 2131.25 0.003041 13.06 2241.09 313.63 0.82
7350.00* 28000 2120.75 2128.68 7.93 2131.23 0.003066 13.09 2235.14 313.46 0.82
7340.00* 28000 2120.73 2128.64 7.91 2131.2 0.003092 13.13 2229.07 313.3 0.82
7330.00* 28000 2120.71 2128.6 7.89 2131.17 0.003119 13.16 2222.92 313.15 0.83
7320.00* 28000 2120.69 2128.56 7.87 2131.15 0.003147 13.2 2216.57 312.99 0.83
7310.00* 28000 2120.67 2128.52 7.85 2131.12 0.003175 13.23 2210.28 312.86 0.83
7300.00* 28000 2120.65 2128.48 7.83 2131.1 0.003206 13.27 2203.59 312.7 0.84
7290.00* 28000 2120.63 2128.44 7.81 2131.07 0.003237 13.31 2196.7 312.51 0.84
7280.00* 28000 2120.6 2128.41 7.81 2131.04 0.003246 13.32 2194.75 312.4 0.84
7270.00* 28000 2120.58 2128.36 7.78 2131.01 0.003288 13.38 2185.79 312.18 0.85
7260.00* 28000 2120.56 2128.31 7.75 2130.98 0.003333 13.43 2176.24 311.93 0.85
7250.00* 28000 2120.54 2128.25 7.71 2130.96 0.00338 13.49 2166.62 311.71 0.86
7240.00* 28000 2120.52 2128.2 7.68 2127.59 2130.93 0.003434 13.56 2155.55 311.2 0.86

7230 28000 2120.5 2127.57 7.07 2127.57 2130.84 0.004573 14.81 1967.61 306.56 0.98
7222.5* 28000 2118 2125.07 7.07 2125.07 2128.34 0.004566 14.8 1968.51 306.59 0.98
7215.*  28000 2115.5 2122.57 7.07 2122.57 2125.84 0.004566 14.8 1968.51 306.59 0.98
7207.5* 28000 2113 2120.07 7.07 2120.07 2123.34 0.004566 14.8 1968.51 306.59 0.98

7200 28000 2110.5 2118.28 7.78 2120.93 0.003277 13.36 2188.11 312.27 0.84
7190.1* 28000 2110.48 2118.23 7.75 2120.91 0.00332 13.42 2178.97 312.03 0.85
7180.2* 28000 2110.46 2118.18 7.72 2120.88 0.003364 13.47 2169.75 311.79 0.85
7170.3* 28000 2110.44 2118.14 7.7 2120.85 0.00314 13.52 2161.08 311.57 0.86
7160.4* 28000 2110.42 2118.1 7.68 2120.83 0.00317 13.56 2154.54 311.4 0.86
7150.5* 28000 2110.4 2118.05 7.65 2120.8 0.003201 13.6 2147.85 311.23 0.87
7140.6* 28000 2110.38 2118.01 7.63 2120.78 0.003243 13.66 2138.96 311 0.87
7130.7* 28000 2110.36 2117.95 7.59 2120.75 0.003296 13.73 2127.89 310.72 0.88
7120.8* 28000 2110.34 2117.9 7.56 2120.73 0.003064 13.78 2119.54 310.5 0.88
7110.9* 28000 2110.32 2117.86 7.54 2120.7 0.003093 13.82 2113.33 310.34 0.89
7101.*  28000 2110.3 2117.82 7.52 2120.68 0.003122 13.86 2106.89 310.18 0.89
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7091.1* 28000 2110.28 2117.77 7.49 2117.35 2120.65 0.003163 13.91 2098.18 309.95 0.9
7081.2* 28000 2110.26 2117.72 7.46 2117.33 2120.63 0.003215 13.98 2087.37 309.67 0.9
7071.3* 28000 2110.24 2117.67 7.43 2117.31 2120.6 0.002977 14.04 2079.28 309.47 0.91
7061.4* 28000 2110.22 2117.63 7.41 2117.29 2120.58 0.003004 14.08 2073.47 309.31 0.91
7051.5* 28000 2110.2 2117.6 7.4 2117.27 2120.56 0.003031 14.11 2067.42 309.16 0.91
7041.6* 28000 2110.18 2117.55 7.37 2117.25 2120.54 0.00306 14.16 2061.16 309 0.92
7031.7* 28000 2110.16 2117.49 7.33 2117.23 2120.51 0.00312 14.24 2048.57 308.67 0.93
7021.8* 28000 2110.14 2117.46 7.32 2117.21 2120.49 0.002867 14.28 2043.07 308.53 0.93
7011.9* 28000 2110.12 2117.42 7.3 2117.19 2120.47 0.002891 14.31 2037.65 308.39 0.93
7002.*  28000 2110.1 2117.38 7.28 2117.17 2120.45 0.002915 14.35 2032.23 308.25 0.94
6992.1* 28000 2110.08 2117.34 7.26 2117.15 2120.43 0.00294 14.39 2026.66 308.1 0.94
6982.2* 28000 2110.06 2117.31 7.25 2117.13 2120.4 0.002964 14.43 2021.4 307.96 0.94
6972.3* 28000 2110.04 2117.27 7.23 2117.11 2120.38 0.002708 14.46 2016.81 307.85 0.95
6962.4* 28000 2110.02 2117.24 7.22 2117.09 2120.36 0.002726 14.49 2012.45 307.73 0.95
6952.5* 28000 2110 2117.2 7.2 2117.07 2120.34 0.002745 14.52 2008.02 307.62 0.95
6942.6* 28000 2109.98 2117.17 7.19 2117.05 2120.32 0.002765 14.55 2003.44 307.5 0.96
6932.7* 28000 2109.96 2117.13 7.17 2117.03 2120.3 0.002784 14.58 1999.16 307.39 0.96
6922.8* 28000 2109.94 2117.1 7.16 2117.01 2120.28 0.002526 14.6 1995.71 307.3 0.96
6912.9* 28000 2109.92 2117.07 7.15 2116.99 2120.26 0.002539 14.63 1992.49 307.21 0.96
6903.*  28000 2109.9 2117.04 7.14 2116.97 2120.24 0.002552 14.65 1989.26 307.13 0.97
6893.1* 28000 2109.88 2117.01 7.13 2116.95 2120.22 0.002566 14.67 1985.89 307.04 0.97
6883.2* 28000 2109.86 2116.98 7.12 2116.93 2120.2 0.002579 14.7 1982.67 306.96 0.97
6873.3* 28000 2109.84 2116.95 7.11 2116.91 2120.18 0.002323 14.71 1980.42 306.9 0.97
6863.4* 28000 2109.82 2116.93 7.11 2116.89 2120.16 0.00233 14.73 1978.54 306.85 0.97
6853.5* 28000 2109.8 2116.9 7.1 2116.87 2120.14 0.002337 14.74 1976.52 306.8 0.97
6843.6* 28000 2109.78 2116.87 7.09 2116.85 2120.12 0.002345 14.76 1974.5 306.74 0.98
6833.7* 28000 2109.76 2116.85 7.09 2116.83 2120.1 0.002351 14.77 1972.85 306.7 0.98
6823.8* 28000 2109.74 2116.83 7.09 2116.81 2120.08 0.0021 14.77 1972.03 306.68 0.98
6813.9* 28000 2109.72 2116.8 7.08 2116.79 2120.06 0.002101 14.78 1971.58 306.67 0.98
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6804.*  28000 2109.7 2116.78 7.08 2116.77 2120.04 0.002103 14.78 1971.13 306.66 0.98
6794.1* 28000 2109.68 2116.76 7.08 2116.75 2120.02 0.002104 14.78 1970.68 306.64 0.98
6784.2* 28000 2109.66 2116.74 7.08 2116.73 2120 0.002105 14.79 1970.45 306.64 0.98
6774.3* 28000 2109.64 2116.72 7.08 2116.71 2119.98 0.001864 14.78 1970.6 306.64 0.98
6764.4* 28000 2109.62 2116.7 7.08 2116.69 2119.96 0.001863 14.78 1971.06 306.65 0.98
6754.5* 28000 2109.6 2116.68 7.08 2116.67 2119.94 0.001861 14.78 1971.58 306.67 0.98
6744.6* 28000 2109.58 2116.66 7.08 2116.65 2119.92 0.001869 14.8 1969.03 306.6 0.98
6734.7* 28000 2109.56 2116.64 7.08 2116.63 2119.9 0.001867 14.79 1969.56 306.62 0.98
6724.8* 28000 2109.54 2116.62 7.08 2116.61 2119.88 0.001639 14.79 1970.38 306.64 0.98
6714.9* 28000 2109.52 2116.6 7.08 2116.59 2119.86 0.001636 14.78 1971.58 306.67 0.98

6705 28000 2109.5 2116.57 7.07 2116.57 2119.84 0.001644 14.8 1968.51 306.59 0.98
6695.*  28000 2106.17 2113.24 7.07 2113.24 2116.51 0.002366 14.8 1968.72 306.61 0.98
6685.*  28000 2102.83 2109.89 7.06 2109.89 2113.17 0.003563 14.83 1963.74 306.45 0.98

6675 28000 2099.5 2108.43 8.93 2110.39 0.00203 11.53 2551.3 321.44 0.68
6665.05* 28000 2099.48 2108.41 8.93 2110.37 0.00203 11.53 2551.17 321.42 0.68
6655.11* 28000 2099.47 2108.38 8.91 2110.35 0.002043 11.55 2546.27 321.32 0.68
6645.16* 28000 2099.45 2108.36 8.91 2110.33 0.002043 11.55 2546.06 321.31 0.68
6635.22* 28000 2099.43 2108.34 8.91 2110.31 0.002044 11.55 2545.8 321.28 0.68
6625.27* 28000 2099.42 2108.32 8.9 2110.29 0.002056 11.57 2540.88 321.19 0.68
6615.33* 28000 2099.4 2108.3 8.9 2110.27 0.002057 11.57 2540.53 321.16 0.68
6605.38* 28000 2099.38 2108.28 8.9 2110.25 0.002057 11.57 2540.24 321.15 0.68
6595.44* 28000 2099.37 2108.25 8.88 2110.23 0.002071 11.6 2535.12 321.04 0.69
6585.5* 28000 2099.35 2108.23 8.88 2110.21 0.002071 11.6 2534.75 321.02 0.69
6575.55* 28000 2099.33 2108.21 8.88 2110.19 0.002072 11.6 2534.39 321 0.69
6565.61* 28000 2099.32 2108.18 8.86 2110.17 0.002086 11.62 2529.26 320.9 0.69
6555.66* 28000 2099.3 2108.16 8.86 2110.15 0.002087 11.62 2528.82 320.88 0.69
6545.72* 28000 2099.28 2108.14 8.86 2110.13 0.002088 11.63 2528.31 320.84 0.69
6535.77* 28000 2099.27 2108.11 8.84 2110.11 0.002101 11.65 2523.25 320.76 0.69
6525.83* 28000 2099.25 2108.09 8.84 2110.09 0.002102 11.65 2522.67 320.72 0.69
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6515.88* 28000 2099.23 2108.07 8.84 2110.07 0.002104 11.65 2522.14 320.69 0.69
6505.94* 28000 2099.22 2108.04 8.82 2110.05 0.002118 11.68 2516.87 320.59 0.69
6496.*  28000 2099.2 2108.02 8.82 2110.03 0.002119 11.68 2516.27 320.56 0.69
6486.05* 28000 2099.18 2108 8.82 2110.01 0.002121 11.68 2515.66 320.54 0.69
6476.11* 28000 2099.17 2107.97 8.8 2109.99 0.002135 11.71 2510.32 320.43 0.7
6466.16* 28000 2099.15 2107.95 8.8 2109.97 0.002137 11.71 2509.64 320.4 0.7
6456.22* 28000 2099.13 2107.93 8.8 2109.95 0.002138 11.71 2508.89 320.36 0.7
6446.27* 28000 2099.12 2107.9 8.78 2109.93 0.002153 11.74 2503.39 320.26 0.7
6436.33* 28000 2099.1 2107.88 8.78 2109.91 0.002156 11.74 2502.48 320.21 0.7
6426.38* 28000 2099.08 2107.86 8.78 2109.89 0.002158 11.75 2501.72 320.18 0.7
6416.44* 28000 2099.07 2107.83 8.76 2109.87 0.002173 11.77 2496.15 320.07 0.7
6406.5* 28000 2099.05 2107.81 8.76 2109.85 0.002175 11.77 2495.24 320.04 0.7
6396.55* 28000 2099.03 2107.78 8.75 2109.83 0.002178 11.78 2494.32 320 0.7
6386.61* 28000 2099.02 2107.75 8.73 2109.81 0.002193 11.8 2488.68 319.89 0.7
6376.66* 28000 2099 2107.73 8.73 2109.79 0.002196 11.81 2487.68 319.85 0.7
6366.72* 28000 2098.98 2107.71 8.73 2109.77 0.002199 11.81 2486.54 319.8 0.7
6356.77* 28000 2098.97 2107.68 8.71 2109.75 0.002215 11.84 2480.81 319.7 0.71
6346.83* 28000 2098.95 2107.66 8.71 2109.73 0.002218 11.85 2479.59 319.64 0.71
6336.88* 28000 2098.93 2107.63 8.7 2109.71 0.002221 11.85 2478.44 319.6 0.71
6326.94* 28000 2098.92 2107.6 8.68 2109.69 0.002238 11.88 2472.5 319.48 0.71
6317.*  28000 2098.9 2107.58 8.68 2109.67 0.002241 11.88 2471.27 319.44 0.71
6307.05* 28000 2098.88 2107.56 8.68 2109.64 0.002245 11.89 2469.96 319.39 0.71
6297.11* 28000 2098.87 2107.53 8.66 2109.63 0.002263 11.92 2463.79 319.27 0.71
6287.16* 28000 2098.85 2107.5 8.65 2109.6 0.002266 11.93 2462.48 319.22 0.71
6277.22* 28000 2098.83 2107.48 8.65 2109.58 0.002271 11.93 2460.95 319.16 0.72
6267.27* 28000 2098.82 2107.45 8.63 2109.56 0.002289 11.96 2454.85 319.05 0.72
6257.33* 28000 2098.8 2107.42 8.62 2109.54 0.002293 11.97 2453.25 318.98 0.72
6247.38* 28000 2098.78 2107.4 8.62 2109.52 0.002297 11.98 2451.7 318.93 0.72
6237.44* 28000 2098.77 2107.37 8.6 2109.5 0.002316 12.01 2445.31 318.8 0.72
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6227.5* 28000 2098.75 2107.34 8.59 2109.48 0.002321 12.01 2443.61 318.74 0.72
6217.55* 28000 2098.73 2107.32 8.59 2109.45 0.002326 12.02 2441.91 318.69 0.72
6207.61* 28000 2098.72 2107.29 8.57 2109.43 0.002346 12.05 2435.38 318.56 0.73
6197.66* 28000 2098.7 2107.26 8.56 2109.41 0.002352 12.06 2433.52 318.5 0.73
6187.72* 28000 2098.68 2107.24 8.56 2109.39 0.002357 12.07 2431.6 318.42 0.73
6177.77* 28000 2098.67 2107.2 8.53 2109.37 0.002378 12.1 2424.98 318.3 0.73
6167.83* 28000 2098.65 2107.18 8.53 2109.35 0.002384 12.11 2422.91 318.22 0.73
6157.88* 28000 2098.63 2107.15 8.52 2109.32 0.00239 12.12 2420.9 318.15 0.73
6147.94* 28000 2098.62 2107.12 8.5 2109.3 0.002412 12.16 2413.84 318.01 0.73
6138.*  28000 2098.6 2107.09 8.49 2109.28 0.002418 12.17 2411.67 317.94 0.74
6128.05* 28000 2098.58 2107.07 8.49 2109.26 0.002425 12.18 2409.43 317.87 0.74
6118.11* 28000 2098.57 2107.03 8.46 2109.24 0.002448 12.21 2402.3 317.72 0.74
6108.16* 28000 2098.55 2107.01 8.46 2109.22 0.002456 12.22 2399.91 317.65 0.74
6098.22* 28000 2098.53 2106.98 8.45 2109.19 0.002464 12.24 2397.36 317.56 0.74
6088.27* 28000 2098.52 2106.95 8.43 2109.17 0.002487 12.27 2390.15 317.42 0.75
6078.33* 28000 2098.5 2106.92 8.42 2109.15 0.002496 12.29 2387.45 317.33 0.75
6068.38* 28000 2098.48 2106.89 8.41 2109.13 0.002504 12.3 2384.82 317.24 0.75
6058.44* 28000 2098.47 2106.85 8.38 2109.11 0.00253 12.34 2377.17 317.09 0.75
6048.5* 28000 2098.45 2106.83 8.38 2109.08 0.002539 12.35 2374.39 317 0.75
6038.55* 28000 2098.43 2106.8 8.37 2109.06 0.002548 12.37 2371.53 316.91 0.75
6028.61* 28000 2098.42 2106.76 8.34 2109.04 0.00258 12.41 2362.19 316.71 0.76
6018.66* 28000 2098.4 2106.73 8.33 2109.01 0.002591 12.43 2359.02 316.62 0.76
6008.72* 28000 2098.38 2106.7 8.32 2108.99 0.002602 12.45 2355.7 316.5 0.76
5998.77* 28000 2098.37 2106.66 8.29 2108.97 0.002636 12.5 2345.91 316.31 0.77
5988.83* 28000 2098.35 2106.62 8.27 2108.94 0.002649 12.51 2342.37 316.19 0.77
5978.88* 28000 2098.33 2106.59 8.26 2108.92 0.002661 12.53 2338.82 316.08 0.77
5968.94* 28000 2098.32 2106.55 8.23 2108.9 0.002698 12.58 2328.58 315.86 0.77
5959.*  28000 2098.3 2106.52 8.22 2108.87 0.002712 12.6 2324.73 315.75 0.77
5949.05* 28000 2098.28 2106.49 8.21 2108.85 0.002726 12.63 2320.8 315.63 0.78
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5939.11* 28000 2098.27 2106.44 8.17 2108.82 0.002767 12.68 2309.88 315.39 0.78
5929.16* 28000 2098.25 2106.41 8.16 2108.8 0.002782 12.71 2305.73 315.27 0.78
5919.22* 28000 2098.23 2106.37 8.14 2108.77 0.002799 12.73 2301.26 315.12 0.79
5909.27* 28000 2098.22 2106.32 8.1 2108.75 0.002849 12.8 2288.29 314.85 0.79
5899.33* 28000 2098.2 2106.29 8.09 2108.72 0.002868 12.82 2283.44 314.69 0.79
5889.38* 28000 2098.18 2106.25 8.07 2108.7 0.002887 12.85 2278.53 314.55 0.8
5879.44* 28000 2098.17 2106.2 8.03 2108.67 0.002944 12.93 2264.35 314.23 0.8
5869.5* 28000 2098.15 2106.16 8.01 2108.65 0.002966 12.96 2259.07 314.08 0.81
5859.55* 28000 2098.13 2106.12 7.99 2108.62 0.002988 12.99 2253.55 313.92 0.81
5849.61* 28000 2098.12 2106.06 7.94 2108.6 0.003062 13.09 2236.04 313.51 0.82
5839.66* 28000 2098.1 2106.02 7.92 2108.57 0.003088 13.12 2229.99 313.34 0.82
5829.72* 28000 2098.08 2105.98 7.9 2108.55 0.003116 13.16 2223.49 313.14 0.83
5819.77* 28000 2098.07 2105.9 7.83 2108.52 0.003211 13.28 2202.43 312.66 0.84
5809.83* 28000 2098.05 2105.85 7.8 2108.49 0.003252 13.33 2193.43 312.4 0.84
5799.88* 28000 2098.03 2105.8 7.77 2108.46 0.003296 13.39 2184.05 312.14 0.85
5789.94* 28000 2098.02 2105.69 7.67 2105.09 2108.43 0.003445 13.57 2153.55 311.4 0.86

5780 28000 2098 2105.07 7.07 2105.07 2108.34 0.004566 14.8 1968.51 306.59 0.98
5770.*  28000 2094.67 2101.73 7.06 2101.73 2105.01 0.004605 14.84 1963.23 306.46 0.98
5760.*  28000 2091.33 2098.4 7.07 2098.4 2101.67 0.004565 14.8 1968.71 306.59 0.98

5750 28000 2088 2096.64 8.64 2098.75 0.002275 11.94 2459.34 319.14 0.72
5740.*  28000 2087.98 2096.62 8.64 2098.73 0.002279 11.95 2457.98 319.11 0.72
5730.*  28000 2087.96 2096.59 8.63 2098.7 0.002284 11.95 2456.43 319.06 0.72
5720.*  28000 2087.94 2096.57 8.63 2098.68 0.002288 11.96 2454.98 319.03 0.72
5710.*  28000 2087.92 2096.54 8.62 2098.66 0.002292 11.97 2453.43 318.98 0.72
5700.*  28000 2087.9 2096.52 8.62 2098.64 0.002297 11.97 2451.98 318.95 0.72
5690.*  28000 2087.88 2096.5 8.62 2098.62 0.002301 11.98 2450.56 318.92 0.72
5680.*  28000 2087.86 2096.47 8.61 2098.59 0.002306 11.99 2448.76 318.86 0.72
5670.*  28000 2087.84 2096.45 8.61 2098.57 0.002311 12 2447.26 318.83 0.72
5660.*  28000 2087.82 2096.42 8.6 2098.55 0.002316 12 2445.53 318.77 0.72
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5650.*  28000 2087.81 2096.39 8.58 2098.53 0.002335 12.04 2439.04 318.65 0.72
5640.*  28000 2087.79 2096.36 8.57 2098.51 0.002341 12.04 2437.21 318.59 0.72
5630.*  28000 2087.77 2096.34 8.57 2098.48 0.002346 12.05 2435.41 318.55 0.73
5620.*  28000 2087.75 2096.31 8.56 2098.46 0.002351 12.06 2433.75 318.52 0.73
5610.*  28000 2087.73 2096.29 8.56 2098.44 0.002357 12.07 2431.79 318.45 0.73
5600.*  28000 2087.71 2096.26 8.55 2098.42 0.002362 12.08 2430.06 318.42 0.73
5590.*  28000 2087.69 2096.23 8.54 2098.39 0.002368 12.09 2428.15 318.36 0.73
5580.*  28000 2087.67 2096.21 8.54 2098.37 0.002373 12.1 2426.29 318.31 0.73
5570.*  28000 2087.65 2096.18 8.53 2098.35 0.002379 12.11 2424.39 318.27 0.73
5560.*  28000 2087.63 2096.16 8.53 2098.33 0.002386 12.12 2422.29 318.2 0.73
5550.*  28000 2087.61 2096.13 8.52 2098.3 0.002392 12.13 2420.24 318.16 0.73
5540.*  28000 2087.59 2096.1 8.51 2098.28 0.002398 12.14 2418.19 318.1 0.73
5530.*  28000 2087.57 2096.08 8.51 2098.26 0.002405 12.15 2416.08 318.05 0.73
5520.*  28000 2087.55 2096.05 8.5 2098.24 0.002412 12.16 2413.86 317.98 0.73
5510.*  28000 2087.53 2096.02 8.49 2098.21 0.002418 12.17 2411.77 317.93 0.74
5500.*  28000 2087.51 2096 8.49 2098.19 0.002425 12.18 2409.64 317.89 0.74
5490.*  28000 2087.49 2095.97 8.48 2098.17 0.002432 12.19 2407.36 317.82 0.74
5480.*  28000 2087.47 2095.94 8.47 2098.14 0.002439 12.2 2405.1 317.76 0.74
5470.*  28000 2087.45 2095.92 8.47 2098.12 0.002446 12.21 2402.74 317.7 0.74
5460.*  28000 2087.44 2095.88 8.44 2098.1 0.00247 12.25 2395.36 317.54 0.74
5450.*  28000 2087.42 2095.85 8.43 2098.08 0.002478 12.26 2392.94 317.5 0.74
5440.*  28000 2087.4 2095.83 8.43 2098.05 0.002487 12.27 2390.34 317.42 0.75
5430.*  28000 2087.38 2095.8 8.42 2098.03 0.002495 12.28 2387.79 317.36 0.75
5420.*  28000 2087.36 2095.77 8.41 2098.01 0.002504 12.3 2384.95 317.28 0.75
5410.*  28000 2087.34 2095.74 8.4 2097.98 0.002513 12.31 2382.31 317.21 0.75
5400.*  28000 2087.32 2095.71 8.39 2097.96 0.002522 12.33 2379.57 317.13 0.75
5390.*  28000 2087.3 2095.68 8.38 2097.94 0.002531 12.34 2376.82 317.07 0.75
5380.*  28000 2087.28 2095.65 8.37 2097.91 0.00254 12.35 2374.05 317 0.75
5370.*  28000 2087.26 2095.63 8.37 2097.89 0.00255 12.37 2371.05 316.92 0.75
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5360.*  28000 2087.24 2095.6 8.36 2097.86 0.00256 12.38 2368.13 316.85 0.75
5350.*  28000 2087.22 2095.57 8.35 2097.84 0.00257 12.4 2365.06 316.76 0.76
5340.*  28000 2087.2 2095.54 8.34 2097.82 0.00258 12.41 2362.06 316.68 0.76
5330.*  28000 2087.18 2095.51 8.33 2097.79 0.002591 12.43 2359.01 316.62 0.76
5320.*  28000 2087.16 2095.48 8.32 2097.77 0.002602 12.44 2355.8 316.53 0.76
5310.*  28000 2087.14 2095.45 8.31 2097.74 0.002613 12.46 2352.55 316.44 0.76
5300.*  28000 2087.12 2095.42 8.3 2097.72 0.002625 12.48 2349.02 316.34 0.76
5290.*  28000 2087.1 2095.39 8.29 2097.7 0.002637 12.5 2345.72 316.26 0.77
5280.*  28000 2087.08 2095.35 8.27 2097.67 0.002649 12.51 2342.18 316.16 0.77
5270.*  28000 2087.06 2095.32 8.26 2097.65 0.002661 12.53 2338.77 316.09 0.77
5260.*  28000 2087.05 2095.28 8.23 2097.63 0.002699 12.59 2328.29 315.86 0.77
5250.*  28000 2087.03 2095.25 8.22 2097.6 0.002713 12.61 2324.47 315.75 0.77
5240.*  28000 2087.01 2095.22 8.21 2097.58 0.002727 12.63 2320.62 315.65 0.78
5230.*  28000 2086.99 2095.18 8.19 2097.55 0.002742 12.65 2316.57 315.54 0.78
5220.*  28000 2086.97 2095.15 8.18 2097.53 0.002757 12.67 2312.61 315.45 0.78
5210.*  28000 2086.95 2095.12 8.17 2097.5 0.002772 12.69 2308.47 315.35 0.78
5200.*  28000 2086.93 2095.08 8.15 2097.48 0.002788 12.71 2304.1 315.23 0.78
5190.*  28000 2086.91 2095.05 8.14 2097.45 0.002805 12.74 2299.78 315.12 0.79
5180.*  28000 2086.89 2095.02 8.13 2097.43 0.002822 12.76 2295.28 314.99 0.79
5170.*  28000 2086.87 2094.98 8.11 2097.4 0.00284 12.79 2290.64 314.89 0.79
5160.*  28000 2086.85 2094.95 8.1 2097.38 0.002858 12.81 2285.87 314.74 0.79
5150.*  28000 2086.83 2094.91 8.08 2097.35 0.002877 12.84 2281.22 314.64 0.8
5140.*  28000 2086.81 2094.88 8.07 2097.33 0.002896 12.86 2276.41 314.52 0.8
5130.*  28000 2086.79 2094.84 8.05 2097.3 0.002916 12.89 2271.27 314.37 0.8
5120.*  28000 2086.77 2094.8 8.03 2097.28 0.002936 12.92 2266.28 314.26 0.8
5110.*  28000 2086.75 2094.77 8.02 2097.25 0.002958 12.95 2260.79 314.1 0.81
5100.*  28000 2086.73 2094.73 8 2097.23 0.00298 12.98 2255.49 313.98 0.81
5090.*  28000 2086.71 2094.69 7.98 2097.2 0.003003 13.01 2249.98 313.84 0.81
5080.*  28000 2086.69 2094.65 7.96 2097.17 0.003028 13.04 2244.08 313.67 0.81
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5070.*  28000 2086.68 2094.58 7.9 2097.15 0.003105 13.14 2226.19 313.27 0.82
5060.*  28000 2086.66 2094.54 7.88 2097.12 0.003133 13.18 2219.65 313.08 0.83
5050.*  28000 2086.64 2094.5 7.86 2097.09 0.003162 13.22 2213.23 312.93 0.83
5040.*  28000 2086.62 2094.46 7.84 2097.07 0.003202 13.27 2204.41 312.68 0.84
5030.*  28000 2086.6 2094.41 7.81 2097.04 0.003233 13.31 2197.54 312.52 0.84
5020.*  28000 2086.58 2094.37 7.79 2097.01 0.003275 13.36 2188.58 312.3 0.84
5010.*  28000 2086.56 2094.31 7.75 2096.99 0.00332 13.42 2178.97 312.03 0.85
5000.*  28000 2086.54 2094.26 7.72 2096.96 0.003377 13.49 2167.21 311.74 0.86
4990.*  28000 2086.52 2094.19 7.67 2093.59 2096.93 0.003445 13.57 2153.43 311.37 0.86

4980 28000 2086.5 2093.57 7.07 2093.57 2096.84 0.004566 14.8 1968.51 306.59 0.98
4970.*  28000 2083.17 2090.24 7.07 2090.24 2093.51 0.004565 14.8 1968.63 306.6 0.98
4960.*  28000 2079.83 2086.9 7.07 2086.9 2090.17 0.004566 14.8 1968.47 306.58 0.98

4950 28000 2076.5 2085 8.5 2087.18 0.002411 12.16 2413.92 318 0.73
4940.*  28000 2076.48 2084.97 8.49 2087.16 0.002418 12.17 2411.67 317.92 0.74
4930.*  28000 2076.46 2084.95 8.49 2087.14 0.002425 12.18 2409.63 317.89 0.74
4920.*  28000 2076.44 2084.92 8.48 2087.12 0.002432 12.19 2407.41 317.84 0.74
4910.*  28000 2076.43 2084.89 8.46 2087.1 0.002456 12.22 2399.93 317.66 0.74
4900.*  28000 2076.41 2084.86 8.45 2087.07 0.002463 12.24 2397.51 317.59 0.74
4890.*  28000 2076.39 2084.83 8.44 2087.05 0.002471 12.25 2395.1 317.53 0.74
4880.*  28000 2076.37 2084.8 8.43 2087.03 0.00248 12.26 2392.46 317.46 0.74
4870.*  28000 2076.35 2084.77 8.42 2087 0.002488 12.27 2389.89 317.4 0.75
4860.*  28000 2076.33 2084.75 8.42 2086.98 0.002496 12.29 2387.29 317.32 0.75
4850.*  28000 2076.31 2084.72 8.41 2086.96 0.002505 12.3 2384.64 317.25 0.75
4840.*  28000 2076.29 2084.69 8.4 2086.93 0.002513 12.31 2382.05 317.2 0.75
4830.*  28000 2076.27 2084.66 8.39 2086.91 0.002523 12.33 2379.2 317.11 0.75
4820.*  28000 2076.26 2084.62 8.36 2086.89 0.002554 12.37 2369.75 316.89 0.75
4810.*  28000 2076.24 2084.59 8.35 2086.86 0.002564 12.39 2366.85 316.82 0.76
4800.*  28000 2076.22 2084.56 8.34 2086.84 0.002574 12.4 2363.83 316.74 0.76
4790.*  28000 2076.2 2084.53 8.33 2086.81 0.002585 12.42 2360.68 316.65 0.76
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4780.*  28000 2076.18 2084.5 8.32 2086.79 0.002596 12.44 2357.5 316.57 0.76
4770.*  28000 2076.16 2084.47 8.31 2086.77 0.002607 12.45 2354.33 316.49 0.76
4760.*  28000 2076.14 2084.44 8.3 2086.74 0.002618 12.47 2351.09 316.41 0.76
4750.*  28000 2076.12 2084.41 8.29 2086.72 0.00263 12.49 2347.59 316.31 0.76
4740.*  28000 2076.11 2084.37 8.26 2086.7 0.002667 12.54 2337.22 316.06 0.77
4730.*  28000 2076.09 2084.34 8.25 2086.67 0.00268 12.56 2333.61 315.98 0.77
4720.*  28000 2076.07 2084.31 8.24 2086.65 0.002693 12.58 2329.98 315.9 0.77
4710.*  28000 2076.05 2084.27 8.22 2086.62 0.002707 12.6 2326.11 315.78 0.77
4700.*  28000 2076.03 2084.24 8.21 2086.6 0.002721 12.62 2322.11 315.66 0.78
4690.*  28000 2076.01 2084.21 8.2 2086.57 0.002735 12.64 2318.31 315.58 0.78
4680.*  28000 2075.99 2084.18 8.19 2086.55 0.00275 12.66 2314.25 315.48 0.78
4670.*  28000 2075.98 2084.13 8.15 2086.53 0.002794 12.72 2302.75 315.2 0.79
4660.*  28000 2075.96 2084.1 8.14 2086.5 0.00281 12.74 2298.44 315.09 0.79
4650.*  28000 2075.94 2084.06 8.12 2086.48 0.002827 12.77 2293.96 314.97 0.79
4640.*  28000 2075.92 2084.03 8.11 2086.45 0.002845 12.79 2289.34 314.85 0.79
4630.*  28000 2075.9 2083.99 8.09 2086.43 0.002863 12.82 2284.64 314.73 0.79
4620.*  28000 2075.88 2083.96 8.08 2086.4 0.002882 12.84 2279.75 314.6 0.8
4610.*  28000 2075.86 2083.92 8.06 2086.38 0.002902 12.87 2274.67 314.46 0.8
4600.*  28000 2075.84 2083.88 8.04 2086.35 0.002923 12.9 2269.65 314.35 0.8
4590.*  28000 2075.83 2083.83 8 2086.32 0.002984 12.98 2254.54 313.98 0.81
4580.*  28000 2075.81 2083.79 7.98 2086.3 0.003008 13.01 2248.88 313.82 0.81
4570.*  28000 2075.79 2083.75 7.96 2086.27 0.003032 13.05 2243.26 313.69 0.81
4560.*  28000 2075.77 2083.71 7.94 2086.25 0.003056 13.08 2237.47 313.55 0.82
4550.*  28000 2075.75 2083.67 7.92 2086.22 0.003083 13.11 2231.25 313.36 0.82
4540.*  28000 2075.73 2083.63 7.9 2086.2 0.00311 13.15 2225.05 313.21 0.82
4530.*  28000 2075.71 2083.59 7.88 2086.17 0.003138 13.18 2218.68 313.04 0.83
4520.*  28000 2075.69 2083.55 7.86 2086.14 0.003167 13.22 2212.04 312.87 0.83
4510.*  28000 2075.68 2083.47 7.79 2086.11 0.003272 13.36 2189.28 312.32 0.84
4500.*  28000 2075.66 2083.42 7.76 2086.09 0.003317 13.41 2179.69 312.06 0.85
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4490.*  28000 2075.64 2083.36 7.72 2086.06 0.003374 13.48 2167.8 311.75 0.86
4480.*  28000 2075.62 2083.29 7.67 2082.68 2086.03 0.003441 13.57 2154.26 311.42 0.86

4470 28000 2075.6 2082.67 7.07 2082.67 2085.94 0.004566 14.8 1968.51 306.59 0.98
4461.66* 28000 2072.27 2079.34 7.07 2079.34 2082.61 0.004568 14.8 1968.25 306.59 0.98
4453.33* 28000 2068.93 2076 7.07 2076 2079.27 0.004566 14.8 1968.47 306.58 0.98

4445 28000 2065.6 2074.14 8.54 2076.3 0.002373 12.1 2426.27 318.31 0.73
4435.*  28000 2065.58 2074.11 8.53 2076.28 0.002379 12.11 2424.54 318.29 0.73
4425.*  28000 2065.56 2074.09 8.53 2076.26 0.002385 12.11 2422.72 318.27 0.73
4415.*  28000 2065.54 2074.06 8.52 2076.23 0.00239 12.12 2420.93 318.26 0.73
4405.*  28000 2065.53 2074.03 8.5 2076.21 0.002412 12.16 2414.05 318.14 0.73
4395.*  28000 2065.51 2074 8.49 2076.19 0.002418 12.17 2412.17 318.12 0.74
4385.*  28000 2065.49 2073.98 8.49 2076.17 0.002425 12.18 2410.22 318.11 0.74
4375.*  28000 2065.47 2073.95 8.48 2076.14 0.002431 12.19 2408.33 318.1 0.74
4365.*  28000 2065.45 2073.92 8.47 2076.12 0.002438 12.2 2406.31 318.08 0.74
4355.*  28000 2065.43 2073.9 8.47 2076.1 0.002445 12.21 2404.12 318.04 0.74
4345.*  28000 2065.41 2073.87 8.46 2076.07 0.002452 12.22 2402.03 318.02 0.74
4335.*  28000 2065.4 2073.83 8.43 2076.05 0.002475 12.25 2394.88 317.9 0.74
4325.*  28000 2065.38 2073.81 8.43 2076.03 0.002482 12.26 2392.7 317.9 0.74
4315.*  28000 2065.36 2073.78 8.42 2076.01 0.002491 12.28 2390.3 317.87 0.75
4305.*  28000 2065.34 2073.75 8.41 2075.98 0.002499 12.29 2387.8 317.82 0.75
4295.*  28000 2065.32 2073.72 8.4 2075.96 0.002507 12.3 2385.41 317.8 0.75
4285.*  28000 2065.3 2073.69 8.39 2075.94 0.002515 12.31 2383.09 317.79 0.75
4275.*  28000 2065.29 2073.66 8.37 2075.92 0.00254 12.35 2375.58 317.67 0.75
4265.*  28000 2065.27 2073.63 8.36 2075.89 0.00255 12.36 2372.96 317.64 0.75
4255.*  28000 2065.25 2073.6 8.35 2075.87 0.002559 12.38 2370.19 317.59 0.75
4245.*  28000 2065.23 2073.57 8.34 2075.84 0.002568 12.39 2367.5 317.56 0.76
4235.*  28000 2065.21 2073.54 8.33 2075.82 0.002578 12.4 2364.89 317.55 0.76
4225.*  28000 2065.19 2073.51 8.32 2075.8 0.002588 12.42 2362.13 317.52 0.76
4215.*  28000 2065.17 2073.49 8.32 2075.77 0.002598 12.43 2359.3 317.49 0.76

35 of 47 Appendix  B - Beacon Solar Energy Project



River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

4205.*  28000 2065.16 2073.44 8.28 2075.75 0.002631 12.48 2349.73 317.31 0.76
4195.*  28000 2065.14 2073.41 8.27 2075.72 0.002642 12.5 2346.69 317.28 0.77
4185.*  28000 2065.12 2073.38 8.26 2075.7 0.002654 12.52 2343.4 317.24 0.77
4175.*  28000 2065.1 2073.35 8.25 2075.68 0.002666 12.53 2340.2 317.2 0.77
4165.*  28000 2065.08 2073.32 8.24 2075.65 0.002678 12.55 2336.92 317.16 0.77
4155.*  28000 2065.06 2073.29 8.23 2075.63 0.002691 12.57 2333.56 317.12 0.77
4145.*  28000 2065.04 2073.26 8.22 2075.6 0.002704 12.59 2330.16 317.09 0.77
4135.*  28000 2065.03 2073.21 8.18 2075.58 0.002742 12.64 2319.78 316.9 0.78
4125.*  28000 2065.01 2073.18 8.17 2075.55 0.002756 12.66 2316.07 316.86 0.78
4115.*  28000 2064.99 2073.15 8.16 2075.53 0.002771 12.68 2312.28 316.81 0.78
4105.*  28000 2064.97 2073.12 8.15 2075.5 0.002786 12.7 2308.58 316.78 0.78
4095.*  28000 2064.95 2073.08 8.13 2075.48 0.002801 12.72 2304.65 316.74 0.79
4085.*  28000 2064.93 2073.05 8.12 2075.45 0.002817 12.74 2300.47 316.66 0.79
4075.*  28000 2064.91 2073.02 8.11 2075.43 0.002834 12.77 2296.32 316.61 0.79
4065.*  28000 2064.9 2072.96 8.06 2075.4 0.002886 12.84 2283.16 316.36 0.8
4055.*  28000 2064.88 2072.93 8.05 2075.38 0.002904 12.86 2278.8 316.33 0.8
4045.*  28000 2064.86 2072.89 8.03 2075.35 0.002924 12.89 2274.06 316.27 0.8
4035.*  28000 2064.84 2072.86 8.02 2075.33 0.002944 12.92 2269.12 316.17 0.8
4025.*  28000 2064.82 2072.82 8 2075.3 0.002964 12.94 2264.23 316.11 0.81
4015.*  28000 2064.8 2072.78 7.98 2075.27 0.002985 12.97 2259.37 316.07 0.81
4005.*  28000 2064.79 2072.72 7.93 2075.25 0.003056 13.06 2242.66 315.74 0.82
3995.*  28000 2064.77 2072.68 7.91 2075.22 0.003081 13.1 2237.1 315.66 0.82
3985.*  28000 2064.75 2072.64 7.89 2075.19 0.003107 13.13 2231.23 315.56 0.82
3975.*  28000 2064.73 2072.6 7.87 2075.17 0.003133 13.16 2225.38 315.47 0.83
3965.*  28000 2064.71 2072.56 7.85 2075.14 0.00316 13.2 2219.57 315.42 0.83
3955.*  28000 2064.69 2072.52 7.83 2075.11 0.003188 13.23 2213.44 315.33 0.83
3945.*  28000 2064.67 2072.48 7.81 2075.09 0.003218 13.27 2207.01 315.24 0.84
3935.*  28000 2064.66 2072.39 7.73 2075.06 0.003335 13.42 2182.25 314.71 0.85
3925.*  28000 2064.64 2072.34 7.7 2075.03 0.00338 13.47 2173.06 314.56 0.86
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3915.*  28000 2064.62 2072.28 7.66 2071.68 2075 0.003437 13.54 2161.82 314.34 0.86
3905 28000 2064.6 2071.64 7.04 2071.64 2074.91 0.004601 14.81 1969.58 309.25 0.98

3897.5* 28000 2062.1 2069.18 7.08 2069.18 2072.45 0.004568 14.81 1966.2 305.63 0.98
3890.*  28000 2059.6 2066.69 7.09 2066.69 2069.98 0.004573 14.83 1959.26 302.66 0.98
3882.5* 28000 2057.1 2064.2 7.1 2064.2 2067.5 0.004577 14.86 1953.76 300.25 0.98

3875 28000 2054.6 2061.69 7.09 2061.69 2065.03 0.004623 14.92 1943.34 298.13 0.99
3865.06* 28000 2054.58 2061.55 6.97 2061.55 2064.83 0.004656 14.79 1956.95 304.64 0.99
3855.12* 28000 2054.56 2061.4 6.84 2061.4 2064.64 0.004692 14.67 1969.96 311.18 0.99
3845.18* 28000 2054.54 2061.27 6.73 2061.27 2064.46 0.004722 14.55 1983.58 317.77 0.99
3835.25* 28000 2054.52 2061.13 6.61 2061.13 2064.28 0.004759 14.45 1996.01 324.36 0.99
3825.31* 28000 2054.5 2061.01 6.51 2061.01 2064.11 0.004793 14.34 2008.7 330.99 0.99
3815.37* 28000 2054.48 2060.89 6.41 2060.89 2063.94 0.004817 14.23 2022.43 337.68 0.99
3805.43* 28000 2054.46 2060.77 6.31 2060.77 2063.78 0.004842 14.12 2035.94 344.38 0.99
3795.5* 28000 2054.44 2060.65 6.21 2060.65 2063.63 0.004872 14.02 2048.59 351.09 0.99
3785.56* 28000 2054.42 2060.54 6.12 2060.54 2063.48 0.004899 13.92 2061.47 357.83 0.99
3775.62* 28000 2054.4 2060.43 6.03 2060.43 2063.33 0.004938 13.83 2072.53 364.56 0.99
3765.68* 28000 2054.38 2060.34 5.96 2060.34 2063.19 0.004928 13.71 2089.88 371.44 0.99
3755.75* 28000 2054.36 2060.22 5.86 2060.22 2063.05 0.004987 13.64 2098 378.16 0.99
3745.81* 28000 2054.34 2060.14 5.8 2060.14 2062.91 0.004967 13.52 2116.27 385.08 0.99
3735.87* 28000 2054.32 2060.04 5.72 2060.04 2062.78 0.004991 13.43 2128.7 391.93 0.99
3725.93* 28000 2054.3 2059.95 5.65 2059.95 2062.66 0.005015 13.35 2140.87 398.78 0.99
3716.*  28000 2054.28 2059.85 5.57 2059.85 2062.53 0.005042 13.26 2152.56 405.63 0.99
3706.06* 28000 2054.26 2059.76 5.5 2059.76 2062.41 0.005068 13.19 2164.13 412.51 0.99
3696.12* 28000 2054.24 2059.66 5.42 2059.66 2062.29 0.005138 13.14 2169.93 419.31 1
3686.18* 28000 2054.22 2059.58 5.36 2059.58 2062.18 0.005125 13.04 2186.37 426.29 0.99
3676.25* 28000 2054.2 2059.49 5.29 2059.49 2062.06 0.005189 12.99 2192.5 433.12 1
3666.31* 28000 2054.18 2059.41 5.23 2059.41 2061.95 0.00521 12.92 2204.21 440.06 1
3656.37* 28000 2054.16 2059.33 5.17 2059.33 2061.85 0.005223 12.84 2216.84 447.03 1
3646.43* 28000 2054.14 2059.25 5.11 2059.25 2061.74 0.005252 12.77 2227.15 453.98 1
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3636.5* 28000 2054.12 2059.17 5.05 2059.17 2061.64 0.005281 12.71 2237.38 460.93 1
3626.56* 28000 2054.1 2059.1 5 2059.1 2061.54 0.005282 12.63 2251.23 467.95 1
3616.62* 28000 2054.08 2059.02 4.94 2059.02 2061.44 0.005318 12.57 2260.24 474.91 1
3606.68* 28000 2054.06 2058.95 4.89 2058.95 2061.34 0.005341 12.51 2270.83 481.9 1
3596.75* 28000 2054.04 2058.87 4.83 2058.87 2061.25 0.00537 12.45 2280.54 488.89 1
3586.81* 28000 2054.02 2058.82 4.8 2058.82 2061.15 0.00533 12.35 2299.18 496.02 0.99
3576.87* 28000 2054 2058.74 4.74 2058.74 2061.06 0.005396 12.32 2303.86 502.96 1
3566.93* 28000 2053.98 2058.67 4.69 2058.67 2060.97 0.005419 12.26 2313.98 509.99 1
3557.*  28000 2053.96 2058.61 4.65 2058.61 2060.89 0.005428 12.19 2325.79 517.05 1
3547.06* 28000 2053.94 2058.54 4.6 2058.54 2060.8 0.005468 12.15 2333.53 524.06 1
3537.12* 28000 2053.92 2058.47 4.55 2058.47 2060.72 0.005485 12.09 2344.09 531.12 1
3527.18* 28000 2053.9 2058.41 4.51 2058.41 2060.63 0.0055 12.03 2354.9 538.19 1
3517.25* 28000 2053.88 2058.35 4.47 2058.35 2060.55 0.005522 11.98 2364.57 545.25 1
3507.31* 28000 2053.86 2058.29 4.43 2058.29 2060.47 0.00554 11.93 2374.7 552.33 1
3497.37* 28000 2053.84 2058.23 4.39 2058.23 2060.39 0.005547 11.87 2386.2 559.43 1
3487.43* 28000 2053.82 2058.17 4.35 2058.17 2060.31 0.005563 11.81 2396.42 566.53 1
3477.5* 28000 2053.8 2058.11 4.31 2058.11 2060.24 0.005587 11.77 2405.38 573.6 1
3467.56* 28000 2053.78 2058.05 4.27 2058.05 2060.16 0.005609 11.72 2414.61 580.7 1
3457.62* 28000 2053.76 2058 4.24 2057.99 2060.09 0.005592 11.65 2428.92 587.87 1
3447.68* 28000 2053.74 2057.96 4.22 2057.94 2060.02 0.005566 11.57 2444.38 595.05 0.99
3437.75* 28000 2053.72 2057.92 4.2 2057.89 2059.94 0.005498 11.47 2465.47 602.3 0.99
3427.81* 28000 2053.7 2057.88 4.18 2057.83 2059.87 0.005431 11.37 2486.49 609.55 0.98
3417.87* 28000 2053.68 2057.85 4.17 2057.78 2059.8 0.005366 11.28 2507.45 616.82 0.97
3407.93* 28000 2053.66 2057.81 4.15 2057.72 2059.74 0.005304 11.18 2528.15 624.08 0.97
3398.*  28000 2053.64 2057.78 4.14 2057.67 2059.67 0.005245 11.09 2548.61 631.34 0.96
3388.06* 28000 2053.62 2057.74 4.12 2057.62 2059.6 0.005189 11 2568.7 638.59 0.96
3378.12* 28000 2053.6 2057.71 4.11 2057.57 2059.54 0.005132 10.92 2589.05 645.87 0.95
3368.18* 28000 2053.58 2057.67 4.09 2057.52 2059.47 0.005077 10.83 2609.15 653.13 0.94
3358.25* 28000 2053.56 2057.63 4.07 2057.47 2059.41 0.005024 10.75 2629.18 660.39 0.94
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3348.31* 28000 2053.54 2057.6 4.06 2057.42 2059.35 0.004971 10.66 2649.16 667.66 0.93
3338.37* 28000 2053.52 2057.56 4.04 2057.37 2059.29 0.004938 10.59 2666.16 674.91 0.93
3328.43* 28000 2053.5 2057.52 4.02 2057.32 2059.23 0.004907 10.53 2682.68 682.15 0.93
3318.5* 28000 2053.48 2057.48 4 2057.28 2059.17 0.004877 10.46 2699.09 689.39 0.92
3308.56* 28000 2053.46 2057.44 3.98 2057.23 2059.11 0.004849 10.4 2715.22 696.62 0.92
3298.62* 28000 2053.44 2057.4 3.96 2057.18 2059.05 0.004824 10.34 2730.9 703.86 0.92
3288.68* 28000 2053.42 2057.36 3.94 2057.14 2058.99 0.0048 10.28 2746.34 711.11 0.91
3278.75* 28000 2053.4 2057.33 3.93 2057.09 2058.93 0.004778 10.22 2761.29 718.35 0.91
3268.81* 28000 2053.38 2057.29 3.91 2057.04 2058.88 0.004758 10.17 2775.95 725.58 0.91
3258.87* 28000 2053.36 2057.25 3.89 2057 2058.82 0.004742 10.12 2789.98 732.82 0.9
3248.93* 28000 2053.34 2057.21 3.87 2056.95 2058.77 0.004726 10.06 2803.93 740.07 0.9
3239.*  28000 2053.32 2057.17 3.85 2056.91 2058.71 0.004712 10.01 2817.56 747.3 0.9
3229.06* 28000 2053.3 2057.13 3.83 2056.86 2058.66 0.0047 9.97 2830.72 754.54 0.9
3219.12* 28000 2053.28 2057.09 3.81 2056.82 2058.6 0.00469 9.92 2843.4 761.78 0.9
3209.18* 28000 2053.26 2057.05 3.79 2056.78 2058.55 0.004683 9.88 2855.64 769.02 0.89
3199.25* 28000 2053.24 2057 3.76 2056.73 2058.5 0.004678 9.84 2867.35 776.25 0.89
3189.31* 28000 2053.22 2056.96 3.74 2056.69 2058.44 0.004675 9.8 2878.57 783.48 0.89
3179.37* 28000 2053.2 2056.92 3.72 2056.65 2058.39 0.004675 9.76 2889.3 790.71 0.89
3169.43* 28000 2053.18 2056.88 3.7 2056.61 2058.34 0.004678 9.73 2899.36 797.95 0.89
3159.5* 28000 2053.16 2056.84 3.68 2056.57 2058.29 0.004684 9.69 2908.87 805.17 0.89
3149.56* 28000 2053.14 2056.8 3.66 2056.53 2058.24 0.004693 9.66 2917.67 812.39 0.89
3139.62* 28000 2053.12 2056.75 3.63 2056.49 2058.19 0.004707 9.64 2925.55 819.61 0.89
3129.68* 28000 2053.1 2056.71 3.61 2056.45 2058.13 0.004723 9.61 2932.92 826.84 0.89
3119.75* 28000 2053.08 2056.67 3.59 2056.4 2058.08 0.004744 9.59 2939.31 834.05 0.89
3109.81* 28000 2053.06 2056.62 3.56 2056.37 2058.03 0.004769 9.57 2944.93 841.25 0.89
3099.87* 28000 2053.04 2056.58 3.54 2056.32 2057.98 0.004799 9.55 2949.58 848.46 0.9
3089.93* 28000 2053.02 2056.52 3.5 2056.29 2057.93 0.004855 9.55 2949.3 855.63 0.9

3080 28000 2053 2056.25 3.25 2056.25 2057.86 0.006163 10.23 2753.06 860.97 1
3070.*  28000 2051.33 2054.6 3.27 2054.6 2056.22 0.006136 10.25 2747.84 854.13 1
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3060.*  28000 2049.67 2052.95 3.28 2052.95 2054.59 0.006164 10.3 2735.12 847.24 1
3050 28000 2048 2051.75 3.75 2053.02 0.004004 9.08 3106.9 843.98 0.83

3042.08* 28000 2047.98 2051.72 3.74 2052.97 0.003933 8.99 3137.67 853.32 0.82
3034.16* 28000 2047.97 2051.69 3.72 2052.92 0.003927 8.94 3152.78 862.52 0.82
3026.25* 28000 2047.95 2051.67 3.72 2052.87 0.003858 8.85 3183.39 871.85 0.81
3018.33* 28000 2047.94 2051.63 3.69 2052.83 0.003852 8.81 3198.22 881.05 0.81
3010.42* 28000 2047.92 2051.6 3.68 2052.78 0.003798 8.74 3225.56 890.36 0.8
3002.50* 28000 2047.91 2051.57 3.66 2052.74 0.003795 8.7 3239.73 899.58 0.8
2994.58* 28000 2047.89 2051.54 3.65 2052.69 0.003742 8.62 3266.92 908.88 0.8
2986.67* 28000 2047.88 2051.51 3.63 2052.65 0.003741 8.59 3280.59 918.09 0.79
2978.75* 28000 2047.86 2051.48 3.62 2052.6 0.003691 8.52 3307.33 927.38 0.79
2970.84* 28000 2047.84 2051.46 3.62 2052.56 0.00364 8.45 3334.48 936.7 0.78
2962.92* 28000 2047.83 2051.42 3.59 2052.52 0.00364 8.41 3347.86 945.92 0.78
2955.00* 28000 2047.81 2051.4 3.59 2052.47 0.003592 8.35 3374.41 955.23 0.78
2947.09* 28000 2047.8 2051.37 3.57 2052.43 0.003593 8.31 3387.37 964.45 0.78
2939.17* 28000 2047.78 2051.34 3.56 2052.39 0.003547 8.25 3413.64 973.76 0.77
2931.26* 28000 2047.77 2051.31 3.54 2052.35 0.003549 8.22 3425.91 982.98 0.77
2923.34* 28000 2047.75 2051.28 3.53 2052.31 0.003505 8.16 3452 992.28 0.77
2915.42* 28000 2047.73 2051.25 3.52 2052.26 0.003461 8.09 3478.28 1001.61 0.76
2907.51* 28000 2047.72 2051.22 3.5 2052.23 0.003463 8.07 3490.36 1010.84 0.76
2899.59* 28000 2047.7 2051.2 3.5 2052.19 0.00342 8.01 3516.42 1020.14 0.75
2891.68* 28000 2047.69 2051.16 3.47 2052.15 0.003425 7.98 3527.86 1029.37 0.75
2883.76* 28000 2047.67 2051.14 3.47 2052.11 0.003384 7.92 3553.47 1038.69 0.75
2875.85* 28000 2047.66 2051.11 3.45 2052.07 0.003389 7.9 3564.52 1047.92 0.75
2867.93* 28000 2047.64 2051.08 3.44 2052.03 0.003349 7.84 3590.12 1057.23 0.74
2860.01* 28000 2047.62 2051.05 3.43 2051.99 0.003309 7.78 3615.87 1066.56 0.74
2852.10* 28000 2047.61 2051.02 3.41 2051.96 0.003314 7.76 3626.57 1075.79 0.74
2844.18* 28000 2047.59 2051 3.41 2051.92 0.003276 7.7 3651.91 1085.09 0.74
2836.27* 28000 2047.58 2050.97 3.39 2051.88 0.003283 7.68 3661.99 1094.32 0.74
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2828.35* 28000 2047.56 2050.94 3.38 2051.84 0.003247 7.63 3686.92 1103.66 0.73
2820.43* 28000 2047.55 2050.91 3.36 2051.81 0.003255 7.61 3696.63 1112.89 0.73
2812.52* 28000 2047.53 2050.89 3.36 2051.77 0.003218 7.56 3721.57 1122.21 0.73
2804.60* 28000 2047.52 2050.86 3.34 2051.74 0.003227 7.54 3730.66 1131.43 0.73
2796.69* 28000 2047.5 2050.83 3.33 2051.7 0.003192 7.49 3755.3 1140.77 0.72
2788.77* 28000 2047.48 2050.81 3.33 2051.66 0.003158 7.44 3780.06 1150.09 0.72
2780.85* 28000 2047.47 2050.78 3.31 2051.63 0.003167 7.42 3788.88 1159.32 0.72
2772.94* 28000 2047.45 2050.75 3.3 2051.59 0.003133 7.37 3813.35 1168.66 0.72
2765.02* 28000 2047.44 2050.72 3.28 2051.56 0.003144 7.36 3821.58 1177.89 0.72
2757.11* 28000 2047.42 2050.7 3.28 2051.52 0.003112 7.31 3845.52 1187.21 0.71
2749.19* 28000 2047.41 2050.67 3.26 2051.49 0.003124 7.3 3853.19 1196.45 0.71
2741.27* 28000 2047.39 2050.64 3.25 2051.45 0.003092 7.25 3876.95 1205.78 0.71
2733.36* 28000 2047.37 2050.62 3.25 2051.42 0.003061 7.21 3900.89 1215.1 0.71
2725.44* 28000 2047.36 2050.59 3.23 2051.39 0.003074 7.19 3908 1224.33 0.71
2717.53* 28000 2047.34 2050.56 3.22 2051.35 0.003043 7.15 3931.63 1233.67 0.7
2709.61* 28000 2047.33 2050.53 3.2 2051.32 0.003056 7.14 3938.46 1242.89 0.7
2701.69* 28000 2047.31 2050.51 3.2 2051.29 0.003027 7.1 3961.61 1252.22 0.7
2693.78* 28000 2047.3 2050.48 3.18 2051.25 0.003041 7.08 3967.9 1261.46 0.7
2685.86* 28000 2047.28 2050.45 3.17 2051.22 0.003013 7.04 3990.87 1270.8 0.7
2677.95* 28000 2047.27 2050.42 3.15 2051.19 0.003028 7.03 3996.56 1280.03 0.7
2670.03* 28000 2047.25 2050.4 3.15 2051.16 0.003 6.99 4019.18 1289.35 0.69
2662.12* 28000 2047.23 2050.37 3.14 2051.12 0.002973 6.95 4042.04 1298.69 0.69
2654.20* 28000 2047.22 2050.34 3.12 2051.09 0.002988 6.94 4047.29 1307.93 0.69
2646.28* 28000 2047.2 2050.32 3.12 2051.06 0.002962 6.91 4069.81 1317.26 0.69
2638.37* 28000 2047.19 2050.29 3.1 2051.03 0.002978 6.9 4074.47 1326.5 0.69
2630.45* 28000 2047.17 2050.27 3.1 2050.99 0.002953 6.86 4096.18 1335.83 0.69
2622.54* 28000 2047.16 2050.24 3.08 2050.96 0.002972 6.85 4099.96 1345.07 0.69
2614.62* 28000 2047.14 2050.21 3.07 2050.93 0.002947 6.82 4121.53 1354.4 0.69
2606.70* 28000 2047.12 2050.19 3.07 2050.9 0.002923 6.78 4143.31 1363.72 0.68
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2598.79* 28000 2047.11 2050.16 3.05 2050.87 0.002942 6.78 4146.62 1372.97 0.68
2590.87* 28000 2047.09 2050.13 3.04 2050.84 0.002918 6.74 4168.08 1382.29 0.68
2582.96* 28000 2047.08 2050.1 3.02 2050.81 0.002938 6.74 4170.82 1391.54 0.68
2575.04* 28000 2047.06 2050.08 3.02 2050.77 0.002916 6.7 4191.47 1400.87 0.68
2567.12* 28000 2047.05 2050.05 3 2050.74 0.002937 6.7 4193.27 1410.09 0.68
2559.21* 28000 2047.03 2050.02 2.99 2050.71 0.002916 6.67 4213.42 1419.43 0.68
2551.29* 28000 2047.02 2050 2.98 2050.68 0.002939 6.66 4214.64 1428.66 0.68
2543.38* 28000 2047 2049.97 2.97 2050.65 0.002919 6.63 4234.45 1437.98 0.68
2535.46* 28000 2046.98 2049.94 2.96 2050.62 0.002899 6.6 4254.19 1447.32 0.68
2527.54* 28000 2046.97 2049.92 2.95 2050.59 0.002924 6.6 4254.24 1456.55 0.68
2519.63* 28000 2046.95 2049.89 2.94 2050.56 0.002905 6.57 4273.25 1465.87 0.68
2511.71* 28000 2046.94 2049.86 2.92 2050.53 0.002932 6.57 4272.39 1475.11 0.68
2503.80* 28000 2046.92 2049.83 2.91 2050.5 0.002915 6.55 4290.52 1484.43 0.68
2495.88* 28000 2046.91 2049.8 2.89 2050.47 0.002944 6.55 4288.66 1493.66 0.68
2487.96* 28000 2046.89 2049.78 2.89 2050.44 0.002927 6.52 4306.61 1502.98 0.68
2480.05* 28000 2046.87 2049.75 2.88 2050.4 0.002911 6.49 4324.49 1512.32 0.67
2472.13* 28000 2046.86 2049.72 2.86 2050.38 0.002942 6.5 4321.42 1521.54 0.68
2464.22* 28000 2046.84 2049.7 2.86 2050.34 0.002927 6.47 4338.52 1530.86 0.68
2456.30* 28000 2046.83 2049.67 2.84 2050.32 0.002961 6.48 4334.09 1540.08 0.68
2448.38* 28000 2046.81 2049.64 2.83 2050.28 0.002949 6.46 4349.92 1549.41 0.68
2440.47* 28000 2046.8 2049.61 2.81 2050.25 0.002986 6.46 4344.12 1558.63 0.68
2432.55* 28000 2046.78 2049.58 2.8 2050.22 0.002976 6.44 4358.91 1567.93 0.68
2424.64* 28000 2046.77 2049.55 2.78 2050.19 0.003017 6.45 4351.31 1577.15 0.68
2416.72* 28000 2046.75 2049.52 2.77 2050.16 0.003009 6.43 4364.97 1586.46 0.68
2408.81* 28000 2046.73 2049.49 2.76 2050.13 0.003002 6.41 4378.47 1595.76 0.68
2400.89* 28000 2046.72 2049.46 2.74 2050.1 0.003048 6.43 4368.75 1604.98 0.68
2392.97* 28000 2046.7 2049.43 2.73 2050.07 0.003044 6.41 4380.66 1614.28 0.68
2385.06* 28000 2046.69 2049.4 2.71 2050.04 0.003095 6.43 4368.65 1623.49 0.69
2377.14* 28000 2046.67 2049.37 2.7 2050.01 0.003095 6.41 4378.66 1632.77 0.69
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2369.23* 28000 2046.66 2049.34 2.68 2049.98 0.003154 6.43 4363.91 1641.97 0.69
2361.31* 28000 2046.64 2049.31 2.67 2049.94 0.003157 6.42 4372.5 1651.27 0.69
2353.39* 28000 2046.62 2049.28 2.66 2049.91 0.003162 6.41 4380.42 1660.55 0.69
2345.48* 28000 2046.61 2049.24 2.63 2049.88 0.00323 6.43 4362.13 1669.73 0.7
2337.56* 28000 2046.59 2049.21 2.62 2049.85 0.003241 6.43 4367.49 1679.01 0.7
2329.65* 28000 2046.58 2049.17 2.59 2049.82 0.003319 6.46 4345.91 1688.18 0.71
2321.73* 28000 2046.56 2049.14 2.58 2049.78 0.003338 6.45 4348.03 1697.45 0.71
2313.81* 28000 2046.55 2049.1 2.55 2049.75 0.00343 6.49 4322.19 1706.6 0.72
2305.90* 28000 2046.53 2049.06 2.53 2049.72 0.003459 6.5 4320.55 1715.87 0.72
2297.98* 28000 2046.52 2049.02 2.5 2049.68 0.003569 6.54 4289.11 1724.98 0.73
2290.07* 28000 2046.5 2048.98 2.48 2049.65 0.003614 6.55 4282.51 1734.22 0.73
2282.15* 28000 2046.48 2048.95 2.47 2049.61 0.003665 6.57 4273.42 1743.44 0.74
2274.23* 28000 2046.47 2048.9 2.43 2049.58 0.003812 6.63 4232.39 1752.53 0.75
2266.32* 28000 2046.45 2048.86 2.41 2049.54 0.003891 6.66 4215.16 1761.73 0.76
2258.40* 28000 2046.44 2048.8 2.36 2049.51 0.004113 6.75 4154.27 1770.74 0.77
2250.49* 28000 2046.42 2048.75 2.33 2049.47 0.004246 6.8 4123.16 1779.87 0.79
2242.57* 28000 2046.41 2048.67 2.26 2048.38 2049.42 0.004663 6.98 4017.03 1788.68 0.82

2234.66 28000 2046.39 2048.35 1.96 2048.35 2049.34 0.007361 7.99 3508.7 1795.7 1.01
2224.66 28000 2046.37 2048.55 2.18 2048.94 0.00251 5.01 5594.54 2571.59 0.6

2214.70* 28000 2046.35 2048.53 2.18 2048.92 0.002503 5 5609.55 2582.76 0.6
2204.74* 28000 2046.33 2048.51 2.18 2048.89 0.002495 4.98 5624.46 2593.92 0.6
2194.79* 28000 2046.31 2048.48 2.17 2048.87 0.002488 4.97 5639 2605.09 0.59
2184.83* 28000 2046.29 2048.46 2.17 2048.84 0.002479 4.96 5654.4 2616.26 0.59
2174.87* 28000 2046.27 2048.44 2.17 2048.81 0.002471 4.94 5669.73 2627.43 0.59
2164.92* 28000 2046.25 2048.41 2.16 2048.79 0.002463 4.93 5684.96 2638.59 0.59
2154.96* 28000 2046.24 2048.39 2.15 2048.76 0.002508 4.95 5663.94 2649.68 0.6
2145.00* 28000 2046.22 2048.36 2.14 2048.74 0.002502 4.94 5677.57 2660.84 0.59
2135.05* 28000 2046.2 2048.34 2.14 2048.71 0.002496 4.93 5691.12 2672 0.59
2125.09* 28000 2046.18 2048.31 2.13 2048.69 0.00249 4.91 5704.91 2683.16 0.59
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2115.13* 28000 2046.16 2048.29 2.13 2048.66 0.002483 4.9 5718.97 2694.34 0.59
2105.18* 28000 2046.14 2048.27 2.13 2048.64 0.002477 4.89 5732.91 2705.5 0.59
2095.22* 28000 2046.12 2048.24 2.12 2048.61 0.00247 4.88 5746.79 2716.67 0.59
2085.26* 28000 2046.1 2048.22 2.12 2048.59 0.002463 4.87 5761.25 2727.84 0.59
2075.31* 28000 2046.08 2048.2 2.12 2048.56 0.002456 4.85 5775.65 2739.02 0.59
2065.35* 28000 2046.06 2048.17 2.11 2048.54 0.00245 4.84 5789.6 2750.18 0.59
2055.39* 28000 2046.04 2048.15 2.11 2048.51 0.002443 4.83 5803.84 2761.35 0.59
2045.44* 28000 2046.02 2048.13 2.11 2048.49 0.002435 4.82 5818.67 2772.53 0.59
2035.48* 28000 2046 2048.1 2.1 2048.46 0.002428 4.81 5833.42 2783.69 0.58
2025.52* 28000 2045.98 2048.08 2.1 2048.44 0.002421 4.79 5848.11 2794.87 0.58
2015.57* 28000 2045.97 2048.05 2.08 2048.41 0.002466 4.81 5825.07 2805.95 0.59
2005.61* 28000 2045.95 2048.03 2.08 2048.39 0.00246 4.8 5838.09 2817.12 0.59
1995.65* 28000 2045.93 2048.01 2.08 2048.36 0.002456 4.79 5850.68 2828.29 0.59
1985.70* 28000 2045.91 2047.98 2.07 2048.34 0.00245 4.78 5864.23 2839.46 0.59
1975.74* 28000 2045.89 2047.96 2.07 2048.31 0.002444 4.77 5877.7 2850.63 0.58
1965.78* 28000 2045.87 2047.93 2.06 2048.29 0.002438 4.76 5891.43 2861.8 0.58
1955.83* 28000 2045.85 2047.91 2.06 2048.26 0.002431 4.75 5905.12 2872.98 0.58
1945.87* 28000 2045.83 2047.89 2.06 2048.24 0.002425 4.74 5919.07 2884.15 0.58
1935.91* 28000 2045.81 2047.87 2.06 2048.21 0.002419 4.72 5932.6 2895.33 0.58
1925.96* 28000 2045.79 2047.84 2.05 2048.19 0.002412 4.71 5946.74 2906.49 0.58
1916.00* 28000 2045.77 2047.82 2.05 2048.16 0.002406 4.7 5960.85 2917.67 0.58
1906.04* 28000 2045.75 2047.8 2.05 2048.14 0.002399 4.69 5975.23 2928.85 0.58
1896.09* 28000 2045.73 2047.77 2.04 2048.11 0.002392 4.68 5989.53 2940.02 0.58
1886.13* 28000 2045.71 2047.75 2.04 2048.09 0.002384 4.67 6004.15 2951.2 0.58
1876.17* 28000 2045.7 2047.72 2.02 2048.06 0.002431 4.69 5978.58 2962.29 0.58
1866.22* 28000 2045.68 2047.7 2.02 2048.04 0.002426 4.68 5991.09 2973.45 0.58
1856.26* 28000 2045.66 2047.68 2.02 2048.02 0.002421 4.67 6003.9 2984.63 0.58
1846.31* 28000 2045.64 2047.65 2.01 2047.99 0.002415 4.66 6017 2995.81 0.58
1836.35* 28000 2045.62 2047.63 2.01 2047.97 0.00241 4.65 6030.05 3006.99 0.58
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

1826.39* 28000 2045.6 2047.61 2.01 2047.94 0.002404 4.64 6043.36 3018.16 0.58
1816.44* 28000 2045.58 2047.58 2 2047.92 0.002399 4.63 6056.61 3029.33 0.58
1806.48* 28000 2045.56 2047.56 2 2047.89 0.002393 4.62 6069.43 3040.51 0.58
1796.52* 28000 2045.54 2047.54 2 2047.87 0.002387 4.61 6082.91 3051.68 0.57
1786.57* 28000 2045.52 2047.52 2 2047.84 0.002381 4.6 6096.73 3062.87 0.57
1776.61* 28000 2045.5 2047.49 1.99 2047.82 0.002375 4.59 6110.47 3074.05 0.57
1766.65* 28000 2045.48 2047.47 1.99 2047.8 0.002368 4.58 6124.51 3085.22 0.57
1756.70* 28000 2045.46 2047.45 1.99 2047.77 0.002362 4.57 6138.49 3096.39 0.57
1746.74* 28000 2045.45 2047.42 1.97 2047.75 0.00241 4.59 6110.35 3107.49 0.58
1736.78* 28000 2045.43 2047.4 1.97 2047.72 0.002406 4.58 6122.17 3118.67 0.58
1726.83* 28000 2045.41 2047.38 1.97 2047.7 0.002401 4.57 6134.27 3129.84 0.57
1716.87* 28000 2045.39 2047.35 1.96 2047.67 0.002397 4.56 6146.32 3141.01 0.57
1706.91* 28000 2045.37 2047.33 1.96 2047.65 0.002392 4.55 6158.71 3152.2 0.57
1696.96* 28000 2045.35 2047.31 1.96 2047.63 0.002388 4.54 6170.99 3163.37 0.57
1687.00* 28000 2045.33 2047.28 1.95 2047.6 0.002383 4.53 6183.62 3174.55 0.57
1677.04* 28000 2045.31 2047.26 1.95 2047.58 0.002378 4.52 6195.78 3185.73 0.57
1667.09* 28000 2045.29 2047.24 1.95 2047.55 0.002373 4.51 6208.29 3196.92 0.57
1657.13* 28000 2045.27 2047.21 1.94 2047.53 0.002368 4.5 6221.08 3208.08 0.57
1647.17* 28000 2045.25 2047.19 1.94 2047.5 0.002363 4.5 6233.83 3219.26 0.57
1637.22* 28000 2045.23 2047.17 1.94 2047.48 0.002358 4.49 6246.91 3230.44 0.57
1627.26* 28000 2045.21 2047.15 1.94 2047.46 0.002352 4.48 6259.93 3241.63 0.57
1617.30* 28000 2045.19 2047.12 1.93 2047.43 0.002347 4.47 6272.9 3252.82 0.57
1607.35* 28000 2045.18 2047.1 1.92 2047.41 0.002398 4.49 6240.78 3263.9 0.57
1597.39* 28000 2045.16 2047.07 1.91 2047.39 0.002395 4.48 6251.88 3275.08 0.57
1587.43* 28000 2045.14 2047.05 1.91 2047.36 0.002392 4.47 6262.9 3286.26 0.57
1577.48* 28000 2045.12 2047.03 1.91 2047.34 0.002389 4.47 6273.85 3297.44 0.57
1567.52* 28000 2045.1 2047 1.9 2047.31 0.002385 4.46 6285.13 3308.62 0.57
1557.56* 28000 2045.08 2046.98 1.9 2047.29 0.002382 4.45 6296.31 3319.79 0.57
1547.61* 28000 2045.06 2046.96 1.9 2047.26 0.002379 4.44 6307.07 3330.97 0.57
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

1537.65* 28000 2045.04 2046.93 1.89 2047.24 0.002376 4.44 6318.14 3342.15 0.57
1527.69* 28000 2045.02 2046.91 1.89 2047.22 0.002372 4.43 6329.56 3353.34 0.57
1517.74* 28000 2045 2046.89 1.89 2047.19 0.002368 4.42 6340.89 3364.51 0.57
1507.78* 28000 2044.98 2046.87 1.89 2047.17 0.002365 4.41 6352.19 3375.7 0.57
1497.82* 28000 2044.96 2046.84 1.88 2047.14 0.002361 4.4 6363.82 3386.87 0.57
1487.87* 28000 2044.94 2046.82 1.88 2047.12 0.002357 4.4 6375.37 3398.05 0.56
1477.91* 28000 2044.92 2046.8 1.88 2047.1 0.002354 4.39 6386.04 3409.23 0.56
1467.95* 28000 2044.91 2046.77 1.86 2047.07 0.002409 4.41 6350.33 3420.33 0.57
1458.00* 28000 2044.89 2046.75 1.86 2047.05 0.002408 4.41 6359.46 3431.51 0.57
1448.04* 28000 2044.87 2046.72 1.85 2047.02 0.002407 4.4 6368.49 3442.68 0.57
1438.08* 28000 2044.85 2046.7 1.85 2047 0.002406 4.39 6377.47 3453.86 0.57
1428.13* 28000 2044.83 2046.68 1.85 2046.98 0.002405 4.39 6386.38 3465.04 0.57
1418.17* 28000 2044.81 2046.65 1.84 2046.95 0.002406 4.38 6394.34 3476.21 0.57
1408.21* 28000 2044.79 2046.63 1.84 2046.93 0.002405 4.38 6403.08 3487.39 0.57
1398.26* 28000 2044.77 2046.61 1.84 2046.9 0.002404 4.37 6411.75 3498.56 0.57
1388.30* 28000 2044.75 2046.58 1.83 2046.88 0.002404 4.36 6420.33 3509.74 0.57
1378.35* 28000 2044.73 2046.56 1.83 2046.85 0.002403 4.36 6428.85 3520.92 0.57
1368.39* 28000 2044.71 2046.54 1.83 2046.83 0.002403 4.35 6437.29 3532.09 0.57
1358.43* 28000 2044.69 2046.51 1.82 2046.81 0.002403 4.35 6445.22 3543.28 0.57
1348.48* 28000 2044.67 2046.49 1.82 2046.78 0.002404 4.34 6452.62 3554.45 0.57
1338.52* 28000 2044.66 2046.46 1.8 2046.76 0.002468 4.37 6410.36 3565.54 0.57
1328.56* 28000 2044.64 2046.44 1.8 2046.73 0.002472 4.37 6414.83 3576.71 0.57
1318.61* 28000 2044.62 2046.41 1.79 2046.71 0.002477 4.36 6419.2 3587.88 0.57
1308.65* 28000 2044.6 2046.39 1.79 2046.68 0.002482 4.36 6423.04 3599.05 0.57
1298.69* 28000 2044.58 2046.36 1.78 2046.66 0.002488 4.36 6426.79 3610.23 0.58
1288.74* 28000 2044.56 2046.34 1.78 2046.63 0.002495 4.36 6429.54 3621.39 0.58
1278.78* 28000 2044.54 2046.31 1.77 2046.61 0.002502 4.36 6432.17 3632.55 0.58
1268.82* 28000 2044.52 2046.29 1.77 2046.58 0.002509 4.35 6434.27 3643.73 0.58
1258.87* 28000 2044.5 2046.26 1.76 2046.56 0.002517 4.35 6436.27 3654.9 0.58
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude # 

Chl
(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

 Final Hydraulics with Stilling Basin

1248.91* 28000 2044.48 2046.24 1.76 2046.53 0.002525 4.35 6437.69 3666.06 0.58
1238.95* 28000 2044.46 2046.21 1.75 2046.51 0.002534 4.35 6438.55 3677.22 0.58
1229.*  28000 2044.44 2046.19 1.75 2046.48 0.002544 4.35 6438.85 3688.39 0.58
1219.04* 28000 2044.42 2046.16 1.74 2046.46 0.002556 4.35 6437.7 3699.56 0.58
1209.08* 28000 2044.4 2046.14 1.74 2046.43 0.002569 4.35 6435.94 3710.72 0.58
1199.13* 28000 2044.39 2046.11 1.72 2046.41 0.002656 4.39 6379.56 3721.8 0.59
1189.17* 28000 2044.37 2046.08 1.71 2046.38 0.002677 4.4 6371.93 3732.95 0.59
1179.21* 28000 2044.35 2046.05 1.7 2046.35 0.0027 4.4 6363.21 3744.1 0.59
1169.26* 28000 2044.33 2046.02 1.69 2046.33 0.002726 4.41 6352.5 3755.25 0.6
1159.30* 28000 2044.31 2046 1.69 2046.3 0.002755 4.42 6339.78 3766.39 0.6
1149.34* 28000 2044.29 2045.97 1.68 2046.27 0.002787 4.43 6325.46 3777.53 0.6
1139.39* 28000 2044.27 2045.94 1.67 2046.24 0.002822 4.44 6309.13 3788.67 0.61
1129.43* 28000 2044.25 2045.91 1.66 2046.22 0.002862 4.45 6290.26 3799.8 0.61
1119.47* 28000 2044.23 2045.88 1.65 2046.19 0.002906 4.47 6268.84 3810.94 0.61
1109.52* 28000 2044.21 2045.85 1.64 2046.16 0.002955 4.49 6244.37 3822.05 0.62
1099.56* 28000 2044.19 2045.81 1.62 2046.13 0.003012 4.51 6216.41 3833.18 0.62
1089.60* 28000 2044.17 2045.78 1.61 2046.1 0.003077 4.53 6183.46 3844.29 0.63
1079.65* 28000 2044.15 2045.75 1.6 2046.07 0.003152 4.56 6146.45 3855.39 0.64
1069.69* 28000 2044.13 2045.71 1.58 2046.04 0.003239 4.59 6102.99 3866.47 0.64
1059.73* 28000 2044.12 2045.67 1.55 2046.01 0.003458 4.68 5991.52 3877.48 0.66
1049.78* 28000 2044.1 2045.63 1.53 2045.97 0.003601 4.73 5925.8 3888.53 0.67
1039.82* 28000 2044.08 2045.58 1.5 2045.94 0.003777 4.79 5848.17 3899.56 0.69
1029.86* 28000 2044.06 2045.53 1.47 2045.9 0.004002 4.87 5754.25 3910.57 0.71
1019.91* 28000 2044.04 2045.48 1.44 2045.86 0.004299 4.97 5638.18 3921.55 0.73
1009.95* 28000 2044.02 2045.41 1.39 2045.18 2045.82 0.004806 5.13 5458.92 3932.39 0.77

1000 28000 2044 2045.16 1.16 2045.16 2045.74 0.008698 6.12 4573.52 3942.02 1
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
14300 28000 2184 2188.07 4.07 2188.85 2191.55 0.010011 14.97 1870.1 460 1.31

14290.* 28000 2181.25 2184.33 3.08 2186.27 2191.06 0.027607 20.92 1350.81 447.75 2.1
14280.* 28000 2178.5 2181.37 2.87 2183.8 2190.49 0.041255 24.36 1160.7 415.06 2.54
14270.* 28000 2175.75 2178.56 2.81 2181.37 2189.81 0.052337 27.06 1045.35 382.15 2.85
14260.* 28000 2173 2175.84 2.84 2178.95 2189.06 0.060645 29.35 965.03 349.87 3.07
14250.* 28000 2170.25 2173.19 2.94 2176.6 2188.25 0.065994 31.34 905.12 318.08 3.22
14240.* 28000 2167.5 2170.61 3.11 2174.35 2187.4 0.068472 33.14 858.03 286.77 3.31
14230.* 28000 2164.75 2168.11 3.36 2172.18 2186.56 0.06822 34.8 819.8 256 3.35

14220 28000 2162 2165.7 3.7 2170.12 2185.74 0.065278 36.35 788.79 225.93 3.33
14210.0* 28000 2161.98 2165.78 3.8 2170.1 2184.81 0.060101 35.45 809.33 226.56 3.21
14200.0* 28000 2161.96 2165.85 3.89 2170.08 2183.96 0.055441 34.59 829.94 227.2 3.09
14190.0* 28000 2161.94 2165.92 3.98 2170.06 2183.18 0.051289 33.78 850.32 227.82 2.99
14180.0* 28000 2161.92 2165.99 4.07 2170.04 2182.45 0.04747 32.99 871.1 228.46 2.88
14170.0* 28000 2161.9 2166.06 4.16 2170.02 2181.76 0.043983 32.23 892.1 229.1 2.79
14160.0* 28000 2161.88 2166.13 4.25 2170 2181.12 0.040818 31.51 913.17 229.75 2.69
14150.0* 28000 2161.86 2166.2 4.34 2169.98 2180.53 0.037925 30.81 934.4 230.39 2.61
14140.0* 28000 2161.84 2166.28 4.44 2169.96 2179.98 0.035284 30.14 955.75 231.04 2.52
14130.0* 28000 2161.82 2166.35 4.53 2169.94 2179.46 0.032862 29.49 977.27 231.69 2.44
14120.0* 28000 2161.8 2166.42 4.62 2169.92 2178.97 0.030628 28.86 999.08 232.35 2.37
14110.0* 28000 2161.78 2166.5 4.72 2169.9 2178.52 0.02857 28.25 1021.1 233.01 2.29
14100.1* 28000 2161.76 2166.57 4.81 2169.88 2178.09 0.026672 27.67 1043.37 233.68 2.22
14090.1* 28000 2161.74 2166.65 4.91 2169.86 2177.69 0.024916 27.1 1065.94 234.35 2.16
14080.1* 28000 2161.72 2166.72 5 2169.84 2177.33 0.023345 26.56 1088 235.01 2.09
14070.1* 28000 2161.7 2166.8 5.1 2169.82 2176.99 0.021873 26.04 1110.52 235.68 2.03
14060.1* 28000 2161.68 2166.88 5.2 2169.8 2176.65 0.020458 25.51 1134.15 236.38 1.97
14050.1* 28000 2161.66 2166.96 5.3 2169.78 2176.34 0.019138 24.99 1158.25 237.09 1.91
14040.1* 28000 2161.64 2167.04 5.4 2169.76 2176.04 0.017897 24.49 1182.99 237.82 1.86
14030.1* 28000 2161.62 2167.13 5.51 2169.74 2175.75 0.016731 23.99 1208.42 238.57 1.8
14020.1* 28000 2161.6 2167.22 5.62 2169.72 2175.49 0.015631 23.49 1234.66 239.33 1.75

 Sediment Transport Hydraulics
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
14010.1* 28000 2161.59 2167.33 5.74 2169.71 2175.23 0.014518 22.96 1263.87 240.21 1.69
14000.1* 28000 2161.57 2167.43 5.86 2169.69 2174.99 0.013535 22.48 1292.23 241.03 1.64
13990.1* 28000 2161.55 2167.53 5.98 2169.67 2174.76 0.012594 21.98 1322.07 241.9 1.58
13980.1* 28000 2161.53 2167.65 6.12 2169.65 2174.54 0.011687 21.49 1353.77 242.81 1.53
13970.2* 28000 2161.51 2167.77 6.26 2169.63 2174.33 0.010805 20.97 1387.94 243.79 1.48
13960.2* 28000 2161.49 2171.64 10.15 2169.61 2173.9 0.001991 12.43 2391.35 271.08 0.69
13950.2* 28000 2161.47 2171.62 10.15 2173.88 0.001991 12.43 2391.46 271.09 0.69
13940.2* 28000 2161.45 2171.6 10.15 2173.86 0.001991 12.43 2391.44 271.09 0.69
13930.2* 28000 2161.43 2171.58 10.15 2173.84 0.00199 12.43 2391.52 271.09 0.69
13920.2* 28000 2161.41 2171.56 10.15 2173.82 0.00199 12.43 2391.5 271.09 0.69
13910.2* 28000 2161.39 2171.54 10.15 2173.8 0.00199 12.43 2391.42 271.07 0.69
13900.2* 28000 2161.37 2171.52 10.15 2173.78 0.00199 12.43 2391.41 271.07 0.69
13890.2* 28000 2161.35 2171.5 10.15 2173.76 0.001991 12.43 2391.37 271.06 0.69
13880.2* 28000 2161.33 2171.48 10.15 2173.74 0.00199 12.43 2391.48 271.07 0.69
13870.2* 28000 2161.31 2171.46 10.15 2173.72 0.00199 12.43 2391.44 271.06 0.69
13860.2* 28000 2161.29 2171.44 10.15 2173.7 0.00199 12.43 2391.56 271.08 0.69
13850.3* 28000 2161.27 2171.42 10.15 2173.68 0.00199 12.43 2391.53 271.07 0.69
13840.3* 28000 2161.25 2171.4 10.15 2173.66 0.00199 12.43 2391.63 271.08 0.69
13830.3* 28000 2161.23 2171.38 10.15 2173.64 0.00199 12.43 2391.59 271.07 0.69
13820.3* 28000 2161.21 2171.36 10.15 2173.62 0.00199 12.43 2391.7 271.08 0.69
13810.3* 28000 2161.19 2171.34 10.15 2173.6 0.00199 12.43 2391.66 271.07 0.69
13800.3* 28000 2161.17 2171.32 10.15 2173.58 0.00199 12.43 2391.76 271.08 0.69
13790.3* 28000 2161.15 2171.3 10.15 2173.56 0.00199 12.43 2391.72 271.08 0.69
13780.3* 28000 2161.13 2171.28 10.15 2173.54 0.001989 12.43 2391.83 271.09 0.69
13770.3* 28000 2161.11 2171.26 10.15 2173.52 0.00199 12.43 2391.73 271.08 0.69
13760.3* 28000 2161.09 2171.25 10.16 2173.5 0.001989 12.43 2391.85 271.09 0.69
13750.3* 28000 2161.07 2171.23 10.16 2173.48 0.001989 12.43 2391.82 271.08 0.69
13740.3* 28000 2161.05 2171.21 10.16 2173.46 0.001989 12.43 2391.92 271.09 0.69
13730.3* 28000 2161.03 2171.19 10.16 2173.44 0.001989 12.43 2391.88 271.08 0.69
13720.4* 28000 2161.01 2171.17 10.16 2173.42 0.001989 12.43 2391.93 271.08 0.69
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
13710.4* 28000 2160.99 2171.15 10.16 2173.4 0.001989 12.43 2391.85 271.07 0.69
13700.4* 28000 2160.97 2171.13 10.16 2173.38 0.001989 12.43 2391.9 271.07 0.69
13690.4* 28000 2160.95 2171.11 10.16 2173.36 0.001989 12.43 2391.98 271.07 0.69
13680.4* 28000 2160.93 2171.09 10.16 2173.34 0.001989 12.43 2392.03 271.07 0.69
13670.4* 28000 2160.91 2171.07 10.16 2173.32 0.001989 12.43 2392.13 271.08 0.69
13660.4* 28000 2160.89 2171.05 10.16 2173.3 0.001988 12.43 2392.18 271.08 0.69
13650.4* 28000 2160.87 2171.03 10.16 2173.28 0.001988 12.43 2392.23 271.08 0.69
13640.4* 28000 2160.85 2171.01 10.16 2173.26 0.001988 12.43 2392.19 271.08 0.69
13630.4* 28000 2160.83 2170.99 10.16 2173.24 0.001988 12.43 2392.29 271.09 0.69
13620.4* 28000 2160.81 2170.97 10.16 2173.22 0.001988 12.43 2392.25 271.08 0.69
13610.4* 28000 2160.8 2170.94 10.14 2173.2 0.001999 12.45 2388.34 271.01 0.69
13600.5* 28000 2160.78 2170.92 10.14 2173.18 0.001999 12.45 2388.31 271 0.69
13590.5* 28000 2160.76 2170.9 10.14 2173.16 0.001999 12.45 2388.34 271.01 0.69
13580.5* 28000 2160.74 2170.88 10.14 2173.14 0.001999 12.45 2388.31 271 0.69
13570.5* 28000 2160.72 2170.86 10.14 2173.12 0.001999 12.45 2388.29 271 0.69
13560.5* 28000 2160.7 2170.84 10.14 2173.1 0.001998 12.45 2388.4 271.01 0.69
13550.5* 28000 2160.68 2170.82 10.14 2173.08 0.001998 12.45 2388.38 271.01 0.69
13540.5* 28000 2160.66 2170.8 10.14 2173.06 0.001998 12.45 2388.39 271.01 0.69
13530.5* 28000 2160.64 2170.78 10.14 2173.04 0.001998 12.45 2388.38 271.01 0.69
13520.5* 28000 2160.62 2170.76 10.14 2173.02 0.001999 12.45 2388.33 271.01 0.69
13510.5* 28000 2160.6 2170.74 10.14 2173 0.001999 12.45 2388.15 270.98 0.69
13500.5* 28000 2160.58 2170.72 10.14 2172.98 0.001999 12.45 2388.17 270.99 0.69
13490.5* 28000 2160.56 2170.7 10.14 2172.96 0.001999 12.45 2388.15 270.98 0.69
13480.5* 28000 2160.54 2170.68 10.14 2172.94 0.001999 12.45 2388.16 270.99 0.69
13470.6* 28000 2160.52 2170.66 10.14 2172.92 0.001999 12.45 2388.15 270.98 0.69
13460.6* 28000 2160.5 2170.64 10.14 2172.9 0.001999 12.45 2388.25 270.99 0.69
13450.6* 28000 2160.48 2170.62 10.14 2172.88 0.001999 12.45 2388.24 270.99 0.69
13440.6* 28000 2160.46 2170.6 10.14 2172.86 0.001999 12.45 2388.26 270.99 0.69
13430.6* 28000 2160.44 2170.58 10.14 2172.84 0.001999 12.45 2388.24 270.99 0.69
13420.6* 28000 2160.42 2170.56 10.14 2172.82 0.001999 12.45 2388.25 270.99 0.69
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
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(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
13410.6* 28000 2160.4 2170.54 10.14 2172.8 0.001999 12.45 2388.23 270.99 0.69
13400.6* 28000 2160.38 2170.52 10.14 2172.78 0.001999 12.45 2388.22 270.99 0.69
13390.6* 28000 2160.36 2170.5 10.14 2172.76 0.001999 12.45 2388.17 270.99 0.69
13380.6* 28000 2160.34 2170.48 10.14 2172.74 0.001999 12.45 2388.15 270.98 0.69
13370.6* 28000 2160.32 2170.46 10.14 2172.72 0.001999 12.45 2388.17 270.99 0.69
13360.6* 28000 2160.3 2170.44 10.14 2172.7 0.001999 12.45 2388.15 270.98 0.69
13350.7* 28000 2160.28 2170.42 10.14 2172.68 0.001999 12.45 2388.2 270.99 0.69
13340.7* 28000 2160.26 2170.4 10.14 2172.66 0.001999 12.45 2388.18 270.99 0.69
13330.7* 28000 2160.24 2170.38 10.14 2172.64 0.001999 12.45 2388.2 270.99 0.69
13320.7* 28000 2160.22 2170.36 10.14 2172.62 0.001999 12.45 2388.18 270.99 0.69
13310.7* 28000 2160.2 2170.34 10.14 2172.6 0.001999 12.45 2388.09 270.97 0.69
13300.7* 28000 2160.18 2170.32 10.14 2172.58 0.001999 12.45 2388.07 270.97 0.69
13290.7* 28000 2160.16 2170.3 10.14 2172.56 0.001999 12.45 2388.09 270.97 0.69
13280.7* 28000 2160.14 2170.28 10.14 2172.54 0.001999 12.45 2388.07 270.97 0.69
13270.7* 28000 2160.12 2170.26 10.14 2172.52 0.001999 12.45 2388.03 270.97 0.69
13260.7* 28000 2160.1 2170.24 10.14 2172.5 0.001999 12.45 2388.01 270.97 0.69
13250.7* 28000 2160.08 2170.22 10.14 2172.48 0.001999 12.45 2388.05 270.98 0.69
13240.7* 28000 2160.06 2170.2 10.14 2172.46 0.001999 12.45 2388.04 270.97 0.69
13230.7* 28000 2160.04 2170.18 10.14 2172.44 0.001999 12.45 2388 270.96 0.69
13220.8* 28000 2160.02 2170.16 10.14 2172.42 0.001999 12.45 2388.03 270.97 0.69
13210.8* 28000 2160 2170.14 10.14 2172.4 0.001999 12.45 2388 270.96 0.69
13200.8* 28000 2159.99 2170.12 10.13 2172.38 0.002009 12.47 2384.09 270.9 0.69
13190.8* 28000 2159.97 2170.1 10.13 2172.36 0.002009 12.47 2384.06 270.89 0.69
13180.8* 28000 2159.95 2170.08 10.13 2172.34 0.002009 12.47 2384.09 270.9 0.69
13170.8* 28000 2159.93 2170.06 10.13 2172.32 0.002009 12.47 2384.05 270.89 0.69
13160.8* 28000 2159.91 2170.04 10.13 2172.3 0.002009 12.47 2384.09 270.9 0.69
13150.8* 28000 2159.89 2170.02 10.13 2172.28 0.002009 12.47 2384.08 270.89 0.69
13140.8* 28000 2159.87 2170 10.13 2172.26 0.00201 12.47 2384.05 270.9 0.69
13130.8* 28000 2159.85 2169.98 10.13 2172.24 0.00201 12.47 2384.04 270.9 0.69
13120.8* 28000 2159.83 2169.96 10.13 2172.22 0.00201 12.47 2384.05 270.9 0.69
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13110.8* 28000 2159.81 2169.94 10.13 2172.2 0.00201 12.47 2384.03 270.9 0.69
13100.9* 28000 2159.79 2169.92 10.13 2172.18 0.00201 12.47 2383.88 270.88 0.69
13090.9* 28000 2159.77 2169.9 10.13 2172.16 0.00201 12.47 2383.86 270.88 0.69
13080.9* 28000 2159.75 2169.88 10.13 2172.14 0.00201 12.47 2383.83 270.87 0.69
13070.9* 28000 2159.73 2169.86 10.13 2172.12 0.00201 12.47 2383.86 270.88 0.69
13060.9* 28000 2159.71 2169.84 10.13 2172.1 0.00201 12.47 2383.83 270.87 0.69
13050.9* 28000 2159.69 2169.82 10.13 2172.08 0.00201 12.47 2383.89 270.88 0.69
13040.9* 28000 2159.67 2169.8 10.13 2172.06 0.00201 12.47 2383.85 270.87 0.69
13030.9* 28000 2159.65 2169.78 10.13 2172.04 0.00201 12.47 2383.89 270.88 0.69
13020.9* 28000 2159.63 2169.76 10.13 2172.02 0.00201 12.47 2383.85 270.87 0.69
13010.9* 28000 2159.61 2169.74 10.13 2172 0.00201 12.47 2383.83 270.88 0.69
13000.9* 28000 2159.59 2169.72 10.13 2171.98 0.00201 12.47 2383.79 270.87 0.69
12990.9* 28000 2159.57 2169.7 10.13 2171.96 0.00201 12.47 2383.83 270.88 0.69
12980.9* 28000 2159.55 2169.68 10.13 2171.94 0.00201 12.47 2383.79 270.87 0.69
12971.* 28000 2159.53 2169.66 10.13 2171.92 0.00201 12.47 2383.82 270.88 0.69
12961.0* 28000 2159.51 2169.64 10.13 2171.9 0.00201 12.47 2383.79 270.87 0.69
12951.0* 28000 2159.49 2169.62 10.13 2171.88 0.00201 12.47 2383.85 270.88 0.69
12941.0* 28000 2159.47 2169.6 10.13 2171.86 0.00201 12.47 2383.81 270.88 0.69
12931.0* 28000 2159.45 2169.58 10.13 2171.84 0.00201 12.47 2383.85 270.88 0.69
12921.0* 28000 2159.43 2169.56 10.13 2171.82 0.00201 12.47 2383.81 270.88 0.69
12911.0* 28000 2159.41 2169.54 10.13 2171.8 0.00201 12.47 2383.79 270.87 0.69
12901.0* 28000 2159.39 2169.52 10.13 2171.78 0.00201 12.47 2383.64 270.85 0.69
12891.0* 28000 2159.37 2169.49 10.12 2171.76 0.002011 12.47 2383.49 270.85 0.69
12881.0* 28000 2159.35 2169.47 10.12 2171.74 0.002011 12.47 2383.51 270.85 0.69
12871.0* 28000 2159.33 2169.45 10.12 2171.72 0.002011 12.47 2383.49 270.85 0.69
12861.0* 28000 2159.31 2169.43 10.12 2171.7 0.002011 12.47 2383.53 270.85 0.69
12851.1* 28000 2159.29 2169.41 10.12 2171.68 0.002011 12.47 2383.52 270.85 0.69
12841.1* 28000 2159.27 2169.39 10.12 2171.66 0.002011 12.47 2383.55 270.86 0.69
12831.1* 28000 2159.25 2169.37 10.12 2171.64 0.002011 12.47 2383.52 270.85 0.69
12821.1* 28000 2159.23 2169.35 10.12 2171.62 0.002011 12.47 2383.55 270.86 0.69
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Width
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12811.1* 28000 2159.21 2169.33 10.12 2171.6 0.002011 12.47 2383.52 270.85 0.69
12801.1* 28000 2159.2 2169.31 10.11 2171.58 0.002021 12.49 2379.55 270.78 0.69
12791.1* 28000 2159.18 2169.29 10.11 2171.56 0.002021 12.49 2379.45 270.77 0.69
12781.1* 28000 2159.16 2169.27 10.11 2171.54 0.002022 12.49 2379.42 270.78 0.69
12771.1* 28000 2159.14 2169.25 10.11 2171.52 0.002022 12.49 2379.31 270.77 0.69
12761.1* 28000 2159.12 2169.23 10.11 2171.5 0.002022 12.5 2379.1 270.76 0.69
12751.1* 28000 2159.1 2169.21 10.11 2171.48 0.002022 12.5 2379.08 270.77 0.69
12741.1* 28000 2159.08 2169.19 10.11 2171.46 0.002023 12.5 2378.99 270.76 0.69
12731.1* 28000 2159.06 2169.17 10.11 2171.44 0.002023 12.5 2378.95 270.77 0.69
12721.2* 28000 2159.04 2169.15 10.11 2171.42 0.002023 12.5 2378.86 270.76 0.69
12711.2* 28000 2159.02 2169.13 10.11 2171.4 0.002023 12.5 2378.81 270.76 0.69
12701.2* 28000 2159 2169.11 10.11 2171.38 0.002024 12.5 2378.56 270.73 0.69
12691.2* 28000 2158.98 2169.09 10.11 2171.36 0.002024 12.5 2378.51 270.74 0.69
12681.2* 28000 2158.96 2169.07 10.11 2171.34 0.002024 12.5 2378.42 270.73 0.69
12671.2* 28000 2158.94 2169.05 10.11 2171.32 0.002024 12.5 2378.38 270.73 0.69
12661.2* 28000 2158.92 2169.03 10.11 2171.3 0.002024 12.5 2378.29 270.73 0.69
12651.2* 28000 2158.9 2169 10.1 2171.28 0.002024 12.5 2378.27 270.73 0.69
12641.2* 28000 2158.88 2168.98 10.1 2171.26 0.002025 12.5 2378.18 270.73 0.69
12631.2* 28000 2158.86 2168.96 10.1 2171.24 0.002025 12.5 2378.01 270.73 0.69
12621.2* 28000 2158.84 2168.94 10.1 2171.22 0.002025 12.5 2377.92 270.72 0.69
12611.2* 28000 2158.82 2168.92 10.1 2171.2 0.002025 12.5 2377.88 270.73 0.69
12601.3* 28000 2158.8 2168.9 10.1 2171.18 0.002026 12.5 2377.72 270.72 0.69
12591.3* 28000 2158.78 2168.88 10.1 2171.16 0.002026 12.5 2377.57 270.71 0.69
12581.3* 28000 2158.76 2168.86 10.1 2171.14 0.002026 12.5 2377.52 270.71 0.69
12571.3* 28000 2158.74 2168.84 10.1 2171.12 0.002027 12.5 2377.37 270.71 0.69
12561.3* 28000 2158.72 2168.82 10.1 2171.1 0.002027 12.5 2377.33 270.71 0.69
12551.3* 28000 2158.7 2168.8 10.1 2171.08 0.002027 12.5 2377.18 270.7 0.69
12541.3* 28000 2158.68 2168.78 10.1 2171.06 0.002027 12.5 2377.15 270.71 0.69
12531.3* 28000 2158.66 2168.76 10.1 2171.04 0.002028 12.51 2377 270.7 0.69
12521.3* 28000 2158.64 2168.74 10.1 2171.02 0.002028 12.51 2376.95 270.7 0.69
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Top 
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12511.3* 28000 2158.62 2168.72 10.1 2171 0.002028 12.51 2376.74 270.69 0.69
12501.3* 28000 2158.6 2168.7 10.1 2170.98 0.002029 12.51 2376.7 270.7 0.69
12491.3* 28000 2158.58 2168.68 10.1 2170.96 0.002029 12.51 2376.43 270.67 0.69
12481.3* 28000 2158.56 2168.66 10.1 2170.94 0.002029 12.51 2376.39 270.67 0.69
12471.4* 28000 2158.54 2168.64 10.1 2170.92 0.00203 12.51 2376.23 270.66 0.69
12461.4* 28000 2158.52 2168.62 10.1 2170.9 0.00203 12.51 2376.19 270.66 0.69
12451.4* 28000 2158.5 2168.6 10.1 2170.88 0.00203 12.51 2376.04 270.66 0.69
12441.4* 28000 2158.48 2168.58 10.1 2170.86 0.00203 12.51 2376.01 270.66 0.69
12431.4* 28000 2158.46 2168.56 10.1 2170.84 0.002031 12.51 2375.86 270.66 0.69
12421.4* 28000 2158.44 2168.54 10.1 2170.82 0.002031 12.51 2375.69 270.65 0.69
12411.4* 28000 2158.42 2168.52 10.1 2170.8 0.002031 12.51 2375.66 270.65 0.69
12401.4* 28000 2158.41 2168.49 10.08 2170.78 0.002042 12.53 2371.5 270.57 0.7
12391.4* 28000 2158.39 2168.47 10.08 2170.76 0.002043 12.53 2371.4 270.57 0.7
12381.4* 28000 2158.37 2168.45 10.08 2170.74 0.002043 12.54 2371.11 270.56 0.7
12371.4* 28000 2158.35 2168.43 10.08 2170.72 0.002044 12.54 2371.01 270.56 0.7
12361.4* 28000 2158.33 2168.41 10.08 2170.7 0.002044 12.54 2370.78 270.55 0.7
12351.5* 28000 2158.31 2168.39 10.08 2170.68 0.002045 12.54 2370.68 270.55 0.7
12341.5* 28000 2158.29 2168.37 10.08 2170.66 0.002045 12.54 2370.47 270.54 0.7
12331.5* 28000 2158.27 2168.35 10.08 2170.64 0.002045 12.54 2370.38 270.55 0.7
12321.5* 28000 2158.25 2168.32 10.07 2170.62 0.002046 12.54 2370.16 270.54 0.7
12311.5* 28000 2158.23 2168.3 10.07 2170.6 0.002046 12.54 2369.98 270.54 0.7
12301.5* 28000 2158.21 2168.28 10.07 2170.58 0.002047 12.54 2369.77 270.53 0.7
12291.5* 28000 2158.19 2168.26 10.07 2170.56 0.002048 12.54 2369.41 270.5 0.7
12281.5* 28000 2158.17 2168.24 10.07 2170.54 0.002048 12.54 2369.19 270.5 0.7
12271.5* 28000 2158.15 2168.22 10.07 2170.52 0.002049 12.55 2368.95 270.48 0.7
12261.5* 28000 2158.13 2168.2 10.07 2170.5 0.002049 12.55 2368.79 270.48 0.7
12251.5* 28000 2158.11 2168.18 10.07 2170.48 0.00205 12.55 2368.43 270.47 0.7
12241.5* 28000 2158.09 2168.16 10.07 2170.46 0.002051 12.55 2368.36 270.48 0.7
12231.5* 28000 2158.07 2168.14 10.07 2170.43 0.002051 12.55 2368.13 270.47 0.7
12221.6* 28000 2158.05 2168.12 10.07 2170.41 0.002052 12.55 2367.96 270.47 0.7
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12211.6* 28000 2158.03 2168.1 10.07 2170.39 0.002052 12.55 2367.73 270.46 0.7
12201.6* 28000 2158.01 2168.08 10.07 2170.37 0.002053 12.55 2367.57 270.46 0.7
12191.6* 28000 2157.99 2168.05 10.06 2170.35 0.002053 12.55 2367.33 270.45 0.7
12181.6* 28000 2157.97 2168.03 10.06 2170.33 0.002054 12.56 2367.17 270.45 0.7
12171.6* 28000 2157.95 2168.01 10.06 2170.31 0.002054 12.56 2366.94 270.44 0.7
12161.6* 28000 2157.93 2167.99 10.06 2170.29 0.002055 12.56 2366.77 270.44 0.7
12151.6* 28000 2157.91 2167.97 10.06 2170.27 0.002055 12.56 2366.54 270.42 0.7
12141.6* 28000 2157.89 2167.95 10.06 2170.25 0.002056 12.56 2366.41 270.43 0.7
12131.6* 28000 2157.87 2167.93 10.06 2170.23 0.002057 12.56 2366.04 270.42 0.7
12121.6* 28000 2157.85 2167.91 10.06 2170.21 0.002057 12.56 2365.88 270.42 0.7
12111.6* 28000 2157.83 2167.89 10.06 2170.19 0.002058 12.56 2365.58 270.41 0.7
12101.7* 28000 2157.81 2167.87 10.06 2170.17 0.002059 12.56 2365.36 270.4 0.7
12091.7* 28000 2157.79 2167.85 10.06 2170.15 0.002059 12.57 2365 270.37 0.7
12081.7* 28000 2157.77 2167.83 10.06 2170.13 0.00206 12.57 2364.79 270.36 0.7
12071.7* 28000 2157.75 2167.8 10.05 2170.11 0.00206 12.57 2364.61 270.36 0.7
12061.7* 28000 2157.73 2167.78 10.05 2170.09 0.002061 12.57 2364.32 270.35 0.7
12051.7* 28000 2157.71 2167.76 10.05 2170.07 0.002062 12.57 2364.16 270.35 0.7
12041.7* 28000 2157.69 2167.74 10.05 2170.05 0.002062 12.57 2363.89 270.34 0.7
12031.7* 28000 2157.67 2167.72 10.05 2170.03 0.002063 12.57 2363.73 270.35 0.7
12021.7* 28000 2157.65 2167.7 10.05 2170.01 0.002064 12.57 2363.43 270.33 0.7
12011.7* 28000 2157.63 2167.68 10.05 2169.99 0.002064 12.57 2363.26 270.33 0.7
12001.7* 28000 2157.61 2167.66 10.05 2169.97 0.002065 12.58 2362.9 270.32 0.7
11991.7* 28000 2157.59 2167.64 10.05 2169.95 0.002066 12.58 2362.68 270.32 0.7
11981.7* 28000 2157.58 2167.61 10.03 2169.93 0.002078 12.6 2358.32 270.23 0.7
11971.8* 28000 2157.56 2167.59 10.03 2169.91 0.002078 12.6 2358.09 270.23 0.7
11961.8* 28000 2157.54 2167.57 10.03 2169.89 0.002079 12.6 2357.73 270.21 0.7
11951.8* 28000 2157.52 2167.55 10.03 2169.87 0.00208 12.61 2357.38 270.2 0.7
11941.8* 28000 2157.5 2167.53 10.03 2169.84 0.002081 12.61 2357.16 270.2 0.7
11931.8* 28000 2157.48 2167.51 10.03 2169.82 0.002082 12.61 2356.81 270.19 0.7
11921.8* 28000 2157.46 2167.48 10.02 2169.8 0.002083 12.61 2356.5 270.19 0.7
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11911.8* 28000 2157.44 2167.46 10.02 2169.78 0.002083 12.61 2356.15 270.17 0.7
11901.8* 28000 2157.42 2167.44 10.02 2169.76 0.002084 12.61 2355.84 270.17 0.7
11891.8* 28000 2157.4 2167.42 10.02 2169.74 0.002085 12.61 2355.49 270.16 0.7
11881.8* 28000 2157.38 2167.4 10.02 2169.72 0.002086 12.62 2355 270.13 0.7
11871.8* 28000 2157.36 2167.38 10.02 2169.7 0.002088 12.62 2354.52 270.11 0.7
11861.8* 28000 2157.34 2167.36 10.02 2169.68 0.002089 12.62 2354.21 270.11 0.7
11851.9* 28000 2157.32 2167.33 10.01 2169.66 0.00209 12.62 2353.86 270.1 0.7
11841.9* 28000 2157.3 2167.31 10.01 2169.64 0.00209 12.62 2353.58 270.1 0.7
11831.9* 28000 2157.28 2167.29 10.01 2169.62 0.002091 12.63 2353.16 270.08 0.7
11821.9* 28000 2157.26 2167.27 10.01 2169.6 0.002093 12.63 2352.79 270.08 0.7
11811.9* 28000 2157.24 2167.25 10.01 2169.58 0.002094 12.63 2352.37 270.06 0.7
11801.9* 28000 2157.22 2167.23 10.01 2169.56 0.002095 12.63 2352 270.06 0.7
11791.9* 28000 2157.2 2167.21 10.01 2169.54 0.002096 12.63 2351.58 270.04 0.7
11781.9* 28000 2157.18 2167.18 10 2169.51 0.002097 12.64 2351.17 270.03 0.7
11771.9* 28000 2157.16 2167.16 10 2169.49 0.002098 12.64 2350.79 270.02 0.7
11761.9* 28000 2157.14 2167.14 10 2169.47 0.002099 12.64 2350.38 270.01 0.7
11751.9* 28000 2157.12 2167.12 10 2169.45 0.0021 12.64 2349.87 270 0.7
11741.9* 28000 2157.1 2167.1 10 2169.43 0.002102 12.65 2349.46 269.98 0.7
11731.9* 28000 2157.08 2167.08 10 2169.41 0.002103 12.65 2349.11 269.98 0.7
11722.* 28000 2157.06 2167.06 10 2169.39 0.002104 12.65 2348.69 269.97 0.71
11712.0* 28000 2157.04 2167.03 9.99 2169.37 0.002105 12.65 2348.32 269.96 0.71
11702.0* 28000 2157.02 2167.01 9.99 2169.35 0.002106 12.65 2347.84 269.95 0.71
11692.0* 28000 2157 2166.99 9.99 2169.33 0.002107 12.66 2347.46 269.94 0.71
11682.0* 28000 2156.98 2166.97 9.99 2169.31 0.002109 12.66 2346.8 269.9 0.71
11672.0* 28000 2156.96 2166.95 9.99 2169.29 0.00211 12.66 2346.42 269.89 0.71
11662.0* 28000 2156.94 2166.93 9.99 2169.27 0.002111 12.66 2345.94 269.88 0.71
11652.0* 28000 2156.92 2166.9 9.98 2169.24 0.002112 12.67 2345.49 269.87 0.71
11642.0* 28000 2156.9 2166.88 9.98 2169.22 0.002114 12.67 2345.01 269.85 0.71
11632.0* 28000 2156.88 2166.86 9.98 2169.2 0.002115 12.67 2344.67 269.85 0.71
11622.0* 28000 2156.86 2166.84 9.98 2169.18 0.002116 12.67 2344.06 269.83 0.71
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11612.0* 28000 2156.84 2166.82 9.98 2169.16 0.002118 12.68 2343.5 269.81 0.71
11602.1* 28000 2156.82 2166.8 9.98 2169.14 0.002119 12.68 2343.07 269.81 0.71
11592.1* 28000 2156.8 2166.77 9.97 2169.12 0.002121 12.68 2342.5 269.79 0.71
11582.1* 28000 2156.79 2166.75 9.96 2169.1 0.002133 12.7 2338.04 269.71 0.71
11572.1* 28000 2156.77 2166.72 9.95 2169.08 0.002135 12.71 2337.48 269.69 0.71
11562.1* 28000 2156.75 2166.7 9.95 2169.06 0.002136 12.71 2336.99 269.68 0.71
11552.1* 28000 2156.73 2166.68 9.95 2169.04 0.002138 12.71 2336.36 269.66 0.71
11542.1* 28000 2156.71 2166.66 9.95 2169.02 0.00214 12.72 2335.8 269.65 0.71
11532.1* 28000 2156.69 2166.64 9.95 2169 0.002141 12.72 2335.2 269.63 0.71
11522.1* 28000 2156.67 2166.61 9.94 2168.98 0.002143 12.72 2334.64 269.62 0.71
11512.1* 28000 2156.65 2166.59 9.94 2168.95 0.002145 12.73 2334.03 269.6 0.71
11502.1* 28000 2156.63 2166.57 9.94 2168.93 0.002146 12.73 2333.46 269.59 0.71
11492.1* 28000 2156.61 2166.55 9.94 2168.91 0.002148 12.73 2332.72 269.57 0.71
11482.1* 28000 2156.59 2166.52 9.93 2168.89 0.00215 12.74 2331.96 269.53 0.71
11472.2* 28000 2156.57 2166.5 9.93 2168.87 0.002152 12.74 2331.29 269.51 0.71
11462.2* 28000 2156.55 2166.48 9.93 2168.85 0.002154 12.74 2330.59 269.49 0.71
11452.2* 28000 2156.53 2166.46 9.93 2168.83 0.002156 12.75 2330.04 269.48 0.71
11442.2* 28000 2156.51 2166.43 9.92 2168.81 0.002158 12.75 2329.34 269.46 0.71
11432.2* 28000 2156.49 2166.41 9.92 2168.79 0.002159 12.75 2328.81 269.45 0.71
11422.2* 28000 2156.47 2166.39 9.92 2168.76 0.002161 12.76 2328.12 269.43 0.71
11412.2* 28000 2156.45 2166.37 9.92 2168.74 0.002163 12.76 2327.5 269.42 0.71
11402.2* 28000 2156.43 2166.34 9.91 2168.72 0.002165 12.76 2326.74 269.39 0.71
11392.2* 28000 2156.41 2166.32 9.91 2168.7 0.002167 12.77 2326.12 269.38 0.71
11382.2* 28000 2156.39 2166.3 9.91 2168.68 0.002169 12.77 2325.36 269.36 0.71
11372.2* 28000 2156.37 2166.28 9.91 2168.66 0.002171 12.77 2324.61 269.34 0.72
11362.2* 28000 2156.35 2166.25 9.9 2168.64 0.002174 12.78 2323.85 269.32 0.72
11352.3* 28000 2156.33 2166.23 9.9 2168.62 0.002176 12.78 2323.16 269.31 0.72
11342.3* 28000 2156.31 2166.21 9.9 2168.59 0.002178 12.79 2322.4 269.28 0.72
11332.3* 28000 2156.29 2166.19 9.9 2168.57 0.00218 12.79 2321.74 269.27 0.72
11322.3* 28000 2156.27 2166.16 9.89 2168.55 0.002182 12.79 2320.92 269.25 0.72
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
11312.3* 28000 2156.25 2166.14 9.89 2168.53 0.002184 12.8 2320.23 269.24 0.72
11302.3* 28000 2156.23 2166.12 9.89 2168.51 0.002186 12.8 2319.41 269.21 0.72
11292.3* 28000 2156.21 2166.09 9.88 2168.49 0.002189 12.81 2318.6 269.18 0.72
11282.3* 28000 2156.19 2166.07 9.88 2168.47 0.002191 12.81 2317.64 269.14 0.72
11272.3* 28000 2156.17 2166.05 9.88 2168.45 0.002194 12.82 2316.77 269.11 0.72
11262.3* 28000 2156.15 2166.02 9.87 2168.42 0.002196 12.82 2316 269.1 0.72
11252.3* 28000 2156.13 2166 9.87 2168.4 0.002199 12.82 2315.13 269.07 0.72
11242.3* 28000 2156.11 2165.98 9.87 2168.38 0.002201 12.83 2314.25 269.06 0.72
11232.3* 28000 2156.09 2165.96 9.87 2168.36 0.002204 12.83 2313.38 269.03 0.72
11222.4* 28000 2156.07 2165.93 9.86 2168.34 0.002206 12.84 2312.57 269.02 0.72
11212.4* 28000 2156.05 2165.91 9.86 2168.32 0.002209 12.84 2311.67 268.99 0.72
11202.4* 28000 2156.03 2165.89 9.86 2168.3 0.002211 12.85 2310.86 268.97 0.72
11192.4* 28000 2156.01 2165.86 9.85 2168.27 0.002214 12.85 2309.9 268.94 0.72
11182.4* 28000 2156 2165.83 9.83 2168.25 0.002229 12.88 2304.93 268.85 0.72
11172.4* 28000 2155.98 2165.81 9.83 2168.23 0.002232 12.88 2303.91 268.82 0.72
11162.4* 28000 2155.96 2165.79 9.83 2168.21 0.002235 12.89 2303.03 268.8 0.72
11152.4* 28000 2155.94 2165.76 9.82 2168.19 0.002238 12.89 2301.94 268.76 0.73
11142.4* 28000 2155.92 2165.74 9.82 2168.17 0.002241 12.9 2300.87 268.73 0.73
11132.4* 28000 2155.9 2165.71 9.81 2168.15 0.002244 12.91 2299.93 268.72 0.73
11122.4* 28000 2155.88 2165.69 9.81 2168.13 0.002247 12.91 2298.87 268.69 0.73
11112.4* 28000 2155.86 2165.67 9.81 2168.1 0.002251 12.92 2297.71 268.66 0.73
11102.5* 28000 2155.84 2165.64 9.8 2168.08 0.002254 12.92 2296.64 268.63 0.73
11092.5* 28000 2155.82 2165.62 9.8 2168.06 0.002257 12.93 2295.61 268.61 0.73
11082.5* 28000 2155.8 2165.59 9.79 2168.04 0.00226 12.93 2294.47 268.57 0.73
11072.5* 28000 2155.78 2165.57 9.79 2168.02 0.002264 12.94 2293.19 268.52 0.73
11062.5* 28000 2155.76 2165.55 9.79 2167.99 0.002268 12.95 2291.99 268.49 0.73
11052.5* 28000 2155.74 2165.52 9.78 2167.97 0.002271 12.95 2290.9 268.46 0.73
11042.5* 28000 2155.72 2165.5 9.78 2167.95 0.002275 12.96 2289.7 268.43 0.73
11032.5* 28000 2155.7 2165.47 9.77 2167.93 0.002278 12.97 2288.54 268.4 0.73
11022.5* 28000 2155.68 2165.45 9.77 2167.91 0.002282 12.97 2287.37 268.37 0.73
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
11012.5* 28000 2155.66 2165.42 9.76 2167.88 0.002286 12.98 2286.14 268.34 0.73
11002.5* 28000 2155.64 2165.4 9.76 2167.86 0.002289 12.99 2284.88 268.31 0.73
10992.5* 28000 2155.62 2165.37 9.75 2167.84 0.002294 12.99 2283.53 268.27 0.73
10982.5* 28000 2155.6 2165.35 9.75 2167.82 0.002298 13 2282.2 268.24 0.73
10972.6* 28000 2155.58 2165.32 9.74 2167.8 0.002302 13.01 2280.87 268.2 0.73
10962.6* 28000 2155.56 2165.3 9.74 2167.77 0.002306 13.02 2279.58 268.17 0.74
10952.6* 28000 2155.54 2165.27 9.73 2167.75 0.00231 13.02 2278.18 268.13 0.74
10942.6* 28000 2155.52 2165.25 9.73 2167.73 0.002314 13.03 2276.83 268.1 0.74
10932.6* 28000 2155.5 2165.22 9.72 2167.71 0.002319 13.04 2275.44 268.06 0.74
10922.6* 28000 2155.48 2165.2 9.72 2167.69 0.002323 13.05 2274.11 268.03 0.74
10912.6* 28000 2155.46 2165.17 9.71 2167.66 0.002327 13.05 2272.72 267.99 0.74
10902.6* 28000 2155.44 2165.15 9.71 2167.64 0.002332 13.06 2271.36 267.96 0.74
10892.6* 28000 2155.42 2165.12 9.7 2167.62 0.002336 13.07 2269.84 267.92 0.74
10882.6* 28000 2155.4 2165.1 9.7 2167.6 0.002341 13.08 2268.42 267.88 0.74
10872.6* 28000 2155.38 2165.07 9.69 2167.57 0.002346 13.09 2266.71 267.81 0.74
10862.6* 28000 2155.36 2165.05 9.69 2167.55 0.002351 13.09 2265.16 267.78 0.74
10852.7* 28000 2155.34 2165.02 9.68 2167.53 0.002356 13.1 2263.64 267.73 0.74
10842.7* 28000 2155.32 2164.99 9.67 2167.51 0.002361 13.11 2262.09 267.7 0.74
10832.7* 28000 2155.3 2164.97 9.67 2167.48 0.002366 13.12 2260.5 267.65 0.74
10822.7* 28000 2155.28 2164.94 9.66 2167.46 0.002371 13.13 2258.98 267.62 0.74
10812.7* 28000 2155.26 2164.92 9.66 2167.44 0.002376 13.14 2257.33 267.57 0.75
10802.7* 28000 2155.24 2164.89 9.65 2167.42 0.002382 13.15 2255.66 267.52 0.75
10792.7* 28000 2155.22 2164.86 9.64 2167.39 0.002387 13.16 2254 267.49 0.75
10782.7* 28000 2155.2 2164.84 9.64 2167.37 0.002393 13.17 2252.26 267.43 0.75
10772.7* 28000 2155.19 2164.8 9.61 2167.35 0.002412 13.2 2246.4 267.32 0.75
10762.7* 28000 2155.17 2164.78 9.61 2167.33 0.002419 13.21 2244.54 267.26 0.75
10752.7* 28000 2155.15 2164.75 9.6 2167.31 0.002425 13.22 2242.75 267.22 0.75
10742.7* 28000 2155.13 2164.72 9.59 2167.28 0.002431 13.23 2240.82 267.17 0.75
10732.7* 28000 2155.11 2164.7 9.59 2167.26 0.002438 13.24 2238.84 267.12 0.75
10722.8* 28000 2155.09 2164.67 9.58 2167.24 0.002444 13.25 2236.88 267.07 0.75

12 of 46 Appendix B - Beacon Solar Energy Project



River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
10712.8* 28000 2155.07 2164.64 9.57 2167.21 0.002451 13.26 2234.96 267.02 0.76
10702.8* 28000 2155.05 2164.61 9.56 2167.19 0.002458 13.28 2232.91 266.97 0.76
10692.8* 28000 2155.03 2164.59 9.56 2167.17 0.002464 13.29 2230.91 266.92 0.76
10682.8* 28000 2155.01 2164.56 9.55 2167.15 0.002472 13.3 2228.81 266.86 0.76
10672.8* 28000 2154.99 2164.53 9.54 2167.12 0.002479 13.31 2226.56 266.78 0.76
10662.8* 28000 2154.97 2164.5 9.53 2167.1 0.002486 13.32 2224.39 266.72 0.76
10652.8* 28000 2154.95 2164.47 9.52 2167.08 0.002494 13.34 2222.14 266.66 0.76
10642.8* 28000 2154.93 2164.45 9.52 2167.05 0.002502 13.35 2220.03 266.61 0.76
10632.8* 28000 2154.91 2164.42 9.51 2167.03 0.00251 13.36 2217.71 266.54 0.76
10622.8* 28000 2154.89 2164.39 9.5 2167.01 0.002517 13.37 2215.56 266.49 0.76
10612.8* 28000 2154.87 2164.36 9.49 2166.98 0.002526 13.39 2213.13 266.43 0.77
10602.9* 28000 2154.85 2164.33 9.48 2166.96 0.002534 13.4 2210.82 266.37 0.77
10592.9* 28000 2154.83 2164.3 9.47 2166.94 0.002542 13.42 2208.38 266.3 0.77
10582.9* 28000 2154.81 2164.27 9.46 2166.91 0.002551 13.43 2206.01 266.24 0.77
10572.9* 28000 2154.79 2164.24 9.45 2166.89 0.00256 13.45 2203.44 266.17 0.77
10562.9* 28000 2154.77 2164.21 9.44 2166.87 0.002569 13.46 2201 266.11 0.77
10552.9* 28000 2154.75 2164.18 9.43 2166.84 0.002578 13.47 2198.37 266.04 0.77
10542.9* 28000 2154.73 2164.16 9.43 2166.82 0.002588 13.49 2195.81 265.98 0.77
10532.9* 28000 2154.71 2164.13 9.42 2166.8 0.002597 13.51 2193.11 265.9 0.78
10522.9* 28000 2154.69 2164.09 9.4 2166.77 0.002607 13.52 2190.51 265.84 0.78
10512.9* 28000 2154.67 2164.06 9.39 2166.75 0.002617 13.54 2187.69 265.76 0.78
10502.9* 28000 2154.65 2164.03 9.38 2166.72 0.002628 13.55 2184.93 265.69 0.78
10492.9* 28000 2154.63 2164 9.37 2166.7 0.002638 13.57 2182.04 265.61 0.78
10482.9* 28000 2154.61 2163.97 9.36 2166.68 0.00265 13.59 2178.99 265.53 0.78
10473.* 28000 2154.59 2163.94 9.35 2166.65 0.002661 13.61 2175.84 265.43 0.78
10463.0* 28000 2154.57 2163.91 9.34 2166.63 0.002673 13.63 2172.77 265.34 0.79
10453.0* 28000 2154.55 2163.88 9.33 2166.6 0.002685 13.65 2169.68 265.26 0.79
10443.0* 28000 2154.53 2163.85 9.32 2166.58 0.002696 13.66 2166.55 265.18 0.79
10433.0* 28000 2154.51 2163.81 9.3 2166.56 0.002709 13.68 2163.42 265.1 0.79
10423.0* 28000 2154.49 2163.78 9.29 2166.53 0.002721 13.7 2160.18 265.02 0.79
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
10413.0* 28000 2154.47 2163.75 9.28 2166.51 0.002734 13.72 2156.91 264.94 0.79
10403.0* 28000 2154.45 2163.72 9.27 2166.48 0.002747 13.74 2153.45 264.84 0.8
10393.0* 28000 2154.43 2163.68 9.25 2166.46 0.002761 13.76 2150.05 264.75 0.8
10383.0* 28000 2154.41 2163.65 9.24 2166.43 0.002775 13.79 2146.47 264.65 0.8
10373.0* 28000 2154.4 2163.6 9.2 2166.41 0.002821 13.86 2135.17 264.39 0.81
10363.0* 28000 2154.38 2163.56 9.18 2166.39 0.002837 13.88 2131.27 264.28 0.81
10353.1* 28000 2154.36 2163.53 9.17 2166.36 0.002853 13.91 2127.3 264.18 0.81
10343.1* 28000 2154.34 2163.49 9.15 2166.34 0.00287 13.93 2123.21 264.07 0.81
10333.1* 28000 2154.32 2163.46 9.14 2166.31 0.002888 13.96 2119.07 263.96 0.81
10323.1* 28000 2154.3 2163.42 9.12 2166.29 0.002905 13.98 2114.92 263.85 0.82
10313.1* 28000 2154.28 2163.38 9.1 2166.26 0.002924 14.01 2110.59 263.74 0.82
10303.1* 28000 2154.26 2163.35 9.09 2166.24 0.002942 14.04 2106.23 263.62 0.82
10293.1* 28000 2154.24 2163.31 9.07 2166.21 0.002962 14.07 2101.71 263.5 0.82
10283.1* 28000 2154.22 2163.27 9.05 2166.19 0.002982 14.1 2097.16 263.38 0.83
10273.1* 28000 2154.2 2163.23 9.03 2166.16 0.003003 14.13 2092.27 263.23 0.83
10263.1* 28000 2154.18 2163.2 9.02 2166.14 0.003025 14.16 2087.47 263.1 0.83
10253.1* 28000 2154.16 2163.16 9 2166.11 0.003047 14.19 2082.51 262.97 0.83
10243.1* 28000 2154.14 2163.12 8.98 2166.09 0.00307 14.22 2077.45 262.84 0.84
10233.1* 28000 2154.12 2163.08 8.96 2166.06 0.003094 14.26 2072.12 262.69 0.84
10223.2* 28000 2154.1 2163.04 8.94 2166.04 0.003119 14.29 2066.81 262.55 0.84
10213.2* 28000 2154.08 2163 8.92 2166.01 0.003145 14.33 2061.38 262.41 0.85
10203.2* 28000 2154.06 2162.96 8.9 2165.99 0.003171 14.37 2055.82 262.27 0.85
10193.2* 28000 2154.04 2162.91 8.87 2165.96 0.003206 14.42 2048.44 262.07 0.85
10183.2* 28000 2154.02 2162.86 8.84 2162.14 2165.93 0.003241 14.47 2041.42 261.88 0.86

10173.25 28000 2154 2162.12 8.12 2162.12 2165.83 0.004358 15.85 1855.3 256.85 0.98
10167.4* 28000 2152 2157.42 5.42 2159.82 2165.36 0.015726 23 1258.88 252.08 1.74
10161.6* 28000 2150 2154.53 4.53 2157.56 2164.94 0.02606 26.26 1096.14 259.26 2.17
10155.8* 28000 2148 2151.94 3.94 2155.29 2164.47 0.03753 28.74 997.37 268.25 2.55

10150 28000 2146 2149.52 3.52 2153.07 2163.93 0.050172 30.78 928.48 278.13 2.89
10140.* 28000 2145.98 2149.59 3.61 2153.05 2163.21 0.045729 29.93 955.54 278.91 2.77
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
10130.* 28000 2145.96 2149.67 3.71 2153.03 2162.55 0.041781 29.12 982.67 279.68 2.66
10120.* 28000 2145.94 2149.75 3.81 2153.01 2161.94 0.038244 28.34 1010.02 280.46 2.56
10110.* 28000 2145.93 2149.84 3.91 2153 2161.38 0.034948 27.58 1038.71 281.29 2.46
10100.* 28000 2145.91 2149.92 4.01 2152.97 2160.87 0.032076 26.87 1066.76 282.08 2.36
10090.* 28000 2145.89 2150 4.11 2152.96 2160.39 0.029483 26.19 1095.11 282.89 2.28
10080.* 28000 2145.87 2150.08 4.21 2152.94 2159.95 0.027127 25.53 1123.88 283.7 2.19
10070.* 28000 2145.85 2150.17 4.32 2152.91 2159.55 0.024979 24.9 1153.15 284.52 2.11
10060.* 28000 2145.83 2150.25 4.42 2152.89 2159.18 0.023088 24.31 1181.81 285.32 2.04
10050.* 28000 2145.81 2150.33 4.52 2152.88 2158.83 0.02129 23.71 1212.08 286.17 1.97
10040.* 28000 2145.79 2150.42 4.63 2152.85 2158.51 0.01963 23.13 1243.19 287.03 1.89
10030.* 28000 2145.78 2150.53 4.75 2152.84 2158.19 0.018005 22.53 1277.27 287.99 1.82
10020.* 28000 2145.76 2150.62 4.86 2152.83 2157.91 0.01658 21.97 1310.64 288.91 1.76
10010.* 28000 2145.74 2150.72 4.98 2152.81 2157.64 0.015248 21.42 1345.46 289.87 1.69
10000.* 28000 2145.72 2150.83 5.11 2152.79 2157.39 0.013995 20.86 1382.11 290.88 1.63
9990.*  28000 2145.7 2150.95 5.25 2152.77 2157.15 0.012806 20.3 1421.17 291.95 1.56
9980.*  28000 2145.68 2151.07 5.39 2152.74 2156.93 0.011663 19.73 1463.51 293.1 1.5
9970.*  28000 2145.66 2154.43 8.77 2152.73 2156.47 0.002164 11.76 2499.43 320.14 0.7
9960.*  28000 2145.64 2154.41 8.77 2156.45 0.002166 11.76 2498.63 320.11 0.7
9950.*  28000 2145.63 2154.38 8.75 2156.43 0.002182 11.79 2492.87 319.99 0.7
9940.*  28000 2145.61 2154.35 8.74 2156.41 0.002184 11.79 2491.84 319.96 0.7
9930.*  28000 2145.59 2154.33 8.74 2156.39 0.002187 11.79 2490.97 319.94 0.7
9920.*  28000 2145.57 2154.31 8.74 2156.36 0.002189 11.8 2490 319.91 0.7
9910.*  28000 2145.55 2154.29 8.74 2156.34 0.002192 11.8 2489.05 319.88 0.7
9900.*  28000 2145.53 2154.26 8.73 2156.32 0.002195 11.81 2488.11 319.86 0.7
9890.*  28000 2145.51 2154.24 8.73 2156.3 0.002197 11.81 2487.07 319.82 0.7
9880.*  28000 2145.5 2154.21 8.71 2156.28 0.002214 11.84 2481.17 319.7 0.71
9870.*  28000 2145.48 2154.19 8.71 2156.26 0.002217 11.84 2480.07 319.67 0.71
9860.*  28000 2145.46 2154.16 8.7 2156.24 0.00222 11.85 2478.95 319.64 0.71
9850.*  28000 2145.44 2154.14 8.7 2156.22 0.002223 11.85 2477.89 319.62 0.71
9840.*  28000 2145.42 2154.12 8.7 2156.19 0.002226 11.86 2476.78 319.59 0.71
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
9830.*  28000 2145.4 2154.09 8.69 2156.17 0.002229 11.86 2475.66 319.55 0.71
9820.*  28000 2145.38 2154.07 8.69 2156.15 0.002233 11.87 2474.4 319.5 0.71
9810.*  28000 2145.36 2154.05 8.69 2156.13 0.002236 11.88 2473.07 319.47 0.71
9800.*  28000 2145.35 2154.02 8.67 2156.11 0.002254 11.9 2466.93 319.33 0.71
9790.*  28000 2145.33 2153.99 8.66 2156.09 0.002257 11.91 2465.67 319.3 0.71
9780.*  28000 2145.31 2153.97 8.66 2156.07 0.002261 11.92 2464.41 319.27 0.71
9770.*  28000 2145.29 2153.94 8.65 2156.04 0.002265 11.92 2463.05 319.22 0.71
9760.*  28000 2145.27 2153.92 8.65 2156.02 0.002269 11.93 2461.71 319.19 0.71
9750.*  28000 2145.25 2153.9 8.65 2156 0.002272 11.94 2460.39 319.16 0.72
9740.*  28000 2145.23 2153.87 8.64 2155.98 0.002276 11.94 2458.95 319.11 0.72
9730.*  28000 2145.21 2153.85 8.64 2155.96 0.00228 11.95 2457.58 319.09 0.72
9720.*  28000 2145.2 2153.82 8.62 2155.94 0.002299 11.98 2451.25 318.95 0.72
9710.*  28000 2145.18 2153.79 8.61 2155.91 0.002303 11.99 2449.73 318.91 0.72
9700.*  28000 2145.16 2153.77 8.61 2155.89 0.002308 11.99 2448.24 318.87 0.72
9690.*  28000 2145.14 2153.74 8.6 2155.87 0.002312 12 2446.67 318.83 0.72
9680.*  28000 2145.12 2153.72 8.6 2155.85 0.002317 12.01 2444.94 318.78 0.72
9670.*  28000 2145.1 2153.69 8.59 2155.83 0.002322 12.02 2443.29 318.73 0.72
9660.*  28000 2145.08 2153.67 8.59 2155.8 0.002327 12.02 2441.65 318.69 0.72
9650.*  28000 2145.07 2153.64 8.57 2155.78 0.002347 12.06 2434.99 318.55 0.73
9640.*  28000 2145.05 2153.61 8.56 2155.76 0.002353 12.06 2433.18 318.5 0.73
9630.*  28000 2145.03 2153.58 8.55 2155.74 0.002358 12.07 2431.39 318.45 0.73
9620.*  28000 2145.01 2153.56 8.55 2155.72 0.002364 12.08 2429.48 318.39 0.73
9610.*  28000 2144.99 2153.53 8.54 2155.69 0.002369 12.09 2427.57 318.34 0.73
9600.*  28000 2144.97 2153.51 8.54 2155.67 0.002375 12.1 2425.67 318.28 0.73
9590.*  28000 2144.95 2153.48 8.53 2155.65 0.002381 12.11 2423.79 318.23 0.73
9580.*  28000 2144.93 2153.46 8.53 2155.63 0.002387 12.12 2421.83 318.18 0.73
9570.*  28000 2144.92 2153.42 8.5 2155.61 0.002409 12.15 2414.8 318.03 0.73
9560.*  28000 2144.9 2153.4 8.5 2155.58 0.002415 12.16 2412.69 317.97 0.74
9550.*  28000 2144.88 2153.37 8.49 2155.56 0.002422 12.17 2410.51 317.91 0.74
9540.*  28000 2144.86 2153.34 8.48 2155.54 0.002429 12.18 2408.16 317.85 0.74
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
9530.*  28000 2144.84 2153.32 8.48 2155.51 0.002437 12.2 2405.89 317.79 0.74
9520.*  28000 2144.82 2153.29 8.47 2155.49 0.002444 12.21 2403.63 317.73 0.74
9510.*  28000 2144.8 2153.26 8.46 2155.47 0.002451 12.22 2401.26 317.66 0.74
9500.*  28000 2144.79 2153.23 8.44 2155.45 0.002475 12.25 2393.88 317.5 0.74
9490.*  28000 2144.77 2153.2 8.43 2155.42 0.002483 12.27 2391.45 317.45 0.74
9480.*  28000 2144.75 2153.17 8.42 2155.4 0.002491 12.28 2388.85 317.38 0.75
9470.00* 28000 2144.73 2153.14 8.41 2155.38 0.0025 12.29 2386.29 317.31 0.75
9460.00* 28000 2144.71 2153.11 8.4 2155.35 0.002508 12.3 2383.64 317.24 0.75
9450.00* 28000 2144.69 2153.09 8.4 2155.33 0.002517 12.32 2380.89 317.17 0.75
9440.00* 28000 2144.67 2153.06 8.39 2155.31 0.002526 12.33 2378.17 317.09 0.75
9430.00* 28000 2144.65 2153.03 8.38 2155.28 0.002535 12.35 2375.37 317.02 0.75
9420.00* 28000 2144.64 2152.99 8.35 2155.26 0.002567 12.39 2365.98 316.81 0.76
9410.00* 28000 2144.62 2152.96 8.34 2155.24 0.002578 12.41 2362.87 316.73 0.76
9400.00* 28000 2144.6 2152.93 8.33 2155.21 0.002588 12.43 2359.67 316.62 0.76
9390.00* 28000 2144.58 2152.9 8.32 2155.19 0.002599 12.44 2356.53 316.54 0.76
9380.00* 28000 2144.56 2152.87 8.31 2155.17 0.00261 12.46 2353.35 316.45 0.76
9370.00* 28000 2144.54 2152.84 8.3 2155.14 0.002621 12.47 2350.22 316.38 0.76
9360.00* 28000 2144.52 2152.81 8.29 2155.12 0.002633 12.49 2346.86 316.29 0.76
9350.00* 28000 2144.5 2152.78 8.28 2155.09 0.002645 12.51 2343.45 316.2 0.77
9340.00* 28000 2144.49 2152.74 8.25 2155.07 0.002681 12.56 2333.19 315.97 0.77
9330.00* 28000 2144.47 2152.7 8.23 2155.05 0.002694 12.58 2329.52 315.87 0.77
9320.00* 28000 2144.45 2152.67 8.22 2155.02 0.002708 12.6 2325.82 315.78 0.77
9310.00* 28000 2144.43 2152.64 8.21 2155 0.002722 12.62 2322.03 315.68 0.78
9300.00* 28000 2144.41 2152.61 8.2 2154.97 0.002736 12.64 2318.05 315.57 0.78
9290.00* 28000 2144.39 2152.57 8.18 2154.95 0.002751 12.66 2314.03 315.46 0.78
9280.00* 28000 2144.37 2152.54 8.17 2154.92 0.002767 12.68 2309.79 315.35 0.78
9270.00* 28000 2144.36 2152.49 8.13 2154.9 0.002816 12.75 2296.76 315.05 0.79
9260.00* 28000 2144.34 2152.46 8.12 2154.87 0.002834 12.78 2292.29 314.93 0.79
9250.00* 28000 2144.32 2152.42 8.1 2154.85 0.002851 12.8 2287.81 314.83 0.79
9240.00* 28000 2144.3 2152.39 8.09 2154.82 0.002869 12.83 2283.08 314.7 0.79
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
9230.00* 28000 2144.28 2152.35 8.07 2154.8 0.002888 12.85 2278.3 314.58 0.8
9220.00* 28000 2144.26 2152.32 8.06 2154.77 0.002908 12.88 2273.37 314.45 0.8
9210.00* 28000 2144.24 2152.28 8.04 2154.75 0.002928 12.91 2268.26 314.31 0.8
9200.00* 28000 2144.22 2152.24 8.02 2154.72 0.002949 12.94 2263.03 314.17 0.8
9190.00* 28000 2144.21 2152.18 7.97 2154.7 0.003012 13.02 2248.03 313.83 0.81
9180.00* 28000 2144.19 2152.15 7.96 2154.67 0.003037 13.05 2242.03 313.64 0.82
9170.00* 28000 2144.17 2152.11 7.94 2154.65 0.003062 13.09 2236.12 313.48 0.82
9160.00* 28000 2144.15 2152.07 7.92 2154.62 0.003088 13.12 2230.07 313.33 0.82
9150.00* 28000 2144.13 2152.03 7.9 2154.6 0.003115 13.16 2223.82 313.16 0.82
9140.00* 28000 2144.11 2151.99 7.88 2154.57 0.003143 13.19 2217.32 312.99 0.83
9130.00* 28000 2144.09 2151.95 7.86 2154.54 0.003172 13.23 2210.86 312.83 0.83
9120.00* 28000 2144.07 2151.9 7.83 2154.52 0.003204 13.27 2203.94 312.64 0.84
9110.00* 28000 2144.06 2151.81 7.75 2154.49 0.003321 13.42 2178.82 312.05 0.85
9100.00* 28000 2144.04 2151.76 7.72 2154.46 0.003378 13.49 2167.08 311.74 0.86
9090.00* 28000 2144.02 2151.69 7.67 2151.08 2154.43 0.003445 13.57 2153.49 311.38 0.86

9080 28000 2144 2151.07 7.07 2151.07 2154.34 0.004566 14.8 1968.51 306.59 0.98
9072.5* 28000 2141.5 2146.28 4.78 2148.57 2153.85 0.017642 22.39 1285.42 288.21 1.81
9065.*  28000 2139 2143.14 4.14 2146.07 2153.4 0.028894 26.03 1102.01 283.08 2.26
9057.5* 28000 2136.5 2140.24 3.74 2143.57 2152.88 0.040532 28.85 991.97 279.95 2.63

9050 28000 2134 2137.47 3.47 2141.07 2152.3 0.052615 31.23 914.91 277.74 2.96
9040.*  28000 2133.98 2137.54 3.56 2141.05 2151.56 0.04794 30.36 941.66 278.51 2.83
9030.*  28000 2133.97 2137.63 3.66 2141.04 2150.86 0.043658 29.51 969.37 279.3 2.72
9020.*  28000 2133.95 2137.71 3.76 2141.02 2150.23 0.039926 28.72 996.62 280.08 2.61
9010.*  28000 2133.93 2137.79 3.86 2141 2149.65 0.036541 27.95 1024.41 280.87 2.51
9000.*  28000 2133.92 2137.88 3.96 2140.99 2149.11 0.033424 27.21 1053.19 281.69 2.41
8990.*  28000 2133.9 2137.96 4.06 2140.97 2148.62 0.030698 26.51 1081.42 282.49 2.32
8980.*  28000 2133.89 2138.06 4.17 2140.96 2148.15 0.028144 25.82 1111.08 283.34 2.23
8970.*  28000 2133.87 2138.14 4.27 2140.94 2147.73 0.025902 25.17 1140.18 284.16 2.15
8960.*  28000 2133.85 2138.22 4.37 2140.92 2147.34 0.023859 24.55 1169.74 284.98 2.07
8950.*  28000 2133.84 2138.32 4.48 2140.9 2146.98 0.021915 23.92 1201.2 285.87 1.99
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
8940.*  28000 2133.82 2138.41 4.59 2140.88 2146.64 0.020207 23.34 1232.02 286.73 1.92
8930.*  28000 2133.8 2138.5 4.7 2140.86 2146.33 0.018627 22.77 1263.74 287.6 1.85
8920.*  28000 2133.79 2138.61 4.82 2140.85 2146.03 0.017071 22.17 1298.74 288.59 1.78
8910.*  28000 2133.77 2138.71 4.94 2140.83 2145.75 0.015707 21.61 1333.03 289.53 1.71
8900.*  28000 2133.75 2138.82 5.07 2140.82 2145.5 0.014424 21.06 1369.09 290.51 1.65
8890.*  28000 2133.74 2138.95 5.21 2140.79 2145.25 0.013119 20.45 1410.43 291.67 1.58
8880.*  28000 2133.72 2139.07 5.35 2140.79 2145.02 0.011965 19.89 1451.8 292.79 1.52
8870.*  28000 2133.71 2139.23 5.52 2140.78 2144.79 0.010727 19.23 1502.54 294.18 1.44
8860.*  28000 2133.69 2139.39 5.7 2140.76 2144.58 0.009606 18.59 1555.66 295.62 1.37
8850.*  28000 2133.67 2142.14 8.47 2140.74 2144.34 0.002444 12.21 2403.42 317.73 0.74
8840.*  28000 2133.66 2142.1 8.44 2144.32 0.002468 12.24 2396.02 317.57 0.74
8830.*  28000 2133.64 2142.08 8.44 2144.3 0.002476 12.26 2393.42 317.48 0.74
8820.*  28000 2133.62 2142.05 8.43 2144.27 0.002485 12.27 2390.75 317.4 0.74
8810.*  28000 2133.61 2142.01 8.4 2144.25 0.00251 12.31 2383.15 317.24 0.75
8800.*  28000 2133.59 2141.98 8.39 2144.23 0.002519 12.32 2380.3 317.14 0.75
8790.*  28000 2133.57 2141.96 8.39 2144.21 0.002528 12.34 2377.49 317.06 0.75
8780.*  28000 2133.56 2141.92 8.36 2144.19 0.002555 12.38 2369.57 316.89 0.75
8770.*  28000 2133.54 2141.89 8.35 2144.16 0.002565 12.39 2366.41 316.78 0.76
8760.*  28000 2133.53 2141.85 8.32 2144.14 0.002598 12.44 2356.82 316.57 0.76
8750.*  28000 2133.51 2141.82 8.31 2144.12 0.002609 12.46 2353.61 316.48 0.76
8740.*  28000 2133.49 2141.79 8.3 2144.09 0.002621 12.47 2350.17 316.37 0.76
8730.*  28000 2133.48 2141.75 8.27 2144.07 0.002657 12.53 2340.02 316.14 0.77
8720.*  28000 2133.46 2141.72 8.26 2144.05 0.002669 12.54 2336.54 316.05 0.77
8710.*  28000 2133.44 2141.68 8.24 2144.02 0.002682 12.56 2332.89 315.95 0.77
8700.*  28000 2133.43 2141.64 8.21 2144 0.002722 12.62 2322.04 315.68 0.78
8690.*  28000 2133.41 2141.61 8.2 2143.97 0.002736 12.64 2318.07 315.57 0.78
8680.*  28000 2133.4 2141.56 8.16 2143.95 0.002778 12.7 2306.98 315.32 0.78
8670.*  28000 2133.38 2141.53 8.15 2143.93 0.002794 12.72 2302.53 315.18 0.79
8660.*  28000 2133.36 2141.49 8.13 2143.9 0.002812 12.75 2297.97 315.06 0.79
8650.*  28000 2133.35 2141.44 8.09 2143.88 0.002864 12.82 2284.48 314.74 0.79
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
8640.*  28000 2133.33 2141.41 8.08 2143.85 0.002883 12.85 2279.51 314.59 0.8
8630.*  28000 2133.31 2141.37 8.06 2143.83 0.002903 12.87 2274.6 314.46 0.8
8620.*  28000 2133.3 2141.31 8.01 2143.8 0.002962 12.95 2259.97 314.12 0.81
8610.*  28000 2133.28 2141.28 8 2143.77 0.002985 12.98 2254.41 313.95 0.81
8600.*  28000 2133.26 2141.24 7.98 2143.75 0.003008 13.01 2248.78 313.8 0.81
8590.*  28000 2133.25 2141.17 7.92 2143.72 0.003084 13.11 2231.01 313.37 0.82
8580.*  28000 2133.23 2141.13 7.9 2143.7 0.003111 13.15 2224.71 313.21 0.82
8570.*  28000 2133.22 2141.05 7.83 2143.67 0.003209 13.28 2202.89 312.65 0.84
8560.*  28000 2133.2 2141 7.8 2143.64 0.00325 13.33 2194 312.42 0.84
8550.*  28000 2133.18 2140.95 7.77 2143.61 0.003293 13.38 2184.77 312.18 0.85
8540.*  28000 2133.17 2140.84 7.67 2140.23 2143.58 0.003444 13.57 2153.58 311.39 0.86

8530 28000 2133.15 2140.22 7.07 2140.22 2143.49 0.004566 14.8 1968.51 306.59 0.98
8520.*  28000 2129.82 2134.33 4.51 2136.89 2142.88 0.021496 23.78 1208.46 286.08 1.97
8510.*  28000 2126.48 2130.33 3.85 2133.55 2142.26 0.036929 28.04 1021.05 280.77 2.52

8500 28000 2123.15 2126.61 3.46 2130.22 2141.52 0.053046 31.31 912.6 277.67 2.97
8490.*  28000 2123.13 2126.69 3.56 2130.2 2140.77 0.048322 30.43 939.35 278.44 2.84
8480.*  28000 2123.11 2126.76 3.65 2130.18 2140.07 0.044086 29.6 966.45 279.22 2.73
8470.*  28000 2123.09 2126.84 3.75 2130.16 2139.44 0.040307 28.8 993.69 280 2.62
8460.*  28000 2123.07 2126.92 3.85 2130.13 2138.85 0.03692 28.04 1021.14 280.79 2.52
8450.*  28000 2123.05 2127 3.95 2130.12 2138.31 0.033855 27.31 1049.02 281.58 2.42
8440.*  28000 2123.02 2127.06 4.04 2130.09 2137.82 0.031175 26.64 1076.25 282.34 2.33
8430.*  28000 2123 2127.14 4.14 2130.06 2137.36 0.028663 25.96 1104.76 283.15 2.25
8420.*  28000 2122.98 2127.23 4.25 2130.05 2136.93 0.026379 25.31 1133.7 283.96 2.16
8410.*  28000 2122.96 2127.31 4.35 2130.03 2136.53 0.024296 24.69 1163.15 284.8 2.09
8400.*  28000 2122.94 2127.39 4.45 2130.01 2136.18 0.022458 24.1 1192.05 285.61 2.01
8390.*  28000 2122.92 2127.48 4.56 2129.97 2135.83 0.020711 23.51 1222.57 286.47 1.94
8380.*  28000 2122.9 2127.57 4.67 2129.96 2135.52 0.019094 22.94 1254.02 287.34 1.87
8370.*  28000 2122.88 2127.66 4.78 2129.95 2135.22 0.017593 22.37 1286.54 288.24 1.8
8360.*  28000 2122.86 2127.76 4.9 2129.92 2134.94 0.016195 21.81 1320.31 289.18 1.74
8350.*  28000 2122.84 2127.86 5.02 2129.91 2134.67 0.01489 21.26 1355.55 290.16 1.67
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
8340.*  28000 2122.82 2127.97 5.15 2129.88 2134.43 0.013656 20.71 1392.8 291.18 1.61
8330.*  28000 2122.8 2128.08 5.28 2129.86 2134.19 0.012482 20.14 1432.68 292.28 1.54
8320.*  28000 2122.77 2128.19 5.42 2129.84 2133.98 0.011459 19.62 1471.68 293.33 1.49
8310.*  28000 2122.75 2128.33 5.58 2129.81 2133.77 0.010342 19.02 1519.89 294.64 1.42
8300.*  28000 2122.73 2131.39 8.66 2129.79 2133.49 0.00226 11.91 2464.78 319.26 0.71
8290.*  28000 2122.71 2131.37 8.66 2133.47 0.002263 11.92 2463.65 319.25 0.71
8280.*  28000 2122.69 2131.34 8.65 2133.44 0.002267 11.93 2462.29 319.21 0.71
8270.*  28000 2122.67 2131.32 8.65 2133.42 0.002271 11.93 2460.95 319.17 0.72
8260.*  28000 2122.65 2131.29 8.64 2133.4 0.002275 11.94 2459.67 319.15 0.72
8250.*  28000 2122.63 2131.27 8.64 2133.38 0.002279 11.95 2458.23 319.11 0.72
8240.*  28000 2122.61 2131.24 8.63 2133.36 0.002283 11.95 2456.82 319.08 0.72
8230.*  28000 2122.59 2131.22 8.63 2133.33 0.002287 11.96 2455.46 319.06 0.72
8220.*  28000 2122.57 2131.2 8.63 2133.31 0.002291 11.97 2454.04 319.02 0.72
8210.*  28000 2122.54 2131.17 8.63 2133.28 0.002285 11.96 2456.15 319.04 0.72
8200.*  28000 2122.52 2131.15 8.63 2133.26 0.002289 11.96 2454.79 319.02 0.72
8190.*  28000 2122.5 2131.12 8.62 2133.24 0.002293 11.97 2453.27 318.97 0.72
8180.*  28000 2122.48 2131.1 8.62 2133.22 0.002297 11.97 2451.94 318.95 0.72
8170.*  28000 2122.46 2131.07 8.61 2133.2 0.002301 11.98 2450.5 318.92 0.72
8160.*  28000 2122.44 2131.05 8.61 2133.17 0.002306 11.99 2448.91 318.88 0.72
8150.*  28000 2122.42 2131.03 8.61 2133.15 0.00231 12 2447.33 318.83 0.72
8140.*  28000 2122.4 2131 8.6 2133.13 0.002315 12 2445.82 318.81 0.72
8130.*  28000 2122.38 2130.98 8.6 2133.11 0.00232 12.01 2444.15 318.76 0.72
8120.*  28000 2122.36 2130.95 8.59 2133.08 0.002325 12.02 2442.51 318.73 0.72
8110.*  28000 2122.34 2130.92 8.58 2133.06 0.00233 12.03 2440.9 318.69 0.72
8100.*  28000 2122.32 2130.9 8.58 2133.04 0.002334 12.03 2439.25 318.65 0.72
8090.*  28000 2122.29 2130.88 8.59 2133.01 0.002328 12.03 2441.2 318.67 0.72
8080.*  28000 2122.27 2130.85 8.58 2132.99 0.002333 12.03 2439.58 318.63 0.72
8070.*  28000 2122.25 2130.83 8.58 2132.97 0.002338 12.04 2437.86 318.58 0.72
8060.*  28000 2122.23 2130.8 8.57 2132.95 0.002343 12.05 2436.22 318.56 0.73
8050.*  28000 2122.21 2130.77 8.56 2132.92 0.002348 12.06 2434.53 318.52 0.73
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
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(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
8040.*  28000 2122.19 2130.75 8.56 2132.9 0.002354 12.07 2432.74 318.47 0.73
8030.*  28000 2122.17 2130.72 8.55 2132.88 0.002359 12.07 2430.93 318.43 0.73
8020.*  28000 2122.15 2130.7 8.55 2132.86 0.002365 12.08 2429.03 318.37 0.73
8010.*  28000 2122.13 2130.67 8.54 2132.83 0.002371 12.09 2427.21 318.33 0.73
8000.*  28000 2122.11 2130.65 8.54 2132.81 0.002376 12.1 2425.35 318.3 0.73
7990.*  28000 2122.09 2130.62 8.53 2132.79 0.002382 12.11 2423.37 318.25 0.73
7980.*  28000 2122.06 2130.6 8.54 2132.76 0.002377 12.1 2425.2 318.27 0.73
7970.*  28000 2122.04 2130.57 8.53 2132.74 0.002383 12.11 2423.24 318.22 0.73
7960.*  28000 2122.02 2130.54 8.52 2132.72 0.002389 12.12 2421.19 318.16 0.73
7950.*  28000 2122 2130.52 8.52 2132.69 0.002395 12.13 2419.38 318.14 0.73
7940.*  28000 2121.98 2130.49 8.51 2132.67 0.002401 12.14 2417.34 318.09 0.73
7930.*  28000 2121.96 2130.46 8.5 2132.65 0.002407 12.15 2415.29 318.03 0.73
7920.*  28000 2121.94 2130.44 8.5 2132.62 0.002414 12.16 2413.24 317.98 0.74
7910.*  28000 2121.92 2130.41 8.49 2132.6 0.00242 12.17 2411.13 317.93 0.74
7900.*  28000 2121.9 2130.38 8.48 2132.58 0.002427 12.18 2408.91 317.86 0.74
7890.*  28000 2121.88 2130.36 8.48 2132.55 0.002434 12.19 2406.88 317.84 0.74
7880.*  28000 2121.86 2130.33 8.47 2132.53 0.002441 12.2 2404.47 317.78 0.74
7870.*  28000 2121.84 2130.3 8.46 2132.51 0.002449 12.21 2402.1 317.71 0.74
7860.*  28000 2121.81 2130.28 8.47 2132.48 0.002443 12.21 2403.79 317.73 0.74
7850.*  28000 2121.79 2130.25 8.46 2132.46 0.002451 12.22 2401.42 317.66 0.74
7840.*  28000 2121.77 2130.22 8.45 2132.44 0.002458 12.23 2399.07 317.6 0.74
7830.*  28000 2121.75 2130.2 8.45 2132.41 0.002465 12.24 2396.9 317.58 0.74
7820.*  28000 2121.73 2130.17 8.44 2132.39 0.002473 12.25 2394.45 317.51 0.74
7810.*  28000 2121.71 2130.14 8.43 2132.37 0.002481 12.26 2392.03 317.44 0.74
7800.*  28000 2121.69 2130.11 8.42 2132.34 0.002489 12.28 2389.6 317.39 0.75
7790.*  28000 2121.67 2130.09 8.42 2132.32 0.002497 12.29 2387 317.32 0.75
7780.*  28000 2121.65 2130.06 8.41 2132.3 0.002506 12.3 2384.43 317.25 0.75
7770.*  28000 2121.63 2130.03 8.4 2132.27 0.002514 12.31 2382.03 317.22 0.75
7760.*  28000 2121.61 2130 8.39 2132.25 0.002523 12.33 2379.2 317.14 0.75
7750.*  28000 2121.58 2129.98 8.4 2132.22 0.002518 12.32 2380.48 317.13 0.75
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7740.*  28000 2121.56 2129.95 8.39 2132.2 0.002527 12.33 2377.9 317.08 0.75
7730.*  28000 2121.54 2129.92 8.38 2132.17 0.002536 12.35 2375.07 317 0.75
7720.00* 28000 2121.52 2129.89 8.37 2132.15 0.002546 12.36 2372.37 316.95 0.75
7710.00* 28000 2121.5 2129.86 8.36 2132.13 0.002555 12.38 2369.56 316.89 0.75
7700.00* 28000 2121.48 2129.83 8.35 2132.1 0.002565 12.39 2366.58 316.81 0.76
7690.00* 28000 2121.46 2129.8 8.34 2132.08 0.002575 12.41 2363.62 316.73 0.76
7680.00* 28000 2121.44 2129.77 8.33 2132.05 0.002585 12.42 2360.6 316.65 0.76
7670.00* 28000 2121.42 2129.74 8.32 2132.03 0.002596 12.44 2357.54 316.58 0.76
7660.00* 28000 2121.4 2129.71 8.31 2132.01 0.002606 12.45 2354.54 316.52 0.76
7650.00* 28000 2121.38 2129.68 8.3 2131.98 0.002618 12.47 2351.27 316.44 0.76
7640.00* 28000 2121.36 2129.65 8.29 2131.96 0.002629 12.48 2347.99 316.36 0.76
7630.00* 28000 2121.33 2129.63 8.3 2131.93 0.002626 12.48 2348.86 316.34 0.76
7620.00* 28000 2121.31 2129.59 8.28 2131.91 0.002637 12.5 2345.52 316.25 0.77
7610.00* 28000 2121.29 2129.56 8.27 2131.88 0.002649 12.51 2342.23 316.17 0.77
7600.00* 28000 2121.27 2129.53 8.26 2131.86 0.002661 12.53 2338.93 316.11 0.77
7590.00* 28000 2121.25 2129.5 8.25 2131.83 0.002674 12.55 2335.33 316.01 0.77
7580.00* 28000 2121.23 2129.47 8.24 2131.81 0.002686 12.57 2331.84 315.93 0.77
7570.00* 28000 2121.21 2129.44 8.23 2131.79 0.0027 12.59 2328.12 315.83 0.77
7560.00* 28000 2121.19 2129.41 8.22 2131.76 0.002713 12.61 2324.29 315.72 0.78
7550.00* 28000 2121.17 2129.38 8.21 2131.74 0.002727 12.63 2320.5 315.64 0.78
7540.00* 28000 2121.15 2129.34 8.19 2131.71 0.002741 12.65 2316.74 315.57 0.78
7530.00* 28000 2121.13 2129.31 8.18 2131.69 0.002756 12.67 2312.69 315.45 0.78
7520.00* 28000 2121.1 2129.28 8.18 2131.66 0.002754 12.67 2313.16 315.44 0.78
7510.00* 28000 2121.08 2129.25 8.17 2131.63 0.002769 12.69 2309.06 315.33 0.78
7500.00* 28000 2121.06 2129.22 8.16 2131.61 0.002785 12.71 2304.87 315.21 0.78
7490.00* 28000 2121.04 2129.18 8.14 2131.58 0.002801 12.73 2300.7 315.12 0.79
7480.00* 28000 2121.02 2129.15 8.13 2131.56 0.002817 12.75 2296.5 315.04 0.79
7470.00* 28000 2121 2129.12 8.12 2131.53 0.002835 12.78 2291.99 314.91 0.79
7460.00* 28000 2120.98 2129.08 8.1 2131.51 0.002852 12.8 2287.51 314.81 0.79
7450.00* 28000 2120.96 2129.05 8.09 2131.48 0.00287 12.83 2282.8 314.69 0.8
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7440.00* 28000 2120.94 2129.01 8.07 2131.46 0.00289 12.85 2277.91 314.55 0.8
7430.00* 28000 2120.92 2128.98 8.06 2131.43 0.002908 12.88 2273.35 314.48 0.8
7420.00* 28000 2120.9 2128.94 8.04 2131.41 0.002929 12.91 2268.26 314.34 0.8
7410.00* 28000 2120.88 2128.9 8.02 2131.38 0.00295 12.94 2263.06 314.2 0.8
7400.00* 28000 2120.85 2128.87 8.02 2131.35 0.00295 12.94 2262.92 314.16 0.8
7390.00* 28000 2120.83 2128.84 8.01 2131.33 0.002971 12.97 2257.6 314.02 0.81
7380.00* 28000 2120.81 2128.8 7.99 2131.3 0.002994 13 2252.1 313.87 0.81
7370.00* 28000 2120.79 2128.76 7.97 2131.28 0.003017 13.03 2246.69 313.76 0.81
7360.00* 28000 2120.77 2128.72 7.95 2131.25 0.003041 13.06 2241.09 313.63 0.82
7350.00* 28000 2120.75 2128.68 7.93 2131.23 0.003066 13.09 2235.14 313.46 0.82
7340.00* 28000 2120.73 2128.64 7.91 2131.2 0.003092 13.13 2229.07 313.3 0.82
7330.00* 28000 2120.71 2128.6 7.89 2131.17 0.003119 13.16 2222.92 313.15 0.83
7320.00* 28000 2120.69 2128.56 7.87 2131.15 0.003147 13.2 2216.57 312.99 0.83
7310.00* 28000 2120.67 2128.52 7.85 2131.12 0.003175 13.23 2210.28 312.86 0.83
7300.00* 28000 2120.65 2128.48 7.83 2131.1 0.003206 13.27 2203.59 312.7 0.84
7290.00* 28000 2120.63 2128.44 7.81 2131.07 0.003237 13.31 2196.7 312.51 0.84
7280.00* 28000 2120.6 2128.41 7.81 2131.04 0.003246 13.32 2194.75 312.4 0.84
7270.00* 28000 2120.58 2128.36 7.78 2131.01 0.003288 13.38 2185.79 312.18 0.85
7260.00* 28000 2120.56 2128.31 7.75 2130.98 0.003333 13.43 2176.24 311.93 0.85
7250.00* 28000 2120.54 2128.25 7.71 2130.96 0.00338 13.49 2166.62 311.71 0.86
7240.00* 28000 2120.52 2128.2 7.68 2127.59 2130.93 0.003434 13.56 2155.55 311.2 0.86

7230 28000 2120.5 2127.57 7.07 2127.57 2130.84 0.004573 14.81 1967.61 306.56 0.98
7222.5* 28000 2118 2122.78 4.78 2125.07 2130.35 0.017642 22.39 1285.42 288.21 1.81
7215.*  28000 2115.5 2119.64 4.14 2122.57 2129.9 0.028894 26.03 1102.01 283.08 2.26
7207.5* 28000 2113 2116.74 3.74 2120.07 2129.38 0.040532 28.85 991.97 279.95 2.63

7200 28000 2110.5 2113.97 3.47 2117.57 2128.8 0.052603 31.23 914.98 277.74 2.96
7190.1* 28000 2110.48 2114.04 3.56 2117.55 2128.06 0.047974 30.37 941.46 278.5 2.84
7180.2* 28000 2110.46 2114.12 3.66 2117.53 2127.38 0.043827 29.54 968.22 279.27 2.72
7170.3* 28000 2110.44 2114.19 3.75 2117.51 2126.78 0.037115 28.79 993.96 280.01 2.62
7160.4* 28000 2110.42 2114.26 3.84 2117.49 2126.25 0.03427 28.1 1018.87 280.72 2.53

24 of 46 Appendix B - Beacon Solar Energy Project



River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
7150.5* 28000 2110.4 2114.33 3.93 2117.47 2125.75 0.031673 27.44 1044.12 281.44 2.44
7140.6* 28000 2110.38 2114.4 4.02 2117.45 2125.29 0.029312 26.8 1069.58 282.16 2.36
7130.7* 28000 2110.36 2114.47 4.11 2117.43 2124.86 0.027156 26.18 1095.31 282.89 2.28
7120.8* 28000 2110.34 2114.54 4.2 2117.41 2124.48 0.023208 25.61 1120.13 283.59 2.2
7110.9* 28000 2110.32 2114.6 4.28 2117.39 2124.15 0.021745 25.11 1143.07 284.23 2.14
7101.*  28000 2110.3 2114.66 4.36 2117.37 2123.83 0.020376 24.62 1166.49 284.89 2.08
7091.1* 28000 2110.28 2114.73 4.45 2117.35 2123.53 0.019055 24.12 1191.14 285.58 2.02
7081.2* 28000 2110.26 2114.8 4.54 2117.33 2123.24 0.017825 23.63 1216.2 286.29 1.96
7071.3* 28000 2110.24 2114.86 4.62 2117.31 2122.98 0.015309 23.18 1240.48 286.96 1.9
7061.4* 28000 2110.22 2114.92 4.7 2117.29 2122.75 0.014414 22.76 1264.05 287.62 1.85
7051.5* 28000 2110.2 2114.99 4.79 2117.27 2122.52 0.013569 22.34 1288.16 288.29 1.8
7041.6* 28000 2110.18 2115.05 4.87 2117.25 2122.31 0.012767 21.93 1312.97 288.98 1.75
7031.7* 28000 2110.16 2115.12 4.96 2117.23 2122.11 0.012004 21.52 1338.54 289.68 1.7
7021.8* 28000 2110.14 2115.19 5.05 2117.21 2121.92 0.010314 21.14 1363.39 290.37 1.66
7011.9* 28000 2110.12 2115.25 5.13 2117.19 2121.75 0.009745 20.78 1387.88 291.04 1.62
7002.*  28000 2110.1 2115.32 5.22 2117.17 2121.59 0.009201 20.42 1413.13 291.74 1.58
6992.1* 28000 2110.08 2115.39 5.31 2117.15 2121.44 0.008673 20.05 1439.59 292.46 1.53
6982.2* 28000 2110.06 2115.46 5.4 2117.13 2121.29 0.008161 19.68 1467.4 293.22 1.49
6972.3* 28000 2110.04 2115.54 5.5 2117.11 2121.15 0.006974 19.33 1495.14 293.98 1.45
6962.4* 28000 2110.02 2115.61 5.59 2117.09 2121.03 0.006575 18.98 1523.09 294.74 1.41
6952.5* 28000 2110 2115.7 5.7 2117.07 2120.9 0.006174 18.62 1553.57 295.56 1.37
6942.6* 28000 2109.98 2115.79 5.81 2117.05 2120.78 0.005761 18.23 1587.83 296.49 1.33
6932.7* 28000 2109.96 2115.91 5.95 2117.03 2120.65 0.00532 17.79 1628.22 297.58 1.29
6922.8* 28000 2109.94 2116.49 6.55 2117.01 2120.34 0.003439 16.06 1809.49 302.41 1.11
6912.9* 28000 2109.92 2116.46 6.54 2116.99 2120.33 0.003464 16.09 1805.29 302.3 1.11
6903.*  28000 2109.9 2116.42 6.52 2116.97 2120.31 0.00349 16.13 1801.01 302.19 1.11
6893.1* 28000 2109.88 2116.39 6.51 2116.95 2120.3 0.003517 16.17 1796.65 302.07 1.12
6883.2* 28000 2109.86 2116.35 6.49 2116.93 2120.28 0.003545 16.21 1792.16 301.95 1.12
6873.3* 28000 2109.84 2116.32 6.48 2116.91 2120.27 0.003204 16.24 1788.18 301.85 1.12
6863.4* 28000 2109.82 2116.29 6.47 2116.89 2120.25 0.003224 16.27 1784.64 301.75 1.13
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6853.5* 28000 2109.8 2116.26 6.46 2116.87 2120.23 0.003244 16.3 1781.11 301.66 1.13
6843.6* 28000 2109.78 2116.23 6.45 2116.85 2120.22 0.003265 16.34 1777.5 301.56 1.13
6833.7* 28000 2109.76 2116.19 6.43 2116.83 2120.2 0.003287 16.37 1773.82 301.46 1.14
6823.8* 28000 2109.74 2116.16 6.42 2116.81 2120.18 0.002948 16.4 1770.65 301.38 1.14
6813.9* 28000 2109.72 2116.14 6.42 2116.79 2120.16 0.002948 16.4 1770.65 301.38 1.14
6804.*  28000 2109.7 2116.12 6.42 2116.77 2120.14 0.002948 16.4 1770.65 301.38 1.14
6794.1* 28000 2109.68 2116.1 6.42 2116.75 2120.12 0.002948 16.4 1770.65 301.38 1.14
6784.2* 28000 2109.66 2116.08 6.42 2116.73 2120.1 0.002948 16.4 1770.65 301.38 1.14
6774.3* 28000 2109.64 2116.06 6.42 2116.71 2120.08 0.002611 16.4 1770.65 301.38 1.14
6764.4* 28000 2109.62 2116.04 6.42 2116.69 2120.06 0.002611 16.4 1770.65 301.38 1.14
6754.5* 28000 2109.6 2116.02 6.42 2116.67 2120.04 0.002611 16.4 1770.65 301.38 1.14
6744.6* 28000 2109.58 2116 6.42 2116.65 2120.02 0.002611 16.4 1770.65 301.38 1.14
6734.7* 28000 2109.56 2115.98 6.42 2116.63 2120 0.002611 16.4 1770.65 301.38 1.14
6724.8* 28000 2109.54 2115.96 6.42 2116.61 2119.98 0.002295 16.4 1770.65 301.38 1.14
6714.9* 28000 2109.52 2115.94 6.42 2116.59 2119.96 0.002295 16.4 1770.65 301.38 1.14

6705 28000 2109.5 2115.92 6.42 2116.57 2119.94 0.002295 16.4 1770.65 301.38 1.14
6695.*  28000 2106.17 2110.62 4.45 2113.24 2119.42 0.011683 24.13 1190.74 285.58 2.02
6685.*  28000 2102.83 2106.63 3.8 2109.89 2118.9 0.029909 28.43 1006.94 280.37 2.57

6675 28000 2099.5 2102.92 3.42 2106.57 2118.2 0.055187 31.69 901.49 277.35 3.02
6665.05* 28000 2099.48 2103 3.52 2106.55 2117.42 0.050244 30.8 928.06 278.11 2.89
6655.11* 28000 2099.47 2103.08 3.61 2106.54 2116.69 0.045718 29.93 955.62 278.91 2.77
6645.16* 28000 2099.45 2103.16 3.71 2106.51 2116.04 0.04178 29.12 982.68 279.69 2.66
6635.22* 28000 2099.43 2103.24 3.81 2106.49 2115.44 0.038261 28.35 1009.88 280.45 2.56
6625.27* 28000 2099.42 2103.33 3.91 2106.49 2114.87 0.034978 27.59 1038.44 281.28 2.46
6615.33* 28000 2099.4 2103.41 4.01 2106.47 2114.36 0.03211 26.88 1066.41 282.07 2.37
6605.38* 28000 2099.38 2103.49 4.11 2106.44 2113.89 0.02952 26.2 1094.67 282.86 2.28
6595.44* 28000 2099.37 2103.58 4.21 2106.43 2113.45 0.027084 25.52 1124.44 283.72 2.19
6585.5* 28000 2099.35 2103.67 4.32 2106.42 2113.04 0.024945 24.89 1153.63 284.53 2.11
6575.55* 28000 2099.33 2103.75 4.42 2106.4 2112.68 0.023071 24.3 1182.07 285.32 2.04
6565.61* 28000 2099.32 2103.85 4.53 2106.39 2112.32 0.021196 23.68 1213.77 286.23 1.96
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6555.66* 28000 2099.3 2103.94 4.64 2106.36 2112 0.019549 23.1 1244.83 287.09 1.89
6545.72* 28000 2099.28 2104.03 4.75 2106.34 2111.7 0.018021 22.54 1276.88 287.97 1.82
6535.77* 28000 2099.27 2104.14 4.87 2106.34 2111.41 0.016514 21.94 1312.29 288.97 1.75
6525.83* 28000 2099.25 2104.24 4.99 2106.32 2111.14 0.015192 21.39 1347.02 289.92 1.69
6515.88* 28000 2099.23 2104.35 5.12 2106.29 2110.89 0.013947 20.84 1383.59 290.92 1.62
6505.94* 28000 2099.22 2104.48 5.26 2106.28 2110.65 0.012667 20.24 1426.05 292.1 1.55
6496.*  28000 2099.2 2104.61 5.41 2106.27 2110.42 0.011537 19.67 1468.54 293.25 1.49
6486.05* 28000 2099.18 2108 8.82 2106.25 2110.01 0.002121 11.68 2515.66 320.54 0.69
6476.11* 28000 2099.17 2107.97 8.8 2109.99 0.002135 11.71 2510.32 320.43 0.7
6466.16* 28000 2099.15 2107.95 8.8 2109.97 0.002137 11.71 2509.64 320.4 0.7
6456.22* 28000 2099.13 2107.93 8.8 2109.95 0.002138 11.71 2508.89 320.36 0.7
6446.27* 28000 2099.12 2107.9 8.78 2109.93 0.002153 11.74 2503.39 320.26 0.7
6436.33* 28000 2099.1 2107.88 8.78 2109.91 0.002156 11.74 2502.48 320.21 0.7
6426.38* 28000 2099.08 2107.86 8.78 2109.89 0.002158 11.75 2501.72 320.18 0.7
6416.44* 28000 2099.07 2107.83 8.76 2109.87 0.002173 11.77 2496.15 320.07 0.7
6406.5* 28000 2099.05 2107.81 8.76 2109.85 0.002175 11.77 2495.24 320.04 0.7
6396.55* 28000 2099.03 2107.78 8.75 2109.83 0.002178 11.78 2494.32 320 0.7
6386.61* 28000 2099.02 2107.75 8.73 2109.81 0.002193 11.8 2488.68 319.89 0.7
6376.66* 28000 2099 2107.73 8.73 2109.79 0.002196 11.81 2487.68 319.85 0.7
6366.72* 28000 2098.98 2107.71 8.73 2109.77 0.002199 11.81 2486.54 319.8 0.7
6356.77* 28000 2098.97 2107.68 8.71 2109.75 0.002215 11.84 2480.81 319.7 0.71
6346.83* 28000 2098.95 2107.66 8.71 2109.73 0.002218 11.85 2479.59 319.64 0.71
6336.88* 28000 2098.93 2107.63 8.7 2109.71 0.002221 11.85 2478.44 319.6 0.71
6326.94* 28000 2098.92 2107.6 8.68 2109.69 0.002238 11.88 2472.5 319.48 0.71
6317.*  28000 2098.9 2107.58 8.68 2109.67 0.002241 11.88 2471.27 319.44 0.71
6307.05* 28000 2098.88 2107.56 8.68 2109.64 0.002245 11.89 2469.96 319.39 0.71
6297.11* 28000 2098.87 2107.53 8.66 2109.63 0.002263 11.92 2463.79 319.27 0.71
6287.16* 28000 2098.85 2107.5 8.65 2109.6 0.002266 11.93 2462.48 319.22 0.71
6277.22* 28000 2098.83 2107.48 8.65 2109.58 0.002271 11.93 2460.95 319.16 0.72
6267.27* 28000 2098.82 2107.45 8.63 2109.56 0.002289 11.96 2454.85 319.05 0.72
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Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
6257.33* 28000 2098.8 2107.42 8.62 2109.54 0.002293 11.97 2453.25 318.98 0.72
6247.38* 28000 2098.78 2107.4 8.62 2109.52 0.002297 11.98 2451.7 318.93 0.72
6237.44* 28000 2098.77 2107.37 8.6 2109.5 0.002316 12.01 2445.31 318.8 0.72
6227.5* 28000 2098.75 2107.34 8.59 2109.48 0.002321 12.01 2443.61 318.74 0.72
6217.55* 28000 2098.73 2107.32 8.59 2109.45 0.002326 12.02 2441.91 318.69 0.72
6207.61* 28000 2098.72 2107.29 8.57 2109.43 0.002346 12.05 2435.38 318.56 0.73
6197.66* 28000 2098.7 2107.26 8.56 2109.41 0.002352 12.06 2433.52 318.5 0.73
6187.72* 28000 2098.68 2107.24 8.56 2109.39 0.002357 12.07 2431.6 318.42 0.73
6177.77* 28000 2098.67 2107.2 8.53 2109.37 0.002378 12.1 2424.98 318.3 0.73
6167.83* 28000 2098.65 2107.18 8.53 2109.35 0.002384 12.11 2422.91 318.22 0.73
6157.88* 28000 2098.63 2107.15 8.52 2109.32 0.00239 12.12 2420.9 318.15 0.73
6147.94* 28000 2098.62 2107.12 8.5 2109.3 0.002412 12.16 2413.84 318.01 0.73
6138.*  28000 2098.6 2107.09 8.49 2109.28 0.002418 12.17 2411.67 317.94 0.74
6128.05* 28000 2098.58 2107.07 8.49 2109.26 0.002425 12.18 2409.43 317.87 0.74
6118.11* 28000 2098.57 2107.03 8.46 2109.24 0.002448 12.21 2402.3 317.72 0.74
6108.16* 28000 2098.55 2107.01 8.46 2109.22 0.002456 12.22 2399.91 317.65 0.74
6098.22* 28000 2098.53 2106.98 8.45 2109.19 0.002464 12.24 2397.36 317.56 0.74
6088.27* 28000 2098.52 2106.95 8.43 2109.17 0.002487 12.27 2390.15 317.42 0.75
6078.33* 28000 2098.5 2106.92 8.42 2109.15 0.002496 12.29 2387.45 317.33 0.75
6068.38* 28000 2098.48 2106.89 8.41 2109.13 0.002504 12.3 2384.82 317.24 0.75
6058.44* 28000 2098.47 2106.85 8.38 2109.11 0.00253 12.34 2377.17 317.09 0.75
6048.5* 28000 2098.45 2106.83 8.38 2109.08 0.002539 12.35 2374.39 317 0.75
6038.55* 28000 2098.43 2106.8 8.37 2109.06 0.002548 12.37 2371.53 316.91 0.75
6028.61* 28000 2098.42 2106.76 8.34 2109.04 0.00258 12.41 2362.19 316.71 0.76
6018.66* 28000 2098.4 2106.73 8.33 2109.01 0.002591 12.43 2359.02 316.62 0.76
6008.72* 28000 2098.38 2106.7 8.32 2108.99 0.002602 12.45 2355.7 316.5 0.76
5998.77* 28000 2098.37 2106.66 8.29 2108.97 0.002636 12.5 2345.91 316.31 0.77
5988.83* 28000 2098.35 2106.62 8.27 2108.94 0.002649 12.51 2342.37 316.19 0.77
5978.88* 28000 2098.33 2106.59 8.26 2108.92 0.002661 12.53 2338.82 316.08 0.77
5968.94* 28000 2098.32 2106.55 8.23 2108.9 0.002698 12.58 2328.58 315.86 0.77
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
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5959.*  28000 2098.3 2106.52 8.22 2108.87 0.002712 12.6 2324.73 315.75 0.77
5949.05* 28000 2098.28 2106.49 8.21 2108.85 0.002726 12.63 2320.8 315.63 0.78
5939.11* 28000 2098.27 2106.44 8.17 2108.82 0.002767 12.68 2309.88 315.39 0.78
5929.16* 28000 2098.25 2106.41 8.16 2108.8 0.002782 12.71 2305.73 315.27 0.78
5919.22* 28000 2098.23 2106.37 8.14 2108.77 0.002799 12.73 2301.26 315.12 0.79
5909.27* 28000 2098.22 2106.32 8.1 2108.75 0.002849 12.8 2288.29 314.85 0.79
5899.33* 28000 2098.2 2106.29 8.09 2108.72 0.002868 12.82 2283.44 314.69 0.79
5889.38* 28000 2098.18 2106.25 8.07 2108.7 0.002887 12.85 2278.53 314.55 0.8
5879.44* 28000 2098.17 2106.2 8.03 2108.67 0.002944 12.93 2264.35 314.23 0.8
5869.5* 28000 2098.15 2106.16 8.01 2108.65 0.002966 12.96 2259.07 314.08 0.81
5859.55* 28000 2098.13 2106.12 7.99 2108.62 0.002988 12.99 2253.55 313.92 0.81
5849.61* 28000 2098.12 2106.06 7.94 2108.6 0.003062 13.09 2236.04 313.51 0.82
5839.66* 28000 2098.1 2106.02 7.92 2108.57 0.003088 13.12 2229.99 313.34 0.82
5829.72* 28000 2098.08 2105.98 7.9 2108.55 0.003116 13.16 2223.49 313.14 0.83
5819.77* 28000 2098.07 2105.9 7.83 2108.52 0.003211 13.28 2202.43 312.66 0.84
5809.83* 28000 2098.05 2105.85 7.8 2108.49 0.003252 13.33 2193.43 312.4 0.84
5799.88* 28000 2098.03 2105.8 7.77 2108.46 0.003296 13.39 2184.05 312.14 0.85
5789.94* 28000 2098.02 2105.69 7.67 2105.09 2108.43 0.003445 13.57 2153.55 311.4 0.86

5780 28000 2098 2105.07 7.07 2105.07 2108.34 0.004566 14.8 1968.51 306.59 0.98
5770.*  28000 2094.67 2099.18 4.51 2101.73 2107.73 0.02148 23.78 1208.74 286.08 1.97
5760.*  28000 2091.33 2095.18 3.85 2098.4 2107.11 0.036913 28.04 1021.19 280.78 2.52

5750 28000 2088 2091.46 3.46 2095.07 2106.37 0.053033 31.31 912.67 277.67 2.97
5740.*  28000 2087.98 2091.54 3.56 2095.04 2105.61 0.048299 30.43 939.49 278.45 2.84
5730.*  28000 2087.96 2091.61 3.65 2095.03 2104.92 0.044057 29.59 966.64 279.22 2.73
5720.*  28000 2087.94 2091.69 3.75 2095.01 2104.28 0.040272 28.79 993.96 280.01 2.62
5710.*  28000 2087.92 2091.77 3.85 2094.98 2103.69 0.036842 28.02 1021.8 280.79 2.52
5700.*  28000 2087.9 2091.85 3.95 2094.97 2103.15 0.033771 27.29 1049.82 281.59 2.42
5690.*  28000 2087.88 2091.93 4.05 2094.94 2102.65 0.031008 26.59 1078.06 282.4 2.33
5680.*  28000 2087.86 2092.01 4.15 2094.92 2102.19 0.028502 25.92 1106.69 283.2 2.24
5670.*  28000 2087.84 2092.09 4.25 2094.91 2101.76 0.026229 25.27 1135.72 284.03 2.16
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5660.*  28000 2087.82 2092.18 4.36 2094.88 2101.37 0.024153 24.64 1165.28 284.85 2.08
5650.*  28000 2087.81 2092.28 4.47 2094.88 2101 0.022178 24.01 1196.74 285.75 2
5640.*  28000 2087.79 2092.37 4.58 2094.85 2100.66 0.02044 23.42 1227.61 286.61 1.93
5630.*  28000 2087.77 2092.46 4.69 2094.83 2100.34 0.01884 22.84 1259.29 287.49 1.86
5620.*  28000 2087.75 2092.55 4.8 2094.82 2100.04 0.017357 22.28 1291.99 288.41 1.79
5610.*  28000 2087.73 2092.65 4.92 2094.8 2099.76 0.015971 21.72 1326.1 289.34 1.73
5600.*  28000 2087.71 2092.75 5.04 2094.77 2099.5 0.014673 21.17 1361.78 290.33 1.66
5590.*  28000 2087.69 2092.86 5.17 2094.75 2099.26 0.013445 20.61 1399.61 291.37 1.6
5580.*  28000 2087.67 2092.98 5.31 2094.73 2099.03 0.012276 20.04 1440.17 292.48 1.53
5570.*  28000 2087.65 2093.11 5.46 2094.71 2098.81 0.011148 19.46 1484.47 293.69 1.47
5560.*  28000 2087.63 2093.26 5.63 2094.7 2098.59 0.010023 18.84 1534.97 295.06 1.4
5550.*  28000 2087.61 2096.13 8.52 2094.67 2098.3 0.002392 12.13 2420.24 318.16 0.73
5540.*  28000 2087.59 2096.1 8.51 2098.28 0.002398 12.14 2418.19 318.1 0.73
5530.*  28000 2087.57 2096.08 8.51 2098.26 0.002405 12.15 2416.08 318.05 0.73
5520.*  28000 2087.55 2096.05 8.5 2098.24 0.002412 12.16 2413.86 317.98 0.73
5510.*  28000 2087.53 2096.02 8.49 2098.21 0.002418 12.17 2411.77 317.93 0.74
5500.*  28000 2087.51 2096 8.49 2098.19 0.002425 12.18 2409.64 317.89 0.74
5490.*  28000 2087.49 2095.97 8.48 2098.17 0.002432 12.19 2407.36 317.82 0.74
5480.*  28000 2087.47 2095.94 8.47 2098.14 0.002439 12.2 2405.1 317.76 0.74
5470.*  28000 2087.45 2095.92 8.47 2098.12 0.002446 12.21 2402.74 317.7 0.74
5460.*  28000 2087.44 2095.88 8.44 2098.1 0.00247 12.25 2395.36 317.54 0.74
5450.*  28000 2087.42 2095.85 8.43 2098.08 0.002478 12.26 2392.94 317.5 0.74
5440.*  28000 2087.4 2095.83 8.43 2098.05 0.002487 12.27 2390.34 317.42 0.75
5430.*  28000 2087.38 2095.8 8.42 2098.03 0.002495 12.28 2387.79 317.36 0.75
5420.*  28000 2087.36 2095.77 8.41 2098.01 0.002504 12.3 2384.95 317.28 0.75
5410.*  28000 2087.34 2095.74 8.4 2097.98 0.002513 12.31 2382.31 317.21 0.75
5400.*  28000 2087.32 2095.71 8.39 2097.96 0.002522 12.33 2379.57 317.13 0.75
5390.*  28000 2087.3 2095.68 8.38 2097.94 0.002531 12.34 2376.82 317.07 0.75
5380.*  28000 2087.28 2095.65 8.37 2097.91 0.00254 12.35 2374.05 317 0.75
5370.*  28000 2087.26 2095.63 8.37 2097.89 0.00255 12.37 2371.05 316.92 0.75
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5360.*  28000 2087.24 2095.6 8.36 2097.86 0.00256 12.38 2368.13 316.85 0.75
5350.*  28000 2087.22 2095.57 8.35 2097.84 0.00257 12.4 2365.06 316.76 0.76
5340.*  28000 2087.2 2095.54 8.34 2097.82 0.00258 12.41 2362.06 316.68 0.76
5330.*  28000 2087.18 2095.51 8.33 2097.79 0.002591 12.43 2359.01 316.62 0.76
5320.*  28000 2087.16 2095.48 8.32 2097.77 0.002602 12.44 2355.8 316.53 0.76
5310.*  28000 2087.14 2095.45 8.31 2097.74 0.002613 12.46 2352.55 316.44 0.76
5300.*  28000 2087.12 2095.42 8.3 2097.72 0.002625 12.48 2349.02 316.34 0.76
5290.*  28000 2087.1 2095.39 8.29 2097.7 0.002637 12.5 2345.72 316.26 0.77
5280.*  28000 2087.08 2095.35 8.27 2097.67 0.002649 12.51 2342.18 316.16 0.77
5270.*  28000 2087.06 2095.32 8.26 2097.65 0.002661 12.53 2338.77 316.09 0.77
5260.*  28000 2087.05 2095.28 8.23 2097.63 0.002699 12.59 2328.29 315.86 0.77
5250.*  28000 2087.03 2095.25 8.22 2097.6 0.002713 12.61 2324.47 315.75 0.77
5240.*  28000 2087.01 2095.22 8.21 2097.58 0.002727 12.63 2320.62 315.65 0.78
5230.*  28000 2086.99 2095.18 8.19 2097.55 0.002742 12.65 2316.57 315.54 0.78
5220.*  28000 2086.97 2095.15 8.18 2097.53 0.002757 12.67 2312.61 315.45 0.78
5210.*  28000 2086.95 2095.12 8.17 2097.5 0.002772 12.69 2308.47 315.35 0.78
5200.*  28000 2086.93 2095.08 8.15 2097.48 0.002788 12.71 2304.1 315.23 0.78
5190.*  28000 2086.91 2095.05 8.14 2097.45 0.002805 12.74 2299.78 315.12 0.79
5180.*  28000 2086.89 2095.02 8.13 2097.43 0.002822 12.76 2295.28 314.99 0.79
5170.*  28000 2086.87 2094.98 8.11 2097.4 0.00284 12.79 2290.64 314.89 0.79
5160.*  28000 2086.85 2094.95 8.1 2097.38 0.002858 12.81 2285.87 314.74 0.79
5150.*  28000 2086.83 2094.91 8.08 2097.35 0.002877 12.84 2281.22 314.64 0.8
5140.*  28000 2086.81 2094.88 8.07 2097.33 0.002896 12.86 2276.41 314.52 0.8
5130.*  28000 2086.79 2094.84 8.05 2097.3 0.002916 12.89 2271.27 314.37 0.8
5120.*  28000 2086.77 2094.8 8.03 2097.28 0.002936 12.92 2266.28 314.26 0.8
5110.*  28000 2086.75 2094.77 8.02 2097.25 0.002958 12.95 2260.79 314.1 0.81
5100.*  28000 2086.73 2094.73 8 2097.23 0.00298 12.98 2255.49 313.98 0.81
5090.*  28000 2086.71 2094.69 7.98 2097.2 0.003003 13.01 2249.98 313.84 0.81
5080.*  28000 2086.69 2094.65 7.96 2097.17 0.003028 13.04 2244.08 313.67 0.81
5070.*  28000 2086.68 2094.58 7.9 2097.15 0.003105 13.14 2226.19 313.27 0.82
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5060.*  28000 2086.66 2094.54 7.88 2097.12 0.003133 13.18 2219.65 313.08 0.83
5050.*  28000 2086.64 2094.5 7.86 2097.09 0.003162 13.22 2213.23 312.93 0.83
5040.*  28000 2086.62 2094.46 7.84 2097.07 0.003202 13.27 2204.41 312.68 0.84
5030.*  28000 2086.6 2094.41 7.81 2097.04 0.003233 13.31 2197.54 312.52 0.84
5020.*  28000 2086.58 2094.37 7.79 2097.01 0.003275 13.36 2188.58 312.3 0.84
5010.*  28000 2086.56 2094.31 7.75 2096.99 0.00332 13.42 2178.97 312.03 0.85
5000.*  28000 2086.54 2094.26 7.72 2096.96 0.003377 13.49 2167.21 311.74 0.86
4990.*  28000 2086.52 2094.19 7.67 2093.59 2096.93 0.003445 13.57 2153.43 311.37 0.86

4980 28000 2086.5 2093.57 7.07 2093.57 2096.84 0.004566 14.8 1968.51 306.59 0.98
4970.*  28000 2083.17 2087.68 4.51 2090.24 2096.23 0.0215 23.78 1208.39 286.08 1.97
4960.*  28000 2079.83 2083.68 3.85 2086.9 2095.61 0.036929 28.04 1021.05 280.77 2.52

4950 28000 2076.5 2079.96 3.46 2083.57 2094.87 0.053046 31.31 912.6 277.67 2.97
4940.*  28000 2076.48 2080.04 3.56 2083.54 2094.12 0.048311 30.43 939.41 278.44 2.84
4930.*  28000 2076.46 2080.11 3.65 2083.53 2093.42 0.044066 29.59 966.58 279.22 2.73
4920.*  28000 2076.44 2080.19 3.75 2083.51 2092.78 0.040281 28.8 993.89 280 2.62
4910.*  28000 2076.43 2080.28 3.85 2083.49 2092.19 0.036761 28.01 1022.51 280.83 2.51
4900.*  28000 2076.41 2080.36 3.95 2083.47 2091.64 0.033699 27.27 1050.52 281.62 2.42
4890.*  28000 2076.39 2080.44 4.05 2083.45 2091.15 0.030944 26.58 1078.75 282.42 2.33
4880.*  28000 2076.37 2080.52 4.15 2083.43 2090.69 0.028444 25.9 1107.41 283.23 2.24
4870.*  28000 2076.35 2080.61 4.26 2083.41 2090.26 0.026173 25.25 1136.49 284.05 2.16
4860.*  28000 2076.33 2080.69 4.36 2083.4 2089.87 0.024097 24.63 1166.13 284.88 2.08
4850.*  28000 2076.31 2080.78 4.47 2083.38 2089.5 0.022212 24.02 1196.15 285.72 2
4840.*  28000 2076.29 2080.86 4.57 2083.36 2089.16 0.020474 23.43 1226.97 286.59 1.93
4830.*  28000 2076.27 2080.95 4.68 2083.33 2088.84 0.018867 22.85 1258.69 287.46 1.86
4820.*  28000 2076.26 2081.07 4.81 2083.33 2088.54 0.017292 22.25 1293.51 288.44 1.79
4810.*  28000 2076.24 2081.16 4.92 2083.3 2088.26 0.015911 21.7 1327.67 289.39 1.72
4800.*  28000 2076.22 2081.27 5.05 2083.28 2088 0.014615 21.14 1363.47 290.38 1.66
4790.*  28000 2076.2 2081.38 5.18 2083.27 2087.76 0.013391 20.58 1401.38 291.41 1.59
4780.*  28000 2076.18 2081.5 5.32 2083.25 2087.53 0.012224 20.02 1442.08 292.53 1.53
4770.*  28000 2076.16 2081.63 5.47 2083.23 2087.31 0.011095 19.43 1486.66 293.74 1.46
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4760.*  28000 2076.14 2081.78 5.64 2083.21 2087.09 0.009974 18.81 1537.34 295.12 1.4
4750.*  28000 2076.12 2081.97 5.85 2083.19 2086.89 0.008802 18.1 1599.1 296.78 1.32
4740.*  28000 2076.11 2084.37 8.26 2083.18 2086.7 0.002667 12.54 2337.22 316.06 0.77
4730.*  28000 2076.09 2084.34 8.25 2086.67 0.00268 12.56 2333.61 315.98 0.77
4720.*  28000 2076.07 2084.31 8.24 2086.65 0.002693 12.58 2329.98 315.9 0.77
4710.*  28000 2076.05 2084.27 8.22 2086.62 0.002707 12.6 2326.11 315.78 0.77
4700.*  28000 2076.03 2084.24 8.21 2086.6 0.002721 12.62 2322.11 315.66 0.78
4690.*  28000 2076.01 2084.21 8.2 2086.57 0.002735 12.64 2318.31 315.58 0.78
4680.*  28000 2075.99 2084.18 8.19 2086.55 0.00275 12.66 2314.25 315.48 0.78
4670.*  28000 2075.98 2084.13 8.15 2086.53 0.002794 12.72 2302.75 315.2 0.79
4660.*  28000 2075.96 2084.1 8.14 2086.5 0.00281 12.74 2298.44 315.09 0.79
4650.*  28000 2075.94 2084.06 8.12 2086.48 0.002827 12.77 2293.96 314.97 0.79
4640.*  28000 2075.92 2084.03 8.11 2086.45 0.002845 12.79 2289.34 314.85 0.79
4630.*  28000 2075.9 2083.99 8.09 2086.43 0.002863 12.82 2284.64 314.73 0.79
4620.*  28000 2075.88 2083.96 8.08 2086.4 0.002882 12.84 2279.75 314.6 0.8
4610.*  28000 2075.86 2083.92 8.06 2086.38 0.002902 12.87 2274.67 314.46 0.8
4600.*  28000 2075.84 2083.88 8.04 2086.35 0.002923 12.9 2269.65 314.35 0.8
4590.*  28000 2075.83 2083.83 8 2086.32 0.002984 12.98 2254.54 313.98 0.81
4580.*  28000 2075.81 2083.79 7.98 2086.3 0.003008 13.01 2248.88 313.82 0.81
4570.*  28000 2075.79 2083.75 7.96 2086.27 0.003032 13.05 2243.26 313.69 0.81
4560.*  28000 2075.77 2083.71 7.94 2086.25 0.003056 13.08 2237.47 313.55 0.82
4550.*  28000 2075.75 2083.67 7.92 2086.22 0.003083 13.11 2231.25 313.36 0.82
4540.*  28000 2075.73 2083.63 7.9 2086.2 0.00311 13.15 2225.05 313.21 0.82
4530.*  28000 2075.71 2083.59 7.88 2086.17 0.003138 13.18 2218.68 313.04 0.83
4520.*  28000 2075.69 2083.55 7.86 2086.14 0.003167 13.22 2212.04 312.87 0.83
4510.*  28000 2075.68 2083.47 7.79 2086.11 0.003272 13.36 2189.28 312.32 0.84
4500.*  28000 2075.66 2083.42 7.76 2086.09 0.003317 13.41 2179.69 312.06 0.85
4490.*  28000 2075.64 2083.36 7.72 2086.06 0.003374 13.48 2167.8 311.75 0.86
4480.*  28000 2075.62 2083.29 7.67 2082.68 2086.03 0.003441 13.57 2154.26 311.42 0.86

4470 28000 2075.6 2082.67 7.07 2082.67 2085.94 0.004566 14.8 1968.51 306.59 0.98
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(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
4461.66* 28000 2072.27 2076.78 4.51 2079.34 2085.33 0.0215 23.78 1208.39 286.07 1.97
4453.33* 28000 2068.93 2072.78 3.85 2076 2084.72 0.036937 28.05 1020.98 280.77 2.52

4445 28000 2065.6 2069.06 3.46 2072.67 2083.97 0.053046 31.31 912.6 277.67 2.97
4435.*  28000 2065.58 2069.14 3.56 2072.65 2083.22 0.04832 30.43 939.37 278.45 2.84
4425.*  28000 2065.56 2069.21 3.65 2072.62 2082.52 0.044083 29.6 966.49 279.24 2.73
4415.*  28000 2065.54 2069.29 3.75 2072.6 2081.89 0.040304 28.8 993.76 280.04 2.62
4405.*  28000 2065.53 2069.38 3.85 2072.59 2081.29 0.036795 28.01 1022.3 280.88 2.52
4395.*  28000 2065.51 2069.46 3.95 2072.58 2080.75 0.033734 27.28 1050.28 281.69 2.42
4385.*  28000 2065.49 2069.54 4.05 2072.56 2080.25 0.030981 26.58 1078.48 282.51 2.33
4375.*  28000 2065.47 2069.62 4.15 2072.53 2079.79 0.028486 25.91 1107.06 283.35 2.24
4365.*  28000 2065.45 2069.7 4.25 2072.52 2079.37 0.026214 25.26 1136.12 284.18 2.16
4355.*  28000 2065.43 2069.79 4.36 2072.48 2078.97 0.024142 24.64 1165.67 285.03 2.08
4345.*  28000 2065.41 2069.87 4.46 2072.47 2078.61 0.022255 24.03 1195.68 285.89 2
4335.*  28000 2065.4 2069.98 4.58 2072.47 2078.26 0.020436 23.42 1228 286.83 1.93
4325.*  28000 2065.38 2070.07 4.69 2072.45 2077.94 0.018838 22.84 1259.7 287.75 1.86
4315.*  28000 2065.36 2070.16 4.8 2072.42 2077.65 0.017354 22.28 1292.47 288.69 1.79
4305.*  28000 2065.34 2070.26 4.92 2072.41 2077.37 0.015972 21.72 1326.52 289.64 1.73
4295.*  28000 2065.32 2070.36 5.04 2072.37 2077.11 0.014678 21.16 1362.14 290.66 1.66
4285.*  28000 2065.3 2070.47 5.17 2072.37 2076.86 0.013459 20.61 1399.76 291.73 1.6
4275.*  28000 2065.29 2070.61 5.32 2072.36 2076.62 0.012193 20 1443.93 293 1.53
4265.*  28000 2065.27 2070.74 5.47 2072.32 2076.41 0.011068 19.41 1488.59 294.25 1.46
4255.*  28000 2065.25 2070.89 5.64 2072.32 2076.19 0.00995 18.79 1539.4 295.66 1.39
4245.*  28000 2065.23 2071.08 5.85 2072.28 2075.99 0.008779 18.08 1601.38 297.38 1.32
4235.*  28000 2065.21 2073.54 8.33 2072.28 2075.82 0.002578 12.4 2364.89 317.55 0.76
4225.*  28000 2065.19 2073.51 8.32 2075.8 0.002588 12.42 2362.13 317.52 0.76
4215.*  28000 2065.17 2073.49 8.32 2075.77 0.002598 12.43 2359.3 317.49 0.76
4205.*  28000 2065.16 2073.44 8.28 2075.75 0.002631 12.48 2349.73 317.31 0.76
4195.*  28000 2065.14 2073.41 8.27 2075.72 0.002642 12.5 2346.69 317.28 0.77
4185.*  28000 2065.12 2073.38 8.26 2075.7 0.002654 12.52 2343.4 317.24 0.77
4175.*  28000 2065.1 2073.35 8.25 2075.68 0.002666 12.53 2340.2 317.2 0.77
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
4165.*  28000 2065.08 2073.32 8.24 2075.65 0.002678 12.55 2336.92 317.16 0.77
4155.*  28000 2065.06 2073.29 8.23 2075.63 0.002691 12.57 2333.56 317.12 0.77
4145.*  28000 2065.04 2073.26 8.22 2075.6 0.002704 12.59 2330.16 317.09 0.77
4135.*  28000 2065.03 2073.21 8.18 2075.58 0.002742 12.64 2319.78 316.9 0.78
4125.*  28000 2065.01 2073.18 8.17 2075.55 0.002756 12.66 2316.07 316.86 0.78
4115.*  28000 2064.99 2073.15 8.16 2075.53 0.002771 12.68 2312.28 316.81 0.78
4105.*  28000 2064.97 2073.12 8.15 2075.5 0.002786 12.7 2308.58 316.78 0.78
4095.*  28000 2064.95 2073.08 8.13 2075.48 0.002801 12.72 2304.65 316.74 0.79
4085.*  28000 2064.93 2073.05 8.12 2075.45 0.002817 12.74 2300.47 316.66 0.79
4075.*  28000 2064.91 2073.02 8.11 2075.43 0.002834 12.77 2296.32 316.61 0.79
4065.*  28000 2064.9 2072.96 8.06 2075.4 0.002886 12.84 2283.16 316.36 0.8
4055.*  28000 2064.88 2072.93 8.05 2075.38 0.002904 12.86 2278.8 316.33 0.8
4045.*  28000 2064.86 2072.89 8.03 2075.35 0.002924 12.89 2274.06 316.27 0.8
4035.*  28000 2064.84 2072.86 8.02 2075.33 0.002944 12.92 2269.12 316.17 0.8
4025.*  28000 2064.82 2072.82 8 2075.3 0.002964 12.94 2264.23 316.11 0.81
4015.*  28000 2064.8 2072.78 7.98 2075.27 0.002985 12.97 2259.37 316.07 0.81
4005.*  28000 2064.79 2072.72 7.93 2075.25 0.003056 13.06 2242.66 315.74 0.82
3995.*  28000 2064.77 2072.68 7.91 2075.22 0.003081 13.1 2237.1 315.66 0.82
3985.*  28000 2064.75 2072.64 7.89 2075.19 0.003107 13.13 2231.23 315.56 0.82
3975.*  28000 2064.73 2072.6 7.87 2075.17 0.003133 13.16 2225.38 315.47 0.83
3965.*  28000 2064.71 2072.56 7.85 2075.14 0.00316 13.2 2219.57 315.42 0.83
3955.*  28000 2064.69 2072.52 7.83 2075.11 0.003188 13.23 2213.44 315.33 0.83
3945.*  28000 2064.67 2072.48 7.81 2075.09 0.003218 13.27 2207.01 315.24 0.84
3935.*  28000 2064.66 2072.39 7.73 2075.06 0.003335 13.42 2182.25 314.71 0.85
3925.*  28000 2064.64 2072.34 7.7 2075.03 0.00338 13.47 2173.06 314.56 0.86
3915.*  28000 2064.62 2072.28 7.66 2071.68 2075 0.003437 13.54 2161.82 314.34 0.86

3905 28000 2064.6 2071.64 7.04 2071.64 2074.91 0.004601 14.81 1969.58 309.25 0.98
3897.5* 28000 2062.1 2066.9 4.8 2069.18 2074.42 0.017447 22.32 1288.95 287.68 1.8
3890.*  28000 2059.6 2063.76 4.16 2066.69 2073.97 0.02847 25.94 1104.17 280.89 2.24
3882.5* 28000 2057.1 2060.87 3.77 2064.2 2073.45 0.039842 28.75 993.4 276.69 2.61
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Top 

Width
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3875 28000 2054.6 2058.1 3.5 2061.69 2072.87 0.051629 31.12 915.91 273.74 2.93

3865.06* 28000 2054.58 2058.06 3.48 2061.55 2072.17 0.049593 30.4 936.93 280.97 2.87
3855.12* 28000 2054.56 2058.03 3.47 2061.4 2071.5 0.047566 29.7 958.62 288.22 2.81
3845.18* 28000 2054.54 2058 3.46 2061.27 2070.85 0.045556 29.01 981.03 295.5 2.75
3835.25* 28000 2054.52 2057.97 3.45 2061.13 2070.23 0.043558 28.33 1004.22 302.79 2.69
3825.31* 28000 2054.5 2057.95 3.45 2061.01 2069.64 0.041604 27.66 1028.05 310.1 2.63
3815.37* 28000 2054.48 2057.93 3.45 2060.89 2069.06 0.039603 26.99 1053.33 317.45 2.56
3805.43* 28000 2054.46 2057.91 3.45 2060.77 2068.53 0.037745 26.35 1078.58 324.79 2.5
3795.5* 28000 2054.44 2057.89 3.45 2060.65 2068.02 0.036015 25.73 1103.82 332.13 2.44
3785.56* 28000 2054.42 2057.87 3.45 2060.54 2067.53 0.03427 25.12 1130.39 339.5 2.38
3775.62* 28000 2054.4 2057.86 3.46 2060.43 2067.07 0.032581 24.52 1157.7 346.88 2.32
3765.68* 28000 2054.38 2057.84 3.46 2060.34 2066.62 0.03096 23.94 1185.65 354.28 2.27
3755.75* 28000 2054.36 2057.83 3.47 2060.22 2066.2 0.0294 23.37 1214.28 361.69 2.21
3745.81* 28000 2054.34 2057.82 3.48 2060.14 2065.8 0.027906 22.81 1243.6 369.1 2.15
3735.87* 28000 2054.32 2057.81 3.49 2060.04 2065.42 0.026478 22.27 1273.56 376.54 2.1
3725.93* 28000 2054.3 2057.81 3.51 2059.95 2065.06 0.025117 21.75 1304.14 383.97 2.05
3716.*  28000 2054.28 2057.8 3.52 2059.85 2064.71 0.023813 21.23 1335.47 391.42 1.99
3706.06* 28000 2054.26 2057.8 3.54 2059.76 2064.39 0.022575 20.73 1367.41 398.87 1.94
3696.12* 28000 2054.24 2057.79 3.55 2059.66 2064.08 0.021392 20.24 1400.11 406.34 1.89
3686.18* 28000 2054.22 2057.79 3.57 2059.58 2063.79 0.020269 19.77 1433.43 413.81 1.84
3676.25* 28000 2054.2 2057.79 3.59 2059.49 2063.51 0.019198 19.31 1467.52 421.29 1.8
3666.31* 28000 2054.18 2057.79 3.61 2059.41 2063.25 0.018172 18.86 1502.52 428.78 1.75
3656.37* 28000 2054.16 2057.79 3.63 2059.33 2063 0.017206 18.42 1538.07 436.28 1.7
3646.43* 28000 2054.14 2057.79 3.65 2059.25 2062.76 0.016285 17.99 1574.43 443.79 1.66
3636.5* 28000 2054.12 2057.8 3.68 2059.17 2062.54 0.0154 17.57 1611.9 451.3 1.61
3626.56* 28000 2054.1 2057.8 3.7 2059.1 2062.32 0.014564 17.16 1650.05 458.83 1.57
3616.62* 28000 2054.08 2057.81 3.73 2059.02 2062.12 0.013767 16.76 1689.17 466.37 1.53
3606.68* 28000 2054.06 2057.81 3.75 2058.95 2061.93 0.013024 16.38 1728.64 473.9 1.49
3596.75* 28000 2054.04 2057.82 3.78 2058.87 2061.75 0.012318 16 1768.96 481.44 1.45
3586.81* 28000 2054.02 2057.83 3.81 2058.82 2061.58 0.011654 15.64 1809.92 488.99 1.41
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Top 

Width
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3576.87* 28000 2054 2057.82 3.82 2058.74 2061.44 0.011197 15.36 1842.96 496.43 1.39
3566.93* 28000 2053.98 2057.86 3.88 2058.67 2061.26 0.010318 14.89 1900.48 504.2 1.33
3557.*  28000 2053.96 2057.89 3.93 2058.61 2061.11 0.009567 14.47 1955.88 511.93 1.29
3547.06* 28000 2053.94 2057.87 3.93 2058.54 2060.99 0.009289 14.26 1984.69 519.29 1.27
3537.12* 28000 2053.92 2057.85 3.93 2058.47 2060.88 0.009022 14.05 2013.54 526.66 1.25
3527.18* 28000 2053.9 2057.83 3.93 2058.41 2060.78 0.008767 13.85 2042.35 534.02 1.23
3517.25* 28000 2053.88 2057.81 3.93 2058.35 2060.68 0.008523 13.66 2071.16 541.38 1.21
3507.31* 28000 2053.86 2057.79 3.93 2058.29 2060.58 0.008288 13.47 2099.97 548.75 1.2
3497.37* 28000 2053.84 2057.77 3.93 2058.23 2060.48 0.008063 13.29 2128.83 556.12 1.18
3487.43* 28000 2053.82 2057.75 3.93 2058.17 2060.39 0.007847 13.11 2157.64 563.48 1.17
3477.5* 28000 2053.8 2057.73 3.93 2058.11 2060.3 0.00764 12.93 2186.46 570.84 1.15
3467.56* 28000 2053.78 2057.71 3.93 2058.05 2060.21 0.007441 12.76 2215.28 578.21 1.13
3457.62* 28000 2053.76 2057.69 3.93 2057.99 2060.13 0.007249 12.6 2244.14 585.58 1.12
3447.68* 28000 2053.74 2057.67 3.93 2057.94 2060.05 0.007065 12.44 2272.97 592.95 1.11
3437.75* 28000 2053.72 2057.65 3.93 2057.89 2059.97 0.006888 12.28 2301.79 600.32 1.09
3427.81* 28000 2053.7 2057.63 3.93 2057.83 2059.89 0.006717 12.13 2330.62 607.69 1.08
3417.87* 28000 2053.68 2057.61 3.93 2057.78 2059.82 0.006553 11.98 2359.48 615.07 1.07
3407.93* 28000 2053.66 2057.59 3.93 2057.72 2059.74 0.006394 11.83 2388.31 622.44 1.05
3398.*  28000 2053.64 2057.57 3.93 2057.67 2059.67 0.006241 11.69 2417.14 629.81 1.04
3388.06* 28000 2053.62 2057.74 4.12 2057.62 2059.6 0.005189 11 2568.7 638.59 0.96
3378.12* 28000 2053.6 2057.71 4.11 2057.57 2059.54 0.005132 10.92 2589.05 645.87 0.95
3368.18* 28000 2053.58 2057.67 4.09 2057.52 2059.47 0.005077 10.83 2609.15 653.13 0.94
3358.25* 28000 2053.56 2057.63 4.07 2057.47 2059.41 0.005024 10.75 2629.18 660.39 0.94
3348.31* 28000 2053.54 2057.6 4.06 2057.42 2059.35 0.004971 10.66 2649.16 667.66 0.93
3338.37* 28000 2053.52 2057.56 4.04 2057.37 2059.29 0.004938 10.59 2666.16 674.91 0.93
3328.43* 28000 2053.5 2057.52 4.02 2057.32 2059.23 0.004907 10.53 2682.68 682.15 0.93
3318.5* 28000 2053.48 2057.48 4 2057.28 2059.17 0.004877 10.46 2699.09 689.39 0.92
3308.56* 28000 2053.46 2057.44 3.98 2057.23 2059.11 0.004849 10.4 2715.22 696.62 0.92
3298.62* 28000 2053.44 2057.4 3.96 2057.18 2059.05 0.004824 10.34 2730.9 703.86 0.92
3288.68* 28000 2053.42 2057.36 3.94 2057.14 2058.99 0.0048 10.28 2746.34 711.11 0.91
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3278.75* 28000 2053.4 2057.33 3.93 2057.09 2058.93 0.004778 10.22 2761.29 718.35 0.91
3268.81* 28000 2053.38 2057.29 3.91 2057.04 2058.88 0.004758 10.17 2775.95 725.58 0.91
3258.87* 28000 2053.36 2057.25 3.89 2057 2058.82 0.004742 10.12 2789.98 732.82 0.9
3248.93* 28000 2053.34 2057.21 3.87 2056.95 2058.77 0.004726 10.06 2803.93 740.07 0.9
3239.*  28000 2053.32 2057.17 3.85 2056.91 2058.71 0.004712 10.01 2817.56 747.3 0.9
3229.06* 28000 2053.3 2057.13 3.83 2056.86 2058.66 0.0047 9.97 2830.72 754.54 0.9
3219.12* 28000 2053.28 2057.09 3.81 2056.82 2058.6 0.00469 9.92 2843.4 761.78 0.9
3209.18* 28000 2053.26 2057.05 3.79 2056.78 2058.55 0.004683 9.88 2855.64 769.02 0.89
3199.25* 28000 2053.24 2057 3.76 2056.73 2058.5 0.004678 9.84 2867.35 776.25 0.89
3189.31* 28000 2053.22 2056.96 3.74 2056.69 2058.44 0.004675 9.8 2878.57 783.48 0.89
3179.37* 28000 2053.2 2056.92 3.72 2056.65 2058.39 0.004675 9.76 2889.3 790.71 0.89
3169.43* 28000 2053.18 2056.88 3.7 2056.61 2058.34 0.004678 9.73 2899.36 797.95 0.89
3159.5* 28000 2053.16 2056.84 3.68 2056.57 2058.29 0.004684 9.69 2908.87 805.17 0.89
3149.56* 28000 2053.14 2056.8 3.66 2056.53 2058.24 0.004693 9.66 2917.67 812.39 0.89
3139.62* 28000 2053.12 2056.75 3.63 2056.49 2058.19 0.004707 9.64 2925.55 819.61 0.89
3129.68* 28000 2053.1 2056.71 3.61 2056.45 2058.13 0.004723 9.61 2932.92 826.84 0.89
3119.75* 28000 2053.08 2056.67 3.59 2056.4 2058.08 0.004744 9.59 2939.31 834.05 0.89
3109.81* 28000 2053.06 2056.62 3.56 2056.37 2058.03 0.004769 9.57 2944.93 841.25 0.89
3099.87* 28000 2053.04 2056.58 3.54 2056.32 2057.98 0.004799 9.55 2949.58 848.46 0.9
3089.93* 28000 2053.02 2056.52 3.5 2056.29 2057.93 0.004855 9.55 2949.3 855.63 0.9

3080 28000 2053 2056.25 3.25 2056.25 2057.86 0.006163 10.23 2753.06 860.97 1
3070.*  28000 2051.33 2053.39 2.06 2054.6 2057.52 0.028974 16.35 1718.58 844.44 2.01
3060.*  28000 2049.67 2051.44 1.77 2052.95 2057.11 0.048296 19.13 1468.17 835.19 2.53

3050 28000 2048 2049.61 1.61 2051.3 2056.59 0.067386 21.22 1323.42 826.9 2.94
3042.08* 28000 2047.98 2049.7 1.72 2051.26 2055.7 0.053322 19.69 1426.59 837.12 2.65
3034.16* 28000 2047.97 2049.8 1.83 2051.22 2054.98 0.042376 18.29 1535.76 847.39 2.38
3026.25* 28000 2047.95 2049.89 1.94 2051.18 2054.4 0.034209 17.08 1645.4 857.62 2.16
3018.33* 28000 2047.94 2049.99 2.05 2051.15 2053.93 0.027746 15.96 1760.33 867.9 1.97
3010.42* 28000 2047.92 2050.08 2.16 2051.1 2053.54 0.022626 14.95 1880.15 878.19 1.79
3002.50* 28000 2047.91 2050.21 2.3 2051.07 2053.2 0.01812 13.92 2019.06 888.65 1.62
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2994.58* 28000 2047.89 2050.33 2.44 2051.03 2052.93 0.014465 12.96 2170.22 899.17 1.46
2986.67* 28000 2047.88 2051.51 3.63 2051 2052.65 0.003741 8.59 3280.59 918.09 0.79
2978.75* 28000 2047.86 2051.48 3.62 2052.6 0.003691 8.52 3307.33 927.38 0.79
2970.84* 28000 2047.84 2051.46 3.62 2052.56 0.00364 8.45 3334.48 936.7 0.78
2962.92* 28000 2047.83 2051.42 3.59 2052.52 0.00364 8.41 3347.86 945.92 0.78
2955.00* 28000 2047.81 2051.4 3.59 2052.47 0.003592 8.35 3374.41 955.23 0.78
2947.09* 28000 2047.8 2051.37 3.57 2052.43 0.003593 8.31 3387.37 964.45 0.78
2939.17* 28000 2047.78 2051.34 3.56 2052.39 0.003547 8.25 3413.64 973.76 0.77
2931.26* 28000 2047.77 2051.31 3.54 2052.35 0.003549 8.22 3425.91 982.98 0.77
2923.34* 28000 2047.75 2051.28 3.53 2052.31 0.003505 8.16 3452 992.28 0.77
2915.42* 28000 2047.73 2051.25 3.52 2052.26 0.003461 8.09 3478.28 1001.61 0.76
2907.51* 28000 2047.72 2051.22 3.5 2052.23 0.003463 8.07 3490.36 1010.84 0.76
2899.59* 28000 2047.7 2051.2 3.5 2052.19 0.00342 8.01 3516.42 1020.14 0.75
2891.68* 28000 2047.69 2051.16 3.47 2052.15 0.003425 7.98 3527.86 1029.37 0.75
2883.76* 28000 2047.67 2051.14 3.47 2052.11 0.003384 7.92 3553.47 1038.69 0.75
2875.85* 28000 2047.66 2051.11 3.45 2052.07 0.003389 7.9 3564.52 1047.92 0.75
2867.93* 28000 2047.64 2051.08 3.44 2052.03 0.003349 7.84 3590.12 1057.23 0.74
2860.01* 28000 2047.62 2051.05 3.43 2051.99 0.003309 7.78 3615.87 1066.56 0.74
2852.10* 28000 2047.61 2051.02 3.41 2051.96 0.003314 7.76 3626.57 1075.79 0.74
2844.18* 28000 2047.59 2051 3.41 2051.92 0.003276 7.7 3651.91 1085.09 0.74
2836.27* 28000 2047.58 2050.97 3.39 2051.88 0.003283 7.68 3661.99 1094.32 0.74
2828.35* 28000 2047.56 2050.94 3.38 2051.84 0.003247 7.63 3686.92 1103.66 0.73
2820.43* 28000 2047.55 2050.91 3.36 2051.81 0.003255 7.61 3696.63 1112.89 0.73
2812.52* 28000 2047.53 2050.89 3.36 2051.77 0.003218 7.56 3721.57 1122.21 0.73
2804.60* 28000 2047.52 2050.86 3.34 2051.74 0.003227 7.54 3730.66 1131.43 0.73
2796.69* 28000 2047.5 2050.83 3.33 2051.7 0.003192 7.49 3755.3 1140.77 0.72
2788.77* 28000 2047.48 2050.81 3.33 2051.66 0.003158 7.44 3780.06 1150.09 0.72
2780.85* 28000 2047.47 2050.78 3.31 2051.63 0.003167 7.42 3788.88 1159.32 0.72
2772.94* 28000 2047.45 2050.75 3.3 2051.59 0.003133 7.37 3813.35 1168.66 0.72
2765.02* 28000 2047.44 2050.72 3.28 2051.56 0.003144 7.36 3821.58 1177.89 0.72
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
2757.11* 28000 2047.42 2050.7 3.28 2051.52 0.003112 7.31 3845.52 1187.21 0.71
2749.19* 28000 2047.41 2050.67 3.26 2051.49 0.003124 7.3 3853.19 1196.45 0.71
2741.27* 28000 2047.39 2050.64 3.25 2051.45 0.003092 7.25 3876.95 1205.78 0.71
2733.36* 28000 2047.37 2050.62 3.25 2051.42 0.003061 7.21 3900.89 1215.1 0.71
2725.44* 28000 2047.36 2050.59 3.23 2051.39 0.003074 7.19 3908 1224.33 0.71
2717.53* 28000 2047.34 2050.56 3.22 2051.35 0.003043 7.15 3931.63 1233.67 0.7
2709.61* 28000 2047.33 2050.53 3.2 2051.32 0.003056 7.14 3938.46 1242.89 0.7
2701.69* 28000 2047.31 2050.51 3.2 2051.29 0.003027 7.1 3961.61 1252.22 0.7
2693.78* 28000 2047.3 2050.48 3.18 2051.25 0.003041 7.08 3967.9 1261.46 0.7
2685.86* 28000 2047.28 2050.45 3.17 2051.22 0.003013 7.04 3990.87 1270.8 0.7
2677.95* 28000 2047.27 2050.42 3.15 2051.19 0.003028 7.03 3996.56 1280.03 0.7
2670.03* 28000 2047.25 2050.4 3.15 2051.16 0.003 6.99 4019.18 1289.35 0.69
2662.12* 28000 2047.23 2050.37 3.14 2051.12 0.002973 6.95 4042.04 1298.69 0.69
2654.20* 28000 2047.22 2050.34 3.12 2051.09 0.002988 6.94 4047.29 1307.93 0.69
2646.28* 28000 2047.2 2050.32 3.12 2051.06 0.002962 6.91 4069.81 1317.26 0.69
2638.37* 28000 2047.19 2050.29 3.1 2051.03 0.002978 6.9 4074.47 1326.5 0.69
2630.45* 28000 2047.17 2050.27 3.1 2050.99 0.002953 6.86 4096.18 1335.83 0.69
2622.54* 28000 2047.16 2050.24 3.08 2050.96 0.002972 6.85 4099.96 1345.07 0.69
2614.62* 28000 2047.14 2050.21 3.07 2050.93 0.002947 6.82 4121.53 1354.4 0.69
2606.70* 28000 2047.12 2050.19 3.07 2050.9 0.002923 6.78 4143.31 1363.72 0.68
2598.79* 28000 2047.11 2050.16 3.05 2050.87 0.002942 6.78 4146.62 1372.97 0.68
2590.87* 28000 2047.09 2050.13 3.04 2050.84 0.002918 6.74 4168.08 1382.29 0.68
2582.96* 28000 2047.08 2050.1 3.02 2050.81 0.002938 6.74 4170.82 1391.54 0.68
2575.04* 28000 2047.06 2050.08 3.02 2050.77 0.002916 6.7 4191.47 1400.87 0.68
2567.12* 28000 2047.05 2050.05 3 2050.74 0.002937 6.7 4193.27 1410.09 0.68
2559.21* 28000 2047.03 2050.02 2.99 2050.71 0.002916 6.67 4213.42 1419.43 0.68
2551.29* 28000 2047.02 2050 2.98 2050.68 0.002939 6.66 4214.64 1428.66 0.68
2543.38* 28000 2047 2049.97 2.97 2050.65 0.002919 6.63 4234.45 1437.98 0.68
2535.46* 28000 2046.98 2049.94 2.96 2050.62 0.002899 6.6 4254.19 1447.32 0.68
2527.54* 28000 2046.97 2049.92 2.95 2050.59 0.002924 6.6 4254.24 1456.55 0.68
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2519.63* 28000 2046.95 2049.89 2.94 2050.56 0.002905 6.57 4273.25 1465.87 0.68
2511.71* 28000 2046.94 2049.86 2.92 2050.53 0.002932 6.57 4272.39 1475.11 0.68
2503.80* 28000 2046.92 2049.83 2.91 2050.5 0.002915 6.55 4290.52 1484.43 0.68
2495.88* 28000 2046.91 2049.8 2.89 2050.47 0.002944 6.55 4288.66 1493.66 0.68
2487.96* 28000 2046.89 2049.78 2.89 2050.44 0.002927 6.52 4306.61 1502.98 0.68
2480.05* 28000 2046.87 2049.75 2.88 2050.4 0.002911 6.49 4324.49 1512.32 0.67
2472.13* 28000 2046.86 2049.72 2.86 2050.38 0.002942 6.5 4321.42 1521.54 0.68
2464.22* 28000 2046.84 2049.7 2.86 2050.34 0.002927 6.47 4338.52 1530.86 0.68
2456.30* 28000 2046.83 2049.67 2.84 2050.32 0.002961 6.48 4334.09 1540.08 0.68
2448.38* 28000 2046.81 2049.64 2.83 2050.28 0.002949 6.46 4349.92 1549.41 0.68
2440.47* 28000 2046.8 2049.61 2.81 2050.25 0.002986 6.46 4344.12 1558.63 0.68
2432.55* 28000 2046.78 2049.58 2.8 2050.22 0.002976 6.44 4358.91 1567.93 0.68
2424.64* 28000 2046.77 2049.55 2.78 2050.19 0.003017 6.45 4351.31 1577.15 0.68
2416.72* 28000 2046.75 2049.52 2.77 2050.16 0.003009 6.43 4364.97 1586.46 0.68
2408.81* 28000 2046.73 2049.49 2.76 2050.13 0.003002 6.41 4378.47 1595.76 0.68
2400.89* 28000 2046.72 2049.46 2.74 2050.1 0.003048 6.43 4368.75 1604.98 0.68
2392.97* 28000 2046.7 2049.43 2.73 2050.07 0.003044 6.41 4380.66 1614.28 0.68
2385.06* 28000 2046.69 2049.4 2.71 2050.04 0.003095 6.43 4368.65 1623.49 0.69
2377.14* 28000 2046.67 2049.37 2.7 2050.01 0.003095 6.41 4378.66 1632.77 0.69
2369.23* 28000 2046.66 2049.34 2.68 2049.98 0.003154 6.43 4363.91 1641.97 0.69
2361.31* 28000 2046.64 2049.31 2.67 2049.94 0.003157 6.42 4372.5 1651.27 0.69
2353.39* 28000 2046.62 2049.28 2.66 2049.91 0.003162 6.41 4380.42 1660.55 0.69
2345.48* 28000 2046.61 2049.24 2.63 2049.88 0.00323 6.43 4362.13 1669.73 0.7
2337.56* 28000 2046.59 2049.21 2.62 2049.85 0.003241 6.43 4367.49 1679.01 0.7
2329.65* 28000 2046.58 2049.17 2.59 2049.82 0.003319 6.46 4345.91 1688.18 0.71
2321.73* 28000 2046.56 2049.14 2.58 2049.78 0.003338 6.45 4348.03 1697.45 0.71
2313.81* 28000 2046.55 2049.1 2.55 2049.75 0.00343 6.49 4322.19 1706.6 0.72
2305.90* 28000 2046.53 2049.06 2.53 2049.72 0.003459 6.5 4320.55 1715.87 0.72
2297.98* 28000 2046.52 2049.02 2.5 2049.68 0.003569 6.54 4289.11 1724.98 0.73
2290.07* 28000 2046.5 2048.98 2.48 2049.65 0.003614 6.55 4282.51 1734.22 0.73
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Top 

Width
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2282.15* 28000 2046.48 2048.95 2.47 2049.61 0.003665 6.57 4273.42 1743.44 0.74
2274.23* 28000 2046.47 2048.9 2.43 2049.58 0.003812 6.63 4232.39 1752.53 0.75
2266.32* 28000 2046.45 2048.86 2.41 2049.54 0.003891 6.66 4215.16 1761.73 0.76
2258.40* 28000 2046.44 2048.8 2.36 2049.51 0.004113 6.75 4154.27 1770.74 0.77
2250.49* 28000 2046.42 2048.75 2.33 2049.47 0.004246 6.8 4123.16 1779.87 0.79
2242.57* 28000 2046.41 2048.67 2.26 2048.38 2049.42 0.004663 6.98 4017.03 1788.68 0.82

2234.66 28000 2046.39 2048.35 1.96 2048.35 2049.34 0.007361 7.99 3508.7 1795.7 1.01
2224.66 28000 2046.37 2047.41 1.04 2047.92 2049.13 0.029847 10.54 2659.06 2562.38 1.82

2214.70* 28000 2046.35 2048.53 2.18 2047.89 2048.92 0.002503 5 5609.55 2582.76 0.6
2204.74* 28000 2046.33 2048.51 2.18 2048.89 0.002495 4.98 5624.46 2593.92 0.6
2194.79* 28000 2046.31 2048.48 2.17 2048.87 0.002488 4.97 5639 2605.09 0.59
2184.83* 28000 2046.29 2048.46 2.17 2048.84 0.002479 4.96 5654.4 2616.26 0.59
2174.87* 28000 2046.27 2048.44 2.17 2048.81 0.002471 4.94 5669.73 2627.43 0.59
2164.92* 28000 2046.25 2048.41 2.16 2048.79 0.002463 4.93 5684.96 2638.59 0.59
2154.96* 28000 2046.24 2048.39 2.15 2048.76 0.002508 4.95 5663.94 2649.68 0.6
2145.00* 28000 2046.22 2048.36 2.14 2048.74 0.002502 4.94 5677.57 2660.84 0.59
2135.05* 28000 2046.2 2048.34 2.14 2048.71 0.002496 4.93 5691.12 2672 0.59
2125.09* 28000 2046.18 2048.31 2.13 2048.69 0.00249 4.91 5704.91 2683.16 0.59
2115.13* 28000 2046.16 2048.29 2.13 2048.66 0.002483 4.9 5718.97 2694.34 0.59
2105.18* 28000 2046.14 2048.27 2.13 2048.64 0.002477 4.89 5732.91 2705.5 0.59
2095.22* 28000 2046.12 2048.24 2.12 2048.61 0.00247 4.88 5746.79 2716.67 0.59
2085.26* 28000 2046.1 2048.22 2.12 2048.59 0.002463 4.87 5761.25 2727.84 0.59
2075.31* 28000 2046.08 2048.2 2.12 2048.56 0.002456 4.85 5775.65 2739.02 0.59
2065.35* 28000 2046.06 2048.17 2.11 2048.54 0.00245 4.84 5789.6 2750.18 0.59
2055.39* 28000 2046.04 2048.15 2.11 2048.51 0.002443 4.83 5803.84 2761.35 0.59
2045.44* 28000 2046.02 2048.13 2.11 2048.49 0.002435 4.82 5818.67 2772.53 0.59
2035.48* 28000 2046 2048.1 2.1 2048.46 0.002428 4.81 5833.42 2783.69 0.58
2025.52* 28000 2045.98 2048.08 2.1 2048.44 0.002421 4.79 5848.11 2794.87 0.58
2015.57* 28000 2045.97 2048.05 2.08 2048.41 0.002466 4.81 5825.07 2805.95 0.59
2005.61* 28000 2045.95 2048.03 2.08 2048.39 0.00246 4.8 5838.09 2817.12 0.59
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Width
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1995.65* 28000 2045.93 2048.01 2.08 2048.36 0.002456 4.79 5850.68 2828.29 0.59
1985.70* 28000 2045.91 2047.98 2.07 2048.34 0.00245 4.78 5864.23 2839.46 0.59
1975.74* 28000 2045.89 2047.96 2.07 2048.31 0.002444 4.77 5877.7 2850.63 0.58
1965.78* 28000 2045.87 2047.93 2.06 2048.29 0.002438 4.76 5891.43 2861.8 0.58
1955.83* 28000 2045.85 2047.91 2.06 2048.26 0.002431 4.75 5905.12 2872.98 0.58
1945.87* 28000 2045.83 2047.89 2.06 2048.24 0.002425 4.74 5919.07 2884.15 0.58
1935.91* 28000 2045.81 2047.87 2.06 2048.21 0.002419 4.72 5932.6 2895.33 0.58
1925.96* 28000 2045.79 2047.84 2.05 2048.19 0.002412 4.71 5946.74 2906.49 0.58
1916.00* 28000 2045.77 2047.82 2.05 2048.16 0.002406 4.7 5960.85 2917.67 0.58
1906.04* 28000 2045.75 2047.8 2.05 2048.14 0.002399 4.69 5975.23 2928.85 0.58
1896.09* 28000 2045.73 2047.77 2.04 2048.11 0.002392 4.68 5989.53 2940.02 0.58
1886.13* 28000 2045.71 2047.75 2.04 2048.09 0.002384 4.67 6004.15 2951.2 0.58
1876.17* 28000 2045.7 2047.72 2.02 2048.06 0.002431 4.69 5978.58 2962.29 0.58
1866.22* 28000 2045.68 2047.7 2.02 2048.04 0.002426 4.68 5991.09 2973.45 0.58
1856.26* 28000 2045.66 2047.68 2.02 2048.02 0.002421 4.67 6003.9 2984.63 0.58
1846.31* 28000 2045.64 2047.65 2.01 2047.99 0.002415 4.66 6017 2995.81 0.58
1836.35* 28000 2045.62 2047.63 2.01 2047.97 0.00241 4.65 6030.05 3006.99 0.58
1826.39* 28000 2045.6 2047.61 2.01 2047.94 0.002404 4.64 6043.36 3018.16 0.58
1816.44* 28000 2045.58 2047.58 2 2047.92 0.002399 4.63 6056.61 3029.33 0.58
1806.48* 28000 2045.56 2047.56 2 2047.89 0.002393 4.62 6069.43 3040.51 0.58
1796.52* 28000 2045.54 2047.54 2 2047.87 0.002387 4.61 6082.91 3051.68 0.57
1786.57* 28000 2045.52 2047.52 2 2047.84 0.002381 4.6 6096.73 3062.87 0.57
1776.61* 28000 2045.5 2047.49 1.99 2047.82 0.002375 4.59 6110.47 3074.05 0.57
1766.65* 28000 2045.48 2047.47 1.99 2047.8 0.002368 4.58 6124.51 3085.22 0.57
1756.70* 28000 2045.46 2047.45 1.99 2047.77 0.002362 4.57 6138.49 3096.39 0.57
1746.74* 28000 2045.45 2047.42 1.97 2047.75 0.00241 4.59 6110.35 3107.49 0.58
1736.78* 28000 2045.43 2047.4 1.97 2047.72 0.002406 4.58 6122.17 3118.67 0.58
1726.83* 28000 2045.41 2047.38 1.97 2047.7 0.002401 4.57 6134.27 3129.84 0.57
1716.87* 28000 2045.39 2047.35 1.96 2047.67 0.002397 4.56 6146.32 3141.01 0.57
1706.91* 28000 2045.37 2047.33 1.96 2047.65 0.002392 4.55 6158.71 3152.2 0.57
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1696.96* 28000 2045.35 2047.31 1.96 2047.63 0.002388 4.54 6170.99 3163.37 0.57
1687.00* 28000 2045.33 2047.28 1.95 2047.6 0.002383 4.53 6183.62 3174.55 0.57
1677.04* 28000 2045.31 2047.26 1.95 2047.58 0.002378 4.52 6195.78 3185.73 0.57
1667.09* 28000 2045.29 2047.24 1.95 2047.55 0.002373 4.51 6208.29 3196.92 0.57
1657.13* 28000 2045.27 2047.21 1.94 2047.53 0.002368 4.5 6221.08 3208.08 0.57
1647.17* 28000 2045.25 2047.19 1.94 2047.5 0.002363 4.5 6233.83 3219.26 0.57
1637.22* 28000 2045.23 2047.17 1.94 2047.48 0.002358 4.49 6246.91 3230.44 0.57
1627.26* 28000 2045.21 2047.15 1.94 2047.46 0.002352 4.48 6259.93 3241.63 0.57
1617.30* 28000 2045.19 2047.12 1.93 2047.43 0.002347 4.47 6272.9 3252.82 0.57
1607.35* 28000 2045.18 2047.1 1.92 2047.41 0.002398 4.49 6240.78 3263.9 0.57
1597.39* 28000 2045.16 2047.07 1.91 2047.39 0.002395 4.48 6251.88 3275.08 0.57
1587.43* 28000 2045.14 2047.05 1.91 2047.36 0.002392 4.47 6262.9 3286.26 0.57
1577.48* 28000 2045.12 2047.03 1.91 2047.34 0.002389 4.47 6273.85 3297.44 0.57
1567.52* 28000 2045.1 2047 1.9 2047.31 0.002385 4.46 6285.13 3308.62 0.57
1557.56* 28000 2045.08 2046.98 1.9 2047.29 0.002382 4.45 6296.31 3319.79 0.57
1547.61* 28000 2045.06 2046.96 1.9 2047.26 0.002379 4.44 6307.07 3330.97 0.57
1537.65* 28000 2045.04 2046.93 1.89 2047.24 0.002376 4.44 6318.14 3342.15 0.57
1527.69* 28000 2045.02 2046.91 1.89 2047.22 0.002372 4.43 6329.56 3353.34 0.57
1517.74* 28000 2045 2046.89 1.89 2047.19 0.002368 4.42 6340.89 3364.51 0.57
1507.78* 28000 2044.98 2046.87 1.89 2047.17 0.002365 4.41 6352.19 3375.7 0.57
1497.82* 28000 2044.96 2046.84 1.88 2047.14 0.002361 4.4 6363.82 3386.87 0.57
1487.87* 28000 2044.94 2046.82 1.88 2047.12 0.002357 4.4 6375.37 3398.05 0.56
1477.91* 28000 2044.92 2046.8 1.88 2047.1 0.002354 4.39 6386.04 3409.23 0.56
1467.95* 28000 2044.91 2046.77 1.86 2047.07 0.002409 4.41 6350.33 3420.33 0.57
1458.00* 28000 2044.89 2046.75 1.86 2047.05 0.002408 4.41 6359.46 3431.51 0.57
1448.04* 28000 2044.87 2046.72 1.85 2047.02 0.002407 4.4 6368.49 3442.68 0.57
1438.08* 28000 2044.85 2046.7 1.85 2047 0.002406 4.39 6377.47 3453.86 0.57
1428.13* 28000 2044.83 2046.68 1.85 2046.98 0.002405 4.39 6386.38 3465.04 0.57
1418.17* 28000 2044.81 2046.65 1.84 2046.95 0.002406 4.38 6394.34 3476.21 0.57
1408.21* 28000 2044.79 2046.63 1.84 2046.93 0.002405 4.38 6403.08 3487.39 0.57
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1398.26* 28000 2044.77 2046.61 1.84 2046.9 0.002404 4.37 6411.75 3498.56 0.57
1388.30* 28000 2044.75 2046.58 1.83 2046.88 0.002404 4.36 6420.33 3509.74 0.57
1378.35* 28000 2044.73 2046.56 1.83 2046.85 0.002403 4.36 6428.85 3520.92 0.57
1368.39* 28000 2044.71 2046.54 1.83 2046.83 0.002403 4.35 6437.29 3532.09 0.57
1358.43* 28000 2044.69 2046.51 1.82 2046.81 0.002403 4.35 6445.22 3543.28 0.57
1348.48* 28000 2044.67 2046.49 1.82 2046.78 0.002404 4.34 6452.62 3554.45 0.57
1338.52* 28000 2044.66 2046.46 1.8 2046.76 0.002468 4.37 6410.36 3565.54 0.57
1328.56* 28000 2044.64 2046.44 1.8 2046.73 0.002472 4.37 6414.83 3576.71 0.57
1318.61* 28000 2044.62 2046.41 1.79 2046.71 0.002477 4.36 6419.2 3587.88 0.57
1308.65* 28000 2044.6 2046.39 1.79 2046.68 0.002482 4.36 6423.04 3599.05 0.57
1298.69* 28000 2044.58 2046.36 1.78 2046.66 0.002488 4.36 6426.79 3610.23 0.58
1288.74* 28000 2044.56 2046.34 1.78 2046.63 0.002495 4.36 6429.54 3621.39 0.58
1278.78* 28000 2044.54 2046.31 1.77 2046.61 0.002502 4.36 6432.17 3632.55 0.58
1268.82* 28000 2044.52 2046.29 1.77 2046.58 0.002509 4.35 6434.27 3643.73 0.58
1258.87* 28000 2044.5 2046.26 1.76 2046.56 0.002517 4.35 6436.27 3654.9 0.58
1248.91* 28000 2044.48 2046.24 1.76 2046.53 0.002525 4.35 6437.69 3666.06 0.58
1238.95* 28000 2044.46 2046.21 1.75 2046.51 0.002534 4.35 6438.55 3677.22 0.58
1229.*  28000 2044.44 2046.19 1.75 2046.48 0.002544 4.35 6438.85 3688.39 0.58
1219.04* 28000 2044.42 2046.16 1.74 2046.46 0.002556 4.35 6437.7 3699.56 0.58
1209.08* 28000 2044.4 2046.14 1.74 2046.43 0.002569 4.35 6435.94 3710.72 0.58
1199.13* 28000 2044.39 2046.11 1.72 2046.41 0.002656 4.39 6379.56 3721.8 0.59
1189.17* 28000 2044.37 2046.08 1.71 2046.38 0.002677 4.4 6371.93 3732.95 0.59
1179.21* 28000 2044.35 2046.05 1.7 2046.35 0.0027 4.4 6363.21 3744.1 0.59
1169.26* 28000 2044.33 2046.02 1.69 2046.33 0.002726 4.41 6352.5 3755.25 0.6
1159.30* 28000 2044.31 2046 1.69 2046.3 0.002755 4.42 6339.78 3766.39 0.6
1149.34* 28000 2044.29 2045.97 1.68 2046.27 0.002787 4.43 6325.46 3777.53 0.6
1139.39* 28000 2044.27 2045.94 1.67 2046.24 0.002822 4.44 6309.13 3788.67 0.61
1129.43* 28000 2044.25 2045.91 1.66 2046.22 0.002862 4.45 6290.26 3799.8 0.61
1119.47* 28000 2044.23 2045.88 1.65 2046.19 0.002906 4.47 6268.84 3810.94 0.61
1109.52* 28000 2044.21 2045.85 1.64 2046.16 0.002955 4.49 6244.37 3822.05 0.62
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River Sta Q Total Min Ch El W.S. Elev W. Depth Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area
Top 

Width
Froude 
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1099.56* 28000 2044.19 2045.81 1.62 2046.13 0.003012 4.51 6216.41 3833.18 0.62
1089.60* 28000 2044.17 2045.78 1.61 2046.1 0.003077 4.53 6183.46 3844.29 0.63
1079.65* 28000 2044.15 2045.75 1.6 2046.07 0.003152 4.56 6146.45 3855.39 0.64
1069.69* 28000 2044.13 2045.71 1.58 2046.04 0.003239 4.59 6102.99 3866.47 0.64
1059.73* 28000 2044.12 2045.67 1.55 2046.01 0.003458 4.68 5991.52 3877.48 0.66
1049.78* 28000 2044.1 2045.63 1.53 2045.97 0.003601 4.73 5925.8 3888.53 0.67
1039.82* 28000 2044.08 2045.58 1.5 2045.94 0.003777 4.79 5848.17 3899.56 0.69
1029.86* 28000 2044.06 2045.53 1.47 2045.9 0.004002 4.87 5754.25 3910.57 0.71
1019.91* 28000 2044.04 2045.48 1.44 2045.86 0.004299 4.97 5638.18 3921.55 0.73
1009.95* 28000 2044.02 2045.41 1.39 2045.18 2045.82 0.004806 5.13 5458.92 3932.39 0.77

1000 28000 2044 2045.16 1.16 2045.16 2045.74 0.008698 6.12 4573.52 3942.02 1
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Date: June 19, 2009 

To: Sara Head 

From: Serkan Mahmutoglu, P.E. 

Subject:  Beacon Solar Energy Project, Preliminary Sediment Transport Analysis 
Pine Tree Wash, Fremont Valley, California 

   

 

1.0 Introduction 

 
The following memorandum contains the results of the hydrodynamic modeling and sediment 
transport analysis required for the Beacon Solar Energy project in Fremont Valley, California. The 
existing Pine Tree Wash runs through the proposed Beacon Solar Energy project site and needs to 
be diverted around it. A manmade channel will be constructed to intercept the existing channel and 
convey flow around the project site. The new channel will be approximately 250-ft wide and 15-ft 
deep with a diffuser at its downstream end.  The new channel is proposed to have a smaller slope 
than the existing stream to maintain reasonable velocities.  A number of 10-ft high drops with 
energy dissipators (stilling basins with baffle blocks) would be built along the channel to match the 
overall elevation difference.   
 
The hydraulic modeling and scour analysis has been performed for the existing and proposed 
channel conditions. The sediment transport analysis was conducted in order to understand the 
impact of the project on sediment transport characteristics of the project area. A two-dimensional 
(2D) hydrodynamic model was constructed in FLO-2D Version 2007.06 and used for the hydraulic 
and scour analyses. In conjunction with the modeling, a fluvial geomorphologic assessment was 
performed for a qualitative and quantitative assessment of long term aggradation and degradation 
patterns. Design recommendations were made for toe down design, side slope protection, drop 
structure design and riprap sizing based on the results of the scour analysis to ensure that the 
proposed channel design is effective at diverting the flow around the site 
 
The toe down design, side slope protection and riprap sizing was done in accordance with the 
guidelines in the Federal Highway Administration’s (FHWA) Hydraulic Engineering Circular (HEC) 
No. 11, “Design of Riprap Revetment” and the National Cooperative Highway Research Program’s 
(NCHRP) Report 568, “Riprap Design Criteria, Recommended Specifications, and Quality Control.” 
The long-term bed elevations change was analyzed in accordance with HEC-20, “Stream Stability 
at Highway Structures.” The following sections of this technical memorandum discuss the results 
and methodology used in this analysis. 
 



 

2.0 Background Information and Existing Conditions 

 
The following background information on the project site is based on the “Draft Memorandum for 
Hydrologic and Hydraulic Analysis of Rerouted Channel for Beacon Solar Energy – Mojave, CA” 
prepared by AECOM in May 2009.  
 
The proposed Beacon Solar Energy Project site encompasses approximately four (4) square miles. 
Approximately 2.5 square miles are currently proposed for solar arrays and other improvements to 
generate solar electricity in the Mojave Desert. It is anticipated that the remaining 1.5 square miles 
of the project site will be left in its existing state. Several decades ago the project site was used for 
agriculture, however, operations ceased and recently the site was identified as a potential site for 
solar energy generation.  
 
The project site is bounded to the west by railroad tracks and State Route 14 (SR-14). To the north, 
south and east are property fence lines. The natural slope of the site trends from the southwest to 
the northeast and any runoff is eventually routed to the Jaw Bone Wash. The Jaw Bone Wash 
ultimately conveys the flows to Koehn Dry Lake, a localized depressed basin or "moist" playa with 
no discernable outflow point. Koehn Dry Lake is located approximately six (6) miles northeast of the 
Site. Entering the southern boundary of the subject property is an existing natural desert wash 
referred to as the Pine Tree Wash. It is part of the larger Mojave site watershed and conveys storm 
water flows across the proposed project site. 
 
The majority of the wash’s watershed is constrained by a long narrow canyon to the southwest 
known as Pine Tree Canyon. Several offsite drainage areas (approximately 5 to 7 square miles) 
discharge large volumes of runoff into Pine Tree Creek which flows through Pine Tree Canyon. The 
headwaters for Pine Tree Creek reside at the southern limits of the Sierra Nevada Mountains. With 
exception to the western most reaches of the canyon which can be characterized as having an 
alpine climate with moderate vegetative coverage, the area in and around Pine Tree Canyon can 
be described as high desert with relatively poor to fair vegetative coverage. All surface generated 
runoff from the canyon flows northeast to the project site. The soil for the canyon portion of the 
watershed is generally rocky in nature. In addition to Pine Tree Canyon, the eastern slopes of the 
eastern ridge of the canyon as well as large alluvial formations bisected by SR-14 generate runoff 
that is tributary to the project site as well. Most of this area is similar to Pine Tree Canyon and can 
be characterized as high desert with poor vegetative coverage. However, because of the large 
alluvial formations, the soil is generally sandy in this region of the watershed. 
 
Geological and fluvial settings of the Beacon Solar Energy Project are described in a draft report 
produced in April 2009 by Far Western Anthropological Research Group, Inc. titled “Landform 
Structure and Archeological Sensitivity in the Beacon Solar Energy Project Area.” The Far Western 
Report describes the distinct landform features at the project site, the most dominant of which are 
the Cantil Valley Fault scarp and the fan of the Pine Tree Wash. Uplift of the terrain to the southeast 
of the Cantil Vally fault has resulted in differing fluvial conditions. In the uplifted region of the site 
(southeast), the Pine Tree wash tends to follow a channelized flow with generally high velocities. 
Once the channelized flow passes over the Cantil Valley Fault scarp flow velocities dissipate and 
radial wash and deposition occurs. 
 
Grain size information for the project site was reviewed from the following sources: Geotechnical 
Report (Klienfelder, 2008), Soil Survey of Kern County, Southeastern Part (USDA, 1981) and 
GeoArcheological Study (Far Western, 2009). All three (3) reports indicate the predominant soils at 
the project site consist of a thin layer (0 to 2.0 ft) of silty sand overlying silty sand and gravel. The 
median particle diameter (d50) for the silty sand ranges from approximately 0.2 to 0.6 mm. The d50 
for the silty sand and gravel sediments ranges from approximately 0.4 to 2.0 mm. 



 

3.0 Hydrodynamic, Scour and Sediment Transport Analysis 

 
Flow and sediment transport within the study area was simulated using FLO-2D and HEC-RAS.  
FLO-2D is a 2D model designed to simulate unconfined overland flows.  However, FLO-2D is not 
well suited for situations where large flows are sent through relatively narrow areas such as the 
channel (FLO-2D, 2007).  For this reason, the channel was also simulated in HEC-RAS for most 
analyzed events.  Two (2) model configurations were used for this project: 
 

• An existing conditions FLO-2D model which based on the one developed for AECOM’s 
“Draft Memorandum for Hydrologic and Hydraulic Analysis of Rerouted Channel for 
Beacon Solar Energy – Mojave, CA,” May 2009; 

• A model of the proposed channel was developed in both FLO-2D and HEC-RAS.. 
 
Sediment transport was simulated using the MPM-Woo formulation, which is intended for sandy 
areas with higher slopes (FLO-2D, 2007).  For FLO-2D, a bulking concentration of 15% was applied 
to the inflow boundary. 

3.1 Simulation of 100 Year Storm 

 
The channel model was simulated without sediment transport to determined flow depth, velocities, 
in the channel during the 100-year design storm for design purposes.  Flows into the channel were 
based on the HEC-HMS analysis presented in the “Draft Memorandum for Hydrologic and 
Hydraulic Analysis of Rerouted Channel for Beacon Solar Energy – Mojave, CA.”  The peak flow for 
the storm event is approximately 28,000 cfs (AECOM, 2009).  Flow versus time for the 24 hour 
period was input into both the FLO-2D and HEC-RAS models of the channel to determine hydraulic 
conditions.  Maximum flow depths and velocities as a function of distance from the downstream end 
are presented in Figure 1 through Figure 4.   
 
The FLO-2D models of existing and proposed conditions were used to simulate scour during the 
100-year storm event.  For proposed conditions it was assumed that armored areas would 
experience no scour.  FLO-2D was used because runoff flow during existing conditions in two 
dimensional in nature and cannot be realistically simulated in HEC-RAS.  The mile extended 
approximately 1 mile upstream of the channel site to allow the model to build sediment before 
entering the study area.  Figures showing maximum scour depth for existing and proposed 
conditions are shown in Figure 5 and Figure 6.  Very large scour depths are calculated for both 
cases with comparable magnitudes. 
 
Results of the FLO-2D model show large scour depths for both existing and future conditions, which 
may not actually occur.  As a point of comparison, sediment transport was simulated in the 
proposed channel in HEC-RAS.  It was assumed that the upstream of the channel would be 
saturated with sediment.  The results of the HEC-RAS model showed a maximum of 3.4 feet of 
scour along a portion of the channel.  Figure 7 shows scour versus distance from the downstream 
end. 
 
 
 
 



 

 
 
Figure 1. 100-year Storm Maximum Velocity Magnitudes in FLO-2D 
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Figure 2. 100-year Storm Maximum Velocity Magnitudes in HEC-RAS 
 
 

 
 
Figure 3. 100-year Storm Maximum Flow Depth in FLO-2D 
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Figure 4. 100-year Storm Maximum Flow Depth in HEC-RAS 
 
 
 



 

 
 
Figure 5. Maximum Scour Depth in FLO-2D (existing conditions) 



 

 

 
 
Figure 6. Maximum Scour Depth in FLO-2D (proposed conditions) 
 

 
 
Figure 7. Maximum Scour Depth as Predicted by HEC-RAS 
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3.2 Typical Yearly Sediment Transport Analysis 

 
The model was run for a series of smaller storms to evaluate potential scour conditions during an 
average rainfall year. 
 
To determine typical rainfall characteristics, 45 years of hourly rainfall data was analyzed for the 
National Climatic Data Center (NCDC) weather station located in Mojave, California (COOP ID 
045756). Rainfall depths for storm events were calculated assuming a minimum time of 24 hours 
between storm events (i.e. rainfall needs to be separated by at least 24 hours before the rain is 
considered separate storm events). Rainfall depths were sorted into categories by depth. Table 1 is 
a summary of the storms. 
 
Table 1. Average Annual Storm Count at Mojave for 1960 to 2004 

Storm Size 
Average 

Number Per 
Year 

All storms 11.2 

Storms greater than 0.25-inch 4.0 

Storms greater than 0.50-inch 2.4 

Storms greater than 1.00-inch 1.0 

Storms greater than 2.00-inch 0.2 

Storms greater than 3.00-inch 0.0 

 
On average Mojave, California has approximately 11 storms during a year. Of those storms, 4 are 
greater than 0.25 inches, 2 to 3 are greater than 0.5 inches, and 1 will be greater than an inch. The 
HEC-RAS model of the proposed channel was used to simulate the 0.25, 0.50 and 1-inch storm 
events  Areas that are proposed to be armored were not subject to scour in the model. 
 
To determine the inflow at the upstream due to the smaller storm events, the inflow hydrograph for 
the 100-year storm event was scaled down based on the proportion of the smaller storm to the 100-
year storm (i.e. for the 0.25 inch storm, the 100-year hydrograph was multiplied by 0.25/5.35).  
Although runoff is not directly proportional to the storm depth, this assumption is justified here by 
the fact that the curve numbers used in the original study (AECOM, 2009) are high (on the order of 
90). 
 
Figure 8 through Figure 10 are graphs showing maximum scour in the channel for the three storm 
events.  The results show scour in some localized locations with maximum scour for the 1 inch, 0.5, 
inch, and 0.25 inch storms being 1.38, 0.52, and 0.25 feet respectively.  
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Figure 8. Maximum Scour Depth as Predicted by HEC-RAS for 1 Inch Storm 
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Figure 9.  Maximum Scour Depth as Predicted by HEC-RAS for 0.5 Inch Storm 
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Figure 10.  Maximum Scour Depth as Predicted by HEC-RAS for 0.25 Inch Storm 
 



 

3.3 Analysis Limitations 

 
Refinement of model predictions is recommended as part of future work.  In particular, a more detailed analysis 
of the inflow hydrology is recommended to further refine the inflow to the site.     

 

4.0 Fluvial Geomorphologic Assessment 

 
AECOM analyzed historical aerial photographs of the project site to determine lateral migration of 
the Pine Tree Wash. Aerial photographs from 1952 and 1983 were compared with a 2007 aerial 
image. Substantial land use changes occurred over the time period assessed. The current desert 
landscape is similar to that observed in the 1952 image. However, the 1983 image indicates that a 
large portion of the project site was altered to agricultural use. 
 
Lateral migration of the Pine Tree Wash over the 55 year period (1952 to 2007) appears to be 
minimal. Slight variations in the stream channel location have occurred, but the main channel 
remains in the same vicinity. The limits of the depositional wash area to the north of the Cantil 
Valley Fault also appear to be relatively stable over the time period assessed. Differences in aerial 
photograph angles and height may also account for slight differences in the observed variations in 
channel and wash limits. Figure 11, Figure 12 and Figure 13 demonstrate the limits of the Pine Tree 
Wash lateral migration in the years 1952, 1983 and 2007 respectively. 
 
Changes to the vertical profile of the Pine Tree Wash are difficult to quantify without a detailed 
survey of the project site topography over time. However, existing data available and knowledge of 
the environment of the project site indicates that the channelized flow of the Pine Tree Wash to the 
south of the Cantil Valley fault is characterized by high velocities. The silty sand and gravel 
sediments in this area are easily erodable and thus a degradational setting is probable. To the north 
of the Cantil Valley Fault, the stream velocities decrease, the channelized flow transitions to a wash 
and a depositional environment occurs.  
 
The Pine Tree Wash has exhibited a relatively high degree of stream stability from 1952 to 2007. 
However, the fluvial geomorphic conditions which exist at the project site suggest that long-term 
stream stability may be more inconsistent. Factors contributing to potential stream instability include 
the relative small particle size of the silty sand and gravel surficial deposits, lack of vegetation and 
history of tectonic activity. These factors also contribute to a high suspended sediment 
concentration during flood conditions. The US Army Corps of Engineers, Coastal and Hydraulics 
Engineering Technical Note (CHETN) VII-6, “Predicting Sediment Transport Dynamics in 
Ephemeral Channels: A Review of Literature”, indicates that for steep, sand bed arroyos (similar to 
the Beacon project site), sediment concentrations can exceed 100,000 parts per million (ppm) by 
weight.  
 
It should also be noted that the Far Western Report on Landform Structures indicates an area in the 
western portion of the project site as active slope wash of the Pine Tree Canyon Fan. Potential flow 
through this portion of the site will not be captured by the proposed rerouting of the Pine Tree 
Wash. Fan channels in this western portion of the site can be observed on the aerial photographs 
from 1952, 1983 and 2007. 
 
It is important that the design of the rerouted Pine Tree Wash take into account the impact that 
changes in stream velocities have on potential depositional settings in the channel and wash. A 
drop in velocities within the stream channel could lead to built up of sediment (aggradation). 
Channel bank and bed materials should also be engineered to withstand potential high velocities 
and levels of suspended sediment that occur in storm events.  
 



 

 
 

 
Figure 11. 1952 Aerial 



 

 

 
 
Figure 12. 1983 Aerial 



 

 

 
 
Figure 13. 2007 Aerial 
 
 



 

5.0 Channel Protection Design Recommendations 

 
The channel protection design recommendations for the proposed channel were provided for the 
following: 
 

• Riprap sizing calculations for the channel bends; 

• Drop structure armoring; 

• Side slope protection on the channel banks. 

5.1 Riprap Sizing Calculations for the Channel Bends 

 
The riprap sizing was done in accordance with the guidelines in the FHWA’s HEC-11, “Design of 
Riprap Revetment” and the NCHRP Report 568, “Riprap Design Criteria, Recommended 
Specifications, and Quality Control.” The NCHRP design guidelines resulted in a more conservative 
riprap size and therefore were used in the recommended design. The following NCHRP equation 
was used to calculate the riprap size: 
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 d30 = particle size for which 30% is finer by weight (ft); 
 y = local depth of flow above particle (ft); 
 Sf = safety factor; 
 Cs = stability coefficient; 
 Cv = velocity distribution coefficient; 
 CT = blanket thickness coefficient; 
 Vdes = characteristic velocity for design (ft/s), where: 
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 Vavg = channel cross-sectional average velocity (ft/s); 
 Rc = centerline radius of curvature of channel bend (ft); 
 W = width of water surface at upstream end of channel bend (ft); 

k1 = side slope correction factor, where: 
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 Θ = bank angle (degrees); 
Sg = specific gravity of riprap; 

 g = acceleration due to gravity (ft/s
2
). 

 
Using the result from the above equation, the median riprap diameter, d50, was approximated from 
the following equation as recommended by the NCHRP report: 
 

3050 2.1 dd =  

 
The values used to populate the above equations are summarized in Appendix A and were taken 
from the proposed drawings of the channel, hydraulic computations, modeling results and 
recommendations within HEC-11 and the NCHRP report. The resulting d50 diameter was calculated 
to be 3 feet. 
 



 

It is recommended that the inside and outside banks of channel bends have a riprap design be as 
outlined in the NCHRP’s Revetment Riprap Details shown in Appendix B and summarized below in 
Table 2. Figure 14 shows a HEC-11 diagram of the longitudinal extent of riprap at channel bends. 
 
Table 2. Riprap Design Summary 

Median stone diameter, d50 3.0 ft 
Minimum riprap thickness 4.5 ft 
Key trench width 13.5 ft 
Key trench thickness 4.5 ft 
Toe down depth below ambient bed elevation 6.0 ft 
Toe down maximum slope 1V:1.5H 
Minimum freeboard above design high water 2.0 ft 
Longitudinal extent of riprap upstream of channel bend 250.0 ft 
Longitudinal extent of riprap downstream of channel bend 375.0 ft 

 

 
Figure 14. Longitudinal Extent of Riprap at Channel Bend (taken from HEC-11) 

5.2 Drop Structure Armoring  

 
The armoring recommendations upstream and downstream of the drop structures are summarized 
in Table 3. Due to the high velocities at the drop structures, heavy armoring (e.g. concrete) and 
energy dissipation is recommended. The energy dissipating apron should be design in accordance 
with HEC-14, “Hydraulic Design of Energy Dissipators for Culverts and Channels.” In addition, there 
should be an armored (e.g. riprap) transition zone approximately 50-ft upstream and downstream of 
the energy dissipator to act as a buffer. For the final design, AECOM can verify the extent and 
required materials (e.g. heavy armor versus riprap, and riprap stone diameter) of the transition zone 
with computational fluid dynamics (CFD) modeling. CFD modeling will enhance the confidence and 
reliability of the design and minimize the environmental impact by limiting the amount of heavy 
armoring and riprap use.  
 
Table 3. Armoring Recommendation Upstream and Downstream of the Drop Structures 

Median stone diameter, d50 3.0 ft 
Minimum riprap thickness 4.5 ft 
Key trench width 13.5 ft 
Key trench depth 4.5 ft 
Toe down depth below ambient bed elevation 6.0 ft 
Toe down maximum slope 1V:1.5H 
Upstream transition zone armoring extent 50.0 ft 
Downstream transition zone armoring extent 50.0 ft 



 

5.3 Side Slope Protection on the Channel Banks 

 
The side slope protection design recommendations are broken down into two (2) distinct channel 
regions: 
 

• Drop structures (transition areas); 

• Straight and flat (i.e. 0.2% slope) channel reaches. 
 
Due to the high velocities at the drop structures, the side slope protection should also consist of 
heavy armoring (e.g. concrete) at the drop structures. The heavy armoring may need to extend into 
the 50-ft long transition zone upstream and downstream of the drop structure as discussed in the 
previous section. The distribution of heavy armoring and riprap within this transition zone should be 
verified with CFD modeling.  
 
In the straight and flat channel reaches where the channel slope is 0.2%, sediment transport 
modeling has shown that the incoming sediment supply is sufficient enough to prevent significant 
long-term erosion of the side slopes and heavy armoring is not necessary. However, it is 
recommended that some form of soil stabilization be utilized in these locations. Ideally, vegetation 
would be used, however, vegetation would not be a sustainable in a practical way in this arid 
environment, therefore, other forms of soil stabilization (e.g. soil cement) are recommended to 
protect against erosion. 
 

6.0 Conclusions 

 
The objective of this analysis was to answer the following questions: 
 

1. Can the design handle the 100-year storm? 
2. Can the design function during the life of the project (i.e. 50 years) without significantly 

altering existing sediment transport?  
 
As far as the design is concerned, model refinement and design verification is required prior to final 
design. A CFD model is recommended to increase the confidence limits of the design and decrease 
cost and environmental impact. Preliminary hydraulic calculations indicate that the design can 
handle the 100-year storm. Some maintenance may be needed (e.g. removal of sediment, riprap 
repair, etc.). However, this is standard practice for stormwater management systems of this size. 
 
The change in sediment transport due to the rerouting has been analyzed with the model. 
Preliminary model results indicate that significant erosion is likely at the site for both existing and 
proposed conditions for the 100-year storm event.  Erosion, however, will be counterbalanced in 
part by sediment eroded upstream in the 80 square mile watershed.  Overall, the erosion/deposition 
characteristics of the watershed are not expected to be significantly affected by the project.  The 
sediment contribution of the site within the project limits is limited compared to the sediment 
transport capacity of the Pine Tree Wash. In other words, easily erodable materials of the large 
watershed are conveyed by the Pine Tree Wash to the downstream end of the project site and 
rerouting the channel is expected to eventually carry the sediment to the same vicinity. 
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Hydraulic 
Element

Drainage 
Area (mi2)

Peak 
Discharge 

(cfs) Time of Peak
Volume 

(in)
Junction-1 7.72 4906.1 01Jan2009, 10:35 3.48
Junction-2 13.57 7413.1 01Jan2009, 10:45 3.36
Junction-3 16.61 8970.8 01Jan2009, 10:45 3.49
Junction-4 17.53 9176.3 01Jan2009, 10:45 3.43
Junction-5 21.82 11705.5 01Jan2009, 10:45 3.42
Junction-6 22.45 11847.9 01Jan2009, 10:45 3.41
Junction-7 26.39 13714.8 01Jan2009, 10:50 3.42
Junction-8 27.54 13992.2 01Jan2009, 10:50 3.4
Junction-9 29.3 14780.5 01Jan2009, 10:45 3.4
Junction-10 30.26 15083 01Jan2009, 10:45 3.4
Junction-11 32.33 16360.9 01Jan2009, 10:40 3.4
Junction-12 33.22 16790.9 01Jan2009, 10:40 3.39
Junction-13 34.59 17118.3 01Jan2009, 10:40 3.37
Junction-27 39.63 18298.9 01Jan2009, 10:40 3.33
Junction-20 6.11 1627 01Jan2009, 10:10 1.5
Junction-22 4.06 605.8 01Jan2009, 10:55 1.3
Junction-23 10.17 2155.8 01Jan2009, 10:20 1.42
Junction-26 5.52 2189.9 01Jan2009, 10:15 1.55
Junction-15 15.69 4101.1 01Jan2009, 10:20 1.46
Junction-18 5.31 779.9 01Jan2009, 10:10 1.47
Junction-14 10.52 1801.9 01Jan2009, 11:35 1.72
Junction-16 31.52 5313.3 01Jan2009, 10:40 1.54
Junction-19 3.33 968.7 01Jan2009, 10:20 1.44
Junction-17 4.83 1242.7 01Jan2009, 10:10 1.47
Junction-21 8.16 2141.9 01Jan2009, 10:25 1.46
Junction-24 48.75 9424 01Jan2009, 10:55 1.59
Junction-25 88.38 27722.9 01Jan2009, 11:00 1.72

HEC-HMS Combined Flow Output File
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Sample Calculation for USBR Type IV Stilling Basin for Beacon Energy Drainage Channel

Flow Rate, Q 28000 (cfs)

Width of Basin 250 (ft)

C 1.1

Depth of Water at Basin 
Entry

(From HEC-RAS) Y 1  =   3.47 (ft)

Froude No. at Basin Entry (From HEC-RAS) Fr 1  = 2.95

Sequent Depth Y 2  = C*Y 1 /2*[(1+8Fr 1
2 ) 1/2 -1]  = 14.13 (ft) 

L B /Y 2  vs. Fr 1 5.19 from Fig. 8.2 HEC-
14

Length of Basin L B  = Y 2 *Fr 1  = 73.30 (ft) 

No. Shute Blocks N c  = B/(2.625*Y 1 )  = 27

Width of Chute Block W 1  = B/(3.5*N c )  = 2.65 (ft) 

Height of Chute Block h 1  = 2*Y 1  = 6.94 (ft)

Spacing of Chute Block W 2  = 2.5*W 1  = 6.61 (ft)

Height of End Sill h 4  = Y 1 *(0.0536*Fr 1  + 1.04)  = 4.16 (ft)

Length of End Sill L 5  = 2*h 4  = 8.31 (ft)
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EXECUTIVE SUMMARY 

Beacon Solar, LLC (Beacon) contracted with AECOM Inc. (AECOM) to perform a Phase I Environmental 
Site Assessment (ESA) of 97.75 acres of open desert located in the Fremont Valley, approximately 14 miles 
north, northeast of Mojave off Highway 14, Kern County, California.  This Phase I ESA was performed in 
conformance with the general scope and limitations of American Society for Testing and Materials (ASTM) 
Standard Practice E 1527-05 for ESAs.  Exceptions to, or deletions from, this practice are described in 
Section 1.3 of this report. 

This assessment took place between May 21 and June 5, 2009, with the site visit occurring on May 28, 
2009.  The subject property consists of a 97.75 acre rectangular shaped parcel of open desert.  The majority 
of the subject property is covered by desert scrub and cactus.  Small dry desert washes were observed 
within the subject property, typically running southwest to northeast, following the topographic gradient of 
the subject property.  Overhead transmission power lines operated by Southern California Edison (SCE) 
bisect the western half of the subject property.  No structures or buildings were observed on the subject 
property.  During the site visit no visual evidence of groundwater monitoring wells, clarifiers, or dry wells, 
was observed on the subject property.  In addition, no discolored soil, water, unusual vegetative conditions, 
staining or visual evidence of hazardous materials release was observed at the time of AECOM’s site visit.   

The majority of the surrounding properties consist of vacant undeveloped open desert covered by desert 
scrub.  Additionally, Highway 14 is located adjacent to the east of the subject property, beyond which is 
more vacant undeveloped open desert.  The Barren Ridge Substation, appeared to be associated with the 
Southern California Edison overhead transmission power lines which bisect the western half of the subject 
property, is located adjacent to the south of the subject property, near the southwest corner of the subject 
property.     

Historical research indicates that subject property has been vacant undeveloped open desert since at least 
the early 1900s.  Southern California Edison overhead transmission power lines that bisect the subject 
property have been present since at least 1952.  No historical onsite or offsite sources of concern were 
identified. 

The subject property and surrounding sites were not identified in a site-specific environmental database 
search report, during AECOM’s review of other regulatory sources, or during AECOM’s reconnaissance of 
the subject property and surrounding area. 

Based on the site visit and review of governmental environmental databases, files, and historical 
documents, no recognized environmental conditions (RECs), historical RECs (HREC), or de minimis 
conditions were identified.  No additional assessment is recommended.. 
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1.0  Introduction 

1.1 Purpose 
The purpose of this Phase I Environmental Site Assessment (ESA) is to provide the client with information 
for use in evaluating potential environmental concerns associated with the subject property. 

1.2 Scope of work 
The Phase I ESA included a site visit, regulatory research, historical review, and environmental database 
search of 97.75 acres of vacant open desert located approximately 14 miles north, northeast of Mojave off 
Highway 14, in Kern County, California.  In conducting the Phase I ESA, AECOM assessed the subject 
property for visible signs of possible contamination, review of governmental environmental databases, files, 
and historical documents .  This project was performed in general accordance with American Society for 
Testing and Materials (ASTM) Standard Practice Designation E 1527-05. 

AECOM’s standard terms and conditions for this report include, in addition to the ASTM Phase I ESA scope 
of work, visual assessment of potential asbestos-containing materials (ACM), lead-based paint, and water 
intrusion, and radon, wetlands, and floodplains.  Conclusions made in this report are based upon the 
assessment performed and are subject to the study limitations presented in Section 1.3, below. 

1.3 Study limitations 
This report describes the results of AECOM’s due diligence assessment to identify the presence of 
environmental liabilities materially affecting the subject facility and/or property.  In the conduct of this due 
diligence assessment, AECOM assessed the presence of such problems within the limits of the established 
scope of work as described in the Consulting Services Agreement between Beacon Solar, LLC and 
AECOM, Inc. dated April 13, 2009.  

In the conduct of this due diligence assessment, AECOM has attempted to independently assess the 
presence of such problems within the limits of the established scope of work as described in our proposal.  
As with any due diligence assessment, there is a certain degree of dependence upon oral information 
provided by facility or site representatives which is not readily verifiable through visual observations or 
supported by any available written documentation.  AECOM shall not be held responsible for conditions or 
consequences arising from relevant facts that were concealed, withheld, or not fully disclosed by facility or 
site representatives at the time this assessment was performed. 

This report and all field data and notes were gathered and/or prepared by AECOM in accordance with the 
agreed upon scope of work and generally accepted engineering and scientific practice in effect at the time of 
AECOM's assessment of the subject property.  The statements, conclusions, and opinions contained in this 
report are only intended to give approximations of the environmental conditions at the subject property. 

This report is prepared pursuant to an agreement between the client and AECOM and is for the exclusive 
use of the client.  No other party is entitled to rely on the conclusions, observations, specifications, or data 
contained herein without first signing an AECOM generated Reliance Letter.  A third party’s signing of the 
AECOM Reliance Letter is a condition precedent to any additional use or reliance on this report.  

The passage of time, result in changes in technology, economic conditions, site variations, or regulatory 
provisions which would render the report inaccurate.  Reliance on the report after the date of issuance as an 
accurate representation of current site conditions shall be at the user’s sole risk.  Should AECOM be 
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required to review the report after six (6) months from its date of submission, AECOM shall be entitled to 
additional compensation at then existing rates or such other terms as may be agreed upon between 
AECOM and the client. 

1.4 Data failure/data gaps 
The following data failures/data gaps were encountered during this assessment: 

 Per ASTM E 1527-05, interviews with past owners, operators, and occupants of the subject property, 
who are likely to have material information regarding the potential for contamination at the subject 
property, shall be conducted to the extent that they can be identified and that the information likely to 
be obtained is not duplicative of information already obtained from other sources.  During the ESA 
process, AECOM was provided with contact information for the broker (Joseph Stello) representing the 
current owner of the subject property, Estate of Emanuel Duke. AECOM contacted Mr. Stello via 
telephone on several occasions but was unable to reach/interview him and Mr. Stello did not return 
AECOM’s messages.  AECOM believes that Mr. Stello, if contacted and interviewed, may be able to 
provide additional information regarding the historic uses of the subject property during the usage by 
Emanuel Duke.  This limitation is not expected to change the outcome of the report based on historical 
information gathered from other sources, which are documented throughout this report.   
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2.0  Site Description 

2.1 Site location 
The subject property is located off Highway 14, approximately 14 miles north, northeast of the town of 
Mojave, approximately 2,000 feet north of Pine Tree Canyon Road, in the northern part of the Antelope 
Valley, in Kern County, California.  The area of the subject property is referred to as Fremont Valley and is 
general occupied by various ranches and undeveloped open desert.  According to the Kern County 
Assessor-Recorder, the subject property is identified as Assessor Parcel Number 469-280-02.  The 
approximate location of the subject property is illustrated on Figure 1 - Site Location Map. 

2.2 Site ownership 
According to the client, county assessor, and environmental lien search, the subject property is owned by 
the Estate of Emanuel Duke.  According to the Kern County Assessor-Recorder, the Trustee’s Deed was 
recorded on April 25, 1996 indicating grantors First Independent Trust Deed Services and Frantz Barbara 
with grantees Duke Daphne Extx. and Duke Emanuel Estate.  No other information on the past land 
ownership was identified during the course of this assessment. 

2.3 Site Visit 
Ms. Cassandra Weir of AECOM’s Camarillo, California office visited the subject property on May 28, 2009.  
The weather at the time the site visit consisted of clear skies, dry conditions, light winds, and temperatures 
around 95-degrees F.  Representative photographs taken during the site visit are provided as Appendix A. 

The site visit methodology consisted of walking through portions of the subject property, with particular focus 
being areas of dumping/garbage and debris and driving the perimeter of the property and selected portions 
of the interior of the subject property.  The following sections summarize the results of the site visit.  It 
should be noted no areas of dumping/garbage/debris was observed on the subject property.   

2.3.1 Site description 
The subject property consists of a continuous rectangular shaped, 97.75 acre parcel of open desert located 
west of Highway 14.  Southern California Edison (SCE) has an easement for overhead transmission power 
lines which bisects the western half of the subject property.  The subject property is covered by desert 
scrub.  Small dry desert washes were observed within the subject property, typically running southwest to 
northeast, following the topographic gradient of the subject property.  No structures or buildings were 
observed on the subject property.  During the site visit no visual evidence of groundwater monitoring wells, 
clarifiers, or dry wells, was observed on the subject property.  In addition, no discolored soil, water, unusual 
vegetative conditions, staining or visual evidence of hazardous materials release was observed at the time 
of AECOM’s site visit.  The approximate layout of the subject property is illustrated in Figure 2 – Site Map. 

2.3.2 Building description 
No buildings or structures were observed on the subject property. 

2.3.3 Surrounding properties 
The majority of the surrounding properties consisted of vacant undeveloped open desert covered by desert 
scrub.  Additionally, Highway 14 is located adjacent to the east of the subject property, beyond which is 
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more vacant undeveloped open desert.  The Barren Ridge Substation, associated with the SCE overhead 
transmission power lines that bisect the western half of the subject property, is located adjacent to the south 
of the subject property, near the southwest corner of the subject property.   

2.3.4 Petroleum hydrocarbons and hazardous materials 
No petroleum hydrocarbons or hazardous materials were observed on the subject property during AECOM’s 
site visit. 

2.3.5 Aboveground storage tanks (ASTs) 
No ASTs were observed on the subject property during AECOM’s site visit.   

2.3.6 Underground storage tanks (USTs) 
No visual evidence of fuel-related USTs (e.g., vent pipes, fill ports) was observed during the site visit at the 
subject property.  In addition, no USTs were listed in the State of California Geotracker® database or the 
environmental database report reviewed by AECOM in the area of the subject property. 

2.3.7 Solid Waste 
No dumpsters or trash enclosures were observed at the subject property during AECOM’s site visit.  In 
addition, no trash or debris was observed at the subject property during the site visit. 

2.3.8 Stormwater 
No stormwater drains were observed during AECOM’s site visit.  Based on AECOM’s site visit and a review 
of the topographic maps of the subject property area, stormwater is generally anticipated to flow in a 
northeasterly direction or infiltrate into the ground. 

2.3.9 Utilities 
No evidence of utility improvements was observed on the subject property during the site visit.  It should be 
noted that overhead transmission power lines bisect the western half of the subject property and additional 
overhead power lines were observed along the eastern and southern borders of the subject property.   

2.3.10 Polychlorinated biphenyls (PCB) 
No pad mounted, pole mounted, or other potential PCB-containing equipment was observed on the subject 
property. 

2.3.11 Asbestos 
No structures were observed on the subject property during the site visit.  Therefore, it is assumed that 
asbestos is not present at the subject property.  However, an asbestos survey of the subject property was 
not conducted as a part of this assessment. 

2.3.12 Lead-based paint (LBP) 
No structures were observed on the subject property during AECOM’s site visit.  Therefore, it is assumed 
that there is no LBP at the subject property.  However, a LBP survey of the subject property was not 
conducted as a part of this assessment. 
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2.3.13 Water intrusion 
No structures were observed on the subject property during AECOM’s site visit.  Therefore, no visual 
evidence of water intrusion was observed during the site visit. 
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3.0  Environmental Setting 

3.1 Topography 
According to the United States Geological Survey (USGS) topographic map of the subject property area 
(Mojave, California, quadrangle), the elevation of the subject property ranges between approximately 2,300 
feet above mean sea level (msl) at the northeast corner of the subject property to 2,420 feet above msl at 
the southwest corner of the subject property.  Based on a review of the topographic maps and AECOM’s 
site visit, the subject property gradually slopes downward from the southwest to the northeast toward 
Highway 14.   

3.2 Soil 
According to information provided by Environmental Data Resources, Inc. (EDR) and the U.S. Department 
of Agriculture’s Soil Conservation Services, the subject property soils are identified by the Arizo soil 
component.  Soils of this type are anticipated to have high infiltration rates and to excessively drain.   

3.3 Groundwater 
According to California’s Groundwater Bulletin 118, the subject property is located within the Fremont Valley 
Groundwater Basin.  The basin is characterized by both Quaternary alluvium and Lacustrine deposits.  
However, the alluvium is considered the most important water-bearing material in the basin.  Groundwater in 
the alluvium is generally unconfined.  Average well yield in the basin is reportedly 530 gallons per minute 
(gpm). 

In May and June 2007, ENSR (currently known as AECOM Environment) conducted a Phase I ESA 
(prepared for FPL Energy, LLC) at the former Fremont Valley Ranch and surrounding area, which is an area 
located adjacent to and extending beyond a mile to the northeast of the subject property.  Additionally, in 
May 2008, ENSR conducted a Phase I ESA (prepared for Beacon Solar, LLC) of 20-acres of desert land 
located on land adjacent to the areas included in the 2007 report and located approximately ¼ mile north of 
the subject property.  According to these reports a number of water wells were identified on the former 
Fremont Valley Ranch and surrounding area.  In October 2007, the depth to groundwater below the Ranch 
ranged from 210 to 436 feet below ground surface.  Based on the topographic gradient of the subject 
property and surrounding sites, groundwater beneath the subject property is anticipated to flow in a 
generally northeasterly direction. 

3.4 Radon 
Radon is a radioactive gas that is generated by the decay of radium in the underlying soil and rocks.  Radon 
gas levels are highly site specific and are influenced by soil and building conditions, including pressure 
differentials between the soil and the building.  The U.S. EPA has established a guideline threshold of 4.0 
PicoCuries per liter (pCi/L) of air, above which there may be adverse health risks if exposure continues over 
a prolonged period of time (generally 70 years).   

According to the EDR report the site is located in EPA Radon Zone 2.  Review of the EDR report revealed 
that of ninety four (94) sites tested in Kern County, the average radon concentration was reported to be 
1.422 pCi/L in first floor of the building.  No results were provided for the basement or second floor living 
spaces.  Based on this information, it is AECOM’s opinion that radon does not present a significant 
environmental concern at the subject property.  No site-specific radon testing information was provided for 
AECOM’s review. 
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3.5 Wetlands 
No wetlands-type vegetation (i.e., cattails, etc.) was observed during the site visit, nor were wetlands 
depicted on the USGS map for the subject property area.  In addition, no pits, ponds, or lagoons were 
observed onsite during AECOM’s site visit.  Small dry desert washes were observed within the subject 
property, typically running southwest to northeast, following the topographic gradient of the subject property.   
Please note that a wetlands delineation survey was not conducted as part of this assessment. 

3.6 Floodplains 
According to the Federal Emergency Management Agency (FEMA) flood insurance rate map (1999) the 
subject property is not located within a 100 year and/or 500 year flood zone.   
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4.0  Site and Area History 

Historical information for the subject property and surrounding sites is based on AECOM’s review of aerial 
photographs dated 1952, 1963, 1972, 1983, 1994, 2002 and 2005; topographic maps dated 1915, 1947, 
1956, 1973, 1980, and 1994.  AECOM attempted to contact Mr. Joseph Stello, the broker who represents 
the subject property owner, the Estate of Emanuel Duke, but was unable to interview him regarding his 
knowledge of the subject property.  AECOM called Mr. Stello on several occasions and Mr. Stello did not 
return AECOM’s messages.   

According to EDR, no Sanborn® fire insurance maps are available for the subject property.  No previously 
prepared environmental reports were provided for AECOM’s review during the course of this assessment. 

4.1 Subject property 
Historical research indicates that subject property has been vacant undeveloped open desert since at least 
the early 1900s to the present.  The overhead transmission power lines that bisect the western portion of the 
subject property have been present since at least 1952.   

4.2 Adjacent sites 
Historical research indicates that the surrounding sites were largely vacant and undeveloped open desert 
from at least the early 1900s to the present.  Highway 14 (then known as Keeler Road) is shown on the 
earliest historical resource available, the 1915 topographic map. A developed area approximately 100 feet 
by 80 feet is shown on the 1947 topographic map and the 1952 aerial photograph, is shown approximately 
1,000 feet south of the subject property.  The area appears developed with small structures (e.g., utility-like 
shed and associated infrastructure).  The structure appears to have been removed sometime prior to 1972, 
as it was no longer depicted on the topographic map.  No significant development appears to have taken 
place in the vicinity of the subject property.  No historical offsite sources of concern were identified.  From 
the early 1900s, the surrounding areas appear to be similar to how it was observed at the time of AECOM’s 
site visit, except for the Barren Ridge Substation (date of construction unknown).   
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5.0  Database and Records Review 

5.1 User Provided Information  
AECOM contacted Ms. Jennifer Field with FPL Energy, LLC regarding her knowledge of title records, 
environmental liens, specialized knowledge, and/or real estate value reduction issues associated with the 
subject property.  Ms. Field was not aware of environmental cleanup liens or activity use limitations that had 
been placed on the subject property.  Ms. Field stated that she did not have specialized knowledge or 
experience that is material to recognized environmental conditions (RECs) in connection with the subject 
property.  It was Ms. Field’s opinion that the purchase price of the subject property reflected its fair market 
value. 

Mr. Field stated that it was her impression that the subject property has been vacant undeveloped land with 
no historical development.  She was unaware of the specific chemicals, spills, chemical releases, or 
environmental cleanups that have taken place at the subject property.  According to Ms. Field, it was her 
opinion that there were no obvious indicators pointing to the presence or likely presence of contamination at 
the subject property. 

5.2 Title Records/Environmental Liens 
AECOM subcontracted with EDR to perform an environmental lien search (ELS) of the subject property.  
According to an ELS report dated May 28, 2009, no environmental liens were identified for the subject 
property (APN 469-280-02).  In addition, one activity or use limitations (AULs) were discovered in the 
environmental lien search, indicating “an easement and right-of-way to construct, use, maintain, operate, 
alter, add to, repair, replace, reconstruct, inspect, and remove at any time and from time to time overhead 
electrical supply systems and communication systems…” The easement is granted to Southern California 
Edison.  A copy of the ELS report is provided in Appendix B. 

5.3 Database information 
In accordance with the scope of work and ASTM Standard E-1527-05, a search of various governmental 
databases was conducted by EDR.  The EDR report was reviewed to determine the potential for 
environmental impacts to the subject property from on-site and/or off-site sources of concern.  The database 
abbreviations are provided in the EDR report.  Sites that could not be mapped by EDR were researched by 
AECOM during the site reconnaissance.  A summary of the results of the EDR database search are 
presented below.  A list of the databases searched and the search distances are provided in the EDR 
report.  A copy of the database report is provided in Appendix C. 

Based on AECOM’s research, the subject property is not located on or within a one-mile radius of tribal 
lands.  

5.3.1 Subject property 
The subject property was not identified in the environmental database report. 

5.3.2 Surrounding sites 
None of the surrounding sites were identified in the environmental database report.  The nearest 
environmental database listings (identified in the orphan summary) are for the Honda Proving Center 
located approximately four miles east, northeast of the subject property and the Jawbone Canyon Store 
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located approximately 4.5 miles north, northeast of the subject property.  The Honda Proving Center is listed 
on the Haznet, UST/SWEEPS UST and AST databases, none of which are contamination-related 
databases.  The Jawbone Canyon Store is listed in the Haznet, LUST, Cortese, and UST/HIST 
UST/SWEEPS UST databases.  Based on its distance and down-gradient position relative to the subject 
property, as well as the closed case status of the LUST listing, it is AECOM’s opinion that the Jawbone 
Canyon Store does not present a REC for the subject property. 

No additional offsite sources of concern were identified in the environmental database report, or during 
AECOM’s area reconnaissance. 

5.4 Agency review 

5.4.1 Department of Toxic Substances Control 
AECOM reviewed the Department of Toxic Substances Control (DTSC) online EnviroStor database for 
California Cleanup Sites involving the DTSC.  The EnviroStor database consists of federal NPL sites, state 
response sites, voluntary cleanup sites, and school cleanup sites.  Based on a zip code search, no records 
were found for the subject property area. 

5.4.2 Kern County Environmental Health Services Department 
AECOM submitted a Freedom of Information Act (FOIA) request to the Kern County Environmental Health 
Services Department to determine if they have files related to onsite USTs and /or a historical hazardous 
materials release that may have occurred at the subject property.  The agency indicated that their records 
search did not reveal information regarding environmental concerns at the subject property. 

5.4.3 State Water Resources Control Board 
AECOM conducted a records search regarding the subject property on the California Environmental 
Protection Agency’s State Water Resources Control Board online Geotracker database.  The Geotracker 
database includes contaminated property investigations consisting of leaking underground fuel tank (LUFT), 
spills, leaks, investigations, and cleanups (SLIC), Land Disposal, Department of Defense (DOD) (non-UST), 
Wells, and USTs at sites throughout California.  No records were found for the subject property. 

5.4.4 United States Environmental Protection Agency 
AECOM reviewed the US EPA’s Enforcement & Compliance History Online (ECHO), Comprehensive 
Environmental Response, Compensation, and Liability Information System (CERCLIS), and Envirofacts 
online databases.  The ECHO database consists of US EPA compliance history at a site.  The CERCLIS 
database consists of sites being assessed under the Superfund program (NPL sites), hazardous waste 
sites, and potential hazardous waste sites.  The Envirofacts database retrieves information obtained from 17 
national systems.  No records were found for the subject property. 
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6.0  Conclusions and Recommendations 

We have performed a Phase I ESA in conformance with the scope and limitations of ASTM Practice E 
1527-05 of the subject property.  Any exception to, or deletions from, this practice are described in Section 
1.0 of the report.  No RECs, HREC, or de minimis conditions were identified.  No additional assessment is 
recommended. 
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7.0  Quality Control/Quality Assurance 

7.1 Site visit, research, and report preparation: 
The site visit, research and report preparation were conducted by Ms. Cassandra Weir, Staff Specialist, in 
AECOM’s Camarillo, California office.  Ms. Weir completed this report on June 5, 2009.  Ms. Weir has over 
four years of environmental due diligence experience and has performed over fifty (50) Phase I ESAs of 
commercial and industrial properties in the western United States.  Ms. Weir’s signature is below and her 
resume is included in Appendix D. 

 

Signature: ___________________________ 
   Cassandra Weir, Staff Specialist 

7.2 Quality control review 
A first level review of this report was conducted by Ms. Kirsten Bradford, Project Specialist, in AECOM’s 
Camarillo, California office.  Ms. Bradford completed her review of this report on June 4, 2009.  Ms. Bradford 
has six years of environmental due diligence experience.  Her signature is below and her resume is included 
in Appendix D. 

 

Signature: ___________________________  
   Kirsten Bradford, Project Specialist 

A second level review of this report was conducted by Ms. Jim Fickerson, Project Manager, in AECOM’s 
Camarillo, California, office.  Mr. Fickerson completed his review of this report on June 5, 2009.  Mr. 
Fickerson has over 15 years of environmental due diligence experience.  His signature is below and his 
resume is included in Appendix D. 

 

Signature: ___________________________ 
   Jim Fickerson, Senior Project Manager 

7.3 Environmental professional statement 
Mr. Fickerson was the Environmental Professional (EP) for this project.  His EP statement is below: 

I declare that, to the best of our professional knowledge and belief, I meet the definition of an EP as defined in §312.10 of 40 CFR and 
that I have the specific qualifications based on education, training, and experience to assess a property of the nature, history, and 
setting of the subject property.  I have developed and performed the all appropriate inquiries in conformance with the standards and 
practices set forth in 40 CFR Part 312. 

 

Signature: _______________________   Date:  June 5, 2009 
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Request for Public Records, Kern County , Environmental Health Services Department, Resource 

Management Agency, 2700 “M” Street, Suite 300, Bakersfield, California, 93301-2370.  Request 
submitted May 26, 2009 via email to eh@co.kern.ca.us.  

Stello, Joseph.  Stello Real Estate, Inc., 1051 West Avenue M, Suite 206, Lancaster, CA 93534 – Broker 
that listed the property on behalf of the property owner (Estate of Emanuel Duke). Phone (661) 948-
4741 

Completed ASTM User Questionnaire.  Completed by Ms. Jennifer Field, Beacon Solar, LLC on June 11, 
2009. 

8.2 Documents Reviewed 
Aerial photograph dated 2009 of the subject property.  Photograph reviewed online at Google Earth website, 

http://www.google.com. 

Department of Toxic Substances Control (DTSC).  EnviroStor online database search conducted at 
http://www.envirostor.dtsc.ca.gov/public/.  

Certified Sanborn® Map Report, Duke, Highway 14, Freemont Valley, CA 93505, dated May 22, 2009.  
Inquiry number 2502173.3.  “No coverage.” Report prepared by EDR, 440 Wheelers Farms Road, 
Milford, Connecticut 06460, (800) 352-0050. 

The EDR Aerial Photos Decade Package, Duke, Highway 14, Freemont Valley, CA 93505, dated May 26, 
2009.  Inquiry number 2502173.5.  Aerial photographs dated 1952, 1965, 1972, 1983, 1994, 2002, and 
2005.  Report prepared by EDR, 440 Wheelers Farms Road, Milford, Connecticut 06460, (800) 352-
0050. 

The EDR Environmental LienSearch™ Report, Duke, Highway 14, Freemont Valley, CA 93505, dated May 
28, 2009.  Inquiry number 2505205.1.  Report prepared by EDR, 440 Wheelers Farms Road, Milford, 
Connecticut 06460, (800) 352-0050. 

The EDR Historical Topographic Map Report, Duke, Highway 14, Freemont Valley, CA 93505, dated May 
26, 2009.  Inquiry number 2502173.4.  Topographic maps dated 1915 (30-minute series) and 1947 and 
1956 (15-minute series) of Mojave, CA Quadrangle; and 1973, 1980, and 1994 (7.5-minture series) of 
Mojave NE, CA Quadrangle).  Report prepared by EDR, 440 Wheelers Farms Road, Milford, 
Connecticut 06460, (800) 352-0050.   

The EDR Radius Map™ with GeoCheck®, Duke, Highway 14, Freemont Valley, CA 93505, dated May 22, 
2009.  Inquiry number 2502173.2r.  Report prepared by EDR, 440 Wheelers Farms Road, Milford, 
Connecticut 06460, (800) 352-0050. 

ENSR Corporation. Phase I Environmental Site Assessment of 20 Acres of Desert Land, Fremont Valley, 
Near Highway 14, Kern County, California, dated May 2008. Document No. 10056-014-140.  Prepared 
for Beacon Solar, LLC of Juno Beach, Florida.   

mailto:eh@co.kern.ca.us
http://www.google.com/
http://www.envirostor.dtsc.ca.gov/public/
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ENSR Corporation. Phase I Environmental Site Assessment of The Fremont Valley Ranch, Highway 14, 
Kern County, California, dated June 2007.  Document No. 10056-015-100.  Prepared for FPL Energy, 
LLC of Juno Beach, Florida.   

Kern County Assessor/Recorder.  Property information reviewed online at: 
http://assessor.co.kern.ca.us/propertysearch/index.php 

Kern County Environmental Health Services Department, Hazardous Materials (CUPA) Program, 
http://www.co.kern.ca.us/eh/HazMatPage.asp. 

South Lahontan Hydrologic Region Freemont Valley Groundwater Basin, California’s Groundwater Bulletin 
118, dated February 27, 2004. 

State Water Resources Control Board (SWRCB). GeoTracker online document search conducted at 
http://geotracker.swrcb.ca.gov/ 

United States Environmental Protection Agency (EPA). Enforcement & Compliance History Online (ECHO) 
database search conducted at http://www.epa.gov/echo.  CERCLIS online database search conducted 
at http://cfpub1.epa.gov/supercpad/cursites/srchsites.cfm.  Envirofacts Database 
http://www.epa.gov/enviro/html/fii/fii_query_java.html. 
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APPENDIX A 
Representative Site Photographs 
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Photo Number 1 – Facing southwest.  View of the subject property from the northwest corner. 

 
Photo Number 2 – Facing northwest.  View of the of the subject property from the southeast corner. 

 

  May 28, 2009 10056-014-160 
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Photo Number 3 – Facing northeast.  View of the subject property from the southwest corner. 

 
Photo Number 4 – Facing south.  View of the Barren Ridge Substation located adjacent to the south of 
the subject property, near the southwestern portion of the subject property.   

 

  May 28, 2009 10056-014-160 
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Photo Number 5 – Facing northwest. View of the Southern California Edison easement and overhead 
transmission power lines bisecting the western half of the subject property.     

 
Photo Number 6 – Facing east.  View of Highway 14 and the east adjacent open desert land.  

 

  May 28, 2009 10056-014-160 
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Photo Number 7 – Facing south.  View of the south adjacent land from the center of the southern border 
of the subject property.   

 
Photo Number 8 – Facing west.  View of the west adjacent land from the eastern border of the subject 
property.   

 

  May 28, 2009 10056-014-160 
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Photo Number 9 – Facing north.  View of the north adjacent land from the center of the northern border 
of the subject property.    

 
Photo Number 10 – Facing south. View of Highway 14, access road, and the subject property .   
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APPENDIX B 
Environmental Lien Search 



Duke

Highway 14
Freemont Valley, CA 93519

Inquiry Number: 2505205.1
May 28, 2009

The EDR Environmental LienSearch™ Report

440 Wheelers Farms Road
Milford, CT 06461
800.352.0050
www.edrnet.comEnvironmental Data Resources IncEnvironmental Data Resources IncEnvironmental Data Resources IncEnvironmental Data Resources Inc



The EDR Environmental LienSearch™ Report

The EDR Environmental LienSearch Report provides results from a search of available current land title records 
for environmental cleanup liens and other activity and use limitations, such as engineering controls and 
institutional controls.

A network of professional, trained researchers, following established procedures, uses client supplied address 
information to:
      •   search for parcel information and/or legal description;
      •   search for ownership information;
      •   research official land title documents recorded at jurisdictional agencies such as recorders' offices,
          registries of deeds, county clerks' offices, etc.;
      •   access a copy of the deed;
      •   search for environmental encumbering instrument(s) associated with the deed;
      •   provide a copy of any environmental encumbrance(s) based upon a review of key words in the
          instrument(s) (title, parties involved, and description); and
      •   provide a copy of the deed or cite documents reviewed.

Thank you for your business. 
Please contact EDR at  1-800-352-0050 

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to 
Environmental Data Resources, Inc. It cannot be concluded from this Report that coverage information for the target and 
surrounding properties does not exist from other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE 
WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA RESOURCES, INC. SPECIFICALLY 
DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION, MERCHANTABILITY 
OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL 
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR 
OMISSIONS, NEGLIGENCE, ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OR DAMAGE, INCLUDING, 
WITHOUT LIMITATION, SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON 
THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY LIMITED TO A REFUND OF THE AMOUNT 
PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings, environmental risk 
levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor 
should they be interpreted as providing any facts regarding, or prediction orforecast of, any environmental risk for any 
property. Only a Phase I Environmental Site Assessment performed by an environmental professional can provide 
information regarding the environmental risk for any property. Additionally, the information provided in this Report is not to be 
construed as legal advice.

Copyright 2008 by Environmental Data Resources, Inc.  All rights reserved.  Reproduction in any media or format, in whole or in  
part, of any report or map of Environmental Data Resources, Inc. or its affiliates is prohibited without prior written permission.   

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. 
All other trademarks used herein are the property of their respective owners.



The EDR Environmental LienSearch™  Report

TARGET PROPERTY INFORMATION_______________________________

ADDRESS

Highway 14
Duke

Freemont Valley, CA  93519

RESEARCH SOURCE

Source 1:

Kern Recorder
KERN, CA

PROPERTY INFORMATION

Deed 1:

Type of Deed: deed

Title is vested in: Estate of Emanuel Duke

Title received from: First Independent Trust Deed Services

Deed Dated 4/12/1996

Deed Recorded: 4/25/1996

Book: NA

Page: na

Volume: na

Instrument: na

Docket: NA

Land Record Comments: See Exhibit

Miscellaneous Comments: na

Legal Description: See Exhibit

Legal Current Owner: Estate of Emanuel Duke

Property Identifiers: 469-280-02

Comments: See Exhibit

ENVIRONMENTAL LIEN

¨ ýEnvironmental Lien: Found Not Found

If found:

1st Party:

2nd Party:

Dated:

Recorded:

Book:

Page:

Docket:

2505205.1     Page 1



The EDR Environmental LienSearch™  Report

Volume:

Instrument:

Comments:

Miscellaneous Comments:

ENVIRONMENTAL LIEN

¨ ýEnvironmental Lien: Found Not Found

If found:

1st Party: na

2nd Party: na

Dated: 2/27/2008

Recorded: 2/27/2008

Book: NA

Page: na

Docket: NA

Volume: na

Instrument: na

Comments: See Exhibit

Miscellaneous Comments: na

2505205.1     Page 2



Deed Exhibit 1











ACTIVITY AND USE LIMITATIONS (AULS) EXHIBITS
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APPENDIX C 
Environmental Database Report 
 



FORM-STD-SPM

®kcehCoeG htiw tropeR  ™paM suidaR RDE ehT

440 Wheelers Farms Road
Milford, CT 06461
Toll Free: 800.352.0050
www.edrnet.com

Duke
Highway 14
Freemont Valley, CA  93519

Inquiry Number: 02502173.2r
May 22, 2009
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Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL
DATA RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.

Copyright 2009 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole
or in part, of any report or map of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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A search of available environmental records was conducted by Environmental Data Resources, Inc (EDR).
The report was designed to assist parties seeking to meet the search requirements of EPA’s Standards
and Practices for All Appropriate Inquiries (40 CFR Part 312), the ASTM Standard Practice for
Environmental Site Assessments (E 1527-05) or custom requirements developed for the evaluation of
environmental risk associated with a parcel of real estate.

TARGET PROPERTY INFORMATION

ADDRESS

HIGHWAY 14
FREEMONT VALLEY, CA 93519

COORDINATES

35.241700 - 35˚ 14’ 30.1’’Latitude (North): 
118.050300 - 118˚ 3’ 1.1’’Longitude (West): 
Zone 11Universal Tranverse Mercator: 
404437.0UTM X (Meters): 
3900154.2UTM Y (Meters): 
2355 ft. above sea levelElevation:

USGS TOPOGRAPHIC MAP ASSOCIATED WITH TARGET PROPERTY

35118-B1 MOJAVE NE, CATarget Property Map:
1994Most Recent Revision:

35118-C1 CINCO, CANorth Map:
1994Most Recent Revision:

AERIAL PHOTOGRAPHY IN THIS REPORT

2005Photo Year:
USDASource:

TARGET PROPERTY SEARCH RESULTS

The target property was not listed in any of the databases searched by EDR.

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records either on the target property or within the search radius around the target property for the
following databases:

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL National Priority List
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Proposed NPL Proposed National Priority List Sites
NPL LIENS Federal Superfund Liens

Federal Delisted NPL site list

Delisted NPL National Priority List Deletions

Federal CERCLIS list

CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information System

Federal CERCLIS NFRAP site List

CERC-NFRAP CERCLIS No Further Remedial Action Planned

Federal RCRA CORRACTS facilities list

CORRACTS Corrective Action Report

Federal RCRA non-CORRACTS TSD facilities list

RCRA-TSDF RCRA - Transporters, Storage and Disposal

Federal RCRA generators list

RCRA-LQG RCRA - Large Quantity Generators
RCRA-SQG RCRA - Small Quantity Generators
RCRA-CESQG RCRA - Conditionally Exempt Small Quantity Generator

Federal institutional controls / engineering controls registries

US ENG CONTROLS Engineering Controls Sites List
US INST CONTROL Sites with Institutional Controls

Federal ERNS list

ERNS Emergency Response Notification System

State- and tribal - equivalent NPL

RESPONSE State Response Sites

State- and tribal - equivalent CERCLIS

ENVIROSTOR EnviroStor Database

State and tribal landfill and/or solid waste disposal site lists

SWF/LF Solid Waste Information System

State and tribal leaking storage tank lists

LUST Geotracker’s Leaking Underground Fuel Tank Report
SLIC Statewide SLIC Cases
INDIAN LUST Leaking Underground Storage Tanks on Indian Land
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State and tribal registered storage tank lists

UST Active UST Facilities
AST Aboveground Petroleum Storage Tank Facilities
INDIAN UST Underground Storage Tanks on Indian Land

State and tribal voluntary cleanup sites

VCP Voluntary Cleanup Program Properties
INDIAN VCP Voluntary Cleanup Priority Listing

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

US BROWNFIELDS A Listing of Brownfields Sites

Local Lists of Landfill / Solid Waste Disposal Sites

DEBRIS REGION 9 Torres Martinez Reservation Illegal Dump Site Locations
ODI Open Dump Inventory
WMUDS/SWAT Waste Management Unit Database
SWRCY Recycler Database
HAULERS Registered Waste Tire Haulers Listing
INDIAN ODI Report on the Status of Open Dumps on Indian Lands

Local Lists of Hazardous waste / Contaminated Sites

US CDL Clandestine Drug Labs
HIST Cal-Sites Historical Calsites Database
SCH School Property Evaluation Program
Toxic Pits Toxic Pits Cleanup Act Sites
CDL Clandestine Drug Labs

Local Lists of Registered Storage Tanks

CA FID UST Facility Inventory Database
HIST UST Hazardous Substance Storage Container Database
SWEEPS UST SWEEPS UST Listing

Local Land Records

LIENS 2 CERCLA Lien Information
LUCIS Land Use Control Information System
LIENS Environmental Liens Listing
DEED Deed Restriction Listing

Records of Emergency Release Reports

HMIRS Hazardous Materials Information Reporting System
CHMIRS California Hazardous Material Incident Report System
LDS Land Disposal Sites Listing
MCS Military Cleanup Sites Listing
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Other Ascertainable Records

RCRA-NonGen RCRA - Non Generators
DOT OPS Incident and Accident Data
DOD Department of Defense Sites
FUDS Formerly Used Defense Sites
CONSENT Superfund (CERCLA) Consent Decrees
ROD Records Of Decision
UMTRA Uranium Mill Tailings Sites
MINES Mines Master Index File
TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act
FTTS FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
                                                Act)/TSCA (Toxic Substances Control Act)
HIST FTTS FIFRA/TSCA Tracking System Administrative Case Listing
SSTS Section 7 Tracking Systems
ICIS Integrated Compliance Information System
PADS PCB Activity Database System
MLTS Material Licensing Tracking System
RADINFO Radiation Information Database
FINDS Facility Index System/Facility Registry System
RAATS RCRA Administrative Action Tracking System
CA BOND EXP. PLAN Bond Expenditure Plan
CA WDS Waste Discharge System
NPDES NPDES Permits Listing
Cortese "Cortese" Hazardous Waste & Substances Sites List
HIST CORTESE Hazardous Waste & Substance Site List
Notify 65 Proposition 65 Records
DRYCLEANERS Cleaner Facilities
WIP Well Investigation Program Case List
HAZNET Facility and Manifest Data
EMI Emissions Inventory Data
INDIAN RESERV Indian Reservations
SCRD DRYCLEANERS State Coalition for Remediation of Drycleaners Listing

EDR PROPRIETARY RECORDS

EDR Proprietary Records

Manufactured Gas Plants EDR Proprietary Manufactured Gas Plants
EDR Historical Auto Stations EDR Proprietary Historic Gas Stations
EDR Historical Cleaners EDR Proprietary Historic Dry Cleaners

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were not identified.

Unmappable (orphan) sites are not considered in the foregoing analysis.
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Due to poor or inadequate address information, the following sites were not mapped: 

Site Name  Database(s)____________  ____________

JAWBONE CANYON STORE  LUST, HIST CORTESE
AT&T  HIST CORTESE
PRIMARY GOLD COMPANY  HIST CORTESE
A&W SMELTER AND REFINERS  CERCLIS, RCRA-SQG, FINDS,

 HAZNET, HIST CORTESE
MOJAVE PLANT NO 55  WMUDS/SWAT, LDS, CA WDS
JAWBONE CANYON STORE  SWEEPS UST
HONDA PROVING CENTER OF CA  HAZNET, SWEEPS UST
JAWBONE PATROL STATION  SWEEPS UST
MOJAVE BURN DUMP  CERC-NFRAP
VICTORY MILLSITE (A & W SMELTER)  CERC-NFRAP
BLM-CACTUS GOLD MINES CO.  CERC-NFRAP
RED ROCK CANYON DEPT OF PARKS  LUST
CALTRANS MOJAVE MAINTENANCE  LUST
RED ROCK CANYON STATE PARK  UST
JAWBONE CANYON STORE  UST
HONDA PROVING CENTER CALIFORNIA  UST, AST
HONDA PROVING CENTER OF CALIF  UST
CAL TRANS  UST
CAL TRANS  UST
JAWBONE PATROL STATION  HIST UST
JAWBONE CANYON STORE  HIST UST
FOUR CORNERS UNION  HIST UST
RED ROCK CANYON SP  AST
MOJAVE AIRPORT  WMUDS/SWAT
MOJAVE/ROSAMOND LANDFILL  WMUDS/SWAT
TOMRA PACIFIC INC  SWRCY
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MAP FINDINGS SUMMARY

Search
Target Distance Total

Database Property (Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

    0  NR     0      0      0    0 1.000NPL
    0  NR     0      0      0    0 1.000Proposed NPL
    0  NR   NR    NR    NR  NR   TPNPL LIENS

Federal Delisted NPL site list

    0  NR     0      0      0    0 1.000Delisted NPL

Federal CERCLIS list

    0  NR   NR      0      0    0 0.500CERCLIS

Federal CERCLIS NFRAP site List

    0  NR   NR      0      0    0 0.500CERC-NFRAP

Federal RCRA CORRACTS facilities list

    0  NR     0      0      0    0 1.000CORRACTS

Federal RCRA non-CORRACTS TSD facilities list

    0  NR   NR      0      0    0 0.500RCRA-TSDF

Federal RCRA generators list

    0  NR   NR    NR      0    0 0.250RCRA-LQG
    0  NR   NR    NR      0    0 0.250RCRA-SQG
    0  NR   NR    NR      0    0 0.250RCRA-CESQG

Federal institutional controls /
engineering controls registries

    0  NR   NR      0      0    0 0.500US ENG CONTROLS
    0  NR   NR      0      0    0 0.500US INST CONTROL

Federal ERNS list

    0  NR   NR    NR    NR  NR   TPERNS

State- and tribal - equivalent NPL

    0  NR     0      0      0    0 1.000RESPONSE

State- and tribal - equivalent CERCLIS

    0  NR     0      0      0    0 1.000ENVIROSTOR

State and tribal landfill and/or
solid waste disposal site lists

    0  NR   NR      0      0    0 0.500SWF/LF

State and tribal leaking storage tank lists

    0  NR   NR      0      0    0 0.500LUST
    0  NR   NR      0      0    0 0.500SLIC
    0  NR   NR      0      0    0 0.500INDIAN LUST
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MAP FINDINGS SUMMARY

Search
Target Distance Total

Database Property (Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

State and tribal registered storage tank lists

    0  NR   NR    NR      0    0 0.250UST
    0  NR   NR    NR      0    0 0.250AST
    0  NR   NR    NR      0    0 0.250INDIAN UST

State and tribal voluntary cleanup sites

    0  NR   NR      0      0    0 0.500VCP
    0  NR   NR      0      0    0 0.500INDIAN VCP

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

    0  NR   NR      0      0    0 0.500US BROWNFIELDS

Local Lists of Landfill / Solid
Waste Disposal Sites

    0  NR   NR      0      0    0 0.500DEBRIS REGION 9
    0  NR   NR      0      0    0 0.500ODI
    0  NR   NR      0      0    0 0.500WMUDS/SWAT
    0  NR   NR      0      0    0 0.500SWRCY
    0  NR   NR    NR    NR  NR   TPHAULERS
    0  NR   NR      0      0    0 0.500INDIAN ODI

Local Lists of Hazardous waste /
Contaminated Sites

    0  NR   NR    NR    NR  NR   TPUS CDL
    0  NR     0      0      0    0 1.000HIST Cal-Sites
    0  NR   NR    NR      0    0 0.250SCH
    0  NR     0      0      0    0 1.000Toxic Pits
    0  NR   NR    NR    NR  NR   TPCDL

Local Lists of Registered Storage Tanks

    0  NR   NR    NR      0    0 0.250CA FID UST
    0  NR   NR    NR      0    0 0.250HIST UST
    0  NR   NR    NR      0    0 0.250SWEEPS UST

Local Land Records

    0  NR   NR    NR    NR  NR   TPLIENS 2
    0  NR   NR      0      0    0 0.500LUCIS
    0  NR   NR    NR    NR  NR   TPLIENS
    0  NR   NR      0      0    0 0.500DEED

Records of Emergency Release Reports

    0  NR   NR    NR    NR  NR   TPHMIRS
    0  NR   NR    NR    NR  NR   TPCHMIRS
    0  NR   NR    NR    NR  NR   TPLDS
    0  NR   NR    NR    NR  NR   TPMCS

Other Ascertainable Records

    0  NR   NR    NR      0    0 0.250RCRA-NonGen
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MAP FINDINGS SUMMARY

Search
Target Distance Total

Database Property (Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

    0  NR   NR    NR    NR  NR   TPDOT OPS
    0  NR     0      0      0    0 1.000DOD
    0  NR     0      0      0    0 1.000FUDS
    0  NR     0      0      0    0 1.000CONSENT
    0  NR     0      0      0    0 1.000ROD
    0  NR   NR      0      0    0 0.500UMTRA
    0  NR   NR    NR      0    0 0.250MINES
    0  NR   NR    NR    NR  NR   TPTRIS
    0  NR   NR    NR    NR  NR   TPTSCA
    0  NR   NR    NR    NR  NR   TPFTTS
    0  NR   NR    NR    NR  NR   TPHIST FTTS
    0  NR   NR    NR    NR  NR   TPSSTS
    0  NR   NR    NR    NR  NR   TPICIS
    0  NR   NR    NR    NR  NR   TPPADS
    0  NR   NR    NR    NR  NR   TPMLTS
    0  NR   NR    NR    NR  NR   TPRADINFO
    0  NR   NR    NR    NR  NR   TPFINDS
    0  NR   NR    NR    NR  NR   TPRAATS
    0  NR     0      0      0    0 1.000CA BOND EXP. PLAN
    0  NR   NR    NR    NR  NR   TPCA WDS
    0  NR   NR    NR    NR  NR   TPNPDES
    0  NR   NR      0      0    0 0.500Cortese
    0  NR   NR      0      0    0 0.500HIST CORTESE
    0  NR     0      0      0    0 1.000Notify 65
    0  NR   NR    NR      0    0 0.250DRYCLEANERS
    0  NR   NR    NR      0    0 0.250WIP
    0  NR   NR    NR    NR  NR   TPHAZNET
    0  NR   NR    NR    NR  NR   TPEMI
    0  NR     0      0      0    0 1.000INDIAN RESERV
    0  NR   NR      0      0    0 0.500SCRD DRYCLEANERS

EDR PROPRIETARY RECORDS

EDR Proprietary Records

    0  NR     0      0      0    0 1.000Manufactured Gas Plants
    0  NR   NR    NR      0    0 0.250EDR Historical Auto Stations
    0  NR   NR    NR      0    0 0.250EDR Historical Cleaners

NOTES:

   TP = Target Property

   NR = Not Requested at this Search Distance

   Sites may be listed in more than one database
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MAP FINDINGSMap ID
Direction

EDR ID NumberDistance
EPA ID NumberDatabase(s)SiteElevation

NO SITES FOUND
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ORPHAN SUMMARY

City EDR ID Site Name Site Address Zip Database(s)

CANTIL              U004113239 RED ROCK CANYON STATE PARK HWY 14 & ABBOTT DR 93519 UST
CANTIL              S105023061 JAWBONE CANYON STORE 32629 HWY 14 93519 LUST, HIST CORTESE
CANTIL              S104161428 RED ROCK CANYON DEPT OF PARKS HWY 14 93519 LUST
CANTIL              U001586536 JAWBONE PATROL STATION PO BOX 53 93519 HIST UST
CANTIL              U001586535 JAWBONE CANYON STORE 14 MILES N. MOJAVE HWY 14 93519 HIST UST
CANTIL              S106927734 JAWBONE CANYON STORE 14 MILES N MOJAVE HWY 14 93519 SWEEPS UST
CANTIL              U004113215 JAWBONE CANYON STORE 19 MI. N/HWY 14, CANTIL 93519 UST
CANTIL              U004113878 HONDA PROVING CENTER CALIFORNIA 30216 NEURALIA RD 93519 UST, AST
CANTIL              U003981634 HONDA PROVING CENTER OF CALIF 30216 NEURALIA RD 93519 UST
CANTIL              S103651067 HONDA PROVING CENTER OF CA 30216 NEURALIA RD 93519 HAZNET, SWEEPS UST
CANTIL              S106927735 JAWBONE PATROL STATION P O BOX 53 93519 SWEEPS UST
CANTIL              U004113194 CAL TRANS T31S, R 37E, SEC 05 93519 UST
CANTIL              U004113245 CAL TRANS T30S, R37E, SEC 32 93519 UST
CANTIL              A100176558 RED ROCK CANYON SP ST. RTE. 14 93519 AST
KRAMER JCT.         U001586534 FOUR CORNERS UNION HWY 395  /  58 93519 HIST UST
MOJAVE              S109118078 TOMRA PACIFIC INC 16825 HIGHWAY 14 93501 SWRCY
MOJAVE              S102426217 CALTRANS MOJAVE MAINTENANCE HWY 14 93501 LUST
MOJAVE              S105025017 AT&T P.O. BOX 970 93501 HIST CORTESE
MOJAVE              S105025019 PRIMARY GOLD COMPANY 1/2 MI N. OF SILVER QUEEN 93501 HIST CORTESE
MOJAVE              1003879873 MOJAVE BURN DUMP 2M S OF HWY 58/2M E OF MOJAVE 93501 CERC-NFRAP
MOJAVE              1003879941 VICTORY MILLSITE (A & W SMELTER) SILVER QUEEN ROAD 93501 CERC-NFRAP
MOJAVE              1000131928 A&W SMELTER AND REFINERS SILVER QUEEN RD 93501 CERCLIS, RCRA-SQG, FINDS,

HAZNET, HIST CORTESE
MOJAVE              1003879733 BLM-CACTUS GOLD MINES CO. STAR RTE 1-BACKUS RD & TEHACHA 93501 CERC-NFRAP
MOJAVE              S103443198 MOJAVE AIRPORT PO BOX 711 93501 WMUDS/SWAT
MOJAVE              S101612519 MOJAVE PLANT NO 55 SOUTH OF MOJAVE 93501 WMUDS/SWAT, LDS, CA WDS
MOJAVE              S100838392 MOJAVE/ROSAMOND LANDFILL 3 MI SOUTH OF MOJAVE 93501 WMUDS/SWAT
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To maintain currency of the following federal and state databases, EDR contacts the appropriate governmental agency
on a monthly or quarterly basis, as required.

Number of Days to Update: Provides confirmation that EDR is reporting records that have been updated within 90 days
from the date the government agency made the information available to the public.

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL:  National Priority List
National Priorities List (Superfund). The NPL is a subset of CERCLIS and identifies over 1,200 sites for priority
cleanup under the Superfund Program. NPL sites may encompass relatively large areas. As such, EDR provides polygon
coverage for over 1,000 NPL site boundaries produced by EPA’s Environmental Photographic Interpretation Center
(EPIC) and regional EPA offices.

Date of Government Version: 02/02/2009
Date Data Arrived at EDR: 02/12/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 46

Source:  EPA
Telephone:  N/A
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly

NPL Site Boundaries

Sources:

EPA’s Environmental Photographic Interpretation Center (EPIC)
Telephone: 202-564-7333

EPA Region 1 EPA Region 6
Telephone 617-918-1143 Telephone: 214-655-6659

EPA Region 3 EPA Region 7
Telephone 215-814-5418 Telephone: 913-551-7247

EPA Region 4 EPA Region 8
Telephone 404-562-8033 Telephone: 303-312-6774

EPA Region 5 EPA Region 9
Telephone 312-886-6686 Telephone: 415-947-4246

EPA Region 10
Telephone 206-553-8665

Proposed NPL:  Proposed National Priority List Sites
A site that has been proposed for listing on the National Priorities List through the issuance of a proposed rule
in the Federal Register. EPA then accepts public comments on the site, responds to the comments, and places on
the NPL those sites that continue to meet the requirements for listing.

Date of Government Version: 04/23/2009
Date Data Arrived at EDR: 04/28/2009
Date Made Active in Reports: 05/19/2009
Number of Days to Update: 21

Source:  EPA
Telephone:  N/A
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly

NPL LIENS:  Federal Superfund Liens
Federal Superfund Liens. Under the authority granted the USEPA by CERCLA of 1980, the USEPA has the authority
to file liens against real property in order to recover remedial action expenditures or when the property owner
received notification of potential liability. USEPA compiles a listing of filed notices of Superfund Liens.

Date of Government Version: 10/15/1991
Date Data Arrived at EDR: 02/02/1994
Date Made Active in Reports: 03/30/1994
Number of Days to Update: 56

Source:  EPA
Telephone:  202-564-4267
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: No Update Planned
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Federal Delisted NPL site list

DELISTED NPL:  National Priority List Deletions
The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) establishes the criteria that the
EPA uses to delete sites from the NPL. In accordance with 40 CFR 300.425.(e), sites may be deleted from the
NPL where no further response is appropriate.

Date of Government Version: 02/02/2009
Date Data Arrived at EDR: 02/12/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 46

Source:  EPA
Telephone:  N/A
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly

Federal CERCLIS list

CERCLIS:  Comprehensive Environmental Response, Compensation, and Liability Information System
CERCLIS contains data on potentially hazardous waste sites that have been reported to the USEPA by states, municipalities,
private companies and private persons, pursuant to Section 103 of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA). CERCLIS contains sites which are either proposed to or on the National Priorities
List (NPL) and sites which are in the screening and assessment phase for possible inclusion on the NPL.

Date of Government Version: 01/09/2009
Date Data Arrived at EDR: 01/30/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 101

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 05/15/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Quarterly

Federal CERCLIS NFRAP site List

CERCLIS-NFRAP:  CERCLIS No Further Remedial Action Planned
Archived sites are sites that have been removed and archived from the inventory of CERCLIS sites. Archived status
indicates that, to the best of EPA’s knowledge, assessment at a site has been completed and that EPA has determined
no further steps will be taken to list this site on the National Priorities List (NPL), unless information indicates
this decision was not appropriate or other considerations require a recommendation for listing at a later time.
This decision does not necessarily mean that there is no hazard associated with a given site; it only means that,
based upon available information, the location is not judged to be a potential NPL site. 

Date of Government Version: 12/03/2007
Date Data Arrived at EDR: 12/06/2007
Date Made Active in Reports: 02/20/2008
Number of Days to Update: 76

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Quarterly

Federal RCRA CORRACTS facilities list

CORRACTS:  Corrective Action Report
CORRACTS identifies hazardous waste handlers with RCRA corrective action activity.

Date of Government Version: 03/25/2009
Date Data Arrived at EDR: 04/02/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 39

Source:  EPA
Telephone:  800-424-9346
Last EDR Contact: 03/03/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

Federal RCRA non-CORRACTS TSD facilities list

RCRA-TSDF:  RCRA - Transporters, Storage and Disposal
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Transporters are individuals or entities that
move hazardous waste from the generator offsite to a facility that can recycle, treat, store, or dispose of the
waste. TSDFs treat, store, or dispose of the waste.
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Date of Government Version: 11/12/2008
Date Data Arrived at EDR: 11/18/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 118

Source:  Environmental Protection Agency
Telephone:  (415) 495-8895
Last EDR Contact: 04/23/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

Federal RCRA generators list

RCRA-LQG:  RCRA - Large Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Large quantity generators (LQGs) generate
over 1,000 kilograms (kg) of hazardous waste, or over 1 kg of acutely hazardous waste per month.

Date of Government Version: 11/12/2008
Date Data Arrived at EDR: 11/18/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 118

Source:  Environmental Protection Agency
Telephone:  (415) 495-8895
Last EDR Contact: 04/23/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

RCRA-SQG:  RCRA - Small Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Small quantity generators (SQGs) generate
between 100 kg and 1,000 kg of hazardous waste per month.

Date of Government Version: 11/12/2008
Date Data Arrived at EDR: 11/18/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 118

Source:  Environmental Protection Agency
Telephone:  (415) 495-8895
Last EDR Contact: 04/23/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

RCRA-CESQG:  RCRA - Conditionally Exempt Small Quantity Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Conditionally exempt small quantity generators
(CESQGs) generate less than 100 kg of hazardous waste, or less than 1 kg of acutely hazardous waste per month.

Date of Government Version: 11/12/2008
Date Data Arrived at EDR: 11/18/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 118

Source:  Environmental Protection Agency
Telephone:  (415) 495-8895
Last EDR Contact: 04/23/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

Federal institutional controls / engineering controls registries

US ENG CONTROLS:  Engineering Controls Sites List
A listing of sites with engineering controls in place. Engineering controls include various forms of caps, building
foundations, liners, and treatment methods to create pathway elimination for regulated substances to enter environmental
media or effect human health.

Date of Government Version: 03/31/2009
Date Data Arrived at EDR: 04/22/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 13

Source:  Environmental Protection Agency
Telephone:  703-603-0695
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Varies
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US INST CONTROL:  Sites with Institutional Controls
A listing of sites with institutional controls in place. Institutional controls include administrative measures,
such as groundwater use restrictions, construction restrictions, property use restrictions, and post remediation
care requirements intended to prevent exposure to contaminants remaining on site. Deed restrictions are generally
required as part of the institutional controls.

Date of Government Version: 03/31/2009
Date Data Arrived at EDR: 04/22/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 13

Source:  Environmental Protection Agency
Telephone:  703-603-0695
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Varies

Federal ERNS list

ERNS:  Emergency Response Notification System
Emergency Response Notification System. ERNS records and stores information on reported releases of oil and hazardous
substances.

Date of Government Version: 12/31/2008
Date Data Arrived at EDR: 01/30/2009
Date Made Active in Reports: 05/19/2009
Number of Days to Update: 109

Source:  National Response Center, United States Coast Guard
Telephone:  202-267-2180
Last EDR Contact: 05/12/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Annually

State- and tribal - equivalent NPL

RESPONSE:  State Response Sites
Identifies confirmed release sites where DTSC is involved in remediation, either in a lead or oversight capacity.
These confirmed release sites are generally high-priority and high potential risk.

Date of Government Version: 02/23/2009
Date Data Arrived at EDR: 02/24/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 43

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 02/24/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Quarterly

State- and tribal - equivalent CERCLIS

ENVIROSTOR:  EnviroStor Database
The Department of Toxic Substances Control’s (DTSC’s) Site Mitigation and Brownfields Reuse Program’s (SMBRP’s)
EnviroStor database identifes sites that have known contamination or sites for which there may be reasons to investigate
further. The database includes the following site types: Federal Superfund sites (National Priorities List (NPL));
State Response, including Military Facilities and State Superfund; Voluntary Cleanup; and School sites. EnviroStor
provides similar information to the information that was available in CalSites, and provides additional site information,
including, but not limited to, identification of formerly-contaminated properties that have been released for
reuse, properties where environmental deed restrictions have been recorded to prevent inappropriate land uses,
and risk characterization information that is used to assess potential impacts to public health and the environment
at contaminated sites.

Date of Government Version: 02/23/2009
Date Data Arrived at EDR: 02/24/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 43

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 02/24/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Quarterly

State and tribal landfill and/or solid waste disposal site lists

SWF/LF (SWIS):  Solid Waste Information System
Active, Closed and Inactive Landfills. SWF/LF records typically contain an inve ntory of solid waste disposal
facilities or landfills. These may be active or i nactive facilities or open dumps that failed to meet RCRA Section
4004 criteria for solid waste landfills or disposal sites.
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Date of Government Version: 03/09/2009
Date Data Arrived at EDR: 03/10/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 29

Source:  Integrated Waste Management Board
Telephone:  916-341-6320
Last EDR Contact: 03/10/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Quarterly

State and tribal leaking storage tank lists

LUST REG 9:  Leaking Underground Storage Tank Report
Orange, Riverside, San Diego counties. For more current information, please refer to the State Water Resources
Control Board’s LUST database.

Date of Government Version: 03/01/2001
Date Data Arrived at EDR: 04/23/2001
Date Made Active in Reports: 05/21/2001
Number of Days to Update: 28

Source:  California Regional Water Quality Control Board San Diego Region (9)
Telephone:  858-637-5595
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: No Update Planned

LUST REG 8:  Leaking Underground Storage Tanks
California Regional Water Quality Control Board Santa Ana Region (8). For more current information, please refer
to the State Water Resources Control Board’s LUST database.

Date of Government Version: 02/14/2005
Date Data Arrived at EDR: 02/15/2005
Date Made Active in Reports: 03/28/2005
Number of Days to Update: 41

Source:  California Regional Water Quality Control Board Santa Ana Region (8)
Telephone:  909-782-4496
Last EDR Contact: 05/04/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Varies

LUST REG 6L:  Leaking Underground Storage Tank Case Listing
For more current information, please refer to the State Water Resources Control Board’s LUST database.

Date of Government Version: 09/09/2003
Date Data Arrived at EDR: 09/10/2003
Date Made Active in Reports: 10/07/2003
Number of Days to Update: 27

Source:  California Regional Water Quality Control Board Lahontan Region (6)
Telephone:  530-542-5572
Last EDR Contact: 03/03/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: No Update Planned

LUST REG 7:  Leaking Underground Storage Tank Case Listing
Leaking Underground Storage Tank locations.  Imperial, Riverside, San Diego, Santa Barbara counties.

Date of Government Version: 02/26/2004
Date Data Arrived at EDR: 02/26/2004
Date Made Active in Reports: 03/24/2004
Number of Days to Update: 27

Source:  California Regional Water Quality Control Board Colorado River Basin Region (7)
Telephone:  760-776-8943
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: No Update Planned

LUST REG 6V:  Leaking Underground Storage Tank Case Listing
Leaking Underground Storage Tank locations.  Inyo, Kern, Los Angeles, Mono, San Bernardino counties.

Date of Government Version: 06/07/2005
Date Data Arrived at EDR: 06/07/2005
Date Made Active in Reports: 06/29/2005
Number of Days to Update: 22

Source:  California Regional Water Quality Control Board Victorville Branch Office (6)
Telephone:  760-241-7365
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: No Update Planned

LUST:  Geotracker’s Leaking Underground Fuel Tank Report
Leaking Underground Storage Tank Incident Reports. LUST records contain an inventory of reported leaking underground
storage tank incidents. Not all states maintain these records, and the information stored varies by state. For
more information on a particular leaking underground storage tank sites, please contact the appropriate regulatory
agency.
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Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  State Water Resources Control Board
Telephone:  see region list
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

LUST REG 1:  Active Toxic Site Investigation
Del Norte, Humboldt, Lake, Mendocino, Modoc, Siskiyou, Sonoma, Trinity counties. For more current information,
please refer to the State Water Resources Control Board’s LUST database.

Date of Government Version: 02/01/2001
Date Data Arrived at EDR: 02/28/2001
Date Made Active in Reports: 03/29/2001
Number of Days to Update: 29

Source:  California Regional Water Quality Control Board North Coast (1)
Telephone:  707-570-3769
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: No Update Planned

LUST REG 2:  Fuel Leak List
Leaking Underground Storage Tank locations. Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa
Clara, Solano, Sonoma counties.

Date of Government Version: 09/30/2004
Date Data Arrived at EDR: 10/20/2004
Date Made Active in Reports: 11/19/2004
Number of Days to Update: 30

Source:  California Regional Water Quality Control Board San Francisco Bay Region (2)
Telephone:  510-622-2433
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

LUST REG 3:  Leaking Underground Storage Tank Database
Leaking Underground Storage Tank locations. Monterey, San Benito, San Luis Obispo, Santa Barbara, Santa Cruz counties.

Date of Government Version: 05/19/2003
Date Data Arrived at EDR: 05/19/2003
Date Made Active in Reports: 06/02/2003
Number of Days to Update: 14

Source:  California Regional Water Quality Control Board Central Coast Region (3)
Telephone:  805-542-4786
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: No Update Planned

LUST REG 4:  Underground Storage Tank Leak List
Los Angeles, Ventura counties. For more current information, please refer to the State Water Resources Control
Board’s LUST database.

Date of Government Version: 09/07/2004
Date Data Arrived at EDR: 09/07/2004
Date Made Active in Reports: 10/12/2004
Number of Days to Update: 35

Source:  California Regional Water Quality Control Board Los Angeles Region (4)
Telephone:  213-576-6710
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: No Update Planned

LUST REG 5:  Leaking Underground Storage Tank Database
Leaking Underground Storage Tank locations. Alameda, Alpine, Amador, Butte, Colusa, Contra Costa, Calveras, El
Dorado, Fresno, Glenn, Kern, Kings, Lake, Lassen, Madera, Mariposa, Merced, Modoc, Napa, Nevada, Placer, Plumas,
Sacramento, San Joaquin, Shasta, Solano, Stanislaus, Sutter, Tehama, Tulare, Tuolumne, Yolo, Yuba counties.

Date of Government Version: 07/01/2008
Date Data Arrived at EDR: 07/22/2008
Date Made Active in Reports: 07/31/2008
Number of Days to Update: 9

Source:  California Regional Water Quality Control Board Central Valley Region (5)
Telephone:  916-464-4834
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

SLIC:  Statewide SLIC Cases
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.
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Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  State Water Resources Control Board
Telephone:  866-480-1028
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Varies

SLIC REG 1:  Active Toxic Site Investigations
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 04/03/2003
Date Data Arrived at EDR: 04/07/2003
Date Made Active in Reports: 04/25/2003
Number of Days to Update: 18

Source:  California Regional Water Quality Control Board, North Coast Region (1)
Telephone:  707-576-2220
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2008
Data Release Frequency: No Update Planned

SLIC REG 2:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 09/30/2004
Date Data Arrived at EDR: 10/20/2004
Date Made Active in Reports: 11/19/2004
Number of Days to Update: 30

Source:  Regional Water Quality Control Board San Francisco Bay Region (2)
Telephone:  510-286-0457
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

SLIC REG 3:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 05/18/2006
Date Data Arrived at EDR: 05/18/2006
Date Made Active in Reports: 06/15/2006
Number of Days to Update: 28

Source:  California Regional Water Quality Control Board Central Coast Region (3)
Telephone:  805-549-3147
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Semi-Annually

SLIC REG 4:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 11/17/2004
Date Data Arrived at EDR: 11/18/2004
Date Made Active in Reports: 01/04/2005
Number of Days to Update: 47

Source:  Region Water Quality Control Board Los Angeles Region (4)
Telephone:  213-576-6600
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

SLIC REG 5:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 04/01/2005
Date Data Arrived at EDR: 04/05/2005
Date Made Active in Reports: 04/21/2005
Number of Days to Update: 16

Source:  Regional Water Quality Control Board Central Valley Region (5)
Telephone:  916-464-3291
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

SLIC REG 6V:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.
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Date of Government Version: 05/24/2005
Date Data Arrived at EDR: 05/25/2005
Date Made Active in Reports: 06/16/2005
Number of Days to Update: 22

Source:  Regional Water Quality Control Board, Victorville Branch
Telephone:  619-241-6583
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

SLIC REG 6L:  SLIC Sites
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 09/07/2004
Date Data Arrived at EDR: 09/07/2004
Date Made Active in Reports: 10/12/2004
Number of Days to Update: 35

Source:  California Regional Water Quality Control Board, Lahontan Region
Telephone:  530-542-5574
Last EDR Contact: 03/03/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: No Update Planned

SLIC REG 7:  SLIC List
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 11/24/2004
Date Data Arrived at EDR: 11/29/2004
Date Made Active in Reports: 01/04/2005
Number of Days to Update: 36

Source:  California Regional Quality Control Board, Colorado River Basin Region
Telephone:  760-346-7491
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: No Update Planned

SLIC REG 8:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 04/03/2008
Date Data Arrived at EDR: 04/03/2008
Date Made Active in Reports: 04/14/2008
Number of Days to Update: 11

Source:  California Region Water Quality Control Board Santa Ana Region (8)
Telephone:  951-782-3298
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

SLIC REG 9:  Spills, Leaks, Investigation & Cleanup Cost Recovery Listing
The SLIC (Spills, Leaks, Investigations and Cleanup) program is designed to protect and restore water quality
from spills, leaks, and similar discharges.

Date of Government Version: 09/10/2007
Date Data Arrived at EDR: 09/11/2007
Date Made Active in Reports: 09/28/2007
Number of Days to Update: 17

Source:  California Regional Water Quality Control Board San Diego Region (9)
Telephone:  858-467-2980
Last EDR Contact: 02/23/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Annually

INDIAN LUST R9:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Arizona, California, New Mexico and Nevada

Date of Government Version: 12/15/2008
Date Data Arrived at EDR: 12/16/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 90

Source:  Environmental Protection Agency
Telephone:  415-972-3372
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly

INDIAN LUST R6:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in New Mexico and Oklahoma.

Date of Government Version: 02/15/2009
Date Data Arrived at EDR: 02/27/2009
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 17

Source:  EPA Region 6
Telephone:  214-665-6597
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies
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INDIAN LUST R10:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Alaska, Idaho, Oregon and Washington.

Date of Government Version: 03/03/2009
Date Data Arrived at EDR: 03/04/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 26

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly

INDIAN LUST R7:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Iowa, Kansas, and Nebraska

Date of Government Version: 04/01/2008
Date Data Arrived at EDR: 12/03/2008
Date Made Active in Reports: 12/23/2008
Number of Days to Update: 20

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 05/20/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

INDIAN LUST R8:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Colorado, Montana, North Dakota, South Dakota, Utah and Wyoming.

Date of Government Version: 03/13/2009
Date Data Arrived at EDR: 03/17/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 13

Source:  EPA Region 8
Telephone:  303-312-6271
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly

INDIAN LUST R1:  Leaking Underground Storage Tanks on Indian Land
A listing of leaking underground storage tank locations on Indian Land.

Date of Government Version: 02/19/2009
Date Data Arrived at EDR: 02/19/2009
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 25

Source:  EPA Region 1
Telephone:  617-918-1313
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

INDIAN LUST R4:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Florida, Mississippi and North Carolina.

Date of Government Version: 02/24/2009
Date Data Arrived at EDR: 03/03/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 63

Source:  EPA Region 4
Telephone:  404-562-8677
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Semi-Annually

State and tribal registered storage tank lists

UST:  Active UST Facilities
Active UST facilities gathered from the local regulatory agencies

Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 36

Source:  SWRCB
Telephone:  916-480-1028
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Semi-Annually

AST:  Aboveground Petroleum Storage Tank Facilities
Registered Aboveground Storage Tanks.

Date of Government Version: 11/01/2007
Date Data Arrived at EDR: 02/10/2009
Date Made Active in Reports: 04/14/2009
Number of Days to Update: 63

Source:  State Water Resources Control Board
Telephone:  916-341-5712
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly
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INDIAN UST R1:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 1 (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont and ten Tribal
Nations).

Date of Government Version: 02/19/2009
Date Data Arrived at EDR: 02/19/2009
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 25

Source:  EPA, Region 1
Telephone:  617-918-1313
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

INDIAN UST R4:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 4 (Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee
and Tribal Nations)

Date of Government Version: 02/24/2009
Date Data Arrived at EDR: 03/03/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 63

Source:  EPA Region 4
Telephone:  404-562-9424
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Semi-Annually

INDIAN UST R5:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 5 (Michigan, Minnesota and Wisconsin and Tribal Nations).

Date of Government Version: 09/08/2008
Date Data Arrived at EDR: 09/19/2008
Date Made Active in Reports: 10/16/2008
Number of Days to Update: 27

Source:  EPA Region 5
Telephone:  312-886-6136
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

INDIAN UST R6:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 6 (Louisiana, Arkansas, Oklahoma, New Mexico, Texas and 65 Tribes).

Date of Government Version: 04/06/2009
Date Data Arrived at EDR: 04/07/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 34

Source:  EPA Region 6
Telephone:  214-665-7591
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Semi-Annually

INDIAN UST R7:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 7 (Iowa, Kansas, Missouri, Nebraska, and 9 Tribal Nations).

Date of Government Version: 04/01/2008
Date Data Arrived at EDR: 12/30/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 76

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 05/22/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

INDIAN UST R8:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 8 (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming and 27 Tribal Nations).

Date of Government Version: 03/13/2009
Date Data Arrived at EDR: 03/17/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 13

Source:  EPA Region 8
Telephone:  303-312-6137
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly
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INDIAN UST R10:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 10 (Alaska, Idaho, Oregon, Washington, and Tribal Nations).

Date of Government Version: 03/03/2009
Date Data Arrived at EDR: 03/04/2009
Date Made Active in Reports: 03/30/2009
Number of Days to Update: 26

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly

INDIAN UST R9:  Underground Storage Tanks on Indian Land
The Indian Underground Storage Tank (UST) database provides information about underground storage tanks on Indian
land in EPA Region 9 (Arizona, California, Hawaii, Nevada, the Pacific Islands, and Tribal Nations).

Date of Government Version: 12/15/2008
Date Data Arrived at EDR: 12/16/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 90

Source:  EPA Region 9
Telephone:  415-972-3368
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Quarterly

State and tribal voluntary cleanup sites

INDIAN VCP R7:  Voluntary Cleanup Priority Lisitng
A listing of voluntary cleanup priority sites located on Indian Land located in Region 7.

Date of Government Version: 03/20/2008
Date Data Arrived at EDR: 04/22/2008
Date Made Active in Reports: 05/19/2008
Number of Days to Update: 27

Source:  EPA, Region 7
Telephone:  913-551-7365
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

INDIAN VCP R1:  Voluntary Cleanup Priority Listing
A listing of voluntary cleanup priority sites located on Indian Land located in Region 1.

Date of Government Version: 04/02/2008
Date Data Arrived at EDR: 04/22/2008
Date Made Active in Reports: 05/19/2008
Number of Days to Update: 27

Source:  EPA, Region 1
Telephone:  617-918-1102
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

VCP:  Voluntary Cleanup Program Properties
Contains low threat level properties with either confirmed or unconfirmed releases and the project proponents
have request that DTSC oversee investigation and/or cleanup activities and have agreed to provide coverage for
DTSC’s costs.

Date of Government Version: 02/23/2009
Date Data Arrived at EDR: 02/24/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 43

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 02/24/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Quarterly

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

US BROWNFIELDS:  A Listing of Brownfields Sites
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Included in the listing are brownfields properties addresses by Cooperative Agreement Recipients and brownfields
properties addressed by Targeted Brownfields Assessments. Targeted Brownfields Assessments-EPA’s Targeted Brownfields
Assessments (TBA) program is designed to help states, tribes, and municipalities--especially those without EPA
Brownfields Assessment Demonstration Pilots--minimize the uncertainties of contamination often associated with
brownfields. Under the TBA program, EPA provides funding and/or technical assistance for environmental assessments
at brownfields sites throughout the country. Targeted Brownfields Assessments supplement and work with other efforts
under EPA’s Brownfields Initiative to promote cleanup and redevelopment of brownfields. Cooperative Agreement
Recipients-States, political subdivisions, territories, and Indian tribes become Brownfields Cleanup Revolving
Loan Fund (BCRLF) cooperative agreement recipients when they enter into BCRLF cooperative agreements with the
U.S. EPA. EPA selects BCRLF cooperative agreement recipients based on a proposal and application process. BCRLF
cooperative agreement recipients must use EPA funds provided through BCRLF cooperative agreement for specified
brownfields-related cleanup activities.

Date of Government Version: 10/01/2008
Date Data Arrived at EDR: 11/14/2008
Date Made Active in Reports: 12/23/2008
Number of Days to Update: 39

Source:  Environmental Protection Agency
Telephone:  202-566-2777
Last EDR Contact: 05/20/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Semi-Annually

Local Lists of Landfill / Solid Waste Disposal Sites

DEBRIS REGION 9:  Torres Martinez Reservation Illegal Dump Site Locations
A listing of illegal dump sites location on the Torres Martinez Indian Reservation located in eastern Riverside
County and northern Imperial County, California.

Date of Government Version: 03/25/2008
Date Data Arrived at EDR: 04/17/2008
Date Made Active in Reports: 05/15/2008
Number of Days to Update: 28

Source:  EPA, Region 9
Telephone:  415-972-3336
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Varies

ODI:  Open Dump Inventory
An open dump is defined as a disposal facility that does not comply with one or more of the Part 257 or Part 258
Subtitle D Criteria.

Date of Government Version: 06/30/1985
Date Data Arrived at EDR: 08/09/2004
Date Made Active in Reports: 09/17/2004
Number of Days to Update: 39

Source:  Environmental Protection Agency
Telephone:  800-424-9346
Last EDR Contact: 06/09/2004
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

WMUDS/SWAT:  Waste Management Unit Database
Waste Management Unit Database System. WMUDS is used by the State Water Resources Control Board staff and the
Regional Water Quality Control Boards for program tracking and inventory of waste management units. WMUDS is composed
of the following databases: Facility Information, Scheduled Inspections Information, Waste Management Unit Information,
SWAT Program Information, SWAT Report Summary Information, SWAT Report Summary Data, Chapter 15 (formerly Subchapter
15) Information, Chapter 15 Monitoring Parameters, TPCA Program Information, RCRA Program Information, Closure
Information, and Interested Parties Information.

Date of Government Version: 04/01/2000
Date Data Arrived at EDR: 04/10/2000
Date Made Active in Reports: 05/10/2000
Number of Days to Update: 30

Source:  State Water Resources Control Board
Telephone:  916-227-4448
Last EDR Contact: 03/04/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

SWRCY:  Recycler Database
A listing of recycling facilities in California.

Date of Government Version: 04/07/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  Department of Conservation
Telephone:  916-323-3836
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly
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HAULERS:  Registered Waste Tire Haulers Listing
A listing of registered waste tire haulers.

Date of Government Version: 04/07/2009
Date Data Arrived at EDR: 04/07/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 34

Source:  Integrated Waste Management Board
Telephone:  916-341-6422
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Varies

INDIAN ODI:  Report on the Status of Open Dumps on Indian Lands
Location of open dumps on Indian land.

Date of Government Version: 12/31/1998
Date Data Arrived at EDR: 12/03/2007
Date Made Active in Reports: 01/24/2008
Number of Days to Update: 52

Source:  Environmental Protection Agency
Telephone:  703-308-8245
Last EDR Contact: 02/23/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Varies

Local Lists of Hazardous waste / Contaminated Sites

CDL:  Clandestine Drug Labs
A listing of clandestine drug lab locations. The U.S. Department of Justice ("the Department") provides this
web site as a public service. It contains addresses of some locations where law enforcement agencies reported
they found chemicals or other items that indicated the presence of either clandestine drug laboratories or dumpsites.
In most cases, the source of the entries is not the Department, and the Department has not verified the entry
and does not guarantee its accuracy. Members of the public must verify the accuracy of all entries by, for example,
contacting local law enforcement and local health departments.

Date of Government Version: 07/01/2008
Date Data Arrived at EDR: 10/31/2008
Date Made Active in Reports: 12/23/2008
Number of Days to Update: 53

Source:  Drug Enforcement Administration
Telephone:  202-307-1000
Last EDR Contact: 03/26/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Quarterly

HIST CAL-SITES:  Calsites Database
The Calsites database contains potential or confirmed hazardous substance release properties. In 1996, California
EPA reevaluated and significantly reduced the number of sites in the Calsites database. No longer updated by the
state agency. It has been replaced by ENVIROSTOR.

Date of Government Version: 08/08/2005
Date Data Arrived at EDR: 08/03/2006
Date Made Active in Reports: 08/24/2006
Number of Days to Update: 21

Source:  Department of Toxic Substance Control
Telephone:  916-323-3400
Last EDR Contact: 02/23/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: No Update Planned

SCH:  School Property Evaluation Program
This category contains proposed and existing school sites that are being evaluated by DTSC for possible hazardous
materials contamination. In some cases, these properties may be listed in the CalSites category depending on the
level of threat to public health and safety or the environment they pose.

Date of Government Version: 02/23/2009
Date Data Arrived at EDR: 02/24/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 43

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 02/24/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Quarterly

TOXIC PITS:  Toxic Pits Cleanup Act Sites
Toxic PITS Cleanup Act Sites. TOXIC PITS identifies sites suspected of containing hazardous substances where cleanup
has not yet been completed.
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Date of Government Version: 07/01/1995
Date Data Arrived at EDR: 08/30/1995
Date Made Active in Reports: 09/26/1995
Number of Days to Update: 27

Source:  State Water Resources Control Board
Telephone:  916-227-4364
Last EDR Contact: 01/26/2009
Next Scheduled EDR Contact: 04/27/2009
Data Release Frequency: No Update Planned

CDL:  Clandestine Drug Labs
A listing of drug lab locations. Listing of a location in this database does not indicate that any illegal drug
lab materials were or were not present there, and does not constitute a determination that the location either
requires or does not require additional cleanup work.

Date of Government Version: 09/30/2008
Date Data Arrived at EDR: 10/06/2008
Date Made Active in Reports: 10/13/2008
Number of Days to Update: 7

Source:  Department of Toxic Substances Control
Telephone:  916-255-6504
Last EDR Contact: 05/22/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

Local Lists of Registered Storage Tanks

CA FID UST:  Facility Inventory Database
The Facility Inventory Database (FID) contains a historical listing of active and inactive underground storage
tank locations from the State Water Resource Control Board. Refer to local/county source for current data.

Date of Government Version: 10/31/1994
Date Data Arrived at EDR: 09/05/1995
Date Made Active in Reports: 09/29/1995
Number of Days to Update: 24

Source:  California Environmental Protection Agency
Telephone:  916-341-5851
Last EDR Contact: 12/28/1998
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

UST MENDOCINO:  Mendocino County UST Database
A listing of underground storage tank locations in Mendocino County.

Date of Government Version: 04/07/2009
Date Data Arrived at EDR: 04/07/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 37

Source:  Department of Public Health
Telephone:  707-463-4466
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Varies

HIST UST:  Hazardous Substance Storage Container Database
The Hazardous Substance Storage Container Database is a historical listing of UST sites. Refer to local/county
source for current data.

Date of Government Version: 10/15/1990
Date Data Arrived at EDR: 01/25/1991
Date Made Active in Reports: 02/12/1991
Number of Days to Update: 18

Source:  State Water Resources Control Board
Telephone:  916-341-5851
Last EDR Contact: 07/26/2001
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

SWEEPS UST:  SWEEPS UST Listing
Statewide Environmental Evaluation and Planning System. This underground storage tank listing was updated and
maintained by a company contacted by the SWRCB in the early 1990’s. The listing is no longer updated or maintained.
The local agency is the contact for more information on a site on the SWEEPS list.

Date of Government Version: 06/01/1994
Date Data Arrived at EDR: 07/07/2005
Date Made Active in Reports: 08/11/2005
Number of Days to Update: 35

Source:  State Water Resources Control Board
Telephone:  N/A
Last EDR Contact: 06/03/2005
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

Local Land Records
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LIENS 2:  CERCLA Lien Information
A Federal CERCLA (’Superfund’) lien can exist by operation of law at any site or property at which EPA has spent
Superfund monies. These monies are spent to investigate and address releases and threatened releases of contamination.
CERCLIS provides information as to the identity of these sites and properties.

Date of Government Version: 02/06/2009
Date Data Arrived at EDR: 03/20/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 46

Source:  Environmental Protection Agency
Telephone:  202-564-6023
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

LUCIS:  Land Use Control Information System
LUCIS contains records of land use control information pertaining to the former Navy Base Realignment and Closure
properties.

Date of Government Version: 12/09/2005
Date Data Arrived at EDR: 12/11/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 31

Source:  Department of the Navy
Telephone:  843-820-7326
Last EDR Contact: 03/09/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Varies

LIENS:  Environmental Liens Listing
A listing of property locations with environmental liens for California where DTSC is a lien holder.

Date of Government Version: 02/13/2009
Date Data Arrived at EDR: 02/17/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 50

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 05/04/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Varies

DEED:  Deed Restriction Listing
Site Mitigation and Brownfields Reuse Program Facility Sites with Deed Restrictions & Hazardous Waste Management
Program Facility Sites with Deed / Land Use Restriction. The DTSC Site Mitigation and Brownfields Reuse Program
(SMBRP) list includes sites cleaned up under the program’s oversight and generally does not include current
or former hazardous waste facilities that required a hazardous waste facility permit. The list represents deed
restrictions that are active. Some sites have multiple deed restrictions. The DTSC Hazardous Waste Management
Program (HWMP) has developed a list of current or former hazardous waste facilities that have a recorded land
use restriction at the local county recorder’s office. The land use restrictions on this list were required by
the DTSC HWMP as a result of the presence of hazardous substances that remain on site after the facility (or
part of the facility) has been closed or cleaned up. The types of land use restriction include deed notice, deed
restriction, or a land use restriction that binds current and future owners.

Date of Government Version: 03/30/2009
Date Data Arrived at EDR: 03/31/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 8

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 12/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

Records of Emergency Release Reports

HMIRS:  Hazardous Materials Information Reporting System
Hazardous Materials Incident Report System. HMIRS contains hazardous material spill incidents reported to DOT.

Date of Government Version: 12/31/2008
Date Data Arrived at EDR: 01/30/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 95

Source:  U.S. Department of Transportation
Telephone:  202-366-4555
Last EDR Contact: 04/16/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Annually
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CHMIRS:  California Hazardous Material Incident Report System
California Hazardous Material Incident Reporting System. CHMIRS contains information on reported hazardous material
incidents (accidental releases or spills).

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 05/09/2008
Date Made Active in Reports: 06/20/2008
Number of Days to Update: 42

Source:  Office of Emergency Services
Telephone:  916-845-8400
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

LDS:  Land Disposal Sites Listing
The Land Disposal program regulates of waste discharge to land for treatment, storage and disposal in waste management
units.

Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  State Water Qualilty Control Board
Telephone:  866-480-1028
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

MCS:  Military Cleanup Sites Listing
The State Water Resources Control Board and nine Regional Water Quality Control Boards partner with the Department
of Defense (DoD) through the Defense and State Memorandum of Agreement (DSMOA) to oversee the investigation
and remediation of water quality issues at military facilities.

Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  State Water Resources Control Board
Telephone:  866-480-1028
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

Other Ascertainable Records

RCRA-NonGen:  RCRA - Non Generators
RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. The database
includes selective information on sites which generate, transport, store, treat and/or dispose of hazardous waste
as defined by the Resource Conservation and Recovery Act (RCRA). Non-Generators do not presently generate hazardous
waste.

Date of Government Version: 11/12/2008
Date Data Arrived at EDR: 11/18/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 118

Source:  Environmental Protection Agency
Telephone:  (415) 495-8895
Last EDR Contact: 04/23/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

DOT OPS:  Incident and Accident Data
Department of Transporation, Office of Pipeline Safety Incident and Accident data.

Date of Government Version: 05/14/2008
Date Data Arrived at EDR: 05/28/2008
Date Made Active in Reports: 08/08/2008
Number of Days to Update: 72

Source:  Department of Transporation, Office of Pipeline Safety
Telephone:  202-366-4595
Last EDR Contact: 02/24/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Varies

DOD:  Department of Defense Sites
This data set consists of federally owned or administered lands, administered by the Department of Defense, that
have any area equal to or greater than 640 acres of the United States, Puerto Rico, and the U.S. Virgin Islands.
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Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 11/10/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 62

Source:  USGS
Telephone:  703-692-8801
Last EDR Contact: 05/08/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Semi-Annually

FUDS:  Formerly Used Defense Sites
The listing includes locations of Formerly Used Defense Sites properties where the US Army Corps of Engineers
is actively working or will take necessary cleanup actions.

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 09/05/2008
Date Made Active in Reports: 09/23/2008
Number of Days to Update: 18

Source:  U.S. Army Corps of Engineers
Telephone:  202-528-4285
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Varies

CONSENT:  Superfund (CERCLA) Consent Decrees
Major legal settlements that establish responsibility and standards for cleanup at NPL (Superfund) sites. Released
periodically by United States District Courts after settlement by parties to litigation matters.

Date of Government Version: 01/27/2009
Date Data Arrived at EDR: 04/23/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 18

Source:  Department of Justice, Consent Decree Library
Telephone:  Varies
Last EDR Contact: 04/21/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

ROD:  Records Of Decision
Record of Decision. ROD documents mandate a permanent remedy at an NPL (Superfund) site containing technical
and health information to aid in the cleanup.

Date of Government Version: 04/23/2009
Date Data Arrived at EDR: 04/28/2009
Date Made Active in Reports: 05/19/2009
Number of Days to Update: 21

Source:  EPA
Telephone:  703-416-0223
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Annually

UMTRA:  Uranium Mill Tailings Sites
Uranium ore was mined by private companies for federal government use in national defense programs. When the mills
shut down, large piles of the sand-like material (mill tailings) remain after uranium has been extracted from
the ore. Levels of human exposure to radioactive materials from the piles are low; however, in some cases tailings
were used as construction materials before the potential health hazards of the tailings were recognized.

Date of Government Version: 01/05/2009
Date Data Arrived at EDR: 05/07/2009
Date Made Active in Reports: 05/08/2009
Number of Days to Update: 1

Source:  Department of Energy
Telephone:  505-845-0011
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Varies

MINES:  Mines Master Index File
Contains all mine identification numbers issued for mines active or opened since 1971. The data also includes
violation information.

Date of Government Version: 02/19/2009
Date Data Arrived at EDR: 03/24/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 42

Source:  Department of Labor, Mine Safety and Health Administration
Telephone:  303-231-5959
Last EDR Contact: 03/24/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Semi-Annually

TRIS:  Toxic Chemical Release Inventory System
Toxic Release Inventory System. TRIS identifies facilities which release toxic chemicals to the air, water and
land in reportable quantities under SARA Title III Section 313.
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Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 02/29/2008
Date Made Active in Reports: 04/18/2008
Number of Days to Update: 49

Source:  EPA
Telephone:  202-566-0250
Last EDR Contact: 04/09/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Annually

TSCA:  Toxic Substances Control Act
Toxic Substances Control Act. TSCA identifies manufacturers and importers of chemical substances included on the
TSCA Chemical Substance Inventory list. It includes data on the production volume of these substances by plant
site.

Date of Government Version: 12/31/2002
Date Data Arrived at EDR: 04/14/2006
Date Made Active in Reports: 05/30/2006
Number of Days to Update: 46

Source:  EPA
Telephone:  202-260-5521
Last EDR Contact: 04/14/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Every 4 Years

FTTS:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
FTTS tracks administrative cases and pesticide enforcement actions and compliance activities related to FIFRA,
TSCA and EPCRA (Emergency Planning and Community Right-to-Know Act). To maintain currency, EDR contacts the
Agency on a quarterly basis.

Date of Government Version: 04/09/2009
Date Data Arrived at EDR: 04/16/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 25

Source:  EPA/Office of Prevention, Pesticides and Toxic Substances
Telephone:  202-566-1667
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Quarterly

FTTS INSP:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
A listing of FIFRA/TSCA Tracking System (FTTS) inspections and enforcements.

Date of Government Version: 04/09/2009
Date Data Arrived at EDR: 04/16/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 25

Source:  EPA
Telephone:  202-566-1667
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Quarterly

HIST FTTS:  FIFRA/TSCA Tracking System Administrative Case Listing
A complete administrative case listing from the FIFRA/TSCA Tracking System (FTTS) for all ten EPA regions. The
information was obtained from the National Compliance Database (NCDB). NCDB supports the implementation of FIFRA
(Federal Insecticide, Fungicide, and Rodenticide Act) and TSCA (Toxic Substances Control Act). Some EPA regions
are now closing out records. Because of that, and the fact that some EPA regions are not providing EPA Headquarters
with updated records, it was decided to create a HIST FTTS database. It included records that may not be included
in the newer FTTS database updates. This database is no longer updated.

Date of Government Version: 10/19/2006
Date Data Arrived at EDR: 03/01/2007
Date Made Active in Reports: 04/10/2007
Number of Days to Update: 40

Source:  Environmental Protection Agency
Telephone:  202-564-2501
Last EDR Contact: 12/17/2007
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: No Update Planned

HIST FTTS INSP:  FIFRA/TSCA Tracking System Inspection & Enforcement Case Listing
A complete inspection and enforcement case listing from the FIFRA/TSCA Tracking System (FTTS) for all ten EPA
regions. The information was obtained from the National Compliance Database (NCDB). NCDB supports the implementation
of FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act) and TSCA (Toxic Substances Control Act). Some
EPA regions are now closing out records. Because of that, and the fact that some EPA regions are not providing
EPA Headquarters with updated records, it was decided to create a HIST FTTS database. It included records that
may not be included in the newer FTTS database updates. This database is no longer updated.
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Date of Government Version: 10/19/2006
Date Data Arrived at EDR: 03/01/2007
Date Made Active in Reports: 04/10/2007
Number of Days to Update: 40

Source:  Environmental Protection Agency
Telephone:  202-564-2501
Last EDR Contact: 12/17/2008
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: No Update Planned

SSTS:  Section 7 Tracking Systems
Section 7 of the Federal Insecticide, Fungicide and Rodenticide Act, as amended (92 Stat. 829) requires all
registered pesticide-producing establishments to submit a report to the Environmental Protection Agency by March
1st each year. Each establishment must report the types and amounts of pesticides, active ingredients and devices
being produced, and those having been produced and sold or distributed in the past year.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 03/14/2008
Date Made Active in Reports: 04/18/2008
Number of Days to Update: 35

Source:  EPA
Telephone:  202-564-4203
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Annually

ICIS:  Integrated Compliance Information System
The Integrated Compliance Information System (ICIS) supports the information needs of the national enforcement
and compliance program as well as the unique needs of the National Pollutant Discharge Elimination System (NPDES)
program.

Date of Government Version: 03/20/2009
Date Data Arrived at EDR: 03/20/2009
Date Made Active in Reports: 05/05/2009
Number of Days to Update: 46

Source:  Environmental Protection Agency
Telephone:  202-564-5088
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Quarterly

PADS:  PCB Activity Database System
PCB Activity Database. PADS Identifies generators, transporters, commercial storers and/or brokers and disposers
of PCB’s who are required to notify the EPA of such activities.

Date of Government Version: 12/04/2007
Date Data Arrived at EDR: 02/07/2008
Date Made Active in Reports: 03/17/2008
Number of Days to Update: 39

Source:  EPA
Telephone:  202-566-0500
Last EDR Contact: 05/04/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Annually

MLTS:  Material Licensing Tracking System
MLTS is maintained by the Nuclear Regulatory Commission and contains a list of approximately 8,100 sites which
possess or use radioactive materials and which are subject to NRC licensing requirements. To maintain currency,
EDR contacts the Agency on a quarterly basis.

Date of Government Version: 04/02/2009
Date Data Arrived at EDR: 04/24/2009
Date Made Active in Reports: 05/19/2009
Number of Days to Update: 25

Source:  Nuclear Regulatory Commission
Telephone:  301-415-7169
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Quarterly

RADINFO:  Radiation Information Database
The Radiation Information Database (RADINFO) contains information about facilities that are regulated by U.S.
Environmental Protection Agency (EPA) regulations for radiation and radioactivity.

Date of Government Version: 04/28/2009
Date Data Arrived at EDR: 04/29/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 12

Source:  Environmental Protection Agency
Telephone:  202-343-9775
Last EDR Contact: 04/29/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly
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FINDS:  Facility Index System/Facility Registry System
Facility Index System. FINDS contains both facility information and ’pointers’ to other sources that contain more
detail. EDR includes the following FINDS databases in this report: PCS (Permit Compliance System), AIRS (Aerometric
Information Retrieval System), DOCKET (Enforcement Docket used to manage and track information on civil judicial
enforcement cases for all environmental statutes), FURS (Federal Underground Injection Control), C-DOCKET (Criminal
Docket System used to track criminal enforcement actions for all environmental statutes), FFIS (Federal Facilities
Information System), STATE (State Environmental Laws and Statutes), and PADS (PCB Activity Data System).

Date of Government Version: 04/28/2009
Date Data Arrived at EDR: 05/01/2009
Date Made Active in Reports: 05/19/2009
Number of Days to Update: 18

Source:  EPA
Telephone:  (415) 947-8000
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Quarterly

RAATS:  RCRA Administrative Action Tracking System
RCRA Administration Action Tracking System. RAATS contains records based on enforcement actions issued under RCRA
pertaining to major violators and includes administrative and civil actions brought by the EPA. For administration
actions after September 30, 1995, data entry in the RAATS database was discontinued. EPA will retain a copy of
the database for historical records. It was necessary to terminate RAATS because a decrease in agency resources
made it impossible to continue to update the information contained in the database.

Date of Government Version: 04/17/1995
Date Data Arrived at EDR: 07/03/1995
Date Made Active in Reports: 08/07/1995
Number of Days to Update: 35

Source:  EPA
Telephone:  202-564-4104
Last EDR Contact: 06/02/2008
Next Scheduled EDR Contact: 09/01/2008
Data Release Frequency: No Update Planned

BRS:  Biennial Reporting System
The Biennial Reporting System is a national system administered by the EPA that collects data on the generation
and management of hazardous waste. BRS captures detailed data from two groups: Large Quantity Generators (LQG)
and Treatment, Storage, and Disposal Facilities.

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 02/19/2009
Date Made Active in Reports: 05/22/2009
Number of Days to Update: 92

Source:  EPA/NTIS
Telephone:  800-424-9346
Last EDR Contact: 02/19/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Biennially

CA BOND EXP. PLAN:  Bond Expenditure Plan
Department of Health Services developed a site-specific expenditure plan as the basis for an appropriation of
Hazardous Substance Cleanup Bond Act funds. It is not updated.

Date of Government Version: 01/01/1989
Date Data Arrived at EDR: 07/27/1994
Date Made Active in Reports: 08/02/1994
Number of Days to Update: 6

Source:  Department of Health Services
Telephone:  916-255-2118
Last EDR Contact: 05/31/1994
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

NPDES:  NPDES Permits Listing
A listing of NPDES permits, including stormwater.

Date of Government Version: 03/09/2009
Date Data Arrived at EDR: 03/13/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 26

Source:  State Water Resources Control Board
Telephone:  916-445-9379
Last EDR Contact: 03/13/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Quarterly

CA WDS:  Waste Discharge System
Sites which have been issued waste discharge requirements.
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Date of Government Version: 06/19/2007
Date Data Arrived at EDR: 06/20/2007
Date Made Active in Reports: 06/29/2007
Number of Days to Update: 9

Source:  State Water Resources Control Board
Telephone:  916-341-5227
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Quarterly

CORTESE:  "Cortese" Hazardous Waste & Substances Sites List
The sites for the list are designated by the State Water Resource Control Board (LUST), the Integrated Waste
Board (SWF/LS), and the Department of Toxic Substances Control (Cal-Sites). This listing is no longer updated
by the state agency.

Date of Government Version: 04/20/2009
Date Data Arrived at EDR: 04/22/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 19

Source:  CAL EPA/Office of Emergency Information
Telephone:  916-323-3400
Last EDR Contact: 04/22/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

HIST CORTESE:  Hazardous Waste & Substance Site List
The sites for the list are designated by the State Water Resource Control Board [LUST], the Integrated Waste Board
[SWF/LS], and the Department of Toxic Substances Control [CALSITES].

Date of Government Version: 04/01/2001
Date Data Arrived at EDR: 01/22/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 76

Source:  Department of Toxic Substances Control
Telephone:  916-323-3400
Last EDR Contact: 01/22/2009
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

NOTIFY 65:  Proposition 65 Records
Proposition 65 Notification Records. NOTIFY 65 contains facility notifications about any release which could impact
drinking water and thereby expose the public to a potential health risk.

Date of Government Version: 10/21/1993
Date Data Arrived at EDR: 11/01/1993
Date Made Active in Reports: 11/19/1993
Number of Days to Update: 18

Source:  State Water Resources Control Board
Telephone:  916-445-3846
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: No Update Planned

DRYCLEANERS:  Cleaner Facilities
A list of drycleaner related facilities that have EPA ID numbers. These are facilities with certain SIC codes:
power laundries, family and commercial; garment pressing and cleaner’s agents; linen supply; coin-operated laundries
and cleaning; drycleaning plants, except rugs; carpet and upholster cleaning; industrial launderers; laundry and
garment services.

Date of Government Version: 05/06/2009
Date Data Arrived at EDR: 05/07/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 4

Source:  Department of Toxic Substance Control
Telephone:  916-327-4498
Last EDR Contact: 04/17/2009
Next Scheduled EDR Contact: 03/30/2009
Data Release Frequency: Annually

WIP:  Well Investigation Program Case List
Well Investigation Program case in the San Gabriel and San Fernando Valley area.

Date of Government Version: 03/31/2009
Date Data Arrived at EDR: 04/24/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 17

Source:  Los Angeles Water Quality Control Board
Telephone:  213-576-6726
Last EDR Contact: 04/24/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Varies

HAZNET:  Facility and Manifest Data
Facility and Manifest Data. The data is extracted from the copies of hazardous waste manifests received each year
by the DTSC. The annual volume of manifests is typically 700,000 - 1,000,000 annually, representing approximately
350,000 - 500,000 shipments. Data are from the manifests submitted without correction, and therefore many contain
some invalid values for data elements such as generator ID, TSD ID, waste category, and disposal method.
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Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 02/17/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 50

Source:  California Environmental Protection Agency
Telephone:  916-255-1136
Last EDR Contact: 05/08/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Annually

EMI:  Emissions Inventory Data
Toxics and criteria pollutant emissions data collected by the ARB and local air pollution agencies.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 10/16/2008
Date Made Active in Reports: 11/26/2008
Number of Days to Update: 41

Source:  California Air Resources Board
Telephone:  916-322-2990
Last EDR Contact: 04/17/2009
Next Scheduled EDR Contact: 04/13/2009
Data Release Frequency: Varies

INDIAN RESERV:  Indian Reservations
This map layer portrays Indian administered lands of the United States that have any area equal to or greater
than 640 acres.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 12/08/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 34

Source:  USGS
Telephone:  202-208-3710
Last EDR Contact: 05/08/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Semi-Annually

SCRD DRYCLEANERS:  State Coalition for Remediation of Drycleaners Listing
The State Coalition for Remediation of Drycleaners was established in 1998, with support from the U.S. EPA Office
of Superfund Remediation and Technology Innovation. It is comprised of representatives of states with established
drycleaner remediation programs. Currently the member states are Alabama, Connecticut, Florida, Illinois, Kansas,
Minnesota, Missouri, North Carolina, Oregon, South Carolina, Tennessee, Texas, and Wisconsin.

Date of Government Version: 12/08/2008
Date Data Arrived at EDR: 12/09/2008
Date Made Active in Reports: 03/16/2009
Number of Days to Update: 97

Source:  Environmental Protection Agency
Telephone:  615-532-8599
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Varies

FEDLAND:  Federal and Indian Lands
Federally and Indian administrated lands of the United States. Lands included are administrated by: Army Corps
of Engineers, Bureau of Reclamation, National Wild and Scenic River, National Wildlife Refuge, Public Domain Land,
Wilderness, Wilderness Study Area, Wildlife Management Area, Bureau of Indian Affairs, Bureau of Land Management,
Department of Justice, Forest Service, Fish and Wildlife Service, National Park Service.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 02/06/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 339

Source:  U.S. Geological Survey
Telephone:  888-275-8747
Last EDR Contact: 05/08/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: N/A

EDR PROPRIETARY RECORDS

EDR Proprietary Records

Manufactured Gas Plants:  EDR Proprietary Manufactured Gas Plants
The EDR Proprietary Manufactured Gas Plant Database includes records of coal gas plants (manufactured gas plants)
compiled by EDR’s researchers. Manufactured gas sites were used in the United States from the 1800’s to 1950’s
to produce a gas that could be distributed and used as fuel. These plants used whale oil, rosin, coal, or a mixture
of coal, oil, and water that also produced a significant amount of waste. Many of the byproducts of the gas production,
such as coal tar (oily waste containing volatile and non-volatile chemicals), sludges, oils and other compounds
are potentially hazardous to human health and the environment. The byproduct from this process was frequently
disposed of directly at the plant site and can remain or spread slowly, serving as a continuous source of soil
and groundwater contamination.
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Date of Government Version: N/A
Date Data Arrived at EDR: N/A
Date Made Active in Reports: N/A
Number of Days to Update: N/A

Source:  EDR, Inc.
Telephone:  N/A
Last EDR Contact: N/A
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

EDR Historical Auto Stations:  EDR Proprietary Historic Gas Stations
EDR has searched selected national collections of business directories and has collected listings of potential
gas station/filling station/service station sites that were available to EDR researchers. EDR’s review was limited
to those categories of sources that might, in EDR’s opinion, include gas station/filling station/service station
establishments. The categories reviewed included, but were not limited to gas, gas station, gasoline station,
filling station, auto, automobile repair, auto service station, service station, etc.

Date of Government Version: N/A
Date Data Arrived at EDR: N/A
Date Made Active in Reports: N/A
Number of Days to Update: N/A

Source:  EDR, Inc.
Telephone:  N/A
Last EDR Contact: N/A
Next Scheduled EDR Contact: N/A
Data Release Frequency: Varies

EDR Historical Cleaners:  EDR Proprietary Historic Dry Cleaners
EDR has searched selected national collections of business directories and has collected listings of potential
dry cleaner sites that were available to EDR researchers. EDR’s review was limited to those categories of sources
that might, in EDR’s opinion, include dry cleaning establishments. The categories reviewed included, but were
not limited to dry cleaners, cleaners, laundry, laundromat, cleaning/laundry, wash & dry etc.

Date of Government Version: N/A
Date Data Arrived at EDR: N/A
Date Made Active in Reports: N/A
Number of Days to Update: N/A

Source:  EDR, Inc.
Telephone:  N/A
Last EDR Contact: N/A
Next Scheduled EDR Contact: N/A
Data Release Frequency: Varies

COUNTY RECORDS

ALAMEDA COUNTY:

Contaminated Sites
A listing of contaminated sites overseen by the Toxic Release Program (oil and groundwater contamination from
chemical releases and spills) and the Leaking Underground Storage Tank Program (soil and ground water contamination
from leaking petroleum USTs).

Date of Government Version: 04/24/2009
Date Data Arrived at EDR: 04/28/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 13

Source:  Alameda County Environmental Health Services
Telephone:  510-567-6700
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Semi-Annually

Underground Tanks
Underground storage tank sites located in Alameda county.

Date of Government Version: 04/24/2009
Date Data Arrived at EDR: 04/28/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 16

Source:  Alameda County Environmental Health Services
Telephone:  510-567-6700
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Semi-Annually

CONTRA COSTA COUNTY:
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Site List
List includes sites from the underground tank, hazardous waste generator and business plan/2185 programs.

Date of Government Version: 02/24/2009
Date Data Arrived at EDR: 02/25/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 42

Source:  Contra Costa Health Services Department
Telephone:  925-646-2286
Last EDR Contact: 02/23/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Semi-Annually

FRESNO COUNTY:

CUPA Resources List
Certified Unified Program Agency. CUPA’s are responsible for implementing a unified hazardous materials and hazardous
waste management regulatory program. The agency provides oversight of businesses that deal with hazardous materials,
operate underground storage tanks or aboveground storage tanks.

Date of Government Version: 04/17/2009
Date Data Arrived at EDR: 04/17/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 24

Source:  Dept. of Community Health
Telephone:  559-445-3271
Last EDR Contact: 05/04/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Semi-Annually

KERN COUNTY:

Underground Storage Tank Sites & Tank Listing
Kern County Sites and Tanks Listing.

Date of Government Version: 03/30/2009
Date Data Arrived at EDR: 03/31/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 9

Source:  Kern County Environment Health Services Department
Telephone:  661-862-8700
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

LOS ANGELES COUNTY:

San Gabriel Valley Areas of Concern
San Gabriel Valley areas where VOC contamination is at or above the MCL as designated by region 9 EPA office.

Date of Government Version: 12/31/1998
Date Data Arrived at EDR: 07/07/1999
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  EPA Region 9
Telephone:  415-972-3178
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: No Update Planned

HMS: Street Number List
Industrial Waste and Underground Storage Tank Sites.

Date of Government Version: 11/26/2008
Date Data Arrived at EDR: 01/27/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 71

Source:  Department of Public Works
Telephone:  626-458-3517
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Semi-Annually

List of Solid Waste Facilities
Solid Waste Facilities in Los Angeles County.
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Date of Government Version: 04/21/2009
Date Data Arrived at EDR: 04/21/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 20

Source:  La County Department of Public Works
Telephone:  818-458-5185
Last EDR Contact: 05/12/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Varies

City of Los Angeles Landfills
Landfills owned and maintained by the City of Los Angeles.

Date of Government Version: 03/05/2009
Date Data Arrived at EDR: 03/10/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 29

Source:  Engineering & Construction Division
Telephone:  213-473-7869
Last EDR Contact: 03/10/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Varies

Site Mitigation List
Industrial sites that have had some sort of spill or complaint.

Date of Government Version: 02/11/2009
Date Data Arrived at EDR: 04/23/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 18

Source:  Community Health Services
Telephone:  323-890-7806
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Annually

City of El Segundo Underground Storage Tank
Underground storage tank sites located in El Segundo city.

Date of Government Version: 02/09/2009
Date Data Arrived at EDR: 02/17/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 51

Source:  City of El Segundo Fire Department
Telephone:  310-524-2236
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Semi-Annually

City of Long Beach Underground Storage Tank
Underground storage tank sites located in the city of Long Beach.

Date of Government Version: 03/28/2003
Date Data Arrived at EDR: 10/23/2003
Date Made Active in Reports: 11/26/2003
Number of Days to Update: 34

Source:  City of Long Beach Fire Department
Telephone:  562-570-2563
Last EDR Contact: 05/22/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Annually

City of Torrance Underground Storage Tank
Underground storage tank sites located in the city of Torrance.

Date of Government Version: 02/23/2009
Date Data Arrived at EDR: 02/24/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 44

Source:  City of Torrance Fire Department
Telephone:  310-618-2973
Last EDR Contact: 05/11/2009
Next Scheduled EDR Contact: 08/10/2009
Data Release Frequency: Semi-Annually

MARIN COUNTY:

Underground Storage Tank Sites
Currently permitted USTs in Marin County.

Date of Government Version: 02/05/2009
Date Data Arrived at EDR: 02/17/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 51

Source:  Public Works Department Waste Management
Telephone:  415-499-6647
Last EDR Contact: 04/27/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Semi-Annually

NAPA COUNTY:
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Sites With Reported Contamination
A listing of leaking underground storage tank sites located in Napa county.

Date of Government Version: 07/09/2008
Date Data Arrived at EDR: 07/09/2008
Date Made Active in Reports: 07/31/2008
Number of Days to Update: 22

Source:  Napa County Department of Environmental Management
Telephone:  707-253-4269
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Semi-Annually

Closed and Operating Underground Storage Tank Sites
Underground storage tank sites located in Napa county.

Date of Government Version: 01/15/2008
Date Data Arrived at EDR: 01/16/2008
Date Made Active in Reports: 02/08/2008
Number of Days to Update: 23

Source:  Napa County Department of Environmental Management
Telephone:  707-253-4269
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Annually

ORANGE COUNTY:

List of Industrial Site Cleanups
Petroleum and non-petroleum spills.

Date of Government Version: 03/02/2009
Date Data Arrived at EDR: 03/18/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 21

Source:  Health Care Agency
Telephone:  714-834-3446
Last EDR Contact: 03/05/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Annually

List of Underground Storage Tank Cleanups
Orange County Underground Storage Tank Cleanups (LUST).

Date of Government Version: 03/02/2009
Date Data Arrived at EDR: 03/27/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 12

Source:  Health Care Agency
Telephone:  714-834-3446
Last EDR Contact: 03/05/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

List of Underground Storage Tank Facilities
Orange County Underground Storage Tank Facilities (UST).

Date of Government Version: 03/02/2009
Date Data Arrived at EDR: 03/18/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 22

Source:  Health Care Agency
Telephone:  714-834-3446
Last EDR Contact: 12/02/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

PLACER COUNTY:

Master List of Facilities
List includes aboveground tanks, underground tanks and cleanup sites.

Date of Government Version: 04/27/2009
Date Data Arrived at EDR: 04/28/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 13

Source:  Placer County Health and Human Services
Telephone:  530-889-7312
Last EDR Contact: 04/03/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

RIVERSIDE COUNTY:
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Listing of Underground Tank Cleanup Sites
Riverside County Underground Storage Tank Cleanup Sites (LUST).

Date of Government Version: 04/14/2009
Date Data Arrived at EDR: 04/15/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 26

Source:  Department of Public Health
Telephone:  951-358-5055
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Quarterly

Underground Storage Tank Tank List
Underground storage tank sites located in Riverside county.

Date of Government Version: 05/06/2009
Date Data Arrived at EDR: 05/07/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 7

Source:  Health Services Agency
Telephone:  951-358-5055
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Quarterly

SACRAMENTO COUNTY:

Contaminated Sites
List of sites where unauthorized releases of potentially hazardous materials have occurred. 

Date of Government Version: 02/04/2009
Date Data Arrived at EDR: 04/29/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 12

Source:  Sacramento County Environmental Management
Telephone:  916-875-8406
Last EDR Contact: 04/29/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly

ML - Regulatory Compliance Master List
Any business that has hazardous materials on site - hazardous material storage sites, underground storage tanks,
waste generators.

Date of Government Version: 02/04/2009
Date Data Arrived at EDR: 04/29/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 12

Source:  Sacramento County Environmental Management
Telephone:  916-875-8406
Last EDR Contact: 04/29/2009
Next Scheduled EDR Contact: 07/27/2009
Data Release Frequency: Quarterly

SAN BERNARDINO COUNTY:

Hazardous Material Permits
This listing includes underground storage tanks, medical waste handlers/generators, hazardous materials handlers,
hazardous waste generators, and waste oil generators/handlers.

Date of Government Version: 04/08/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 33

Source:  San Bernardino County Fire Department Hazardous Materials Division
Telephone:  909-387-3041
Last EDR Contact: 03/03/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

SAN DIEGO COUNTY:

Hazardous Materials Management Division Database
The database includes: HE58 - This report contains the business name, site address, business phone number, establishment
’H’ permit number, type of permit, and the business status. HE17 - In addition to providing the same information
provided in the HE58 listing, HE17 provides inspection dates, violations received by the establishment, hazardous
waste generated, the quantity, method of storage, treatment/disposal of waste and the hauler, and information
on underground storage tanks. Unauthorized Release List - Includes a summary of environmental contamination cases
in San Diego County (underground tank cases, non-tank cases, groundwater contamination, and soil contamination
are included.)
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Date of Government Version: 07/16/2008
Date Data Arrived at EDR: 10/29/2008
Date Made Active in Reports: 11/26/2008
Number of Days to Update: 28

Source:  Hazardous Materials Management Division
Telephone:  619-338-2268
Last EDR Contact: 04/03/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Quarterly

Solid Waste Facilities
San Diego County Solid Waste Facilities.

Date of Government Version: 11/01/2008
Date Data Arrived at EDR: 12/23/2008
Date Made Active in Reports: 01/27/2009
Number of Days to Update: 35

Source:  Department of Health Services
Telephone:  619-338-2209
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Varies

Environmental Case Listing
The listing contains all underground tank release cases and projects pertaining to properties contaminated with
hazardous substances that are actively under review by the Site Assessment and Mitigation Program.

Date of Government Version: 01/22/2009
Date Data Arrived at EDR: 03/31/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 8

Source:  San Diego County Department of Environmental Health
Telephone:  619-338-2371
Last EDR Contact: 03/31/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Varies

SAN FRANCISCO COUNTY:

Local Oversite Facilities
A listing of leaking underground storage tank sites located in San Francisco county.

Date of Government Version: 09/19/2008
Date Data Arrived at EDR: 09/19/2008
Date Made Active in Reports: 09/29/2008
Number of Days to Update: 10

Source:  Department Of Public Health San Francisco County
Telephone:  415-252-3920
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

Underground Storage Tank Information
Underground storage tank sites located in San Francisco county.

Date of Government Version: 09/19/2008
Date Data Arrived at EDR: 09/19/2008
Date Made Active in Reports: 10/01/2008
Number of Days to Update: 12

Source:  Department of Public Health
Telephone:  415-252-3920
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Quarterly

SAN JOAQUIN COUNTY:

San Joaquin Co. UST
A listing of underground storage tank locations in San Joaquin county.

Date of Government Version: 02/10/2009
Date Data Arrived at EDR: 02/25/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 43

Source:  Environmental Health Department
Telephone:  N/A
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Semi-Annually

SAN MATEO COUNTY:

TC02502173.2r     Page GR-28

GOVERNMENT RECORDS SEARCHED / DATA CURRENCY TRACKING



Business Inventory
List includes Hazardous Materials Business Plan, hazardous waste generators, and underground storage tanks.

Date of Government Version: 04/29/2009
Date Data Arrived at EDR: 05/01/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 10

Source:  San Mateo County Environmental Health Services Division
Telephone:  650-363-1921
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Annually

Fuel Leak List
A listing of leaking underground storage tank sites located in San Mateo county.

Date of Government Version: 04/07/2009
Date Data Arrived at EDR: 04/07/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 34

Source:  San Mateo County Environmental Health Services Division
Telephone:  650-363-1921
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Semi-Annually

SANTA CLARA COUNTY:

HIST LUST - Fuel Leak Site Activity Report
A listing of open and closed leaking underground storage tanks. This listing is no longer updated by the county.
Leaking underground storage tanks are now handled by the Department of Environmental Health.

Date of Government Version: 03/29/2005
Date Data Arrived at EDR: 03/30/2005
Date Made Active in Reports: 04/21/2005
Number of Days to Update: 22

Source:  Santa Clara Valley Water District
Telephone:  408-265-2600
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: No Update Planned

LOP Listing
A listing of leaking underground storage tanks located in Santa Clara county.

Date of Government Version: 12/29/2008
Date Data Arrived at EDR: 12/29/2008
Date Made Active in Reports: 01/27/2009
Number of Days to Update: 29

Source:  Department of Environmental Health
Telephone:  408-918-3417
Last EDR Contact: 05/18/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Varies

Hazardous Material Facilities
Hazardous material facilities, including underground storage tank sites.

Date of Government Version: 03/03/2009
Date Data Arrived at EDR: 03/03/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 36

Source:  City of San Jose Fire Department
Telephone:  408-277-4659
Last EDR Contact: 03/03/2009
Next Scheduled EDR Contact: 06/01/2009
Data Release Frequency: Annually

SOLANO COUNTY:

Leaking Underground Storage Tanks
A listing of leaking underground storage tank sites located in Solano county.

Date of Government Version: 03/23/2009
Date Data Arrived at EDR: 04/07/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 34

Source:  Solano County Department of Environmental Management
Telephone:  707-784-6770
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Quarterly
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Underground Storage Tanks
Underground storage tank sites located in Solano county.

Date of Government Version: 03/23/2009
Date Data Arrived at EDR: 04/10/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 34

Source:  Solano County Department of Environmental Management
Telephone:  707-784-6770
Last EDR Contact: 03/23/2009
Next Scheduled EDR Contact: 06/22/2009
Data Release Frequency: Quarterly

SONOMA COUNTY:

Leaking Underground Storage Tank Sites
A listing of leaking underground storage tank sites located in Sonoma county.

Date of Government Version: 04/20/2009
Date Data Arrived at EDR: 04/21/2009
Date Made Active in Reports: 05/11/2009
Number of Days to Update: 20

Source:  Department of Health Services
Telephone:  707-565-6565
Last EDR Contact: 04/20/2009
Next Scheduled EDR Contact: 07/20/2009
Data Release Frequency: Quarterly

SUTTER COUNTY:

Underground Storage Tanks
Underground storage tank sites located in Sutter county.

Date of Government Version: 04/01/2009
Date Data Arrived at EDR: 04/02/2009
Date Made Active in Reports: 04/09/2009
Number of Days to Update: 7

Source:  Sutter County Department of Agriculture
Telephone:  530-822-7500
Last EDR Contact: 03/30/2009
Next Scheduled EDR Contact: 06/29/2009
Data Release Frequency: Semi-Annually

VENTURA COUNTY:

Business Plan, Hazardous Waste Producers, and Operating Underground Tanks
The BWT list indicates by site address whether the Environmental Health Division has Business Plan (B), Waste
Producer (W), and/or Underground Tank (T) information.

Date of Government Version: 02/26/2009
Date Data Arrived at EDR: 03/31/2009
Date Made Active in Reports: 04/08/2009
Number of Days to Update: 8

Source:  Ventura County Environmental Health Division
Telephone:  805-654-2813
Last EDR Contact: 03/10/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Quarterly

Inventory of Illegal Abandoned and Inactive Sites
Ventura County Inventory of Closed, Illegal Abandoned, and Inactive Sites.

Date of Government Version: 08/01/2008
Date Data Arrived at EDR: 09/04/2008
Date Made Active in Reports: 09/18/2008
Number of Days to Update: 14

Source:  Environmental Health Division
Telephone:  805-654-2813
Last EDR Contact: 05/17/2009
Next Scheduled EDR Contact: 08/17/2009
Data Release Frequency: Annually

Listing of Underground Tank Cleanup Sites
Ventura County Underground Storage Tank Cleanup Sites (LUST).

Date of Government Version: 05/29/2008
Date Data Arrived at EDR: 06/24/2008
Date Made Active in Reports: 07/31/2008
Number of Days to Update: 37

Source:  Environmental Health Division
Telephone:  805-654-2813
Last EDR Contact: 06/09/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Quarterly
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Underground Tank Closed Sites List
Ventura County Operating Underground Storage Tank Sites (UST)/Underground Tank Closed Sites List.

Date of Government Version: 03/31/2009
Date Data Arrived at EDR: 04/08/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 36

Source:  Environmental Health Division
Telephone:  805-654-2813
Last EDR Contact: 04/08/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Quarterly

YOLO COUNTY:

Underground Storage Tank Comprehensive Facility Report
Underground storage tank sites located in Yolo county.

Date of Government Version: 04/21/2009
Date Data Arrived at EDR: 05/06/2009
Date Made Active in Reports: 05/14/2009
Number of Days to Update: 8

Source:  Yolo County Department of Health
Telephone:  530-666-8646
Last EDR Contact: 04/13/2009
Next Scheduled EDR Contact: 07/13/2009
Data Release Frequency: Annually

OTHER DATABASE(S)

Depending on the geographic area covered by this report, the data provided in these specialty databases may or may not be
complete.  For example, the existence of wetlands information data in a specific report does not mean that all wetlands in the
area covered by the report are included.  Moreover, the absence of any reported wetlands information does not necessarily
mean that wetlands do not exist in the area covered by the report.

CT MANIFEST:  Hazardous Waste Manifest Data
Facility and manifest data. Manifest is a document that lists and tracks hazardous waste from the generator through
transporters to a tsd facility.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 12/11/2008
Date Made Active in Reports: 03/19/2009
Number of Days to Update: 98

Source:  Department of Environmental Protection
Telephone:  860-424-3375
Last EDR Contact: 03/13/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Annually

NJ MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2008
Date Data Arrived at EDR: 05/05/2009
Date Made Active in Reports: 05/22/2009
Number of Days to Update: 17

Source:  Department of Environmental Protection
Telephone:  N/A
Last EDR Contact: 05/05/2009
Next Scheduled EDR Contact: 08/03/2009
Data Release Frequency: Annually

NY MANIFEST:  Facility and Manifest Data
Manifest is a document that lists and tracks hazardous waste from the generator through transporters to a TSD
facility.

Date of Government Version: 01/27/2009
Date Data Arrived at EDR: 02/25/2009
Date Made Active in Reports: 03/12/2009
Number of Days to Update: 15

Source:  Department of Environmental Conservation
Telephone:  518-402-8651
Last EDR Contact: 02/25/2009
Next Scheduled EDR Contact: 05/25/2009
Data Release Frequency: Annually
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PA MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 09/11/2008
Date Made Active in Reports: 10/02/2008
Number of Days to Update: 21

Source:  Department of Environmental Protection
Telephone:  N/A
Last EDR Contact: 03/09/2009
Next Scheduled EDR Contact: 06/08/2009
Data Release Frequency: Annually

RI MANIFEST:  Manifest information
Hazardous waste manifest information

Date of Government Version: 12/31/2008
Date Data Arrived at EDR: 02/12/2009
Date Made Active in Reports: 03/11/2009
Number of Days to Update: 27

Source:  Department of Environmental Management
Telephone:  401-222-2797
Last EDR Contact: 03/16/2009
Next Scheduled EDR Contact: 06/15/2009
Data Release Frequency: Annually

WI MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2007
Date Data Arrived at EDR: 08/22/2008
Date Made Active in Reports: 09/08/2008
Number of Days to Update: 17

Source:  Department of Natural Resources
Telephone:  N/A
Last EDR Contact: 04/07/2009
Next Scheduled EDR Contact: 07/06/2009
Data Release Frequency: Annually

Oil/Gas Pipelines: This data was obtained by EDR from the USGS in 1994. It is referred to by USGS as GeoData Digital Line Graphs
from 1:100,000-Scale Maps. It was extracted from the transportation category including some oil, but primarily
gas pipelines.

Electric Power Transmission Line Data
Source: PennWell Corporation
Telephone: (800) 823-6277
This map includes information copyrighted by PennWell Corporation. This information is provided
on a best effort basis and PennWell Corporation does not guarantee its accuracy nor warrant its
fitness for any particular purpose.  Such information has been reprinted with the permission of PennWell.

Sensitive Receptors: There are individuals deemed sensitive receptors due to their fragile immune systems and special sensitivity
to environmental discharges.  These sensitive receptors typically include the elderly, the sick, and children.  While the location of all
sensitive receptors cannot be determined, EDR indicates those buildings and facilities - schools, daycares, hospitals, medical centers,
and nursing homes - where individuals who are sensitive receptors are likely to be located.

AHA Hospitals:
Source: American Hospital Association, Inc.
Telephone: 312-280-5991
The database includes a listing of hospitals based on the American Hospital Association’s annual survey of hospitals.

Medical Centers: Provider of Services Listing
Source: Centers for Medicare & Medicaid Services
Telephone: 410-786-3000
A listing of hospitals with Medicare provider number, produced by Centers of Medicare & Medicaid Services,
a federal agency within the U.S. Department of Health and Human Services.

Nursing Homes
Source: National Institutes of Health
Telephone: 301-594-6248
Information on Medicare and Medicaid certified nursing homes in the United States.

Public Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on elementary
and secondary public education in the United States.  It is a comprehensive, annual, national statistical
database of all public elementary and secondary schools and school districts, which contains data that are
comparable across all states.
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Private Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on private school locations in the United States. 

Daycare Centers: Licensed Facilities
Source: Department of Social Services
Telephone: 916-657-4041

Flood Zone Data: This data, available in select counties across the country, was obtained by EDR in 1999 from the Federal
Emergency Management Agency (FEMA).  Data depicts 100-year and 500-year flood zones as defined by FEMA.

NWI: National Wetlands Inventory.  This data, available in select counties across the country, was obtained by EDR
in 2002 and 2005 from the U.S. Fish and Wildlife Service.

Scanned Digital USGS 7.5’ Topographic Map (DRG)
Source: United States Geologic Survey
A digital raster graphic (DRG) is a scanned image of a U.S. Geological Survey topographic map. The map images
are made by scanning published paper maps on high-resolution scanners. The raster image
is georeferenced and fit to the Universal Transverse Mercator (UTM) projection.

STREET AND ADDRESS INFORMATION

© 2009 Tele Atlas North America, Inc. All rights reserved.  This material is proprietary and the subject of copyright protection
and other intellectual property rights owned by or licensed to Tele Atlas North America, Inc.  The use of this material is subject
to the terms of a license agreement.  You will be held liable for any unauthorized copying or disclosure of this material.
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geologic strata.
of the soil, and nearby wells.  Groundwater flow velocity is generally impacted by the nature of the
Groundwater flow direction may be impacted by surface topography, hydrology, hydrogeology, characteristics

  2.  Groundwater flow velocity.
  1.  Groundwater flow direction, and

Assessment of the impact of contaminant migration generally has two principle investigative components:

forming an opinion about the impact of potential contaminant migration.
EDR’s GeoCheck Physical Setting Source Addendum is provided to assist the environmental professional in

1994Most Recent Revision:
35118-C1 CINCO, CANorth Map:

1994Most Recent Revision:
35118-B1 MOJAVE NE, CATarget Property Map:

USGS TOPOGRAPHIC MAP

2355 ft. above sea levelElevation:
3900154.2UTM Y (Meters): 
404437.0UTM X (Meters): 
Zone 11Universal Tranverse Mercator: 
118.0503 - 118˚ 3’ 1.1’’Longitude (West): 
35.24170 - 35˚ 14’ 30.1’’Latitude (North): 

TARGET PROPERTY COORDINATES

FREEMONT VALLEY, CA 93519
HIGHWAY 14
DUKE

TARGET PROPERTY ADDRESS

GEOCHECK   - PHYSICAL SETTING SOURCE ADDENDUM®
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should be field verified.
on a relative (not an absolute) basis. Relative elevation information between sites of close proximity
Source: Topography has been determined from the USGS 7.5’ Digital Elevation Model and should be evaluated

SURROUNDING TOPOGRAPHY: ELEVATION PROFILES
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General ENEGeneral Topographic Gradient:
TARGET PROPERTY TOPOGRAPHY

should contamination exist on the target property, what downgradient sites might be impacted.
assist the environmental professional in forming an opinion about the impact of nearby contaminated properties or,
Surface topography may be indicative of the direction of surficial groundwater flow.  This information can be used to
TOPOGRAPHIC INFORMATION

collected on nearby properties, and regional groundwater flow information (from deep aquifers).
sources of information, such as surface topographic information, hydrologic information, hydrogeologic data
using site-specific well data. If such data is not reasonably ascertainable, it may be necessary to rely on other
Groundwater flow direction for a particular site is best determined by a qualified environmental professional
GROUNDWATER FLOW DIRECTION INFORMATION

GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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Not Reported

GENERAL DIRECTIONLOCATION
GROUNDWATER FLOWFROM TPMAP ID

hydrogeologically, and the depth to water table.
authorities at select sites and has extracted the date of the report, groundwater flow direction as determined
flow at specific points. EDR has reviewed reports submitted by environmental professionals to regulatory
EDR has developed the AQUIFLOW Information System to provide data on the general direction of groundwater

AQUIFLOW®

 Search Radius: 1.000 Mile.

Not found     Status:
1.25 miles     Search Radius:

Site-Specific Hydrogeological Data*:

* ©1996 Site−specific hydrogeological data gathered by CERCLIS Alerts, Inc., Bainbridge Island, WA.  All rights reserved.  All of the information and opinions presented are those of the cited EPA report(s), which were completed under
a Comprehensive Environmental Response Compensation and Liability Information System (CERCLIS) investigation.

contamination exist on the target property, what downgradient sites might be impacted.
environmental professional in forming an opinion about the impact of nearby contaminated properties or, should
of groundwater flow direction in the immediate area.  Such hydrogeologic information can be used to assist the
Hydrogeologic information obtained by installation of wells on a specific site can often be an indicator
HYDROGEOLOGIC INFORMATION

Not AvailableMOJAVE NE

NATIONAL WETLAND INVENTORY
NWI Electronic
Data CoverageNWI Quad at Target Property

0600751400B Additional Panels in search area:

0600751375B Flood Plain Panel at Target Property:

YES - refer to the Overview Map and Detail MapKERN, CA

FEMA FLOOD ZONE
FEMA Flood
Electronic DataTarget Property County

and bodies of water).
Refer to the Physical Setting Source Map following this summary for hydrologic information (major waterways

contamination exist on the target property, what downgradient sites might be impacted.
the environmental professional in forming an opinion about the impact of nearby contaminated properties or, should
Surface water can act as a hydrologic barrier to groundwater flow.  Such hydrologic information can be used to assist
HYDROLOGIC INFORMATION

GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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Map, USGS Digital Data Series DDS - 11 (1994).
of the Conterminous U.S. at 1:2,500,000 Scale - a digital representation of the 1974 P.B. King and H.M. Beikman
Geologic Age and Rock Stratigraphic Unit Source: P.G. Schruben, R.E. Arndt and W.J. Bawiec, Geology

ROCK STRATIGRAPHIC UNIT GEOLOGIC AGE IDENTIFICATION

Stratifed SequenceCategory:CenozoicEra:
QuaternarySystem:
QuaternarySeries:
QCode:    (decoded above as Era, System & Series)

at which contaminant migration may be occurring.
Geologic information can be used by the environmental professional in forming an opinion about the relative speed
GEOLOGIC INFORMATION IN GENERAL AREA OF TARGET PROPERTY

move more quickly through sandy-gravelly types of soils than silty-clayey types of soils.
characteristics data collected on nearby properties and regional soil information. In general, contaminant plumes
to rely on other sources of information, including geologic age identification, rock stratigraphic unit and soil
using site specific geologic and soil strata data. If such data are not reasonably ascertainable, it may be necessary
Groundwater flow velocity information for a particular site is best determined by a qualified environmental professional
GROUNDWATER FLOW VELOCITY INFORMATION

GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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1.000State Database
Nearest PWS within 1 mileFederal FRDS PWS
1.000Federal USGS

WELL SEARCH DISTANCE INFORMATION

SEARCH DISTANCE (miles)DATABASE

opinion about the impact of contaminant migration on nearby drinking water wells.
professional in assessing sources that may impact ground water flow direction, and in forming an
EDR Local/Regional Water Agency records provide water well information to assist the environmental

LOCAL / REGIONAL WATER AGENCY RECORDS

Min: 7.4
Max: 8.4

Min: 141
Max: 141   Not reportedNot reported64 inches 3 inches 2

Min: 7.4
Max: 8.4

Min: 141
Max: 141   Not reportedNot reported 3 inches 0 inches 1

Soil Layer Information           

Boundary Classification Saturated
hydraulic
conductivity
micro m/sec

Layer Upper Lower Soil Texture Class AASHTO Group Unified Soil Soil Reaction
(pH)

 
> 0 inchesDepth to Watertable Min:

> 0 inchesDepth to Bedrock Min:

ModerateCorrosion Potential - Uncoated Steel:

Hydric Status: Not hydric

Excessively drainedSoil Drainage Class:

excessively drained sands and gravels.
Class A - High infiltration rates. Soils are deep, well drained toHydrologic Group:

Soil Surface Texture:

ARIZOSoil Component Name:

Soil Map ID: 1

in a landscape. The following information is based on Soil Conservation Service SSURGO data.
for privately owned lands in the United States. A soil map in a soil survey is a representation of soil patterns
Survey (NCSS) and is responsible for collecting, storing, maintaining and distributing soil survey information
The U.S. Department of Agriculture’s (USDA) Soil Conservation Service (SCS) leads the National Cooperative Soil

DOMINANT SOIL COMPOSITION IN GENERAL AREA OF TARGET PROPERTY

GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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1/2 - 1 Mile ENECADW20000020843   B3
1/2 - 1 Mile NECADW20000020854   A1

STATE DATABASE WELL INFORMATION

LOCATION
FROM TPWELL IDMAP ID

Note: PWS System location is not always the same as well location.

No PWS System Found

FEDERAL FRDS PUBLIC WATER SUPPLY SYSTEM INFORMATION

LOCATION
FROM TPWELL IDMAP ID

1/2 - 1 Mile ENEUSGS3161655   B4
1/2 - 1 Mile ENEUSGS3161660   A2

FEDERAL USGS WELL INFORMATION

LOCATION
FROM TPWELL IDMAP ID

GEOCHECK   - PHYSICAL SETTING SOURCE SUMMARY®
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1Ground water data count:
1974-07-26Ground water data end date:Ground water data begin date: 1974-07-26
0Water quality data count:0000-00-00Water quality data end date:
0000-00-00Water quality data begin date:0Peak flow data count:
0000-00-00Peak flow data end date:0000-00-00Peak flow data begin date:
0Daily flow data count:0000-00-00Daily flow data end date:
0000-00-00Daily flow data begin date:0Real time data flag:

Not ReportedProject number:
Not ReportedSource of depth data:

887Hole depth:810Well depth:
Not ReportedAquifer:
Not ReportedAquifer Type:
Single well, other than collector or Ranney typeType of ground water site:
YLocal standard time flag:

PSTMean greenwich time offset:Not ReportedDate inventoried:
19740726Date construction:Ground-water other than SpringSite type:

Not ReportedTopographic:
AntelopeFremont Valleys. California. Area = 3310 sq.mi.Hydrologic:
National Geodetic Vertical Datum of 1929Altitude datum:
10Altitude accuracy:
Interpolated from topographic mapAltitude method:
2260.00Altitude:

24000Map scale:MOJAVE NELocation map:
Not ReportedLand net:USCountry:
029County:06State:
06District:NAD83Dec latlong datum:
NAD27Latlong datum:SCoor accr:
MCoor meth:-118.04062777Dec lon:
35.24690689Dec lat:1180223Longitude:

351449Latitude:
031S037E07J001MSite name:

351449118022301Site no:USGSAgency cd:

A2
ENE
1/2 - 1 Mile
Lower

USGS3161660FED USGS

CADW20000020854Site id:
604600Gwcode:
15Countycode:
ZWelluseco:
3Districtco:
31S37E07J001MStwellno:
35.2469Latitude:
118.0406Longitude:

A1
NE
1/2 - 1 Mile
Lower

CADW20000020854CA WELLS

Map ID
Direction
Distance
Elevation EDR ID NumberDatabase

GEOCHECK   - PHYSICAL SETTING SOURCE MAP FINDINGS®
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1Ground water data count:
1973-12-20Ground water data end date:Ground water data begin date: 1973-12-20
0Water quality data count:0000-00-00Water quality data end date:
0000-00-00Water quality data begin date:0Peak flow data count:
0000-00-00Peak flow data end date:0000-00-00Peak flow data begin date:
0Daily flow data count:0000-00-00Daily flow data end date:
0000-00-00Daily flow data begin date:0Real time data flag:

Not ReportedProject number:
Not ReportedSource of depth data:

904Hole depth:813Well depth:
Not ReportedAquifer:
Not ReportedAquifer Type:
Single well, other than collector or Ranney typeType of ground water site:
YLocal standard time flag:

PSTMean greenwich time offset:Not ReportedDate inventoried:
19731214Date construction:Ground-water other than SpringSite type:

Not ReportedTopographic:
AntelopeFremont Valleys. California. Area = 3310 sq.mi.Hydrologic:
National Geodetic Vertical Datum of 1929Altitude datum:
10Altitude accuracy:
Interpolated from topographic mapAltitude method:
2225.00Altitude:

24000Map scale:MOJAVE NELocation map:
Not ReportedLand net:USCountry:
029County:06State:
06District:NAD83Dec latlong datum:
NAD27Latlong datum:SCoor accr:
MCoor meth:-118.0342387Dec lon:
35.24551807Dec lat:1180200Longitude:

351444Latitude:
031S037E08N001MSite name:

351444118020001Site no:USGSAgency cd:

B4
ENE
1/2 - 1 Mile
Lower

USGS3161655FED USGS

CADW20000020843Site id:
604600Gwcode:
15Countycode:
ZWelluseco:
3Districtco:
31S37E08N001MStwellno:
35.2455Latitude:
118.0342Longitude:

B3
ENE
1/2 - 1 Mile
Lower

CADW20000020843CA WELLS

1974-07-26 290.00

Date
Feet below
Surface

Feet to
Sealevel

-------------------------------------------------

Ground-water levels, Number of Measurements: 1

GEOCHECK   - PHYSICAL SETTING SOURCE MAP FINDINGS®
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1973-12-20 260.00

Date
Feet below
Surface

Feet to
Sealevel

-------------------------------------------------

Ground-water levels, Number of Measurements: 1

GEOCHECK   - PHYSICAL SETTING SOURCE MAP FINDINGS®
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Not ReportedNot ReportedNot ReportedNot ReportedBasement
Not ReportedNot ReportedNot ReportedNot ReportedLiving Area - 2nd Floor
0%2%98%1.422 pCi/LLiving Area - 1st Floor

% >20 pCi/L% 4-20 pCi/L% <4 pCi/LAverage ActivityArea

Number of sites tested: 94

Federal Area Radon Information for KERN COUNTY, CA

             : Zone 3 indoor average level < 2 pCi/L.
             : Zone 2 indoor average level >= 2 pCi/L and <= 4 pCi/L.
     Note: Zone 1 indoor average level > 4 pCi/L.

Federal EPA Radon Zone for KERN County:  2 

AREA RADON INFORMATION

GEOCHECK   - PHYSICAL SETTING SOURCE MAP FINDINGS
RADON

®



TOPOGRAPHIC INFORMATION

USGS 7.5’ Digital Elevation Model (DEM)
Source: United States Geologic Survey
EDR acquired the USGS 7.5’ Digital Elevation Model in 2002 and updated it in 2006. The 7.5 minute DEM corresponds
to the USGS 1:24,000- and 1:25,000-scale topographic quadrangle maps. The DEM provides elevation data
with consistent elevation units and projection.

Scanned Digital USGS 7.5’ Topographic Map (DRG)
Source: United States Geologic Survey
A digital raster graphic (DRG) is a scanned image of a U.S. Geological Survey topographic map. The map images
are made by scanning published paper maps on high-resolution scanners. The raster image
is georeferenced and fit to the Universal Transverse Mercator (UTM) projection.

HYDROLOGIC INFORMATION

Flood Zone Data: This data, available in select counties across the country, was obtained by EDR in 1999 from the Federal
Emergency Management Agency (FEMA).  Data depicts 100-year and 500-year flood zones as defined by FEMA.

NWI: National Wetlands Inventory.  This data, available in select counties across the country, was obtained by EDR
in 2002 and 2005 from the U.S. Fish and Wildlife Service.

HYDROGEOLOGIC INFORMATION

AQUIFLOW       Information SystemR

Source:  EDR proprietary database of groundwater flow information
EDR has developed the AQUIFLOW Information System (AIS) to provide data on the general direction of groundwater

flow at specific points. EDR has reviewed reports submitted to regulatory authorities at select sites and has
extracted the date of the report, hydrogeologically determined groundwater flow direction and depth to water table
information.

GEOLOGIC INFORMATION

Geologic Age and Rock Stratigraphic Unit
Source: P.G. Schruben, R.E. Arndt and W.J. Bawiec, Geology of the Conterminous U.S. at 1:2,500,000 Scale - A digital
representation of the 1974 P.B. King and H.M. Beikman Map, USGS Digital Data Series DDS - 11 (1994).

STATSGO: State Soil Geographic Database
Source:  Department of Agriculture, Natural Resources Conservation Services
The U.S. Department of Agriculture’s (USDA) Natural Resources Conservation Service (NRCS) leads the national
Conservation Soil Survey (NCSS) and is responsible for collecting, storing, maintaining and distributing soil
survey information for privately owned lands in the United States. A soil map in a soil survey is a representation
of soil patterns in a landscape. Soil maps for STATSGO are compiled by generalizing more detailed (SSURGO)
soil survey maps.

SSURGO: Soil Survey Geographic Database
Source:  Department of Agriculture, Natural Resources Conservation Services (NRCS)
Telephone:  800-672-5559
SSURGO is the most detailed level of mapping done by the Natural Resources Conservation Services, mapping
scales generally range from 1:12,000 to 1:63,360. Field mapping methods using national standards are used to
construct the soil maps in the Soil Survey Geographic (SSURGO) database. SSURGO digitizing duplicates the
original soil survey maps. This level of mapping is designed for use by landowners, townships and county
natural resource planning and management.

TC02502173.2r     Page A-12

PHYSICAL SETTING SOURCE RECORDS SEARCHED



LOCAL / REGIONAL WATER AGENCY RECORDS

FEDERAL WATER WELLS

PWS: Public Water Systems
Source:  EPA/Office of Drinking Water
Telephone:  202-564-3750
Public Water System data from the Federal Reporting Data System.  A PWS is any water system which provides water to at

least 25 people for at least 60 days annually.  PWSs provide water from wells, rivers and other sources.

PWS ENF: Public Water Systems Violation and Enforcement Data
Source:  EPA/Office of Drinking Water
Telephone:  202-564-3750
Violation and Enforcement data for Public Water Systems from the Safe Drinking Water Information System (SDWIS) after

August 1995.  Prior to August 1995, the data came from the Federal Reporting Data System (FRDS).

USGS Water Wells: USGS National Water Inventory System (NWIS)
This database contains descriptive information on sites where the USGS collects or has collected data on surface
water and/or groundwater. The groundwater data includes information on wells, springs, and other sources of groundwater.

STATE RECORDS

Water Well Database
Source:  Department of Water Resources
Telephone:  916-651-9648

California Drinking Water Quality Database
Source:  Department of Health Services
Telephone:  916-324-2319
The database includes all drinking water compliance and special studies monitoring for the state of California

since 1984. It consists of over 3,200,000 individual analyses along with well and water system information.

OTHER STATE DATABASE INFORMATION

California Oil and Gas Well Locations
Source:  Department of Conservation
Telephone:  916-323-1779

RADON

State Database: CA Radon
Source: Department of Health Services
Telephone: 916-324-2208
Radon Database for California

Area Radon Information
Source: USGS
Telephone:  703-356-4020
The National Radon Database has been developed by the U.S. Environmental Protection Agency
(USEPA) and is a compilation of the EPA/State Residential Radon Survey and the National Residential Radon Survey.
The study covers the years 1986 - 1992. Where necessary data has been supplemented by information collected at
private sources such as universities and research institutions.

EPA Radon Zones
Source:  EPA
Telephone:  703-356-4020
Sections 307 & 309 of IRAA directed EPA to list and identify areas of U.S. with the potential for elevated indoor
radon levels.
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OTHER

Airport Landing Facilities: Private and public use landing facilities
Source:  Federal Aviation Administration, 800-457-6656

Epicenters: World earthquake epicenters, Richter 5 or greater
Source:  Department of Commerce, National Oceanic and Atmospheric Administration

California Earthquake Fault Lines: The fault lines displayed on EDR’s Topographic map are digitized quaternary fault lines,
prepared in 1975 by the United State Geological Survey.  Additional information (also from 1975) regarding activity at specific fault
lines comes from California’s Preliminary Fault Activity Map prepared by the California Division of Mines and Geology.

STREET AND ADDRESS INFORMATION

© 2009 Tele Atlas North America, Inc. All rights reserved.  This material is proprietary and the subject of copyright protection
and other intellectual property rights owned by or licensed to Tele Atlas North America, Inc.  The use of this material is subject
to the terms of a license agreement.  You will be held liable for any unauthorized copying or disclosure of this material.
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AECOM Environment 
 
 

 
   

APPENDIX D 
Qualifications of Environmental Professionals 
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Cassandra A Weir 
Staff Specialist 

Years Experience: 4 
 
Technical Specialties 
 
 Environmental Site Assessments 
 Technical Writing/Editing 
 
Professional History 
 
 AECOM 
 
Education 
 
 BS (Major: Environmental Science and Resource Management, Minor: Biology) 

California State University Channel Islands 
 
Training 
 
 CPR/AED - Adult  (last class 9.23.08) 
 Bloodborne Pathogens Training (last class 9.23.08) 
 Standard First Aid (last class 9.23.08) 
 HAZWOPER - Refresher &/or Initial General Site Worker Training 

Requirements (exp 8.19.09) 
 HAZMAT - Transportation Awareness (10.27.06  ENSR) 
 Loss Prevention System (LPS) Training (May 2, 2008) 
 40-hour OSHA HAZWOPER Training (Sept 13, 2005) 
 Effective Scientific and Technical Writing (spring 2006) 
 Environmental Due Diligence "Basic Training" 
 Interstate Technology & Regulatory Council --- Perchlorate - Overview of 

Issues, Status, and Remedial Options (web-based presentation 1.15.08) 
 Parker, Milliken, Clark, O'Hara & Samuelian's 23rd Annual - Hazardous Waste 

Managment and the Law (May 24, 2007) 
 
 
Representative Project Experience 
 
Biological Monitoring 
Florida Power and Light, Bio-monitoring during Geotechnical Investigation, 
California City, California.  Biological monitoring consisted of clearance surveys prior 
to shrub (Atriplex or saltbush) removal via back hoe, trench digging via back hoe, and 
data logging in support of the geotechnical investigations.   Monitoring also consisted 
of supervision of silt screen installation and inspection of trenches each morning prior 
to data logging activities and periodic inspections during logging.  Additionally, final 
surveys and inspections were performed before and after trench backfilling. 
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Environmental Impact Assessment 
Sacramento City Unified School District, Initial Study, California.  Assisted in 
updating the Initial Study for a proposed Therapeutic Center within the Sacramento 
City Unified School District. 
 
ExxonMobil Oil Corporation, Initial Study for 1620 Permit, California.  Assisted in 
the document organization of the Initial Study for a Streambed Alteration Agreement 
for the M-70 Pipeline Horizontal Directional Drill Beneath the Santa Clara River in 
Santa Clarita, CA. 
 
Environmental Site Assessments 
Real Property Purchasers, Phase I Environmental Site Assessments, Arizona, 
California, Colorado, Florida, Nevada.  Conducted over 50 site assessments at 
undeveloped, vacant, commercial, light industrial and manufacturing facilities for over 
20 clients.  Assessments have generally been in accordance with American Society 
for Testing and Materials (ASTM) Standard E1527-05 (formerly E1527-00).  Historical 
research is conducted via reviews of historical aerial photographs, USGS topographic 
maps, city directories, and interviewed with previous/current site owners in order to 
help identify past issues that may have impacted the sites.  Regulatory agencies are 
contact in order to obtain information regarding compliance and/or violations at the 
sites. An analysis of an environmental regulatory database report is conducted to 
identify any historical or current concerns at the site, regarding hazardous materials 
and/or waste generation, reports of spills or releases of hazardous/petroleum products 
into the soil and/or groundwater.  Interviews and a site visit are conducted to observe 
current on-site activities and procedures.  Additional analysis is conducted to 
determine off-site source of concern regarding the site. 
 
Teacher Insurance and Annuity Association, Phase I Environmental Site 
Assessment & Environmental Compliance Assessment, Tulip Falls Drive, Las 
Vegas, NV.  Conducted a site assessment prior to construction of the Verona 
Apartments located in Las Vegas, Nevada.  During construction the site included a 
lumber and diesel storage area, a concrete washout area, and a laydown area for 
soil/fill material. Once developed, conducted a follow-up compliance assessment to 
determine whether the site was operating under appropriate local, state, and federal 
regulations regarding environmental issues such as stormwater drainage, chemical 
inventory/storage, and industrial waste discharges. 
 
Public Storage, Phase I ESA, Goleta, Santa Barbara County, California; 
Centennial, Arapahoe County, Colorado; and Las Vegas, Clark County, Nevada. 
Site Assessor and Report Preparer for sites in several states.  Sites consisted of multi-
story and single-story self storage facilities.  Specific characteristics of the sites 
included a sloped retaining wall, an unlined stormwater retention area, on-site water 
wells, a septic system, and 25,000-gallon underground water tanks for fire 
suppression. 
 
TA Realty, Phase I ESA, 999 Town and Country Road, Orange, Orange, CA.  Site 
Assessor and Report Preparer.  Conducted a Phase I ESA a at 3-story commercial 
office building located in Orange County, California.  The building had a roof-mounted 
boiler and air conditioning unit.  Former operations on site consisted of: a modeling 
area which included a paint booth, reprographics department that included manifests 
for silver, and "rock crushing and sampling" operations that used chemicals (of an 
unknown nature) that were reported as disposed of by a hazardous waste disposal 
company. 
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First Industrial, Phase I ESA, Belltown, Perris, Moreno Valley, Riverside County, 
CA.  Site Assessor and Report Preparer for several sites. Conducted ESAs at 
properties with newly developed warehouse structures and undeveloped properties 
proposed for warehousing.  The Moreno Valley sites were located abutting and within 
½ mile of the US EPA National Priorities List site, the March Air Force Base.  
Information provided in annual groundwater monitoring reports conducted by the US 
Air Force, concluded that plumes of TCE, PCE, and CCl4 are located in the 
groundwater beneath the subject property.  An Addendum to the report was prepared 
after a review of the April 2004 Record of Decision (US EPA documents) on the March 
Air Force Base NPL site.  A Vapor Intrusion Evaluation (VIE) was also preformed to 
evaluate the risk associated with the potential vapor intrusion at the subject property 
due to the TCE, PCE, and CCl4 detected in the groundwater in the vicinity of the site. 
During the ESA Update, the Addendum and VIE were summarized and integrated into 
the report. On another property, Phase II investigations were initiated based on an 
exposed drum and associated darkened burnt area. 
 
Empire/Mercury, Phase I ESA Update, 12320 Bloomfield Avenue, Santa Fe 
Springs, Riverside, CA.  Site Assessor and Report Preparer.  Conducted a Phase I 
ESA Update for a 121,000 SF warehouse/commercial building.  Tasks included a 
review of historical sources (aerial photographs, city directories, and/or USGS 
topographic maps), regulatory agency review, and an analysis of an environmental 
regulatory database report.  Historical data indicated Halliburton as the former 
occupant and owner of the subject property.  Hazardous materials and petroleum 
products were reported as stored and used on the subject property.  Based on 
ENSR’s review of the environmental investigations and subsequent remedial activities 
performed on the property between 1988 and 2001, soil and groundwater impacts 
were identified in association with volatile organic compounds, total petroleum 
hydrocarbons, and trichloroethene.  However, the Santa Fe Springs Fire Department 
and the Los Angeles Regional Water Quality Control Board granted a no further action 
status for the subject property in 2001, based on results from the environmental 
investigations and remedial activities conducted at the subject property.  While 
Halliburton operations were identified as an HREC, ENSR believes it does not pose a 
current REC to the subject property. 
 
Allstate Real Estate, Phase I ESA, 7100 Tujunga Avenue & 11350 Sherman Way, 
North Hollywood, Los Angeles County, CA.  Site Assessor and Report Preparer. 
Conducted a Phase I ESA of an 112,325 SF warehouse and a FedEx distribution 
warehouse with office portions. Site consisted of an oil-water separator, two air 
compressors, and approximately three packaging machines, along with outside 
loading docks and in-warehouse truck loading and unloading of packages for 
distribution.  ENSR recommended a through water board file review for the adjacent 
site which may have potentially impacted the site from soil contamination regarding 
the former underground storage tank and a concrete sump at the adjacent.  Sites are 
located within the San Fernando Valley National Priorities List/Superfund site. 
 
 
Health and Safety 
Reliant, Health and Safety Plan (HASP), Mandalay/Ormond Beach, Oxnard, 
Ventura, CA.  Document preparation for a Health and Safety Plan (HASP) for an 
Impingement Mortality and Entrainment Characterization Study (IMECS) located in the 
Edison Canal and the Pacific Ocean in Oxnard, CA.  (The IMECS involved sampling 
fish and ichthyoplankton at two Reliant generating stations.)  The HASP included 
information including a project description, location, site description, responsible 
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personnel, boat safety, environmental considerations, potential hazards, the use of 
correct personal protective equipment (PPE), necessary responses if there is an 
emergency, and a table documenting possible activity hazards. 
 
 
Permitting 
Reliant Energy, 316b Proposal for Information Collection, Mandalay Power 
Plant.  Tasks included accumulating and preparing information for inclusion in the 
Proposal for Information Collection (PIC) for the Mandalay Power Plant in Oxnard, 
California.  Provided document preparation for an evaluation of historical effects of 
impingement on local marine biota.  Evaluated fish and invertebrate impacts based on 
a combination of site-specific data and literature data. 
 
 
Permitting | LNG Project Hazardous Materials 
Woodside, Pipeline Corridor Study (EDR), Los Angles and Orange County, CA.  
Conducted a review of six corridor studies (regulatory environmental database report) 
provided by Environmental Data Resources (EDR).  The corridor studies are 
associated with six proposed pipeline routes and extended 1/4 mile from each 
identified pipeline routes.  The review was integrated into the Hazardous Materials 
section of the USGC/CLCS permit that ENSR is completing on behalf of the 
Woodside/Oceanway pipeline project.  Review and analysis consisted of identifying 
sites where soil and/or groundwater contamination have occurred and may be of 
concern during the pipeline construction.  Analysis also included locating gas, oil, and 
methane seeps located along the pipeline routes and locating offshore munitions 
dumps near the offshore pipeline route. 
 
 
Soil Sampling 
Tronox, Surface Soil Sampling for Asbestos, Henderson, Nevada.  Conducted 
surface soil sampling to determine if asbestos fibers exist in the surface soil in and 
around the Site area.  Field work comprised of collecting surface soil at 66 locations 
from a depth of 0 (surface) to 2 inches below ground surface, which were then sent to 
a laboratory for analysis. 
 
 
Soil Vapor Surveys 
Rio School District, Methane Monitoring, Oxnard, California.  Supported start-up 
and quarterly testing of a methane mitigation system by monitoring for methane 
concentrations in the field using portable hand-held methane-specific instruments such 
as including a flame-ionization detector (FID) and a landfill gas indicator (LGI)or 
equivalent instruments.  Recorded barometric pressure with a barometer and 
measured subsurface soil gas concentrations and indoor vent-riser pipes for 
concentrations of methane, oxygen, and carbon dioxide using both the FID and LGI 
instruments.  Soil gas samples were collected using a BLANK, which were sent to a 
laboratory for analysis. 
 
Tronox, Soil Gas Sampling, Henderson, Nevada.  Conducted soil gas sampling 
field work in order to identify the occurrence and potential sources of VOCs in and 
around the Site area.  Field work comprised of collecting soil gas samples (at 5 and/or 
20 feet below ground surface) via Summa™ canisters.  Canisters were leak tested 
and introduced with helium under a contained shroad as means of additional leak 
detection. 
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Spill Contingency Plans 
Sempra, Integrated Stormwater/Oil Spill Prevention Control and 
Countermeasure (SPCC) Plan Update, City of Industry, California.  Conducted 
site reconnaissance and modified original draft documents of a Sempra (Southern 
California Gas Company) utility operating and storage yard in order to reconcile and 
update their existing integrated Stormwater and SPCC (oil spill) Plans. 
 
Stormwater Management 
ExxonMobil Pipeline Company, Storm Water Pollution Prevention Plan, 
California.  Assisted in a site assessment and preparing a storm water pollution 
prevention plan of a Tier II small linear underground pipeline removal project.  
Conducted site visit and prepared a storm water pollution prevention plan for a 
stormwater construction permit for a pipeline removal project. 
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Kirsten G. Bradford 
Project Specialist 

Years Experience: 6 
 
Technical Specialties 
 
• Environmental Site Assessments/Due Diligence 
• Project Management 
• Environmental Compliance 
• Oil Spill Control and Countermeasure Planning 
• Storm Water Pollution Prevention Planning and Permitting 
• Hazardous Material and RCRA Contingency Planning 
• Field Sampling 
 
Professional History 
 
• AECOM Environment 
• Lee & Pierce, Inc. 
• Environmental Investigation Services, Inc. 
• QTL Biosystems, LLC 
• New Mexico Department of Health, Scientific Laboratory Division 
• New Mexico Institute of Mining and Technology Atmospheric & Environmental 

Chemistry Research Lab 
• New Mexico Bureau of Mining & Mineral Resources, Chemistry Division 
 
Education 
 
• BS (Chemistry) New Mexico Institute of Mining & Technology (New Mexico 

Tech) 
 
Training 
 
• 40-hour OSHA HAZWOPER Training 
• Refresher &/or Initial General Site Worker Training Requirements 
• Standard First Aid 
• CPR - Adult 
• Bloodborne Pathogens Training 
• Hydrogen Sulfide Awareness Training For Exposure In Oil & Gas Prod. Fields & 

Industrial Facilities 
• Environmental Due Diligence 
• Effective Scientific and Technical Writing 
• Environmental Auditor Training 
• 9th Annual California Certified Unified Program Agency (Cal-CUPA) Training 
• PARCEL eLearning Course 
• Loss Prevention System Training 
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Representative Project Experience 
 
Compliance 
Phase I Environmental Site & Limited Compliance Assessment, Orange County, 
California.  Conducted assessment of a research and development (R&D) company 
that designs therapeutic health devices. On-site operations included laboratory and 
machine shop activities. 
 
Limited compliance applied included Hazardous Materials Business Planning and 
Inventorying principles to comply with California legislation to meet the requirements of 
Sections 311 and 312 of the Emergency Planning and Community Right-to-Know Act 
(EPCRA) (SARA Title III); and wastewater discharge permitting principles to comply 
with local industrial waste program. 
 
Limited Compliance Assessment and Desktop Review, Ventura County, 
California.  Conducted a limited compliance assessment of two apartment home 
complexes. On-site improvements and activities were related to office buildings, 
hydraulic-powered elevators, pool and spa systems, maintenance shops, and storage 
areas. 
 
Visual inspections of the on-site operations, reviews of facility files and records, 
reviews of federal and state governmental incident databases and files, and interviews 
with property personnel and governmental officials to evaluate the relative degree of 
compliance of on-site operations with key federal and state environmental regulations 
as they relate to hazardous waste; solid waste and asbestos-containing materials; 
conventional and toxic air emissions; underground and above ground storage tanks; 
wastewater discharges including storm water; and PCB management. 
 
Phase I Environmental Site & Limited Compliance Assessment, Santa Barbara 
County, California.  Conducted a Phase I ESA and compliance assessment of two 
corporate office buildings.  On-site activities included corporate office, warehouse, and 
research and development operations.  Specific components assessed included, 
hazardous materials and wastes handling, storm water, spill prevention, Emergency 
Planning and Community Right-to-Know (EPCRA), and health and safety programs. 
 
Phase I Environmental Site & Compliance Assessment, Los Angeles County, 
California.  Completed a Phase I ESA and compliance assessment of a shopping 
mall.  Facilities assessed included representative retail businesses, food court eateries 
and on-site restaurants, and maintenance areas for areas including hazardous 
materials and waste handling, sanitary and storm water waste streams, and EPCRA 
reporting. 
 
Phase I Environmental Site Assessment & Compliance Evaluation, Maricopa 
County, Arizona.  Conducted a Phase I ESA of two industrial facilities located in 
Maricopa County, Arizona that clean and coat parts in support of semiconductor 
equipment and considered compliance with laws and permits with respect to the 
following issues as a minimum: Aqueous abstractions and discharges; Atmospheric 
emissions; Solid and hazardous waste management; Above and below ground tank 
management; Nuisance; Asbestos; Poly Chlorinated Biphenyls (PCBs). Information 
provided by the sites was further studied and correlated with existing information to 
determine findings and to prepare a Phase I ESA report. 
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Emergency Hazardous Material Spill Response 
Hazardous Materials Business Response Plan, Victorville County, California.  
Assessed on-site hazardous chemical storage and operations and prepared 
completed agency plan forms for a dry dog food manufacturing plant. On-site 
hazardous materials and wastes inventoried included lubricating oils, insecticide 
mixture oil concentrate, diesel fuel, product ingredients containing oil, bulk storage of 
vegetable oil, and bulk storage of poultry fat. 
 
 
Environmental Site Assessments 
Phase I Environmental Site Assessment, Maricopa County, Arizona.  Assessment 
was conducted of warehouse, repair, and maintenance facilities for heavy-duty trucks 
and truck parts.  Historical setting included on-site fueling operations and remedial 
action closure activities. 
 
Environmental Support with File Review, San Diego County, California.  
Conducted site assessment and file review to establish historical on-site remedial 
action activities including groundwater monitoring, and current site case status with 
local regulatory agency. Made recommendations for activities directed toward 
achieving site case closure, and in complying with State of California Geotracker 
database requirements. 
 
Phase I Environmental Site Assessment, Maricopa County, Arizona.  Conducted 
assessment of a multi-story corporate office building. On-site improvements assessed 
included hydraulic-powered elevators, stormwater retention areas and on-site dry 
wells, a fuel-powered generator, storage areas, and a rooftop cooling plant. Focused 
assessment was conducted into observing each on-site tenant space. Assessment 
activities included American Society Testing Materials (ASTM) 1527 additional scope 
issues including visual observation for evidences of suspect asbestos-containing 
materials and of water intrusion and mold growth. Additionally, on-site improvements 
were investigated by conducting file reviews and interviews with government and 
regulatory agencies. 
 
Phase I Environmental Site Assessment, Clackamas & Washington Counties, 
Oregon.  Conducted an assessment of warehouse distribution and office facilities.  
On-site retail warehousing activities included an on-site truck wash, a trailer 
maintenance shop, a fueling island; and fuel-powered generators, hydraulic-powered 
lifts, and storage areas including for lead-acid (wet-type) batteries to power forklifts. 
 
Timberlands Environmental Site Assessment, Alabama.  Conducted assessment 
of 215,000 acres of timberland in accordance with American Society for Testing and 
Materials Standard (ASTM) Practice E 2247-02. Used GIS tracking to record routes 
and mark specific areas of potential environmental concern including log yards and 
camps, fuel use and storage, pesticide and herbicide use, burning practices, logging 
roads, sand and gravel pits, hunting camps and leases, and landfills. 
 
Phase I Environmental Site Assessment, Los Angeles County, California.  
Conducted assessment of an office/warehouse facility including an ancillary former 
hazardous materials storage building and truck loading docks. Assessment included 
review of local government records to identify historical improvements and uses. 
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Phase I Environmental Site Assessment, San Diego County, California.  
Conducted assessment of agricultural property including historical fuel storage areas. 
 
Phase I Environmental Site Assessments, Santa Barbara County, California.  
Conducted assessment of tenant spaces located in three office buildings in the City of 
Santa Barbara. Presented findings on detailed predetermined form format provided by 
the user/client. Research included a detailed review of building department permit site 
record history. 
 
Phase I Environmental Site Assessment & File Reviews, San Diego County, 
California.  Conducted assessment of two vacant parcels previously developed. 
Performed 1,500 page file review of site and adjoining sites based on their historically 
uses as former gasoline service stations, each with historical unauthorized releases 
affecting groundwater. Analyzed historical soil sampling, remediation activities, and 
groundwater monitoring data to identify potential environmental impacts to the site 
from historical uses associated with on-site contamination sources or from off-site 
contamination sources. 
 
Phase I Environmental Site Assessment, Kern County, California.  Conducted 
assessment of an equipment and maintenance yard including an outdoor storage area 
for portable equipment used for petroleum dewatering applications, and including two 
shop buildings in support of metal fabrication and welding of heavy portable 
equipment, and oil research and development (R&D) laboratory activities. 
 
Phase I Environmental Site Assessment of Agricultural Orchards, Kern County, 
California.  Assisted in completing a company-wide environmental due diligence 
portfolio as a report author of five orchard (e.g. almond, walnut) sites located in 
Southern California by using an online database Phase I ESA report collection and 
preparation tool, PARCEL. 
 
Phase I Environmental Site Assessment Portfolio, Los Angeles County, 
California.  Was the lead assessor in a series of seven Phase I ESAs within the 
Phase I ESA portfolio which included assessment of non-scope ASTM 1527 items, 
including methane gas. 
 
Phase I Environmental Site Assessments, Florida and South Carolina.  Assisted 
in completing a company-wide environmental due diligence portfolio as a report author 
of multiple sites located in Florida and South Carolina by using an online database 
Phase I ESA report collection and preparation tool, PARCEL. 
 
Phase I Environmental Site Assessment, Salt Lake County, Utah and 
Sweetwater County, Wyoming.  Conducted a Phase I ESA of two planned plant 
location sites.  In conducting the Phase I ESA, ENSR assessed the sites for visible 
signs of possible contamination, researched public records for the sites, and 
conducted interviews with representatives of regulatory agencies, the client, and those 
people deemed knowledgeable of the sites. ENSR successfully observed the sites 
during extreme weather conditions including snow cover and freezing temperatures. 
 
Phase I Environmental Site Assessments, Harris and Brazoria Counties, Texas.  
Conducted two Phase I ESAs of warehouse properties in conformance to the 
American Society for Testing and Materials (ASTM) Standard Practice for 
Environmental Site Assessments (E 1527-05), which meets the requirements of 40 
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CFR Part 312 and is intended to constitute all appropriate inquiry for purposes of the 
landowner liability protections (LLPs). 
 
Phase I Environmental Site Assessment, San Luis Obispo County, California.  
Conducted a Phase I Environmental Site Assessment (ESA) of a site that was first 
developed in with a garage/service station and residences.  The ESA required the 
organization and review of a significant amount of environmental information.  Site 
operations included former aboveground storage tanks (ASTs), associated product 
piping, and product dispensers, including an abandoned petroleum pipeline.  The 
subject property was also used for outdoor vehicle storage and related activities.  At 
the time of the ESA, the site was also undergoing pollution characterization under the 
lead regulatory agency oversight of the Regional Water Quality Control Board 
(RWQCB). 
 
Environmental Closeout Survey (ECS), Santa Barbara County, California.  Two 
air force base facilities located at Vandenberg Air Force Base (AFB) were assessed 
as part of the Environmental Closeout Survey (ECS) in accordance with United States 
Air Force Instruction (AFI) #32-7066, “Environmental Baseline Surveys in Real Estate 
Transactions,” dated April 25, 1994, and the American Society for Testing and 
Materials (ASTM) standard E1527-97, “Standard Practice for Environmental Site 
Assessments:  Phase I Environmental Site Assessment Process.”  The ECS was 
conducted in anticipation of terminating License agreements.  ECS considerations 
included floodplain, vegetation, ecological characterization, wetlands, and cultural 
resources, aboveground and underground storage tanks, pipelines; hydrant fueling; 
and transfer systems, oil/water separators, pesticides, medical or biohazardous waste, 
radioactive wastes, wastewater treatment; collection; and discharge, drinking water 
quality, asbestos, polychlorinated biphenyls (PCBs), radon, and lead-based paint, 
including applicable regulatory compliance issues. 
 
Phase I Environmental Site Assessment, Orange County, California.  Conducted 
a Phase I Environmental Site Assessment (ESA) of a site consisting of four multi-story 
office buildings, five single-story light industrial office/warehouse buildings, two single-
story retail strip-malls, and one multi-level aboveground parking structure.  Operations 
at the subject property included clerical/administrative; one urgent care clinic, one 
repairer of medical equipment, one small-scale printing and shipping/copying 
business, one dentist office, one optometry office, one salon and spa and 
retail/restaurant-type businesses.  A former dry cleaner facility was identified adjacent 
to the subject property with impacts to soil and groundwater with chlorinated solvents 
at concentrations that exceed the State of California regulatory cleanup objectives.  
And, a former on-site gasoline station was also identified during the course of the 
ESA. 
 
Phase I Environmental Site Assessment, San Diego County, California.  Phase I 
Environmental Site Assessments (ESAs) were conducted of two sites as part of a 
portfolio.  The ESAs were conducted in accordance with American Society of Testing 
and Materials (ASTM) standard E 1527-05, and included an evaluation of non-
standard ASTM components: asbestos, wetlands, water infiltration and potential mold-
like growth, lead in drinking water, radon, high voltage power lines, underground 
pipelines and National Pollution Discharge Elimination System (NPDES) wastewater 
permits with respect to the Properties.  At one of the sites assessed, one adjacent site 
was identified during the ESA to present a recognized environmental condition (REC); 
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and at the other site assessed, former on-site (USTs) were identified to be a historical 
REC (HREC). 
 
Phase I Environmental Site Assessments, Clark County, Nevada.  Conducted 
multiple Phase I Environmental Site Assessments (ESAs) within Clark County, 
Nevada.  Facilities assessed included commercial office/warehouse buildings and 
restaurants.  Standard record sources consulted during ESA site visit activities 
included city and county offices for file reviews and library research. 
 
Phase I Environmental Site Assessment, Clark County, Nevada.  Conducted a 
Phase I Environmental Site Assessment (ESA) of approximately 380 acres of vacant 
desert land located in El Dorado Valley.  The subject property was assessed for visible 
signs of possible contamination, public records for the subject property were 
researched, and interviews were conducted with regulatory agencies and 
representatives from the property owner. 
 
Phase I Environmental Site Assessment, Kern County, California.  Performed a 
Phase I Environmental Site Assessment (ESA) of 3,170 acres of vacant desert located 
within the Antelope Valley region of the Mojave Desert, in the vicinity of California City, 
Kern County, California.  ESA activities identified portions of the subject property were 
part of a quarry and a former military gunnery range, including potential for 
unexploded ordnance (UXO) on-site. 
 
 
Phase I Environmental Site Assessment, Los Angeles County, California.  
Conducted a Phase I Environmental Site Assessment (ESA) of a natural gas, 
reclaimed water, potable water, and sewer pipeline routes that were proposed to 
support a hybrid power project.  The ESA report was prepared to respond to a 
California Energy Commission (CEC) Waste Management Data Request.  The length 
of the pipeline route was approximately 12 miles long, and the ESA included 
precursory environmental database report and online records reviews and research, 
followed by compilation of the site survey that was conducted of the proposed pipeline 
route and surrounding area. 
 
Phase I Environmental Site Assessment, Southern California.  Conducted 
assessments of multiple self storage facilities throughout Southern California. 
 
Phase I Environmental Site Assessment, San Diego County, California.  
Conducted assessment in support of Environmental Due Diligence study for the 
purchase of a site being developed for a future gas-fired power plant. Site 
characteristics included existing biological and archeological conservation easements. 
Historical on-site activities investigated included cement truck cleanouts, refueling 
operations, and grading. 
 
Phase I Environmental Site Assessments, Southern and Northern California.  
Conducted assessments of corporate office buildings (e.g. multi-story, multi-tenant) 
and distribution warehouses. 
 
On-site improvements assessed have included hydraulic-powered elevators and lifts, 
loading dock areas, fuel-powered generators, storage areas, and warehouse areas. 
Focused research was conducted into on-site historical tenant activities. Assessment 
activities have included American Society Testing Materials (ASTM) 1527 additional 
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scope issues included visual observation for apparent condition of suspect asbestos-
containing materials and evidences of water intrusion and mold growth. 
 
Additionally, off-site potential sources of environmental concern (e.g. abutting 
CERCLA sites with impacted groundwater from historical site operations) were 
identified and investigated by conducting regulatory file reviews and interviews with 
regulatory agencies. 
 
 
NPDES Permitting 
Storm Water Pollution Prevention Plan (SWPPP), Fresno County, California.  
Prepared a Storm Water Pollution Prevention Plan (SWPPP) for a heavy-vehicle 
brake manufacturing facility in Fresno County, California while addressing the current 
National Pollutant Discharge Elimination System (NPDES) regulations, 40 CFR 
Section 122.26, and complying with California’s General Permit. Incorporated recently 
proposed changes for the storm water program in California, and made every effort to 
ensure that the SWPPP developed for the facility would comply with the new 
requirements. Tasks involved included a site visit, a Best Management Practice (BMP) 
assessment, and preparation of the Plan. 
 
Storm Water Pollution Prevention Plan (SWPPP), Los Angeles County, 
California.  Supported the completion of a Storm Water Pollution Prevention Plan 
(SWPPP) for a project site located within a State right-of-way, and the acquisition of 
an Encroachment Permit from the California Department of Transportation (CalTrans) 
that is in compliance with requirements of its National Pollutant Discharge Elimination 
System (NPDES) permit in regards to its submission to the Regional Water Quality 
Control 
Board (RWQCB). 
 
Storm Water Pollution Prevention Plan (SWPPP) Training, Los Angeles County, 
California.  Provided training on how to implement the Storm Water Pollution 
Prevention Plan (SWPPP) and associated Best Management Practices (BMPs) to 
client staff and contractors at a pre-construction meeting for the client's proposed 
project. Tasks included preparation of a PowerPoint presentation as well as 
attendance at the client's pre-construction meetings. 
 
Storm Water Pollution Prevention (SWPP) Plan and Spill Prevention Control and 
Countermeasure (SPCC) Plan, Kern County, California.  Amended both of the 
power plant facility's Storm Water Pollution Prevention Plan (SWPP) Plan, and its Oil 
Spill Prevention Control and Countermeasure (SPCC) Plan.  The SWPP Plan was 
updated to meet the requirements of the State Water Resources Control Board 
(SWRCB) Water Quality Order No. 97-03-DWQ and the National Pollutant Discharge 
Elimination System (NPDES) General Permit.  The SWPP Plan describes the 
mechanisms in place at the power plant facility to prevent the release of pollutants to 
the waters of the state.  The SWPP Plan identified methods, best management 
practices (BMPs), training, inspection, and monitoring procedures to be employed by 
the power plant facility to prevent the exposure of stormwater to hazardous materials, 
and to prevent the release of hazardous materials into the stormwater discharge. 
 
The Spill Prevention Control and Countermeasure (SPCC) Plan was prepared to 
include the items required by 40 CFR 112, including a discussion of the Facility’s spill 
response organization, spill notification, spill response and spill reporting procedures. 
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Storm Water Pollution Prevention Plan (SWPPP) and Spill Prevention Control 
and Countermeasure (SPCC) Plan, Los Angeles County, California.  Prepared a 
Storm Water Pollution Prevention Plan (SWPPP) for a facility that conducts on-site 
aircraft parts and auxiliary equipment manufacturing to meet the requirements of the 
State of California’s General Storm Water Permit (WQ Order No. 97-03 DWQ) and the 
National Pollution Discharge Elimination System (NPDES) General Permit No. CAS 
000001 (General Permit).  Identified the methods, best management practices 
(BMPs), training, inspection, and monitoring procedures that were implemented at the 
facility to prevent the release of hazardous materials or other potential pollutants into 
storm water discharges.  The facility included indoor and outdoor plant operations. 
 
 
Petroleum Spills Management 
Oil Spill Assessment Portfolio, Southern California.  Conducted oil spill 
assessments of landfill gas to energy facilities located in Southern California. 
 
 
Project Management 
Due Diligence, Western United States.  Project manager for nearly 100 Phase I 
Environmental Site Assessments (ESAs), also including Phase II ESAs or other due 
diligence projects (e.g., file reviews, contaminated properties case closure work, 
wastewater pretreatment facilities, soil vapor intrusion, fuel station compliance 
oversight). 
 
Included management of two 10-20 site Phase I ESA portfolios located in the vicinity 
of Chicago, Illinois where over half a dozen sites required Phase II ESAs. 
 
 
Soil Borings 
Limited Phase II Environmental Site Assessment, Santa Barbara County, 
California.  Conducted an assessment of a vacant parcel to evaluate soil and 
groundwater conditions in the area of a former on-site diesel-fuel underground storage 
tank (UST). Assessment activities included coordination of Geoprobe® sampling to a 
depth of approximately 20 feet below ground surface, and an analysis of laboratory 
analytical soil and groundwater sample results including total petroleum hydrocarbons 
in gasoline (TPH-G) and diesel-fuel (TPH-D) and for volatile organic compounds 
(VOCs). 
 
Limited Phase II Environmental Site Assessment, San Bernardino County, 
California.  Conducted a limited Phase II ESA including eight soil borings at an 
industrial facility and oversaw a contracted truck mounted, hydraulically operated 
Geoprobe sampling system and crew. Attempts to advanced the borings to the 
proposed depth of 20 feet below ground surface (bgs) had to be negotiated as cobbles 
and/or boulders were encountered at drilling depths. Collected soil samples were 
screened with a photoionization detector (PID). The collected soil samples were 
preserved and extracted in accordance with U.S. EPA Method 5035. 
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Soil Sampling 
Limited Phase II Environmental Site Assessment, Kern County, California.  
Conducted a Phase I ESA of a 20 acres of vacant land located in Bakersfield, 
California.  Subsequently, soil sampling was conducted to evaluate numerous piles of 
soil that were present on-site in an effort to characterize the material.  Successfully 
completed soil sampling by manually collecting five discrete soil samples from each 
soil pile section at a depth of approximately six inches, and the five discrete soil 
samples from each soil pile section were combined into one composite soil sample for 
laboratory analysis.  Results were analyzed, and it was concluded that unidentified on-
site soil piles or the historical use of the site did not significantly impacted the site. 
 
Closure of a Clarifier, Los Angeles County, California.  Managed the request for a 
permit from the Los Angeles County Department of Public Works (LACDPW) for 
closure of an on-site clarifier.  Following successful receipt of the closure permit from 
LACDPW, conducted soil verification sampling, met with the LACDPW inspector while 
onsite, and documented removal of the on-site clarifier facility.  Collected verification 
soil samples from the clarifier excavation in accordance with EPA Method 5035 for 
volatile organic analysis.  Sampling and closure documentation/reporting resulting in 
the successful closure of the on-site clarifier facility from the LACDPW. 
 
 
Soil Vapor Surveys 
Start-Up Testing of Methane Mitigation System, Ventura County, California.  
Supported start-up testing of a methane mitigation system by monitoring for methane 
concentrations in the field using portable hand-held methane-specific instruments such 
as a flame-ionization detector (FID) and a LANDTEC 2000 Landfill Gas Indicator or 
equivalent instruments. Recorded barometric pressure will with a barometer and 
measured subsurface concentrations of methane, oxygen, and carbon dioxide using a 
combination of the FID and LGI instruments.  Measured indoor vent-riser pipes with 
the FID and LGI for methane concentrations. 
 
 
Spill Contingency Plans 
Spill Prevention Control and Countermeasure Plan (SPCC), Ventura County, 
California.  Assessed on-site petroleum storage facilities and operations and 
prepared a plan based on SPCC requirements for a general aviation reliever airport. 
On-site potential petroleum pollutant sources evaluated included an aviation fuel tank 
farm, diesel fuel aboveground tanks associated with a deluge fire protection system, 
diesel fuel associated with an emergency backup generator, and used-oil storage. 
 
Spill Prevention Control and Countermeasure Plan (SPCC), Victorville County, 
California.  Assessed on-site petroleum storage facilities and operations and 
prepared a plan based on SPCC requirements for a dry dog food manufacturing plant. 
On-site potential petroleum pollutant sources evaluated included lubricating oils, 
insecticide mixture oil concentrate, diesel fuel, product ingredients containing oil, bulk 
storage of vegetable oil, and bulk storage of poultry fat. 
 
Integrated Storm Water/Oil Spill Prevention Control and Countermeasure 
(SPCC) Plan Updates Portfolio, Southern California.  Conducted site 
reconnaissance and modified original draft documents of a dozen natural gas 
compression facilities in order to reconcile and update their existing integrated SWPP 
(stormwater) and SPCC (oil spill) Plans. 
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Oil Spill Prevention, Control, and Countermeasure (SPCC)  Plan, Los Angeles 
County, California.  Updated an Oil Spill Prevention, Control, and Countermeasure 
(SPCC)  Plan for a facility that manufactures beverage cans.  Facility operations 
evaluated included a tank farm with containment areas, bulk aboveground storage 
transfers, an indoor drum storage room, satellite collection areas and various process 
equipment within the manufacturing areas, and aboveground and belowground 
transformers. 
 
Oil Spill Prevention, Control, and Countermeasure (SPCC) Plan, Ventura 
County, California.  Updated an Oil Spill Prevention, Control, and Countermeasure 
(SPCC) Plan for a facility that conducts technical testing for new vehicles.  Facility 
operations included vehicle wash and fuel dispensing areas, including hazardous 
material storage areas and vehicle service areas. 
 
Integrated Spill Prevention Control and Countermeasure (SPCC) and RCRA 
Contingency Plan and Review, Northern and Southern California.  Conducted 
and provided Spill Prevention Control and Countermeasure (SPCC) and RCRA 
Contingency Plan review and update services for four airport locations, including a 
total of nine aircraft line maintenance, hangar, terminal, hangar, and airline kitchen 
facilities.  Integrated plans were prepared to comply with 40 CFR Part 112, as well as 
applicable waste Contingency Plan requirements under 40 CFR 264. 
 
Publications 
 
Detection of Single Nucleotide Mismatches via Fluorescent Polymer Superquenching 
Kushon, S.A.; Bradford, K.; Marin, V.; Suhrada, C.; Armitage, B.A.; McBranch, D.; 
Whitten, D.; Langmuir; (Article); 2003; ASAP Article; DOI: 10.1021/la034323v 
 
Detection of DNA Hybridization via Fluorescent Polymer Superquenching 
Kushon, S.A.; Ley, K.D.; Bradford, K.; Jones, R.M.; McBranch, D.; Whitten, D.; 
Langmuir; (Communication); 2002; 18 (20); 7245-7249. DOI: 10.1021/la026211u 
 
Bateman, Kirsten G.,”K/Fe Ratio in Wood-Smoke”, Sigma-Xi Poster Session, 
Albuquerque, NM, November 2000. 
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Jim K. Fickerson 
Senior Project Manager 

Years Experience: 15 
 
Technical Specialties 
 
 Project Management 
 Environmental Due Diligence 
 Environmental Liability Cost Analysis 
 Environmental Permitting 
 Integrated Site Closure 
 
Professional History 
 
 AECOM 
 Texaco Refining and Marketing, Inc. 
 City of Saratoga 
 
Education 
 
 BS (Environmental Studies) San Jose State University 
 
Professional Registrations and Affiliations 
 
 California Registered Environmental Assessor (REA) I, California – REA I - 07745 
 
Summary 
 
Mr. Fickerson is a Senior Project Manager in AECOM’s, Camarillo, California office.  Mr. Fickerson is the 
client steward for two national real estate investment trusts and one national construction rental company. 
In this capacity, Mr. Fickerson manages all aspects of the clients environmental risk management, 
including environmental due diligence, agency negotiations, portfolio acquisition strategy, and 
environmental liability management.  
 
As a senior environmental assessor, Mr. Fickerson has coordinated and/or personally performed over 
1,000 due diligence projects on commercial and industrial property located throughout the country. In this 
capacity, Mr. Fickerson has managed numerous subsurface investigations, groundwater studies, risk 
assessments, remedial feasibility studies, remedial cost evaluations, regulatory agency negotiations, and 
regulatory site closures throughout the United States including in Arizona, California, Colorado, 
Connecticut, Florida, Georgia, Hawaii, Illinois, Kansas, Massachusetts, Maryland, Missouri, Minnesota, 
Nevada, New Jersey, New Mexico, New York, North Carolina, Oregon, Pennsylvania, South Carolina, 
Tennessee, Texas, Maryland, Utah, Washington, and Wisconsin. 
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Project Experience 
 
Petroleum Site Management 
 
June 2005 to February 2008.  Chevron Environmental Management Corporation.  Mr. Fickerson 
managed the environmental assessment and remediation of a former gasoline service station located in 
Santa Barbara, California.  During his two and half years as project manager, he managed various site 
characterization activities; pilot testing of multi-phase extraction, vapor extraction, and bio-sparging 
remediation technologies; the completion of a sensitive receptors survey; and the rebuilding of a sense of 
trust with the regulatory agency. Under Mr. Fickerson direction, a conceptual remedial action plan was 
developed and preparations were made to install a full scale remediation system. 
 
February 2003 to December 2006.  Unocal Corporation.  Mr. Fickerson managed the environmental site 
assessment and remediation of a former bulk fuel terminal in Yuma, Arizona.  Non aqueous phase liquids 
were present both onsite and offsite at thickness ranging between 0.5 and 3 feet.  Long term remediation 
costs using conventional remediation technologies were forecast in excess $2.5M.  Due the extent of non 
aqueous phase liquids (both on and offsite) regulatory site closure was not considered feasible using 
conventional remedial technologies. In addition, the operation of the existing multi-phase extraction 
system was costing in excess of $250K/year with marginal hydrocarbon recovery rates.  Mr. Fickerson 
managed the design, execution, and analysis of a steam injection pilot test at this site.  Results of a one 
month pilot test indicated that steam injection increased hydrocarbon recovery by 500 percent.  A 
financial analysis indicated that over $1M would be saved by the site wide implementation of a steam 
injection based remediation system with regulatory site closure estimated at two years from 
implementation. 
 
February 2003 to December 2006.  Chevron Corporation.  Mr. Fickerson managed the environmental 
assessment and remediation of a former bulk fuel terminal in Phoenix, Arizona under the tight time 
restriction imposed by an Aquifer Protection Permit.  Working closely with Arizona Department of 
Environmental Quality, Mr. Fickerson coordinated a comprehensive subsurface soil and groundwater 
assessment including the advancement of 38 borings, six groundwater wells from depth ranging between 
15 and 110 feet below ground surface.  Mr. Fickerson lead the remediation team that excavated 3,500 
tons of petroleum impacted soil from nine onsite areas of concern; the installation of eight multi-zone 
vapor extraction/bio-venting wells, and the construction and startup of a soil vapor extraction system. 
 
March 2004 to November 2005.  Unocal Corporation.  Mr. Fickerson managed the regulatory site closure 
of a former gasoline service station in Phoenix, Arizona.  The site was located on the corner of a busy 
street near downtown Phoenix that had become blighted by years of inactivity. The sale of the site and its 
redevelopment was being hindered by the presence of 1-2-DCA in groundwater at concentrations that 
exceeded regulatory cleanup objectives. Complicating issues was a nearby dry cleaner whose release 
was impacting the groundwater beneath the service station.  Working with risk assessment team, Mr. 
Fickerson was able to convince ADEQ that the remaining 1-2-DCA did not present a risk to human health 
or the environment, and that regulatory site closure should be issued. The site was subsequently 
redeveloped for beneficial use. 
 
March 2004 to November 2005.  Unocal Corporation.  Despite extensive onsite assessment and 
remediation by others, regulatory site closure of a former bulk plant in Safford, Arizona was hindered by a 
commingled plume from a nearby gasoline service station.  Working with a team of hydrologists, Mr. 
Fickerson was able to convince ADEQ that the presence of benzene along the sites eastern border was a 
result of the nearby gasoline service station, rather than from an onsite release. Regulatory site closure 
was granted allowing the site to be sold and redeveloped for beneficial use. 
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Due Diligence 
 
July 2006 to Present.  Academy of Motion Pictures and Sciences.  Phase I and Phase II Environmental 
Site Assessments.  Mr. Fickerson is managing the environmental due diligence and environmental liability 
analysis associated with the acquisition of one city block located in the middle Hollywood of California.  
Activities conducted to date include reconnaissance of the site and surrounding neighborhood; a review 
of various historical resources; an analysis of a regulatory database report, review of local and state 
regulatory agency files, and researching the physical characteristics of the site.  Recognized 
environmental conditions that were identified included current and former USTs, dry cleaners, and the 
historical use of chlorinated solvents.  These environmental concerns were further evaluated by the 
implementation of a comprehensive subsurface investigation program including the collection and 
laboratory analysis of soil, soil vapor, and groundwater samples.  Over 10 technical environmental reports 
were prepared summarizing the results of the numerous investigations.  Mr. Fickerson and his project 
team are currently providing the client with technical guidance regarding vapor intrusion mitigation/ 
remediation and environmental liability cost analysis/budgeting for future site redevelopment. 
 
February to April 2008.  The Amargosa Conservancy.  Mr. Fickerson performed a Phase I environmental 
site assessment of the historic mining town of Death Valley Junction, Inyo County, California.  The 
assessment involved a site and area reconnaissance of 246 acres; a review of over 100 years of 
historical documents; an analysis of a regulatory database report, review of local and state regulatory 
agency files, researching the physical characteristics of the site, and preparation of a report.  Recognized 
environmental conditions identified included a former gasoline service station, significant hydrocarbon 
staining beneath a former diesel-fuel ASTs, and a former onsite landfill/debris field. 
 
December 2007.  MeadWestvaco.  Mr. Fickerson performed a Phase I environmental site assessment of 
a 100,000 square-foot envelope manufacturing plant located on approximately 3.5 acre parcel near 
downtown Los Angeles, California.  The assessment involved a site and area reconnaissance; a review of 
various historical resources; an analysis of a regulatory database report, review of local and state 
regulatory agency files, researching the physical characteristics of the site, and preparation of a report. 
 
November 2007.  Isle of Capri Casinos.  Mr. Fickerson managed the environmental due diligence of the 
former Multnomah Greyhound Park located on 30 acres in the town of Wood Village, Oregon.  This 
project involved the rapid mobilization of an assessor to visit the site, and a comprehensive historical, 
regulatory, and environmental database review, and preparation of a report all within the span of less 
than two weeks in order to meet client’s real-estate transaction requirements. Potential environmental 
liabilities associated with the transaction were evaluated and a budgetary cost estimate was prepared to 
assist the client in negotiating a equitable purchase price for the property. 
 
September 2007.  Chevron Corporation.   Mr. Fickerson performed a technical cost evaluation of 2005 
buy-out negotiations between Unocal and Conoco Phillips to determine reasons why the negotiations 
were not successful including the methods used to generate the allocation values, and document the 
lessons learned from the project.  Results of the negotiations analysis concluded that the negotiations 
were not successful due in part to the use of differing unit costs, remediation strategy, closure timing, and 
scope of work.  Lessons learned included the importance of having a well-defined cost allocation 
methodology, agreement on key assumptions, unit costs, and end point prior to beginning negotiations. 
 
September 2007.  Air Liquide.  Mr. Fickerson performed and managed the environmental due diligence 
associated wit the acquisition of a former gasoline fuel blending facility located on 14 acres in San 
Bernardino, California.  Mr. Fickerson designed and implemented a comprehensive soil boring and 
geophysical survey program to fully evaluate over 30 recognized environmental conditions that were 
indentified.  At the conclusion of the project, a budgetary cost estimate that quantified the environmental 
liabilities associated with the transaction was prepared. 
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June 2007.  FPL Energy.  Mr. Fickerson performed the environmental due diligence of the 2,270 acre 
Fremont Valley Ranch located near California City, California.  This assessment involved an in-depth 
historical, regulatory, internet, and environmental database report review, in conjunction with a site visit, 
and interviews with current and former employees of the Ranch. Three recognized environmental 
conditions were identified including existing underground storage tanks and fueling dispensers.  At the 
conclusion, a budgetary cost estimate was prepared to quantify the potential environmental liability 
associated with the Ranch.  
 
April 2007.  Confidential Client.  Mr. Fickerson conducted a Phase I environmental site assessment and 
limited compliance evaluation of 280,000 square-foot chemical storage facility located in Brisbane, 
California. The project involved a comprehensive historical, regulatory, and environmental database 
review; as well as interviews with facility management and workers; a thorough site walk; a lengthy 
document review of the facilities environmental compliance documentation; and research into the facilities 
off-site contingent liabilities. The project was conducted under strict client confidentiality that was required 
by the merger and acquisition of two fortune 500 companies. 
 
 July 2006.  Public Storage.  Project manager for the environmental site screening of 47 self-storage 
properties located throughout North and South Carolina.  The project involved sites visits; historical 
research; regulatory agency and environmental database review; interviews with facility personal; a 
review of previously prepared environmental reports; preparation of site-specific summary reports; and a 
preparation of a comprehensive cost analysis to quantify the environmental liabilities associated with the 
transaction.  This challenging project was completed within a tight two week timeframe.   
 
May 2006.  TA Realty Advisors.  Project manager for the environmental site assessment of 15 
commercial properties located throughout Southern California.  This project involved the preparation of 15 
Phase I environmental site assessments, five asbestos surveys and a comprehensive cost analysis to 
quantify the environmental liabilities associated with the transaction.   
 
May 2006.  P.S. Business Parks.  Mr. Fickerson managed the environmental due diligence associated 
with three industrial properties located in Signal Hill, California.  Recognized environmental conditions 
identified at the sites included former oil sumps, waste disposal areas, and petroleum production facilities. 
The environmental concerns associated with each site were further evaluated by the implementation of a 
comprehensive subsurface soil boring and geophysical program.  Identified environmental liabilities were 
further analyzed and a budgetary cost estimate was prepared to assist the client in their purchase of the 
sites. The entire project was completed under budget and within the tight time constraints of a real estate 
transaction. 
 
July to September 2004.  Public Storage.  Project manager for acquisition of 27 self storage sites in 
Minnesota and Wisconsin.   The project involved the performing Phase I environmental  site assessments 
at all 27 sites; asbestos surveys at four sites, subsurface investigations of seven sites; preparation of a 
comprehensive  environmental liability cost estimate; and agency negotiations with Minnesota Pollution 
Control Agency to obtain letters of “No Association Determination” for four of the 27 sites. 
 
March to August 2005.  Nature Conservancy.  Mr. Fickerson managed the environmental due diligence of 
a former worker camp and precious metals mine in Tecopa, California. Recognized environmental 
conditions identified at the site were further evaluated by the implementation of a comprehensive 
trenching program.  Total metals including cyanide, mercury, lead, and copper were identified in soil at 
concentrations that exceed hazardous waste criteria.  Potential remedial scenarios were evaluated, a 
preliminary risk assessment was performed, and discussions with the client’s legal counsel were 
conducted. The project team decided that the elevated metals concentrations could be managed in place, 
thus avoiding costly (in excess of $1M) remediation, and allowing a conservation easement to be placed 
on this ecologically sensitive property. 
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August 2003.  Teachers Insurance and Annuity Association.  Performed a  Phase I environmental site 
assessment of five multi-story office buildings comprising approximately 380,000 square-feet of 
commercial office space on approximately 15 acres of land located in San Diego, California.  This project 
involved a site visit; interviews with the buildings tenants; historical, regulatory, and environmental 
database review; and preparation of a comprehensive report.  
 
May 2003.  PS Business Parks.  Mr. Fickerson performed a Phase I environmental site assessment and 
managed a subsurface assessment of a business park containing 437,000 square-feet of commercial 
office/warehouse space on 25 acres in Santa Ana, California.  An extensive historical review indicated 
that the site was formerly occupied by a sugar beet processing plant. The identified recognized 
environmental conditions were further evaluated by the implementation of a comprehensive soil boring 
program. Mr. Fickerson prepared a budget cost estimate and assisted the client in obtaining 
environmental insurance allowing the client to proceed with the purchase of property. 
 
February to April 2003.  Northrop/Vought Aircraft Corporation, Comprehensive Soil and Groundwater 
Assessment, Hawthorne, California.  Assistant Project Manager for a comprehensive fence-line to fence-
line soil assessment of an 80-acre aerospace manufacturing facility.  The assessment involved the drilling 
and sampling of over 200 soil borings to assess the extent of soil impacted by halogenated solvents, 
petroleum hydrocarbons, and metals. 
 
April 2002.  FleetBoston Financial Group.  Performed a Phase I environmental site assessment and 
environmental liability analysis of the Buena Park Mall and Buena Park Marketplace located in Buena 
Park, California.  Combined the buildings totaled approximately 380,000 square-feet of commercial space 
on approximately 51 acres.  This project involved visits and interviews with over 100 tenants; historical, 
regulatory, and environmental database review, and preparation of comprehensive report.  At the 
conclusion of the project a comprehensive environmental liability analysis was preformed to quantify 
potential future environmental costs. 
 
March 2002.  Confidential Client.  Project manager responsible for a subsurface soil and groundwater 
assessment of a dry cleaning facility located in Marina Del Rey, California.  Despite the presence of 
chlorinated solvents in groundwater at concentrations that exceed California’s maximum contaminant 
levels, Mr. Fickerson was able to successfully demonstrate that the release was not a risk to human 
health or the environment and regulatory site closure was granted by the Los Angeles Regional Water 
Quality Control Board.   
 
November 2001.  Shamrock Logistics GP, LLC.  Project manager and primary assessor responsible for 
the technical environmental liability cost evaluation of groundwater impacts associated with the 
acquisition of 14 tank farms, heating stations, and over 33 miles of connecting pipelines located 
throughout Southern California. 
 
September 2001.  Teachers Insurance Annuity Association.  Prepared a phase I environmental site 
assessments and limited compliance assessment of a shopping center that contained over 270,000 
square feet of retail space on 31 acres in San Diego, California.  This project involved site visits; 
interviews with over 50 tenants; compliance documentation review and analysis; historical and, regulatory 
agency research, environmental database review, and preparation of comprehensive due diligence 
report. 
 
March 2001.  Air Liquide.  Prepared phase I environmental site assessments of four compressed gas 
facilities and one compressed gas terminal located on the islands of Kauai, Maui, Hawaii, and Oahu, 
Hawaii.  This project involved facility visits, historical and regulatory agency research, environmental 
database review, and preparation of site-specific due diligence reports. 
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