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Memorandum
Date:

January 15, 2010

To:

Christopher Meyer, Jim Stobaugh

From:

URS, on behalf of SES Solar One

Subject:

Solar One Additional Information Regarding Project Water Supply

Enclosed in this memorandum, please find additional information on both the on-site well
drilling efforts and the water supply at Cadiz for the Solar One Project. Fieldwork is being
conducted on both water sources and this memo contains both data recently collected
through the ongoing fieldwork and research conducted by the Applicant.
SES Solar Six, LLC and SES Solar Three, LLC (Applicant) filed an Application for
Certification, December 1, 2008 with California Energy Commission (CEC). According to
this original filing, potential water sources evaluated for the Project included reclaimed
water, surface water, ground water, and obtaining water from a service provider. The water
is required for SunCatcher equipment washing, potable water, dust control water and fire
protection water as well as for work during construction. Primary fugitive dust suppression
during construction would use water from a proposed groundwater well(s). The Applicant
estimated that 36.2 acre-feet of water would be used annually for mirror washing and
domestic use. The AFC stated that additional water wells will be drilled to augment the
primary water well as needed to meet peak construction water demands.
In the first set of data requests, the CEC and BLM asked the Applicant for additional
information on the reliability of the Solar One water supply from the ground water well(s).
In considering the responses to these questions, an in-depth evaluation of the Solar One
water supply options in terms of reliability, cost, and environmental impact was performed.
In December 2009, the Applicant submitted supplemental information that summarized the
various water source options pursued and a status of each. The Applicant continues to
pursue two viable water source options for the SES Solar One Project. Below is a status
update on each.
LAVIC GROUNDWATER BASIN
The Applicant identified four potential test well sites on the project site. A preliminary site
meeting was conducted with the drillers, the Applicant and survey monitors. Drilling was
initiated on the site in late December 2009 on the first test well.
The well is being installed using the mud-rotary drilling technique. Because this method
requires that fluids (drilling mud) be added to the boring to facilitate removal of soil cuttings,
containment of the fluids is required and disposed upon drilling completion. Rigorous well
development to remove the mud cake from the boring walls is also necessary. Non-solid
drilling fluids are temporarily contained within a portable storage tank on-site prior to
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spreading to allow for separation of the water and solids. The water is discharged to the
ground surface once the solids have settled.
As of January 10, 2010, the anticipated depth of 800 feet was reached and water was
reached. The well boring has been logged from the drill cuttings and is attached for your
review for the first test well.
The Applicant is now performing the water pump test, collecting water samples and
submitting those to the lab for analysis. Once that information has been received and
recorded, it will be submitted to the CEC and BLM for review.
The drilling equipment has moved to the second well location and has commenced drilling.
All necessary environmental surveys, impact assessment, and proposed mitigation
measures for these facilities will be submitted to the CEC upon completion.
CADIZ WELL
This report summarizes the results of a data review of water wells located in the vicinity of a
water supply well located on property owned by Burlington Northern and Southern Pacific
Railroad (BNSF) in Cadiz Valley, California. Cadiz Valley is located approximately 60 miles
southeast of the Solar One site (site) located north of Interstate 40 (I-40) west of Ludlow in
San Bernardino County, California. The well is located immediately south of the railroad
line that extends from Barstow to Needles, California. This is the same rail line that passes
just to the south of the Solar One site.
URS has conducted a review of readily available information related to the occurrence and
quality of groundwater in the vicinity of Cadiz Valley. Based on a number of sources, the
nature and occurrence of groundwater in Cadiz Valley is described below. The information
was obtained from the following sources:
•
•
•
•
•

BNSF
California Department of Water Resources (DWR)
Metropolitan Water District of Southern California (MWD), Final Environmental Impact
Report/Final Impact Statement (FEIR/FEIS), dated September 2001
U.S. Geological Survey (USGS) National Water Information System (NWIS)

Cadiz Ground Water Basin
The BNSF well is located within the Colorado River Hydrologic Basin, similar to
groundwater at the Solar One site. The well is located in the Cadiz Hydrologic Unit of the
Lucerne Planning Area. The planning area is characterized by basins of internal drainage,
with portions of the valley floors covered by dry lakes.
Beneficial Groundwater Uses: The Colorado River Regional Water Quality Control Board
(RWQCB) Basin Plan (2006) indicates that groundwater in the Cadiz Hydrologic Unit has
municipal, domestic and industrial beneficial uses. It should be noted that Cadiz, Inc.
located immediately south of the BNSF well extracts groundwater for agricultural uses to
irrigate at least a 1,000 acres of citrus, grapes and other crops (DWR, 2003). According to
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DWR, agricultural activities were initiated in the 1980s to show that groundwater is
available and sustainable to serve as irrigation water to meet agricultural uses in the valley.
Geology and Hydrogeology: The principal aquifer systems identified are an upper alluvial
aquifer, a lower alluvial aquifer and a bedrock aquifer. The upper alluvial aquifer consists of
Quaternary and late-Tertiary Age stream-deposited sand and gravel with a thickness of
approximately 100 to 800 feet (DWR Bulletin 91-14). The lower alluvial aquifer consists of
older, sediments of mid- to late-Tertiary age that are interbedded sand, gravel, silt and clay
that are generally less permeable than the sediments in the upper alluvial aquifer. The
Cadiz, Inc. wells are reported to yield 1,000 to over 2,000 gpm. A lower bedrock aquifer has
been identified by Metropolitan in carbonate bedrock. There are numerous faults in these
desert groundwater basins and these faults may serve as barriers that restrict groundwater
movement and isolate groundwater of different quality.
Groundwater Flow: The FEIR/FEIS indicates that groundwater flow in Cadiz basin is to the
southwest toward Bristol Dry Lake and toward the south. There is some disagreement with
this interpretation, as faults may serve barriers and flow directions could be very different
within individual fault blocks in the basin. However, the FEIR/FEIS indicates that
differences in water-level elevations have not been identified in the basin to support this
alternate interpretation.
Groundwater Use Estimates: Groundwater use in the Cadiz groundwater basin is reported
in DWR Bulletin No. 118 and also appears in the Final EIR/EIS for the Cadiz Groundwater
Storage and Dry-year Supply Program, combined with the Bristol groundwater basin.
Shafer (1964) reported that 14,300 acre feet (af) of fresh water were pumped from both
Bristol and Cadiz Valleys from 1910 through 1964, approximately 265 acre-feet/year (afy).
The FEIR assumed that if this rate of water use continued until 1998 an additional 9,000 af
were pumped from these valleys between 1964 and 1998. It is likely that the actual water
use decreased considerably when locomotives went from being steam- to diesel-powered.
It notes that from 1983 through 1998, Cadiz, Inc. extracted 61,740 af from its well field for
agricultural operations. The FEIR concludes that that total groundwater pumped from
Bristol and Cadiz Valleys from 1910 to 1998 was approximately 85,000 af.
Basin Adjudication: URS has reviewed information appearing on DWR’s internet website
and contacted personnel at the DWR and RWQCB to understand the status of groundwater
use in the Cadiz groundwater basin. There are 22 adjudicated basins in California where
groundwater use is regulated and managed by a Watermaster designated by State
Superior (21 basins) or Federal Courts (1 basin). Typically the Watermaster is a water
purveyor (Water District) that is located within the adjudicated basin. There are no water
purveyors in the Cadiz groundwater basin, nor is there indications that it is adjudicated.
Feinstein Senate Bill: Diane Feinstein, U.S Senator from California, introduced legislation
in late December 2009 to designate two new national monuments and protect other lands
through additional designations throughout the Mojave Desert in response to development
pressures in this region. It is known as the California Desert Protection Act of 2010.
Establishment of the Mojave Trails National Monument would prohibit development on
941,000 acres of federal land and former railroad company property along a 105-mile
stretch of old Route 66 (National Trails Highway), between Ludlow and Needles. The
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legislation is expected to be acted upon in this current legislative session in late 2010. The
boundaries of the proposed monument are shown on the map provided as Attachment A.
Section 520 of the bill addresses native groundwater supplies. It states,
“The director of the Bureau of Land Management shall not access or process any
application for a right-of-way for development projects that propose to use native
groundwater from aquifers adjacent to the Mojave National Preserve that individually or
collectively, in combination with proposed or anticipated projects on private land, require
the use of native groundwater in excess of the estimated recharge rate as determined by
the United States Geological Survey.”
Compiled Well Data
History of Wells in Vicinity: According to BNSF personnel and review of available well data,
the earliest installation of wells throughout this area of the Mojave Desert was completed in
the late 19th Century with the construction of the transcontinental railroad. A reliable
supply of water was needed to generate steam to provide power to locomotives. Cadiz was
found to be an area where a reliable water supply of good quality was present, and many
wells were located at Cadiz, in addition to a thriving local community. According to BNSF
personnel, there have been at least seven wells that operated historically in Cadiz,
(Forshee, pers. Comm..,2010). DWR Bulletin 91-14 identifies two wells at Cadiz [Cadiz 1
(5/14-15K1) and 2 (5/14-15L1)]. Cadiz 1 was drilled in 1910 and Cadiz 2 was drilled in
1931. The Cadiz 1 well was 400 feet deep and well yield was reported as 60 and 167 gpm.
When DWR measured the depth to water in August 1964, the depth was 208.44 feet [an
elevation of approximately 611.5 feet above Mean Sea Level datum (MSL)]. The Cadiz 2
well is was reportedly 541 feet deep and well yields ranged from 20 to 425 gpm. The depth
to water was approximately 195.84 when measured in August 1964 (approximately 624.2
feet MSL). According to BNSF personnel, there were two other water wells that were not in
use approximately 300 feet north and south of the existing well that were abandoned last
year (Forshee, pers. Comm.., 2010). These may have been the Cadiz 1 and 2 wells.
BNSF Cadiz Well Characteristics
Information regarding the BNSF well was provided by BNSF personnel through
correspondence and a site visit that was conducted on January 5, 2010. The purpose of
the site visit was to observe the condition of the well and identify equipment needed to
conduct an aquifer test to confirm information regarding well yield and drawdown, and to
estimate long-term drawdown.
Location, Condition and Infrastructure: The existing BNSF well is located within 50 feet of
the south side of a railroad line. It is located within a pump house and groundwater is
extracted using a turbine-type pump. There is no drop tube for groundwater depth
measurements, however an opening was found at the base of the pump that enabled URS
to measure the depth of groundwater in the well. According to BNSF personnel, the oil
seals in the pump apparatus appear to leak. This was confirmed when URS identified
some oil on the water table. The depth of water could not be readily identified due to the
presence of oil but it appeared to be approximately 230 feet based on sounding with an
electronic water-level indicator. Water is discharged from the pump through a series of
valves to a two-inch discharge pipe or a “j stand” that is used to fill water tanks.
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Infrastructure near the site that could be used for railcar mobilization for water delivery to
the Solar One site include a railroad spur that is infrequently used and a railroad siding.
Photographs of the pump and associated equipment are provided in Attachment B.
Well Construction: A log of the well boring and other information provided by BNSF for the
existing well are provided in Attachment C. According to the driller’s log, the well was
installed by Roscoe Moss Company in 1978. We understand that the pumping equipment
was updated approximately 7 or 8 years ago. BNSF personnel indicated that the pump
would need to be refurbished or replaced to provide a water supply for the Solar One site.
The well boring was drilled using the cable-tool method to a depth of 510 feet below the
ground surface (bgs). The well casing is constructed of mild steel that is 16 inches in
diameter. The well is screened (perforated) from 250 to 444 feet bgs. The openings in the
screen are 3/16 inches wide, 2 ¼ inches long with 7 openings for every 4 inches of casing.
Current Use: Because locomotives no longer run on steam, BNSF uses very little
groundwater from this well. It uses 1 acre-foot (approximately 326,000 gallons) or less
annually for dust control and other railroad operations.
Geology and Aquifer Characteristics: Based on the driller’s log, the strata penetrated by
the well consist of an interbedded sequence of sand, gravel and clay to the total depth
drilled. It appears that the subsurface materials are composed of alluvium and the aquifer is
likely to be unconfined. The sequence appears to be composed of primarily coarse-grained
materials including gravel and sand.
Depth to Water and Elevation: As indicated above, the depth to water in the BNSF well is
approximately 230 feet bgs [approximately 590 feet above Mean Sea Level (MSL) datum].
This is reasonably consistent with the data for the Cadiz 1 and 2 wells appearing in DWR
Bulletin No. 91-14.
Well Yield: Information appearing on the development log following installation indicates
that the well was pumped at rates between approximately 730 and 1,000 gpm for periods of
approximately of 12 to 13 hours. The initial static groundwater level before pumping was
approximately 214 feet bgs and drawdown after 12 to 13 hours of pumping was 20 to 30
feet. These pumping rates far exceed the water needs for the Solar One project.
Water Quality: According to BNSF, it regularly tests the groundwater in accordance with
California Code of Regulations CCR) Title 22 for drinking water supply sources. We
understand that the Total Dissolved Solids (TDS) in the groundwater from its well are on
the order of 280 mg/l. The drinking water standard and requirements for potable water
supplies is 500 mg/l. Although BNSF did not provide any analytical reports for groundwater
quality, some data appear in DWR Bulletin 91-14 for wells in Cadiz in 1964. Other
analytical data were obtained from the U.S Geological Survey (USGS) National Water
Information System (NWIS) database. These data are provided in Attachment C.
Chambless Wells
Following our site visit, BNSF personnel introduced us to Mr. Walt Chambless. Mr.
Chambless owns a well in his community that is located approximately 3 miles to the north
of the BNSF well (Figure 1). The following information was provided by Mr. Chambless
during our site visit (Chambless, pers. comm., 2010). He sells water from his well for
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drinking purposes to residents in the area. He also provides water for construction
projects for dust control and compaction. He indicated that the depth of his well is
approximately 400 feet bgs and the depth to water is approximately 125 feet. He has the
well water tested to meet requirements of CCR Title 22. He has not conducted aquifer
testing and the actual yield of his well is not known. However, he reports that the TDS of
the water is similar to that observed in the BNSF well. He noted that groundwater quality
deteriorates to the west. There is a well located near Kelbaker Road and the National Trails
Highway approximately 5 miles to the west of Mr. Chambless’ well. He indicated that the
well is owned by the owner of the town of Amboy. The depth of the well is not known;
however, the water is saline.
Bulletin 91-14 from 1967 indicates that there were nine private wells in the Chambless area
when DWR/USGS conducted its well survey in 1964. The wells observed were installed
between 1924 and 1964 primarily for domestic use. Well depths reportedly ranged from 48
to 655 feet bgs. Depth to water ranged from approximately 115 to 160 feet bgs, which
corresponded to groundwater elevations ranging from approximately 555 to 612 feet above
Mean Sea Level datum. Most of the wells were relatively small diameter and well yields
were not reported. Well T6N R14 E-31J1 had a reported well yield of 20 gpm. A well
owned and operated by Leslie Salt Company (6/14-32M2) had a reported well yield of 300
gpm wells in the Chambless area. The current operational status of these other wells is not
known.
Cadiz Groundwater Storage and Dry-year Supply Program
URS obtained an electronic copy of the Final Environmental Impact Report/Final
Environmental Impact Statement (FEIR/FEIS) for this proposed project from the Office of
General Counsel, The Metropolitan Water District of Southern California (MWD). The
FEIR/FEIS was jointly evaluated by MWD and the U.S Bureau of Land Management (BLM).
Metropolitan was partnering with Cadiz, Inc. whereby the aquifer beneath Cadiz and
adjacent Fenner Valleys would be used to store imported Colorado River water. In dry
years the water stored and that already in the aquifer (native groundwater) would be used
within MWD’s service area. The project was to include infrastructure to deliver Colorado
River water to the basin where it would infiltrate in spreading basins. The spreading basin
was proposed approximately 1.5 miles east of the BNSF Cadiz well. A network of 15
equally spaced wells were to be located as near as one mile south and east of the BNSF
Cadiz well. The purpose of these wells would be to extract groundwater for distribution by
Metropolitan during dry years. A map showing these proposed well locations is provided in
Attachment D.
The project has been highly controversial and there has been much concern regarding the
impacts of groundwater storage and withdrawl on water quality in the Cadiz and adjacent
basins. MWD withdrew from the project, but it is our understanding through review of the
Cadiz, Inc. website and other internet searches that it is moving forward with permitting the
project. A considerable evaluation of groundwater characteristics, quality and availability
were completed as part of the FEIR/FEIS process. The details of the evaluation are not
included in the FEIR/FEIS, and we understand due to ongoing litigation, these data are not
available.
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According to the FEIR/FEIS, there are three existing wells immediately south of the BNSF
well, with the nearest being approximately 1 mile away. Well depths, yields and aquifer
characteristics are not known, however, it would appear that the characteristics would be
expected to be very similar to the BNSF well, since the aquifer was being considered for
storage and extraction of large volumes of imported water. The FEIR/FEIS indicates that
Cadiz, Inc. was extracting 5,000 to 6,000 afy from the Bristol and Cadiz basins for its
agricultural operations in the valley.
CONCLUSIONS AND RECOMMENDATIONS
At the request of the Applicant, URS is currently conducting an aquifer test on the Cadiz
BNSF well to confirm well yield and drawdown. The test began on January 10, 2010. A
“stress test” was conducted at 100 gpm to identify an approximate test pumping rate
followed by step testing and successively higher rates of 120, 140 and 160 gpm for a
period of 24 hours. Drawdown was monitored using a pressure transducer in the pumping
well. The maximum drawdown during the 24-hour test has been approximately 3.5 feet.
Water levels will also be monitored once the pump is turned off during the recovery phase.
Because there are no wells in the immediate area, there were no observation wells that
were monitored during the test. The results of the test will be used to estimate long-term
drawdown resulting from using water from this well as a water supply for the Solar One site.
A letter report summarizing the results of the aquifer testing will be submitted to the
Applicant and agencies in approximately one week. Based on this preliminary data , the
small drawdown suggests that the well is a good production well that can be pumped at
rates that far exceed the water demand for the Solar One site. Because of the favorable
conditions at Cadiz, this source will be pursued as the primary water source for the Solar
One Project. Additional analysis will be submitted to the CEC and BLM as soon as it is
available.
Additionally, once the first well is installed on the Solar One site, URS will conduct the
same test and alnalyses. The Applicant will forward additional information on the viability of
the on-site wells once it is obtained. This water source will be continued to be pursued as a
back up.
Attachments:
References
Figure 1: Well Location Map
Attachment A: Driller's Geolog - On-site Well
Attachment B: Driller’s Log and Well Information – BNSF Well
Attachment C: Available Water Quality Data
Attachment D: Excerpts from FEIR/FEIS for Cadiz Groundwater Storage and Dry-year
Supply Program
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Attachment A

Water Well #1 ‐ 1701 ‐ Calico/Voight Well Log
Depth

Material

01 ‐ 20ft
20 ‐ 40ft
40 ‐ 60ft
60 ‐ 65ft
65 ‐ 80ft
80 ‐ 115ft
115 ‐ 125ft
125 ‐ 140ft
140 ‐ 145ft
145 ‐ 150ft
150 ‐ 152ft
152 ‐ 160ft
160 ‐ 168ft
168 ‐ 170ft
170 ‐ 190ft
190 ‐ 220ft
220 ‐ 240ft
240 ‐ 265ft
265 ‐ 270ft
275 ‐ 280ft
280 ‐ 290ft
290 ‐ 300ft
300 ‐ 320ft
320 ‐ 345ft
345 ‐ 365ft
365 ‐ 380ft
380 ‐ 390ft
390 ‐ 400ft
400 ‐ 420ft
420 ‐ 440ft
440 ‐ 450ft
450 ‐ 460ft
460 ‐ 475ft
475 ‐ 500ft
500 ‐ 520ft
520 ‐ 540ft
540 ‐ 560ft
560 ‐ 580ft
580 ‐ 600ft
600 ‐ 610ft
610 ‐ 620ft
620 ‐ 640ft

soft sand & 2‐4" loose rock
harder sand & smaller rock
light sand stone with small rock
black lava rock
sand stone with 6" rock formations
short rock formations with sand stone in between
hard sand stone
sand stone
hard rock
hard sand stone
hard black lava rock
light sand stone
light sand stone
hard red rock
light sand stone
lighter sand stone
lighter sand stone
lighter sand stone
hard sand stone
hard granite with quartz
granite with heavy quartz
granite with heavy quartz
hard granite
hard granite
hard granite
hard granite
hard granite
granite with a little clay
hard sandy clay
hard sandy clay
black lava rock
hard granite with a little clay
hard clay with granite
hard clay with granite
granite with black and red lava
granite with black and red lava
granite with black and red lava
granite with black and red lava
little softer granite
little softer sand
hard granite
black lava rock

640 ‐ 660ft
660 ‐ 680ft
680 ‐ 700ft
700 ‐ 720ft
720 ‐ 730ft
730 ‐ 740ft
740 ‐ 760ft
760 ‐ 770ft
770 ‐ 780ft
780 ‐ 790ft
790 ‐ 792ft
792 ‐ 798ft
798 ‐ 802ft

granite with clay
hard clay
hard clay with black rock ‐ more rock then clay
black rock hard
little clay with hard rock ‐ 725‐727 hard granite
hard granite
hard granite with little more rock ‐ 755‐756 hard rock
clay with granite
hard clay
hard clay with little granite
hard rock
sand
soft sticky clay

Attachment B

Attachment C
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