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specific conductance (saltier) water occurring deeper in the borehole, and a more fresh (less salty) water 
occurring in the shallower intervals. The fresh (less salty) water at Site B is approximately 100 feet 
thicker than at the HNWR‐1 Site. Both the Site B and HNWR‐1 Site exploratory locations are located 
within the large fluvial plain of the pre‐dam era Colorado River, and the detailed drilling logs describe 
these clean fluvial deposits at a greater frequency and thickness than the fluvial deposits on the 
California side of the River, which represents the thin western edge of the fluvial plain. 

 Refined understanding of the current condition of HNWR‐1. HNWR‐1 will currently supply enough 
water of sufficient quality to supply the groundwater remedy at the nominal design flow rate of 
450 gallons per minute (gpm), but not the maximum flow rate of 900 gpm. While the construction of the 
well was sufficient for its original intent (irrigation), it is not sufficient for long‐term daily operation as a 
reliable element of the groundwater remedy. Due to the design and construction of the well the options 
for aggressive and effective well maintenance are limited. Further, operational flexibility to lower the 
pump and generate more flow is limited by the smaller diameter of the lower portion of the well.  

 Aquifer quality and well performance at Site B. The Site B well will supply enough water to support the 
maximum designed remedy flow rate and the well construction allows optimal flexibility for operation 
(i.e., pump depth) and maintenance options; however, based on current well construction and 
operation during testing, the water quality is currently not optimal.  

 EIR Mitigation Measures WATER‐1. Constant‐rate extraction tests conducted for a duration of 72 hours 
at both HNWR‐1 and the Site B well suggest that neither will substantially adversely affect the 
production rates of existing nearby wells (see EIR Mitigation Measure WATER‐1, Addendum No. 1). 

Following is the recommended path forward for establishing a reliable freshwater supply for the 
groundwater remedy:  

1. Conduct a depth‐specific characterization of the Site B well to evaluate the potential for well 
modifications to improve water quality.  

2. Install a new well at the HNWR‐1 Site to provide the primary source of freshwater for use as part of the 
groundwater remedy.  

3. Design the infrastructure required to plumb and operate both the new well at the HNWR‐1 Site and the 
Site B well in order to provide maximum flexibility and reliability in the remedy freshwater supply. 

1.0 Introduction 
Pacific Gas and Electric Company (PG&E) is implementing the selected groundwater remedy for chromium in 
groundwater at the PG&E Topock Compressor Station (TCS, or the Compressor Station) in San Bernardino 
County, California. Remedial activities at the Topock site are being performed in conformance with the 
requirements of the Resource Conservation and Recovery Act (RCRA) Corrective Action pursuant to a 
Corrective Action Consent Agreement (CACA) entered into by PG&E and the California Department of Toxic 
Substances Control (DTSC) in 1996, as well as the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) pursuant to pursuant to a Remedial Design/Remedial Action Consent Decree 
between the United States and PG&E, entered by the United States District Court for the Central District of 
California on November 21, 2013. 

As an element of the final groundwater remedy design, freshwater sources, including groundwater supply 
wells and the Colorado River, have been considered for use during remedy operation. The average and 
maximum volume of freshwater required for remedy operation is estimated to be 450 and 900 gpm, 
respectively, based on groundwater modeling. In the Basis of Design Report/Intermediate (60%) Design for 
the Final Groundwater Remedy (CH2M HILL, 2013b), PG&E presented a plan to obtain freshwater from a 
well on HNWR—well HNWR‐1. This evaluation was conducted based on concern raised by DTSC in their August 8, 

2012 (DTSC, 2012) letter regarding water quality from the proposed remedy freshwater source. 
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This technical memorandum summarizes the activities conducted and associated findings for the evaluation 
of alterative freshwater sources as defined in the Work Plan (CH2M HILL, 2013b). 

1.1 Approvals and Authorizations 
The Topock Alternative Freshwater Source Evaluation was executed in conformance with the following 
approvals and authorizations: 

 DTSC acceptance of the Work Plan (CH2M HILL, 2013b) and approval for implementation subject to 
conditions set forth in the letter (DTSC, 2012), which included Mitigation Measures adopted by the 
certified Final Environmental Impact Report (DTSC, 2011) as specified in the EIR Addendum (No. 1) for 
the Alternative Freshwater Source Evaluation. 

 U.S. Department of Interior [DOI], Bureau of Land Management [BLM], U.S. Fish and Wildlife Service 
[USFWS], and Bureau of Reclamation [Reclamation] acceptance of the Work Plan (CH2M HILL, 2013b) 
and approval for implementation subject to the conditions set forth in the letter (DOI, 2013).  

 HNWR acceptance of the Work Plan (CH2M HILL, 2013b) and approval for implementation subject to the 
conditions set forth in the email to Yvonne Meeks of PG&E (HNWR, 2012). 

1.2 Coordination with Agencies and Tribes 
Immediately prior to conducting any ground disturbing activities, a project initiation meeting was held at the 
Topock Compressor Station on October 2, 2013. During this meeting, representatives from PG&E, the 
regulatory agencies and Tribes discussed the details of the planned fieldwork, biological, paleontological, 
cultural, and historical sensitivities associated with the project area, and conducted a walk of the fieldwork 
sites. During work, in addition to discussion during routine project meetings, three conference calls with the 
TWG were held to provide updates on project activities and provide preliminary summaries of the data 
collected. These calls were held on November 4, 2013, January 29, 2014, and February 28, 2014. In addition 
to these calls, options for freshwater supply for the remedy and conceptual pipeline routing and 
infrastructure that would be associated with the potential freshwater supply well(s) was discussed during 
the March 19, 2014, TWG meeting. Tribal monitors participated throughout the fieldwork and were 
provided with routine field schedule updates.  

1.3 Technical Memorandum Organization 
The remainder of this technical memorandum is organized in the following manner: 

 Section 2.0 summarizes the field activities conducted throughout the evaluation. 

 Section 3.0 present the analysis of the data collected during the evaluation, including the results of 
laboratory analysis of groundwater samples, and analysis of hydraulic testing data. 

 Section 4.0 summarizes the PG&E recommended path forward for establishing a freshwater supply for 
the groundwater remedy. 

 Section 5.0 provides a list of works cited in this technical memorandum. 

2.0 Summary of Field Activities 
Field activities were conducted in three general phases including exploratory drilling and data collection, 
well construction and development, and well and aquifer testing. All project activities were performed 
under the supervision of both a California and Arizona Professional Geologist. This section describes the 
details of each element of work conducted. 

2.1 Site Access, Preparation, Compliance Monitoring, and Security 
An onsite biologist conducted a pre‐construction survey before work began. Biological monitoring was 
conducted daily throughout fieldwork by a field contact representative (FCR) that was trained by the 
biologist prior to the beginning of work. The post‐construction surveys for each investigation site is pending 
and will be completed following fence installation at Site B (scheduled for April 2014) or after any additional 
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fieldwork (see Section 4). After complete, the pre‐ and post‐construction survey data will be used to assess 
and document compliance with the Programmatic Biological Assessment (PBA) (CH2M HILL, 2007). The 
results of these surveys will be provided a biological resources completion report, which is scheduled for 
submittal to BLM and the Havasu National Wildlife Refuge (HNWR) 60 days after the completion of 
fieldwork.  

An onsite archaeologist and an onsite paleontologist conducted a pre‐construction survey before work 
began for cultural and paleontological resources, respectively. All site activities were monitored daily by an 
onsite archaeologist. Tribal monitors, which were invited to observe all site activities, did monitor many of 
the activities. In addition, a paleontologist was present at the beginning of ground‐disturbing activities and 
provided paleontological awareness training for all site personnel. The paleontologist was on‐call 
throughout the fieldwork, but was not contacted by the field team as paleontological resources were not 
observed during drilling.  

Access for drilling and associated equipment was established at both the HNWR‐1 Site and Site B along 
access routes identified in the Work Plan (CH2M HILL, 2013b) by importing gravel from local quarries. The 
existing land surface at the work sites was not graded. Prior to work, both sites consisted of flat, sandy areas 
that were previously disturbed by HNWR activities as part of an ongoing re‐vegetation effort. Site B was 
devoid of vegetation. The HNWR‐1 Site was sparsely vegetated with Russian thistle, which is viewed by 
HNWR as an invasive, nuisance species. The Russian thistle in the HNWR‐1 Site work area was removed at 
the direction of the HNWR and as directed in the field by the onsite biologist. No listed species or nesting 
birds were observed during the pre‐activity or post‐activity surveys. 

After the work areas were established, temporary fencing was installed to control site access. Onsite 
security was utilized to monitor the work areas during non‐working hours. No incidences of unauthorized 
site access were detected during any of the work phases.  

Each drilling location was surveyed for underground utilities prior to work. The surveys included 
participating in the Arizona Blue Stake mark‐and‐locate program and using surface geophysical techniques 
typically used for utility location (e.g., radio frequency line location tool). 

Project activities were conducted in compliance with the items identified in Attachment B of the Work Plan 
(CH2M HILL, 2013a), which includes compliance with Applicable and Relevant or Appropriate Requirements, 
the PBA (CH2M HILL, 2007), the Programmatic Agreement (BLM, 2010), and the Cultural and Historic 
Properties Management Plan (BLM, 2012). Compliance monitoring activities associated with the EIR 
Addendum No. 1 Mitigation Measures Reporting Program (MMRP), which is also included in Attachment B 
to the Work Plan (CH2M HILL, 2013a), were conducted continuously during fieldwork associated with the 
Work Plan (CH2M HILL, 2013b) and are documented in the quarterly compliance reports, which are available 
on the DTSC website for the Topock Project Site. While discussing Site B well construction activities during 
the February 12, 2014, Consultative Working Group (CWG) meeting, representatives from the Tribes raised a 
question whether the disturbance associated with filling a shallow slump around the conductor casing (see 
Section 2.3) was addressed by the MMRP for EIR Addendum No. 1. While the slump was an unplanned result 
of drilling, the total volume of the subsurface Site B well disturbance is still less than that provided for in the 
EIR Addendum. Based on the depth and diameter assumptions in the Work Plan (CH2M HILL, 2013b), the 
total “planned volume” of the well is approximately 316 cubic yards. Based on final well construction, 
including the estimated dimension of the slump that was filled, the total subsurface volume disturbed by 
Site B drilling and well installation activities is approximately 262 cubic yards.  

2.2 Exploratory Drilling, Data Collection, and Borehole Decommissioning 
At each Site B and the HNWR‐1 Site, one exploratory borehole was installed to a depth of 400 feet bgs to 
facilitate collecting lithologic and zone‐specific groundwater samples. Each borehole was drilled using the 
dual‐rotary method (using a Foremost DR‐24 drill rig), which rotates both an outer, primary casing and the 
drill string (attached to the drill bit), independently. This method injects compressed air down the drill string, 
and out the bit, to return drill cuttings from the bottom of the borehole to the ground surface within the 
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inside of the primary casing. The primary casing remains in place as the borehole is drilled to maintain 
borehole stability. An 8‐inch (nominal diameter) primary casing was used to drill both exploratory boreholes. 
No chemical additives were used during drilling. Freshwater was introduced to the borehole at various times 
during drilling at both sites to counteract heaving conditions (i.e., the water was used to provide hydraulic 
head within the drill casing to counteract formation materials moving up into the drill casing). Freshwater 
used during drilling was obtained from the Golden Shores Water Company. Drill cuttings recovered during 
drilling were logged in accordance with the methods and procedures identified in the Work Plan (CH2M 
HILL, 2013b). The lithologic logs for both boreholes are provided in Attachment A. 

After the water table was reached, zone‐specific groundwater samples were collected from the borehole 
approximately every 50 feet to assess changes in water quality with depth and qualitative changes in 
borehole capacity. Eight zone‐specific groundwater samples were collected from each of the exploratory 
boreholes for laboratory analysis as defined in the Work Plan (CH2M HILL, 2013b). With the exception of the 
sample collected from 400 feet in the HNWR‐1 Site borehole, which was collected using a bailer because the 
zone did not produce enough water to be pumped, each sample was collected by removing the drill string 
from within the primary casing and operating a submersible pump within the borehole (i.e., inside the 
primary casing). Water quality measurements were monitored at the surface (e.g., specific conductance, pH, 
oxidation‐reduction potential) throughout purging for sample collection. Dissolved oxygen was not 
measured during the collection of groundwater samples from the borehole because the drilling method 
injects large volumes of air while drilling, which aerates the groundwater and obscures the natural 
distribution of dissolved oxygen in the groundwater. All groundwater samples were analyzed in accordance 
with the Work Plan, with all samples being analyzed for Title 22 (CAM 17) metals, silica, fluoride, and nitrate. 
A subset of samples (approximately half of those collected) were analyzed for the list of water quality 
parameters that were used to previously characterize the existing HNWR‐1 well, including CAM 17 metals, 
perchlorate, petroleum hydrocarbons, pesticides, polyaromatic hydrocarbons, polychlorinated biphenyls, 
herbicides, chloride, sulfate, nitrate, nitrite, fluoride, bromide, phosphate, general minerals, total organic 
carbon, pH, gross alpha and beta, and stable isotopes of hydrogen and oxygen. Specifically, this included the 
samples from 100, 200, and 300 feet bgs in both the HNWR‐1 Site borehole and Site B, and at 400 feet bgs in 
the Site B borehole only. While a sample for the “longer list” laboratory analysis was planned for the 400 
feet bgs sample in the HNWR‐1 Site borehole, this sample was only analyzed for the “shorter list” due to 
sample volume constraints. Even though the zone specific samples were analyzed by a certified laboratory, 
the data are considered screening level quality because of the method of sample collection (i.e., pumping or 
bailing from an open borehole during construction). 

After each of the exploratory boreholes were drilled to total depth and the final zone‐specific groundwater 
sample was collected, the 8‐inch primary casing (exploratory casing) was left in place pending discussion of 
the exploratory data with the TWG and decision on the next steps for the evaluation. During this time, each 
casing was secured at the surface by welding a cap over the top and placing hydrated bentonite clay around 
casing where it interfaced with the surface soils. This approach to temporarily securing the exploratory 
casing was discussed with and approved by ADWR. Following discussion of the exploratory data with the 
TWG on November 4, 2013, the exploratory casing at Site B was removed and the borehole was 
subsequently reamed for the installation of the Site B well (see Section 2.3). Subsequent to the installation 
of the Site B well, the exploratory casing at the HWNR‐1 Site was removed and the borehole was 
decommissioned in accordance with the Work Plan (CH2M HILL, 2013b). Specifically, the borehole was 
decommissioned in accordance with variance option “Alternative 4” of ADWR’s Well Abandonment 
Handbook (ADWR, 2008). The borehole was decommissioned by backfilling from total depth (400 feet) to 
22 feet bgs with pea gravel. The interval from 2 to 22 feet bgs was sealed using cement bentonite grout 
(installed via positive pressure tremie), and the upper most 2 feet was backfilled with granular material from 
the existing site area (i.e., drill cuttings from the borehole and surface soil adjacent to the borehole). 
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2.3 Site B Well Construction and Development 
Following joint direction received from DTSC and DOI (DTSC, 2013b) the exploratory boring at Site B was 
reamed for the installation of a new well. Well design was based on evaluation of lithologic data from 
recovered drill cuttings, and the results of field measurement and laboratory analysis of zone‐specific 
groundwater samples. Borehole drilling, well construction, and well development activities were conducted 
from November 2013 to February 2014. The materials and methods used for constructing and developing 
the Site B well are presented in this section. A well construction diagram is provided in Attachment A‐1. 
Although drilling and well installation activities conducted as part of the Work Plan (CH2M HILL, 2013b) are 
exempt from the requirement to obtain well installation permits from the ADWR pursuant to the CERCLA 
Section 121(e)(1) permitting exemption, NOI to install wells at both the HNWR‐1 Site (used only for the 
exploratory borehole at this time) and Site B were filed (provided in Attachment A) and the substantive 
requirements associated with the approved NOIs were followed. 

The Site B well was drilled and constructed using the dual‐rotary drilling method (using a Foremost DR‐40 
drill rig) as follows: 

1. Removed the exploratory casing. The 8‐inch exploratory casing was pulled from total depth (400 feet 
bgs) using the drill rig. The portion of the exploratory borehole from 400 to 320 feet bgs was sealed 
using cement bentonite grout (installed via positive pressure tremie). The remainder of the borehole 
was left open and allowed to collapse since this portion would be subsequently reamed for well 
construction. 

2. Installed the conductor casing. A conductor casing was installed to stabilize the upper portion of the 
borehole, provide a primary surface seal (per ADWR well standards), and isolate the completed well 
from shallower groundwater. A 31‐inch‐diameter (nominal) borehole was drilled to 77 feet bgs, and a 
24‐inch (nominal) mild‐steel conductor casing was installed (all joints were welded). The annulus 
between the conductor casing and the borehole wall from 77 feet bgs to ground surface was sealed 
using cement bentonite grout (installed via positive pressure tremie). 

3. Drilled the borehole for well construction. After the seal for the conductor casing had cured, a 21‐inch‐
diameter (nominal) borehole was drilled out the bottom of the conductor casing to a total depth of 
325 feet bgs, which is 5 feet into the top of the sealed portion of the exploratory borehole. As previously 
discussed, a shallow surface slumping event occurred around the outside of the conductor casing during 
drilling. While not desirable, this is not uncommon when drilling with compressed air. The slump 
resulted in a shallow void around the outside of the conductor casing in the vadose zone (the bottom of 
the void was confirmed near the interface of the water table at approximately 19 feet bgs using a tag 
line). The diameter of the void at the ground surface was approximately 5 to 7 feet. It is estimated that 
the slump was caused by zones of weakness created in the early stages of borehole drilling for 
conductor casing installation (a condition exacerbated by the fine‐grained nature of the shallow vadose 
zone). These zones of weakness were bridged during sealing of the conductor casing, and continued to 
settle during the drilling of the 21‐inch borehole until the slumping event occurred. The slump was 
stabilized using cement bentonite grout that was poured from the ground surface. 

4. Installing the well casing and annular materials. After the 21‐inch borehole was drilled to total depth, 
the well casing was installed within the primary drill casing. The well casing and screen are 14 inches in 
diameter and composed of 316L stainless steel (all joints were welded). All well screen is wire wrapped 
with 0.090‐inch open spacing between wires. Filter pack material was installed through the primary 
casing, and all sealing materials were installed via tremie within the primary drill casing, which was 
removed from the borehole in stages as annular materials were installed around the well casing. All 
filter pack annular material is composed of Tacna 4x10 gradation sand. The well was constructed with 
the following casing and screen intervals (described from the bottom of the well to the ground surface): 

 320 to 305 feet bgs – cased with a welded cap on the bottom and filter sand in the annular space 
(this section comprises the sump). 
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 305 to 265 feet bgs – screened with filter sand in the annular space. 

 265 to 245 feet bgs – cased with an intermediate annular seal composed of hydrated bentonite 
pellets from 260‐250 feet bgs. This section provides operational flexibility in the event the lower 
screened section needs to be isolated, or sealed, and can also be used as a lower pump chamber. 

 245 to 195 feet bgs – screened with filter sand in the annular space. 

 195 to 185 feet bgs – cased with filter sand in the annular space. This section provides operational 
flexibility in the event an intermediate pump chamber is determined beneficial to operation. 

 185 to 145 feet bgs – screened with filter sand in the annular space. 

 145 feet bgs to ground surface – cased with the annular space sealed from 120 feet bgs to the 
ground surface with cement bentonite grout. The section is the primary pump chamber and also 
provide a secondary surface seal. A 2‐inch‐diameter, 304L stainless steel gravel feed tube was 
installed in the annular space from 130 feet bgs to the ground surface. 

5. Completed the well head. The stainless steel well casing (i.e., production casing) was completed 
approximately 3 feet above ground surface, and sealed with a blank flange plate (bolted with gasket). 
The gravel feed tube was also completed above grade and sealed with a 2‐inch compression cap. The 
mild steel conductor casing was extended above the production casing with a hinged cap that is secured 
with a padlock, which is similar to other wells associated with the Topock Remediation Project.  

A well construction diagram summarizing this information is provided in Attachment A‐1. 

After the secondary seal installed between the conductor casing and the production casing had cured, 
development of the well began. Development was initially conducted using the drill rig using a dual‐swab air 
lift tool. This high‐energy development method uses compressed air to extract groundwater from the well. 
The dual‐swab tool uses a steel casing with openings along a 20‐foot interval and rubber gaskets (swabs) at 
the top and bottom of the 20 foot section to focus the pumping energy along specific intervals of well 
screen. Following air lift development, a line‐shaft pump was installed in the well and used to surge the well 
at multiple flow rates. Sand production and water quality measurements (e.g., specific conductance, pH, 
oxidation‐reduction potential, and dissolved oxygen) were monitored on the effluent water at the surface 
during well development. Approximately 385,000 gallons were removed during initial air‐lift development, 
and approximately 2,270,200 gallons were removed during pump development. 

Following construction, development, and testing (see Section 2.5), in‐well video and plumbness surveys 
were conducted to verify well details and condition on February 20, 2014. The video survey confirmed the 
well construction details outlined above and that the well screen, casing, and welded joints were in good 
condition (a summary of the Site B video survey is provided in Attachment A‐1). The video log also 
confirmed that some sand and silt had settled in the sump during final development and testing activities. A 
portion of the material was subsequently removed by bailer, but some of the more densely compacted 
material will need to be removed by air‐lift at a later date (i.e., at the time the well is put into operation). An 
in‐well gyroscope was used to verify that the well casing was plumb.  

2.4 HNWR-1 Well Construction and Condition 
A video survey of the existing HNWR‐1 well was conducted on October 21, 2013, to verify well construction 
details and condition (a summary of the HNWR‐1 video survey is provided in Attachment A‐2). The existing 
submersible pump was temporarily removed from the well to provide access for the down‐hole camera, and 
was re‐installed immediately following the survey. The video survey in combination with well installation 
notes previously provided by the HNWR confirms that the well was constructed with a 10‐inch‐diameter, 
mild steel well casing from 2.75 feet above ground surface to approximately 118.5 feet bgs. The 10‐inch 
casing shows moderate to heavy scaling below the water table and has been perforated (apparently post‐
installation using a roller perforator) from approximately 90.5 feet bgs to 118.5 feet bgs, where the well 
reduces to 8 inches in diameter (based on visual estimation, a caliper survey was not conducted) and the 
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material changes to stainless steel, wire‐wrap screen. An adapter section of the reduced diameter is in place 
from approximately 118.5 to 119.5 feet bgs, and the stainless steel, wire‐wrap screen was observed to a 
depth of approximately 156 feet bgs where soft fill prevented further video confirmation; however, the 
camera was lowered to a total depth of approximately 165 feet bgs before being refused (this depth was 
difficult to verify given the fill in the bottom of the well). The well screen is noted to be partially plugged 
based on the video survey. 

Interpretation of this video survey in combination with available well installation notes suggests that the 
10‐inch well casing was installed by drilling with a casing advance method to a total depth of 160 feet bgs. A 
40‐foot‐long screen section was then fabricated (two 20‐foot screen sections welded together, and 
presumably with a cap welded to the bottom) with a 6‐inch K‐packer (i.e., a series of rubber rings mounted 
onto a section of steel pipe) welded to the top of the screen section. The screen assembly was then landed 
on the bottom of the borehole at 157 feet bgs (it is inferred that there was approximately 3 feet of heaved 
formation within the 10‐inch casing). With the screen assembly in the bottom of the borehole, the 10‐inch 
casing was retracted with the drill rig to expose the screen assembly, leaving approximately 2.3 feet of 
10‐inch casing below the K‐packer. The installation of filter sand or gravel is not noted in the installation 
notes, and it would not be possible to have installed filter pack material given this construction method. 
Given the casing advance drilling method, the perforations in the 10‐inch must have been cut with the 
casing in situ, otherwise the casing would have failed during drilling. The driller’s notes indicated that a 
temporary surface casing (i.e., conductor casing) was used then pulled after the 10‐inch casing was in its 
final position (with the screen exposed), and “grouted up.” A conceptual well construction diagram for 
HNWR‐1 that summarizes this inferred construction is provided in Attachment A‐2. 

While this well was adequate for the irrigation purpose for which it was designed, it is not adequate for 
long‐term operation as part of the groundwater remedy freshwater supply. The well construction severely 
limits the options available for future well rehabilitation, and the effectiveness of rehabilitation overall. The 
lack of filter pack and the relatively large aperture perforations in the 10‐inch casing are especially 
problematic as formation material will move readily into the well when surged. The construction details for 
the surface seal, which protects the well for infiltration of fluids from the surface, are not completely known. 

2.5 Well and Aquifer Testing 
Hydraulic testing was performed at both the existing HNWR‐1 well and the Site B well to assess well 
performance and estimate aquifer properties. Step‐rate tests were conducted in both wells to estimate the 
upper end of flow that could be sustained during the subsequent constant‐rate tests conducted in each well. 
All groundwater discharged during the well tests was surface irrigated to the area designated in the Work 
Plan (CH2M HILL, 2013b) (see Section 2.6). The duration of both constant‐rate extraction tests was 
constrained to 72‐hours so that the irrigation area could be managed with zero run‐off.  

Effluent water quality measurements (e.g., specific conductance, pH, oxidation‐reduction potential, and 
dissolved oxygen) were monitored in the field during all well tests. Dissolved oxygen was not measured 
during the HNWR‐1 step‐rate test due to a malfunctioning sensor. Water quality samples for laboratory 
analysis were collected from the pump effluent during both constant‐rate tests to assess if water quality 
changed over time. Samples were collected during the tests at 1 hour, 6 hours, 12 hours, 24 hours, 48 hours, 
and 72 hours after the start of the test. All samples were analyzed in accordance with the Work Plan (CH2M 
HILL, 2013b). In addition to field parameters, groundwater samples were analyzed for CAM 17 metals, silica, 
fluoride, and nitrate. In addition, as requested by the TRC during the January 29, 2014, conference call with 
the TWG, all groundwater samples were analyzed for stable isotopes of hydrogen and oxygen. Samples from 
the beginning and end of the test (1 hour and 72 hours) were analyzed for a longer list of analytes, including 
CAM 17 metals, perchlorate, petroleum hydrocarbons, pesticides, polyaromatic hydrocarbons, 
polychlorinated biphenyls, herbicides, chloride, sulfate, nitrate, nitrite, fluoride, bromide, phosphate, 
general minerals, total organic carbon, pH, and gross alpha and beta. 
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Pressure transducers were utilized in several observation wells in the project area to observe potential 
effects of pumping at each of the wells during the constant‐rate tests. In addition to the pumping wells (the 
Site B well and HNWR‐1), monitoring the level of the Colorado River (I‐3 gauging station) and barometric 
pressure, the following observation wells and surface water bodies were instrumented during testing (listed 
roughly from east to west): monitoring well near the Serrano supply well, Topock‐2 (operated by Southwest 
Water Company), Topock‐3 (operated by Southwest Water Company), GSRV‐2, Topock‐66 (test well for fire 
water supply), MW‐55‐120, MW‐55‐45, Catfish Paradise (surface water body north of South Dike), Lost Lake 
(surface water body south of South Dike), MW‐54‐85, MW‐54‐140, MW‐54‐195, and MW‐49‐195 (on the 
California side of the Colorado River). The location of these wells and surface water bodies are presented on 
Figure 1. 

Testing details specific to each well are summarized in the following subsections. 

HNWR‐1. A step‐rate extraction test was conducted at HNWR‐1 on October 16, 2013, and a 72‐hour 
constant‐rate extraction test was conducted from February 11 to 14, 2014. Both tests were conducted using 
the existing electric submersible pump (Grundfos 800S750‐3 pump with a 75‐horsepower motor), which was 
installed with the intake at approximately 88 feet bgs (approximately 3 feet above the top of the well casing 
perforations). The step‐rate test consisted of six 90‐minute steps with the following average flow rates: 278 
gpm, 382 gpm, 472 gpm, 557 gpm, 658 gpm, and 767 gpm. A seventh step was attempted at 875 gpm 
(maximum pump flow) but the pump began to cavitate after approximately 30 minutes, indicating that 
water level drawdown in the well had dropped below the minimum operating head required above the 
pump. Based on analysis of the step‐rate extraction test, a flow of 700 gpm was chosen for the constant‐rate 
test. A plot of the drawdown data collected during the HWNR‐1 step‐rate test is provided in Figure B‐1 in 
Attachment B. HNWR‐1 is located approximately 750 feet from the operational Topock‐2 and ‐3 supply 
wells, which are operated by Southwest Water Company to provide freshwater to the Topock Compressor 
Station, Topock‐66 restaurant, and nearby residences. Prior to the beginning of the HNWR‐1 constant‐rate 
test, project staff coordinated with the Southwest Water Company to fill available storage on the 
compressor station and for the residences/Topock‐66 restaurant so that well operation could be minimized 
during the HNWR‐1 testing period. 

Site B. A step‐rate extraction test was conducted at the Site B well on February 7, 2014, and a 72‐hour 
constant‐rate extraction test was conducted from February 7 to 10, 2014. Both tests were conducted using a 
line‐shaft turbine pump that was temporarily installed for well development and testing. The intake of the 
test pump was located at approximately 138 feet bgs (approximately 7 feet above the top of the well 
screen). The step‐rate test consisted of six 80‐minute steps with the following average flow rates: 507 gpm, 
694 gpm, 911 gpm, 1,101 gpm, 1,292 gpm, and 1,494 gpm. A plot of the drawdown data collected during the 
Site B step‐rate test is provided in Figure B‐2 in Attachment B. Based on analysis of the step‐rate extraction 
test and projecting the amount of water could be applied over time to the irrigation area (based on 
irrigation that had been conducted to date), a flow of 1,000 gpm was chosen for the constant‐rate test.  

2.6 Management of Material Generated during Evaluation 
Three types of materials were generated during fieldwork: drill cuttings, purged groundwater, and trash, all 
of which were managed in accordance with the Work Plan (CH2M HILL, 2013b). Drill cuttings and purged 
groundwater were managed in accordance with site‐specific and regulatory practice for groundwater supply 
well drilling. Because this work was conducted as part of a CERCLA response action, implementation plan 
activities conducted onsite were covered under the permit exemption codified in Section 121(e)(1) of 
CERCLA. While the permit exemption applies to the administrative or procedural elements (e.g., preparing 
and submitting permit applications and obtaining permits), the substantive requirements of the applicable 
laws remain. Groundwater discharge and drill cuttings were managed in compliance with the substantive 
requirements of Aquifer Protection General Permit 1.04, as authorized by Arizona Administrative Code 
Section R18‐9‐B301(D). 
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Drill cuttings were diverted from the cuttings return pipe on the rig using a cyclone that was staged over the 
top of a roll‐off bin. From the roll‐off bin all drill cuttings were spread to the ground surface adjacent to the 
borehole. Chemical additives were not used during drilling, therefore cuttings sampling was not necessary to 
determine suitability for discharge to the ground surface. Drill cuttings were not discharged to any 
jurisdictional areas. Clay was recovered in the drill cuttings from both boreholes. In accordance with the 
Work Plan (CH2M HILL, 2013b), the clay material was gathered and separated from the other drill cuttings 
for storage on dye‐free cotton muslin fabric and labeled. The material was recovered from the cuttings bin 
as many small clay balls, which were subsequently aggregated into a larger ball that was approximately the 
size of a soccer ball. The material was securely stored at the work site, and the agencies and Tribes were 
informed of the clay. The material was subsequently managed by the project archaeologist in coordination 
with the Tribes. 

Purged groundwater was generated during drilling, well development, and well testing. Water generated 
during drilling and air‐lift development (see Section 2.3) was discharged to the ground surface in the same 
area as the drill cuttings. Water was generated at a higher rate during pump development and well testing. 
This water was surface irrigated to the area designated in the Work Plan (CH2M HILL, 2013b). The water was 
pumped through a temporary, aboveground conveyance pipeline to as many as 12 sprinklers in the 
irrigation area (see Figure 2). During key development activities, discharge was irrigated directly to the 
ground without the use of a sprinkler to avoid discharge pressure limitations associated with the sprinkler 
equipment; however, all discharge activities were conducted in a manner that did not promote scouring or 
erosion of the irrigation area. A total volume of approximately 10.5 million gallons was discharged to the 
irrigation area during pump development at Site B and all well testing activities at both wells. Purged 
groundwater was neither discharged nor allowed to run‐off to jurisdictional areas, the Colorado River, nor 
Arizona County Highway 10. 

Incidental trash was removed from the work area daily and was transferred to a standard trash bin at the 
TCS for offsite disposal. 

3.0 Results of the Evaluation 
This section presents the analysis of data collected during the activities detailed in Section 2. Section 4 
discusses the integration of all available data from this evaluation, and associated recommendations for the 
path forward in establishing a freshwater supply for the groundwater remedy. 

3.1 Exploratory Data 
This section presents the analysis of lithologic data collected during drilling, and the results of screening 
level groundwater samples collected from the initial exploratory boreholes. 

Lithology and Hydrostratigraphy. Based on data collected from the exploratory boreholes, a single 
unconsolidated aquifer was drilled at both locations that is comprised largely of well graded gravels with 
sand. A combination of finer‐grained sands and slits and gravel is observed in the upper 40 feet of the 
HNWR‐1 Site and the upper 100 feet of Site B. Within this interval, a layer of lean clay was encountered at 
Site B between 70 and 80 feet bgs. This finer‐grained material is likely a combination of overbank deposits 
from the Colorado River and alluvial material sourced from Sacramento Wash. Below these finer‐grained 
intervals, the lithology encountered was predominantly comprised of fluvial river gravels with sand. Both 
boreholes are located within the large fluvial plain of the pre‐dam era Colorado River, and the detailed 
drilling logs describe these clean fluvial deposits at a greater frequency and thickness than the fluvial 
deposits on the California side of the River, which represents the thin western edge of the fluvial plain. 
Bedrock was not encountered at either the HNWR‐1 Site or Site B; however, low penetration rates during 
drilling the deeper portion of the HNWR‐1 Site exploratory borehole might be an indication that the total 
depth of this borehole was closer to bedrock that the Site B borehole (see also specific conductance data 
from the deeper portion of the HNWR‐1 Site borehole, and the limited groundwater recovery at the bottom 
of the borehole). The additional lithologic data collected during this evaluation has been added to the 
conceptual cross‐section that was included in the Work Plan (CH2M HILL, 2013b) (see Figure 3). 
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The water table was encountered at approximately 9 and 19 feet bgs at the HNWR‐1 Site and Site B, 
respectively (based on water level data collected from the HNWR‐1 and Site B wells), and the ground surface 
at Site B is approximately 8 feet higher than at the HNWR‐1 Site. The HNWR‐1 well has been surveyed for 
elevation, but the survey for the Site B well is pending; therefore, detailed comparison of groundwater 
elevation between the two sites (accounting for river level influence) cannot be completed at this time. 
Regardless, the groundwater elevation at the two sites appears to be very similar. 

Screening‐level Groundwater Samples. This section presents the results of field water quality 
measurements (Table 1) and laboratory analysis of the 8 screening level, zone‐specific groundwater samples 
collected from the HWNR‐1 Site and Site B exploratory boreholes (Tables 2 through 9). 

Field Measurements. Field water quality measurements monitoring during sample collection, included 
specific conductance, temperature, pH, oxidation‐reduction potential, and turbidity, as well as depth to 
water within the primary drill casing during purging. Specific conductance measurements indicate a change 
in water type in both boreholes with higher specific conductance (saltier) water occurring deeper in the 
borehole, and a lower specific conductance (less salty) water occurring in the shallower intervals. This 
transition was observed between the 350‐ and 400‐foot‐bgs samples at Site B, and between the 250‐ and 
300‐foot‐bgs samples at the HNWR‐1 Site. Therefore, the thickness of fresh (less salty) water at Site B is 
approximately 100 feet greater than at the HNWR‐1 Site. Based on measurement of ORP, the deeper, saltier 
water in each borehole tends to be reduced while the shallower, fresher water is aerobic (i.e., positive 
oxygen‐reduction potential). This is consistent with the conceptual site model of shallower groundwater 
being a combination of river water and infiltration from Sacramento Wash, with the older, saltier water 
along the bottom of the basin. This trend is observed in both alluvial and bedrock wells and is consistent 
with the theory that in this lower portion of the Mohave basin, older connate water is upwelling from the 
deeper portions of basin. During the eons that it could take for groundwater to move through the basin, the 
salts are leached from the rocks, increasing specific conductance, and dissolved oxygen is lost through 
reactions with reduced mineral species. 

The temperature of the groundwater in both boreholes ranged from approximately 32 to 42 degrees Celsius 
(approximately 90 to 107 degrees Fahrenheit). Measurements collected from shallow to deeper within each 
borehole indicate increasing temperature with depth. The measurement collected from the deepest sample 
in the HWNR‐1 Site borehole was lower than would be expected based on the trend of measurements from 
shallower samples. This is because this sample was collected with a bailer, while all the other samples were 
collected using a submersible pump. Variations in temperature measurements can be an artifact of 
submersible pump operation to purge the groundwater. In general, pumping with less hydraulic head above 
the pump (i.e., more drawdown) will result in a temperature measurement that is biased higher. For 
example, the majority of temperature measurements from the HNWR‐1 Site borehole are approximately 
36 degrees Celsius while pumping with approximately 80 feet of drawdown. In the Site B borehole, similar 
pumping conditions resulted in a similar temperature measurement, while lower temperature 
measurements were observed when pumping with less drawdown. Heat from the drilling tools can also 
create variations in temperature from one measurement interval to the next. Section 3.1 discusses the 
temperature measurements taken while pumping within the wells, which removes some of this variability.  

Measurements of pH were consistent between both boreholes, ranging from approximately 7.5 to 8.5, 
which is consistent with measurements throughout the project area.  

Metals. In general, concentrations of metals observed in zone‐specific samples were similar between the 

two boreholes. Dissolved arsenic concentrations ranged from non‐detect to 12 micrograms per liter (g/L) 

at the HNWR‐1 Site, and from 0.97 to 13 g/L at Site B. The detected ranges of chromium were also similar 

between the two boreholes with a range of non‐detect to 11 g/L at the HNWR‐1 Site, and non‐detect to 

16 g/L at Site B. Samples from the zones that correspond to the deeper, saltier water have very low to non‐
detect concentrations of hexavalent chromium, which is consistent with the reducing conditions discussed in 
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the field measurements above. Similarly, dissolved arsenic concentrations are also very low to non‐detect in 
these samples suggesting a different water type. 

Organics. Organic analyses included perchlorate, total petroleum hydrocarbon (TPH), pesticides, polycyclic 
aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and herbicides. All results for perchlorate, 
pesticides, PAHs, PCBs, and herbicides were non‐detect. TPH as diesel was detected at concentrations 
slightly above the reporting limit in the 100‐ and 200‐foot‐bgs samples from the Site B borehole (58 and 

g/L, respectively), and TPH as motor oil was detected slightly above the reporting limit in the 400‐foot‐bgs 

sample from the same borehole (53 g/L). These TPH detections are believed to be associated with the 
lubricants used in the air compressor or on the drilling tools, and would not be expected to persist. 

Other Constituents. Review of the results of other analyses including contract laboratory program (CLP) 
inorganics and general chemistry indicates that the samples from the depths that correspond to the deeper, 
saltier water have higher concentrations of calcium, iron, magnesium, potassium, sodium, chloride, and 
sulfate. The concentration of nitrate as nitrogen was particularly elevated (200 milligrams per liter (mg/L)) in 
the shallowest sample collected from the Site B borehole. This concentration is attributed to nitrogen 
released from the decay of the dense vegetation that covered this area for many years but was burned prior 
to the initiation of the HNWR Re‐vegetation Project. 

Analyses of the zone‐specific samples for stable isotopes of hydrogen and oxygen indicate a consistent 
isotopic signature within each borehole, and across the two boreholes. In the Final RCRA Facility 
Investigation/Remedial Investigation Report (Final RFI/RI Report) (CH2M HILL, 2009), stable isotopes of 
oxygen and hydrogen were used to generally identify three water groups: 1) river water and river‐influenced 
groundwater, 2) local alluvial groundwater, and 3) industrial water from historical facility discharges. The 
groups are intermixed to varying degrees. When compared with the isotopic signature of other wells in the 
project area, the samples from the exploratory boreholes correspond with alluvial and fluvial non‐plume 
wells, which is consistent with the conceptual model of the aquifer for this area. 

3.2 Aquifer Testing Data 
The constant‐rate extraction tests at HNWR‐1 and Site B were each conducted for 72 hours. Drawdown at 
HNWR‐1 and Site‐B is shown in Figures B‐3 and B‐4 in Attachment B. The HNWR‐1 test was conducted at 
flow rate of 700 gpm, which maintained approximately 44 feet of water level drawdown in the well. 
Similarly, the Site B test was conducted at flow rate of 1,000 gpm, which maintained approximately 60 feet 
of drawdown in the well. During the Site B test, the drawdown in the well recovered approximately 2 feet 
throughout most of the test duration; however, the water level stabilized during the final hours of the test. 
Because the recovery trend eventually stabilized, this recovery is attributed to increased well efficiency over 
most of the testing period and not recharge associated with the infiltration of surface irrigated test water, 
which would be expected to show an exponential recovery curve. This slight draw‐up of the water level in 
Site B during testing did not have an adverse effect on analysis of the data. 

The water level data collected during the HNWR‐1 and Site B constant‐rate extraction tests were 
downloaded from the transducers and compiled following completion of the tests. Pumping at HNWR‐1 
produced measurable drawdown and recovery in the Topock‐2 and Topock‐3 wells (less than 1 foot) (Figure 
B‐5 in Attachment B). Pumping from the Site B well produced measurable drawdown in the HNWR‐1, 
Topock‐2, and Topock‐3 wells. The Topock‐2 well began pumping approximately 7 hours before the 
conclusion of the 72‐hour Site B test and remained pumping until several hours after the conclusion of the 
test. This prevented the Topock‐2 and Topock‐3 well data from being used for aquifer test analysis after this 
time, but usable data were collected over the majority of the test period.  

Data from monitoring well clusters MW‐54 and MW‐55, MW‐49‐135, and data from the Topock‐66, and 
Serrano wells were corrected using the U.S. Geological Survey deconvolution software (Halford, et al, 2012) 
to filter out the influence of river and barometric fluctuations on these wells.  Inspection of deconvoluted 
data from these wells indicated no measurable drawdown from either the Site B or HNWR‐1 test. 
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Hydrographs with raw (uncorrected) data and corrected data from these wells are presented in Figures B‐6 
through B‐10 in Attachment B. Initial review of the uncorrected data at MW‐55 and Topock‐66, as discussed 
during the February 28 conference call with the TWG, indicated potential drawdown of up to 0.2 feet, 
though final data corrected for the influence of the river indicated no measureable drawdown from either 
the Site B or HNWR‐1 test. The Site B well data recorded during the HNWR‐1 test were also deconvoluted, 
and these data did not exhibit measurable drawdown (Figure B‐4 in Attachment B).  Any drawdown that 
may have occurred at these wells would be less than the post‐deconvolution “noise” level of about 0.05 feet 
(0.6 inches). 

The pumping well and observation well data from both of these tests were analyzed to estimate aquifer 
properties using the aquifer test software MLU (Hemker and Post, 2014; Hemker, 1999). For each test, the 
drawdown at pumping and observation wells was plotted and representative points on the drawdown 
curves were selected to define the drawdown input to MLU. A simple five‐layer system was set‐up in MLU, 
consistent with the layout of the numerical model. Layers 1‐4 in the MLU analysis were each set to be 150 
feet thick at HNWR‐1, and 300 feet thick at Site‐B, which reflects field observations of increasing aquifer 
thickness in the vicinity of Site B. Layer 5 at both sites was set to 300 feet.    

The modeled fits to the observed drawdown data are shown in Figures B‐11 and B‐12.  The estimated 
hydraulic conductivity (K) of the aquifer in this area is about 200 feet/day (ft/day), based on the results of 
the tests and the estimated thickness of the zone affected by the tests.  These results were compared to the 
parameters in the numerical model, which is currently calibrated to a range of K‐values from 30 – 200 
ft/day, with typical K‐values at 30 ft/day. Results from these aquifer tests represent a higher K than most 
areas of the Topock site on the California side of the Colorado River, where the typical K is about 30 ft/day.  
However, given the nature of the material encountered during drilling (sand and gravel), the estimated K 
from these tests corresponds well with the highest permeability materials found in the floodplain within the 
Topock project area on the California side, which have an estimated K of about 200 ft/day. The aquifer test 
area is within the large fluvial plain of the pre‐dam era Colorado River, and the detailed drilling logs describe 
these clean fluvial deposits at a greater frequency and thickness than the fluvial deposits on the California 
side, which represents the thin western edge of the fluvial plain.  

As a result of the test analysis, the transmissivity estimated for the aquifer is greater than that in the current 
flow model. When the flow model was last calibrated, there were no hydraulic data available in the area of 
these tests, and only regional indications of the aquifer thickness. The exploratory borehole at the HNWR‐1 
Site was drilled to a depth of 400 feet without encountering bedrock, which is double the assigned depth in 
the current model. Both the thickness and transmissivity of the fluvial deposits in this area will be increased 
in the model from the Topock Marina eastward to the edge of the regional model domain. The effects of 
these changes on the modeled site remedy effectiveness are expected to be minor, but there will be less 
regional influence of the freshwater pumping well(s) due to the higher permeability assigned to this area of 
the model. 

Analysis of Water Quality Data. This section presents the results of field water quality measurement 
(Table 1) and laboratory analysis of the 12 groundwater samples collected from the HWNR‐1 and Site B wells 
during constant‐rate testing (Tables 2 through 9). In addition, these tables include the results from one 
sample collected from the HNWR‐1 well on October 22, 2013, which was a “one‐off” sample collected per 
the standard operating procedure for the Topock Groundwater Monitoring Program. Compared to the zone‐
specific samples collected from the exploratory boreholes, the samples collected during well testing are 
representative of a combined condition across the entire screened interval. HNWR‐1 is effectively screened 
across the interval from 90.5 to 156 feet bgs and the Site B well is effectively screened across the interval 
from approximately 140 to 305 feet bgs. 

Field Measurements. Field water quality measurements, including specific conductance, temperature, pH, 
oxidation‐reduction potential, turbidity, and dissolved oxygen, were monitored during all testing activities 
(with the exception of dissolved oxygen during the HNWR‐1 step test, which was not measured due to a 
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malfunctioning sensor). The water quality measurements collected during the step‐rate and constant‐rate 
tests were consistent at each well, which suggests that the water type entering the well screens does not 
vary significantly when each well is pumped across the range of flows utilized during step‐rate testing, or 
throughout the duration of the constant‐rate tests. The average specific conductance measurement 
collected during the constant‐rate tests for HNWR‐1 and Site B were 833 and 1,291 microSiemens per 

centimeter (S/cm), respectively, which is consistent with the measurements collected from the 
corresponding depths in the respective exploratory boreholes. Oxidation‐reduction potential and dissolved 
oxygen measurements also remained consistent during the respective tests, and are representative of the 
oxidizing water observed at these depths in the exploratory boreholes. Measurement of pH was consistent 
during both tests at approximately 7.9. 

Temperature measurements were consistent throughout the constant‐rate tests and consistent with 
measurements collected during the exploratory sampling. The average temperature during the constant‐
rate tests were approximately 37.6 and 35.8 degrees Celsius (approximately 99.7 and 96.4 degrees 
Fahrenheit) at HNWR‐1 and Site B, respectively. The difference in temperature between the two wells could 
be attributed to the different pumps used for each test. The HNWR‐1 test was conducted with a submersible 
pump, which has a motor (i.e., heat source) in the well, while the Site B test was conducted with a line‐shaft 
pump that does not have a motor in the well. Comparing this temperature data to that from the 
groundwater on the California side of the Colorado River, the average temperature in the monitoring wells 
within the planned injection zone for the groundwater remedy is 29.6 degrees C, calculated among the 
means at each well.  The overall range in temperature measurements is 23.2 to 34.7 degrees C.  The density 
at 37.6 degrees, which was the average measurement at HNWR‐1 (and the higher of the two sites), is 
approximately 0.003 kilograms per liter (kg/L) lower than that at 29.6 degrees, assuming equal TDS.  This 
slight difference is not expected to cause a significant separation between injected and receiving waters, 
especially given the inherent heterogeneity of the alluvial aquifer.  Also, the 8‐degree difference in 
temperature is not significant enough for the warmer water to cause greater leaching of matrix minerals, 
since the solubility of the various oxides, hydroxides, and silicate minerals is virtually identical at these two 
temperatures. 

Metals. The concentrations of metals detected in samples collected during constant‐rate testing were 
consistent throughout each respective test. Detected concentrations of dissolved arsenic ranged from 14 to 

16 and 17 to 18 g/L in the HNWR‐1 and Site B wells, respectively. These concentrations are consistent with 
those detected previously in HNWR‐1. Detected concentrations of chromium ranged from 19 to 20 and 33 to 

34 g/L in the HNWR‐1 and Site B wells, respectively. While the concentration in HNWR‐1 is consistent with 
those detected previously in HNWR‐1, the concentrations at Site B are higher. These higher concentrations 
likely occur because Site B is further north than HNWR‐1, and therefore closer to the higher background 
concentrations of chromium that enter the basin from the Black Mountains, which are composed of ultra‐
mafic rocks that contain naturally occurring chromium and other metals. 

Organics. Organic analyses included perchlorate, TPH, pesticides, PAHs, PCBs, and herbicides. All results for 
perchlorate, pesticides, PAHs, PCBs, and herbicides were non‐detect. TPH as diesel and TPH as motor oil 

were detected at concentrations of 92 (estimated) and 130 g/L, respectively in the sample collected from 
the Site B well immediately before the constant‐rate test was ended. These TPH detections are believed to 
be associated with the pump tools and lubrication oil (a highly refined mineral oil) used along the shaft of 
the pump that operates within the well. These detections are not expected to persist. 

Other Constituents. Other analyses including CLP inorganics, bromide, chloride, fluoride, nitrate/nitrite as 
nitrogen, soluble silica, sulfate, and total organic carbon were all consistent with the concentrations 
detected in samples from the exploratory boreholes of the corresponding depths. All results for gross alpha 
and gross beta were either non‐detect or below the respective California maximum contaminant levels for 
drinking water, which are 15 and 50 picocuries per liter, respectively. 
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The results for stable isotopes of hydrogen and oxygen from samples collected during the constant‐rate 
tests are consistent with the results discussed for the exploratory samples (see Section 3.1). 

4.0 Recommendations for Design of the Groundwater Remedy 
The following conclusions about the HNWR‐1 and Site B wells are based on review of hydraulic and water 
quality data collected during this evaluation: 

 HNWR‐1 will currently supply enough water of sufficient quality to supply the groundwater remedy at 
the nominal design flow rate of 450 gpm, but not the maximum flow rate of 900 gpm. While the 
construction of the well was sufficient for its original intent (irrigation), it is not sufficient for long‐term 
daily operation as reliable element of the groundwater remedy. Due to the design, construction, and 
condition of the well, as the well performance declines over time, the options for well maintenance are 
limited. Further, operational flexibility to lower the pump and generate more flow is limited by the 
diameter of the lower portion of the well. 

 The Site B well will supply enough water to support the maximum designed remedy flow rate and the 
well construction allows optimal flexibility for operation (i.e., pump depth) and maintenance options; 
however, based on the current well construction and operation during well testing, the water quality is 
currently not optimal. 

 Constant‐rate extraction tests conducted for a duration of 72 hours at both HNWR‐1 and the Site B well 
suggest that neither will substantially adversely affect the production rates of existing nearby wells (see 
EIR Mitigation Measure WATER‐1, Addendum No. 1). 

Based on these conclusions, the recommended path forward for establishing a reliable freshwater supply for 
the groundwater remedy includes: 

1. Depth‐specific characterization of the Site B well. While the current water quality from the Site B well is 
not optimal for the groundwater remedy (in and of itself), based on the analysis of well testing data, the 
well represents a viable freshwater source that can be used as a contingency option for the remedy 
water supply or to supplement another freshwater supply well1. It is recommended that depth‐specific 
flow and water quality data be collected to support future decisions related to well operation for the 
groundwater remedy. For example, if depth‐specific data suggests chromium is entering the well at a 
specific interval, the well operation or construction could potentially be modified to lower the chromium 
concentration in freshwater supplied by the well. 

2. Install a new well at the HNWR‐1 Site. A well that is designed and constructed for use as part of the 
groundwater remedy at the HNWR‐1 Site could be expected to produce adequate quality and quantity 
of groundwater (i.e., the maximum designed remedy flow rate). A properly designed and constructed 
well would allow for the full range of well maintenance options for reliable, long‐term operation. The 
new well would be installed by over‐drilling/reaming the backfilled HNWR‐1 Site exploratory borehole 
such that an additional borehole is not required. 

3. Design the infrastructure that would be required to plumb and operate the Site B well as part of the 
groundwater remedy to support future contingency actions, as necessary. Conceptual pipeline routing 
and associated infrastructure is included as Attachment D. In addition, design infrastructure to service 
the new well at the HNWR‐1 site. 

The implementation of these steps should occur in parallel with the development of the 90 Percent Basis of 
Design Report so that the conclusions of the additional work can be included in the document. 

                                                            
1 Additional wells that could be used to supplement Site B include well(s) at the HWNR‐1 site, Topock‐2, and Topock‐3. At the request of the TRC 
during the March 19, 2014 TWG meeting, a water quality report from Southwest Water, Inc. is provided in Attachment C. 
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TABLE-1

Summary of Field Measurements
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

PG&E Topock Compressor Station, Needles, California

Location Date

Step or 

Elapsed Time

Approximate 

Sample Depth 

(feet)

ORP     

(mV)

Spec.      

Conduct. 

(uS/cm)

Temp. 

(°C) pH

Dissolved 

Oxygen 

(mg/L)

Turbidity 

(NTU)

Volume 

Purged 

(gallons)

Average 

Pumping Rate

(gpm)

Approximate 

Static Water 

Level*          

 Approximate 

Pumping Water 

Level*

Drawdown

(feet)

Site B (Exploratory) 6‐Oct‐13 ‐‐ 58 219 636 32.3 8.18 ‐‐ 84 50 1 19 not stable ‐‐

7‐Oct‐13 ‐‐ 100 107 996 34.1 8.40 ‐‐ 44 1,538 13 23 30 7

7‐Oct‐13 ‐‐ 150 161 1,519 33.6 8.22 ‐‐ 47 976 18 24 25 2

8‐Oct‐13 ‐‐ 200 172 1,328 35.2 8.20 ‐‐ 49 823 16 24 36 12

9‐Oct‐13 ‐‐ 250 115 929 36.0 8.15 ‐‐ 16 621 17 26 84 59

9‐Oct‐13 ‐‐ 300 108 1,471 36.3 7.93 ‐‐ 36 1,769 19 24 28 4

10‐Oct‐13 ‐‐ 350 77 1,182 37.0 8.21 ‐‐ 30 1,668 12 24 56 32

15‐Oct‐13 ‐‐ 400 ‐99 10,313 38.1 7.46 ‐‐ 45 1,253 12 24 37 13

Site B (Step‐rate Test) 7‐Feb‐14 Step 1 ‐‐ 195 1,280 32.3 8.07 4.8 5 ‐‐ 507 19 46 27

7‐Feb‐14 Step 2 ‐‐ 196 1,275 32.2 8.05 6.5 3 ‐‐ 694 19 57 38

7‐Feb‐14 Step 3 ‐‐ 190 1,257 33.3 8.03 5.9 1 ‐‐ 911 19 73 54

7‐Feb‐14 Step 4 ‐‐ 186 1,275 34.2 8.02 5.7 2 ‐‐ 1,101 19 86 67

7‐Feb‐14 Step 5 ‐‐ 197 1,243 33.4 8.05 5.6 2 ‐‐ 1,292 19 102 83

7‐Feb‐14 Step 6 ‐‐ 201 1,251 34.5 8.01 4.8 2 ‐‐ 1,494 19 120 101

Site B (Constant‐rate Test) 7‐Feb‐14 1 hour ‐‐ 154 1,278 35.9 7.98 5.3 2 ‐‐ 1,000 19 78 59

8‐Feb‐14 6 hours ‐‐ 123 1,279 35.8 7.97 5.3 1 ‐‐ 1,000 19 80 61

8‐Feb‐14 12 hours ‐‐ 147 1,285 35.3 7.96 4.8 1 ‐‐ 1,000 19 80 61

8‐Feb‐14 24 hours ‐‐ 127 1,293 35.9 7.94 4.4 1 ‐‐ 1,000 19 79 60

9‐Feb‐14 48 hours ‐‐ 102 1,301 35.8 7.93 4.1 1 ‐‐ 1,000 19 78 59

10‐Feb‐14 72 hours ‐‐ 109 1,311 35.8 7.93 3.9 1 ‐‐ 1,000 19 78 59

HNWR‐1 Site (Exploratory) 16‐Oct‐13 ‐‐ 50 134 972 34.5 7.96 ‐‐ 43 319 17 11 13 2

17‐Oct‐13 ‐‐ 100 183 875 34.9 8.08 ‐‐ 11 1,990 20 11 11 0

17‐Oct‐13 ‐‐ 150 184 892 38.9 8.19 ‐‐ 47 645 17 11 31 21

17‐Oct‐13 ‐‐ 200 175 1,018 39.7 8.30 ‐‐ 34 464 12 11 27 16

18‐Oct‐13 ‐‐ 250 170 1,405 41.0 8.12 ‐‐ 34 749 16 12 28 17

19‐Oct‐13 ‐‐ 300 ‐290 26,300 40.2 8.33 ‐‐ 27 781 16 13 not stable ‐‐

19‐Oct‐13 ‐‐ 350 ‐224 47,192 42.4 7.97 ‐‐ 50 921 19 13 not stable ‐‐

20‐Oct‐13 ‐‐ 400 123 25,830 35.1 7.98 ‐‐ 135 1 bailer ‐‐ ‐‐ ‐‐

HNWR‐1 (Step‐rate Test) 16‐Oct‐13 Step 1 ‐‐ 89 867 35.8 8.06 ‐‐ 8 ‐‐ 278 9 22 13

16‐Oct‐13 Step 2 ‐‐ 102 859 35.7 8.16 ‐‐ 4 ‐‐ 382 9 30 21

16‐Oct‐13 Step 3 ‐‐ 109 858 35.6 8.15 ‐‐ 3 ‐‐ 472 9 36 27

16‐Oct‐13 Step 4 ‐‐ 116 860 35.3 8.13 ‐‐ 2 ‐‐ 557 9 43 34

16‐Oct‐13 Step 5 ‐‐ 119 860 36.1 8.12 ‐‐ 2 ‐‐ 658 9 51 42

16‐Oct‐13 Step 6 ‐‐ 128 862 36.1 8.14 ‐‐ 3 ‐‐ 757 9 60 51

16‐Oct‐13 Step 7 ‐‐ 130 863 36.2 8.11 ‐‐ 2 ‐‐ 875 9 66 57

HNWR‐1 (Constant‐rate Test) 11‐Feb‐14 1 hour ‐‐ 129 811 37.7 8.00 3.1 1 ‐‐ 700 9 52 43

11‐Feb‐14 6 hours ‐‐ 107 815 37.5 7.99 3.4 1 ‐‐ 700 9 52 43

11‐Feb‐14 12 hours ‐‐ 98 828 37.4 7.98 3.3 1 ‐‐ 700 9 52 43

12‐Feb‐14 24 hours ‐‐ 91 843 37.3 7.97 3.3 1 ‐‐ 700 9 52 43

13‐Feb‐14 48 hours ‐‐ 81 850 37.2 7.96 3.4 0 ‐‐ 700 9 52 43

14‐Feb‐14 72 hours ‐‐ 84 851 37.1 7.95 3.2 2 ‐‐ 700 9 52 43

Notes:

uS/cm ‐ MicroSiemens per centimeter

mg/L ‐ Milligrams per liter

mV ‐ Millivolts

°C ‐ degrees Celsius

NTU ‐ Nephelometric Turbidity Units

gpm ‐ gallons per minute

Field water quality measurements collected using a field meter equipped with a flow cell (unless a bailer was used)

* Approximate water level measurements are expressed as feet below ground surface. 

Field Water Quality Measurements Hydraulic Measurements



TABLE-2
Groundwater Sample Results: Metals

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

Antimony, 
dissolved

Arsenic, 
dissolved

Barium, 
dissolved

Beryllium, 
dissolved

Cadmium, 
dissolved

Chromium,
 dissolved

Cobalt, 
dissolved

Copper, 
dissolved

Hexavalent 
Chromium

Lead, 
dissolved

Mercury, 
dissolved

Molybdenum, 
dissolved

Nickel, 
dissolved

Selenium, 
dissolved

Silver, 
dissolved

Thallium, 
dissolvedLocation

Depth/
TimeDate

Vanadium, 
dissolved

Zinc, 
dissolved

Metals (µg/L)

Phase

ND (0.5) 14 110 ND (1) ND (3) 17 ND (3) ND (5) 20 ND (10) ND (0.2) 9.1 ND (5) 0.68 ND (3) ND (0.5) 20 12 HNWR-1 10/22/13 92 - 156 ftGW Sampling

ND (0.5) 16 120 ND (0.5) ND (0.5) 18 ND (0.5) ND (1) 20 ND (1) ND (0.2) 9 ND (1) 0.79 ND (0.5) ND (0.5) 18 ND (10)02/11/14 1 hrsConstant-rate test

ND (0.5) 16 110 ND (0.5) ND (0.5) 19 ND (0.5) ND (1) 20 ND (1) ND (0.2) 9.4 ND (1) 0.75 ND (0.5) ND (0.5) 19 ND (10)02/12/14 6 hrsConstant-rate test

ND (0.5) 16 110 ND (0.5) ND (0.5) 18 ND (0.5) ND (1) 20 ND (1) ND (0.2) 9 ND (1) 0.73 ND (0.5) ND (0.5) 18 ND (10)02/12/14 12 hrsConstant-rate test

ND (0.5) 15 120 ND (0.5) ND (0.5) 18 ND (0.5) ND (1) 19 ND (1) ND (0.2) 9.1 ND (1) 0.77 ND (0.5) ND (0.5) 17 ND (10)02/12/14 24 hrsConstant-rate test

ND (0.5) 15 130 ND (0.5) ND (0.5) 17 ND (0.5) ND (1) 19 ND (1) ND (0.2) 9.2 ND (1) 0.76 ND (0.5) ND (0.5) 17 ND (10)02/13/14 48 hrsConstant-rate test

ND (0.5) 14 120 ND (0.5) ND (0.5) 16 ND (0.5) ND (1) 19 ND (1) ND (0.2) 8.9 ND (1) 0.75 ND (0.5) ND (0.5) 16 ND (10)02/14/14 72 hrsConstant-rate test

ND (0.5) 6 87 ND (1) ND (3) 6.1 ND (3) ND (5) 6 ND (10) ND (0.2) 9.5 ND (5) 0.96 ND (3) ND (0.5) 16 14 HNWR-1 Site 10/16/13 50 ftExploratory

ND (0.5) 10 110 ND (1) ND (3) 12 ND (3) ND (5) 11 ND (10) ND (0.2) 8.7 ND (5) 0.83 ND (3) ND (0.5) 18 ND (10)10/17/13 100 ftExploratory

ND (0.5) 6.9 78 ND (1) ND (3) 8.8 ND (3) ND (5) 9 ND (10) ND (0.2) 10 ND (5) 0.52 ND (3) ND (0.5) 13 ND (10)10/17/13 150 ftExploratory

ND (0.5) 11 100 ND (1) ND (3) 11 ND (3) ND (5) 9 ND (10) ND (0.2) 8.9 ND (5) 0.57 ND (3) ND (0.5) 16 ND (10)10/17/13 200 ftExploratory

ND (0.5) 12 580 ND (1) ND (3) 3.3 ND (3) ND (5) 1 ND (10) ND (0.2) 15 ND (5) 0.57 5.7 ND (0.5) ND (3) ND (10)10/18/13 250 ftExploratory

ND (2.5) 0.8 91 ND (1) ND (3) ND (1) ND (3) 14 ND (1) ND (10) ND (0.2) 120 ND (5) ND (2.5) ND (3) ND (2.5) 11 ND (10)10/19/13 300 ftExploratory

ND (2.5) 3 240 ND (5) ND (15) ND (1) ND (15) 26 ND (1) ND (50) ND (0.2) 160 ND (25) ND (2.5) ND (15) ND (12) ND (15) ND (50)10/19/13 350 ftExploratory

ND (2.5) ND (0.5) 150 1.3 ND (3J) ND (1) ND (3) 8.1 ND (1) ND (10) ND (0.2) 39 6.9 ND (2.5) 12 ND (12) ND (3) 11 10/20/13 400 ftExploratory

ND (0.5) 1.3 110 ND (1) ND (3) ND (1) ND (3) ND (5) ND (0.2) ND (10) ND (0.2) 11 ND (5) 1.6 ND (3) ND (0.5) 9.2 ND (10)Site B 10/06/13 58 ftExploratory

ND (0.5) 13 130 ND (1) ND (3) 2.3 ND (3) ND (5) 2.1 ND (10) ND (0.2) 17 ND (5) 0.78 ND (3) ND (0.5) 11 ND (10)10/07/13 100 ftExploratory

ND (0.5) 13 140 ND (1) ND (3) 16 ND (3) 5.9 16 ND (10) ND (0.2) 17 ND (5) 0.99 ND (3) ND (0.5) 12 ND (10)10/07/13 150 ftExploratory

ND (0.5) 13 130 ND (1) ND (3) 7.7 ND (3) 7.8 5.2 ND (10) ND (0.2) 13 ND (5) 0.89 ND (3) ND (0.5) 13 ND (10)10/08/13 200 ftExploratory

ND (0.5) 10 140 ND (1) ND (3) 3.2 ND (3) ND (5) 2.8 ND (10) ND (0.2) 8.6 ND (5) 0.78 ND (3) ND (0.5) 12 ND (10)10/09/13 250 ftExploratory

ND (0.5) 4.5 140 ND (1) ND (3) ND (1) ND (3) ND (5) ND (0.2) ND (10) ND (0.2) 8.5 ND (5) 0.88 ND (3) ND (0.5) 7 ND (10)10/09/13 300 ftExploratory

ND (0.5) 12 94 ND (1) ND (3) 5.7 ND (3) ND (5) 4.6 ND (10) ND (0.2) 8.8 ND (5) 0.69 ND (3) ND (0.5) 16 ND (10)10/10/13 350 ftExploratory

ND (0.5) 0.97 120 ND (1) ND (3) ND (1) ND (3) 11 ND (0.2) ND (10) ND (0.2) 6.9 ND (5) 0.81 6.7 ND (2.5) ND (3) 26 10/15/13 400 ftExploratory

ND (0.5) 17 170 ND (0.5) ND (0.5) 31 ND (0.5) ND (1) 33 ND (1) ND (0.2) 12 ND (1) 0.86 ND (0.5) ND (0.5) 17 ND (10)02/07/14 1 hrsConstant-rate test

ND (0.5) 17 150 ND (0.5) ND (0.5) 31 ND (0.5) ND (1) 33 ND (1) ND (0.2) 11 ND (1) 0.92 ND (0.5) ND (0.5) 16 ND (10)02/08/14 6 hrsConstant-rate test

ND (0.5) 18 160 ND (0.5) ND (0.5) 31 ND (0.5) ND (1) 33 ND (1) ND (0.2) 12 ND (1) 0.9 ND (0.5) ND (0.5) 17 ND (10)02/08/14 12 hrsConstant-rate test

ND (0.5) 17 160 ND (0.5) ND (0.5) 32 ND (0.5) ND (1) 34 ND (1) ND (0.2) 12 ND (1) 0.89 ND (0.5) ND (0.5) 17 ND (10)02/08/14 24 hrsConstant-rate test

ND (0.5) 18 160 ND (0.5) ND (0.5) 31 ND (0.5) ND (1) 34 ND (1) ND (0.2) 12 ND (1) 0.94 ND (0.5) ND (0.5) 16 ND (10)02/09/14 48 hrsConstant-rate test

ND (0.5) 18 170 ND (0.5) ND (0.5) 33 ND (0.5) ND (1) 34 ND (1) ND (0.2) 12 ND (1) 0.92 ND (0.5) ND (0.5) 17 J ND (10)02/10/14 72 hrsConstant-rate test

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

J = concentration or reporting limit estimated by laboratory or data validation 

ND = not detected at the listed reporting limit

µg/L = micrograms per liter
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TABLE-3
Groundwater Sample Results: Contract Laboratory Program Inorganics

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

Calcium, 
dissolved

Iron, 
dissolved

Magnesium, 
dissolved

Manganese, 
dissolved

Potassium, 
dissolved

Sodium, 
dissolvedLocation

Contract Laboratory Program (CLP) Inorganics (µg/L)

Depth/
TimeDatePhase

19,000 ND (20) 3,200 ND (0.5) 4,100 130,000 HNWR-1 02/11/14 1 hrsConstant-rate test

23,000 ND (20) 4,200 ND (0.5) 4,600 140,000 02/14/14 72 hrsConstant-rate test

26,000 42 5,100 --- 5,100 140,000 HNWR-1 Site 10/17/13 100 ftExploratory

17,000 110 2,000 --- 4,900 180,000 10/17/13 200 ftExploratory

27,000 880 1,800 --- 5,800 230,000 10/19/13 300 ftExploratory

32,000 J 22 5,600 ND (0.5) 5,000 230,000 Site B 02/07/14 1 hrsConstant-rate test

37,000 ND (20) 6,400 ND (0.5) 5,200 240,000 02/10/14 72 hrsConstant-rate test

20,000 26 4,400 --- 4,700 160,000 10/07/13 100 ftExploratory

28,000 200 5,200 --- 5,200 200,000 10/08/13 200 ftExploratory

34,000 76 6,800 --- 5,800 220,000 10/09/13 300 ftExploratory

360,000 550 27,000 --- 16,000 1,900,000 10/15/13 400 ftExploratory

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

J = concentration or reporting limit estimated by laboratory or data validation 

ND = not detected at the listed reporting limit

µg/L = micrograms per liter
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TABLE-4
Groundwater Sample Results: Polycyclic Aromatic Hydrocarbons

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

1-Methyl 
naphthalene

2-Methyl 
naphthalene

Acenaph- 
thene

Acenaph- 
thylene

Anthracene Benzo- 
(ghi)- 

perylene

Benzo(a)- 
anthracene

Benzo(a)- 
pyrene

Benzo(b)- 
fluor 

anthene

Benzo(k)- 
fluor anthene

Chrysene Dibenzo- (a,h)- 
anthracene

Fluoranthene Fluorene Indeno(1,2,3-
cd)pyrene

Naph- 
thaleneLocation

 Depth/
TimeDate

Phen- 
anthrene

Pyrene

Polyaromatic Hydrocarbons (µg/L)

Phase

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)HNWR-1 02/11/14 1 hrsConstant-rate test

ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21) ND (0.21)02/14/14 72 hrsConstant-rate test

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)HNWR-1 Site 10/17/13 100 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)10/17/13 200 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)10/19/13 300 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)Site B 10/07/13 100 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)10/08/13 200 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)10/09/13 300 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)10/15/13 400 ftExploratory

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)02/07/14 1 hrsConstant-rate test

ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2) ND (0.2)02/10/14 72 hrsConstant-rate test

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

ND = not detected at the listed reporting limit

µg/L = micrograms per liter
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TABLE-5
Groundwater Sample Results: Pesticides

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

4,4-DDD 4,4-DDE 4,4-DDT Aldrin alpha-BHC alpha-
Chlordane

beta-BHC delta-BHC Dieldrin Endo sulfan I Endo 
sulfan II

Endosulfan 
sulfate

Endrin Endrin 
aldehyde

gamma-BHC gamma-
ChlordaneLocation

 Depth/
TimeDate

Heptachlor Heptachlor 
Epoxide

Pesticides (µg/L)

Methoxy 
chlor

Toxaphene
Phase

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)HNWR-1 02/11/14 1 hrs ND (0.25) ND (2.5)Constant-rate test

ND (0.052) ND (0.052) ND (0.052) ND (0.026) ND (0.026) ND (0.026) ND (0.026) ND (0.026) ND (0.052) ND (0.026) ND (0.052) ND (0.052) ND (0.052) ND (0.052) ND (0.026) ND (0.026) ND (0.026) ND (0.026)02/14/14 72 hrs ND (0.26) ND (2.6)Constant-rate test

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)HNWR-1 Site 10/17/13 100 ft ND (0.25) ND (2.5)Exploratory

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)10/17/13 200 ft ND (0.25) ND (2.5)Exploratory

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)10/19/13 300 ft ND (0.25) ND (2.5)Exploratory

ND (0.051) ND (0.051) ND (0.051) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.051) ND (0.025) ND (0.051) ND (0.051) ND (0.051) ND (0.051) ND (0.025) ND (0.025) ND (0.025) ND (0.025)Site B 10/07/13 100 ft ND (0.25) ND (2.5)Exploratory

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)10/08/13 200 ft ND (0.25) ND (2.5)Exploratory

ND (0.051) ND (0.051) ND (0.051) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.051) ND (0.025) ND (0.051) ND (0.051) ND (0.051) ND (0.051) ND (0.025) ND (0.025) ND (0.025) ND (0.025)10/09/13 300 ft ND (0.25) ND (2.5)Exploratory

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)10/15/13 400 ft ND (0.25) ND (2.5)Exploratory

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)02/07/14 1 hrs ND (0.25) ND (2.5)Constant-rate test

ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.025) ND (0.05) ND (0.025) ND (0.05) ND (0.05) ND (0.05) ND (0.05) ND (0.025) ND (0.025) ND (0.025) ND (0.025)02/10/14 72 hrs ND (0.25) ND (2.5)Constant-rate test

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

ND = not detected at the listed reporting limit

µg/L = micrograms per liter
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TABLE-6
Groundwater Sample Results: Polychlorinated Biphenyls

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

Aroclor 1016 Aroclor 1221 Aroclor 
1232

Aroclor 
1242

Aroclor 1248 Aroclor 
1254

Aroclor 
1260Location

 Depth/
TimeDate

Polychlorinated Biphenyls (µg/L)

Phase

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)HNWR-1 02/11/14 1 hrsConstant-rate test

ND (0.52) ND (1) ND (0.52) ND (0.52) ND (0.52) ND (0.52) ND (0.52)02/14/14 72 hrsConstant-rate test

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)HNWR-1 Site 10/17/13 100 ftExploratory

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)10/17/13 200 ftExploratory

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)10/19/13 300 ftExploratory

ND (0.51J) ND (1J) ND (0.51J) ND (0.51J) ND (0.51J) ND (0.51J) ND (0.51J)Site B 10/07/13 100 ftExploratory

ND (0.5J) ND (1J) ND (0.5J) ND (0.5J) ND (0.5J) ND (0.5J) ND (0.5J)10/08/13 200 ftExploratory

ND (0.51) ND (1) ND (0.51) ND (0.51) ND (0.51) ND (0.51) ND (0.51)10/09/13 300 ftExploratory

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)10/15/13 400 ftExploratory

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)02/07/14 1 hrsConstant-rate test

ND (0.5) ND (1) ND (0.5) ND (0.5) ND (0.5) ND (0.5) ND (0.5)02/10/14 72 hrsConstant-rate test

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

ND = not detected at the listed reporting limit

µg/L = micrograms per liter
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TABLE-7
Groundwater Sample Results: Total Petroleum Hydrocarbons

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

TPH-d TPH-g TPH-mo
Location

Total Petroleum Hydrocarbons (µg/L)

Depth/
Time

DatePhase

ND (50) ND (100) ND (50)HNWR-1 02/11/14 1 hrsConstant-rate test

ND (50) ND (100) ND (50)02/14/14 72 hrsConstant-rate test

ND (50) ND (100) ND (50)HNWR-1 Site 10/17/13 100 ftExploratory

ND (50) ND (100) ND (50)10/17/13 200 ftExploratory

ND (50) ND (100) ND (50)10/19/13 300 ftExploratory

ND (50J) ND (100) ND (50)Site B 02/07/14 1 hrsConstant-rate test

92 J ND (100) 130 02/10/14 72 hrsConstant-rate test

58 ND (100) ND (51)10/07/13 100 ftExploratory

62 ND (100) ND (50)10/08/13 200 ftExploratory

ND (51) ND (100) ND (51)10/09/13 300 ftExploratory

ND (50) ND (100) 53 10/15/13 400 ftExploratory

Notes:

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

J = concentration or reporting limit estimated by laboratory or data validation 

\\zinfandel\Proj\PacificGasElectricCo\TopockProgram\Database\Tuesdai\EastRavine\Topock_EastRavine2013_site.mdb\rptTPH
sAllGWdeptime1
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TABLE-8
Groundwater Sample Results: Anions, General and Radiochemistry Parameters

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

Bromide Chloride Deuterium Fluoride Gross 
Alpha

Gross 
Beta

Nitrate as 
Nitrogen

Nitrite as 
Nitrogen

Orthophosphate,
 dissolved

Oxygen 18 Perchlorate pH Soluble silica Sulfate
Total 

organic 
carbon

Location Depth/
Time Date

* * * * * *

General Chemistry and Radiochemistry (mg/L except where footnoted)

Phase

ND (0.5) 140 -- 3.9 -- -- 2.5 ND (2.5) -- -- -- -- 27 45 --HNWR-1 10/22/13 92 - 156 ftGW Sampling

ND (0.5) 140 -73.63 4 7.42 ND (4) 2.6 ND (1) ND (0.02) -10.11 ND (2) 7.9 J 24 45 ND (1)02/11/14 1 hrsConstant-rate test

-- -- -73.42 4 -- -- 2.7 -- -- -10.11 -- -- 25 J -- --02/12/14 6 hrsConstant-rate test

-- -- -73.16 3.9 -- -- 2.6 -- -- -10.4 -- -- 25 -- --02/12/14 12 hrsConstant-rate test

-- -- -72.92 3.9 -- -- 2.7 -- -- -10.04 -- -- 25 -- --02/12/14 24 hrsConstant-rate test

-- -- -74.32 3.8 -- -- 2.5 -- -- -10.52 -- -- 25 -- --02/13/14 48 hrsConstant-rate test

ND (0.5) 140 -72.54 3.9 6.34 J ND (4) 2.5 ND (1) ND (0.02) -10.44 ND (2) 7.7 J 27 51 ND (1)02/14/14 72 hrsConstant-rate test

-- -- -- 3.8 -- -- 2.5 -- -- -- -- -- 26 -- --HNWR-1 Site 10/16/13 50 ftExploratory

ND (0.5) 140 -72.9 3.8 3.49 5.17 2.5 ND (2.5) ND (0.02) -10.1 ND (2) 8 J -- 51 ND (1)10/17/13 100 ftExploratory

-- -- -- 4.5 -- -- 2.4 -- -- -- -- -- 20 -- --10/17/13 150 ftExploratory

ND (0.5) 180 -72.8 4.3 ND (3) 4.14 2.3 ND (2.5) ND (0.02) -9.7 ND (2) 8 J -- 53 ND (1)10/17/13 200 ftExploratory

-- -- -- 5.6 -- -- 2.1 -- -- -- -- -- 21 -- --10/18/13 250 ftExploratory

ND (10) 11,000 -78 8.1 ND (3) ND (131) ND (10) ND (50) ND (0.02) -10.2 ND (20) 7.8 J -- 670 ND (1)10/19/13 300 ftExploratory

-- -- -- 8.4 -- -- ND (10) -- -- -- -- -- 20 -- --10/19/13 350 ftExploratory

-- -- -- -- -- -- -- -- -- -- -- -- 3.7 -- --10/20/13 400 ftExploratory

-- -- -- 2 -- -- 200 -- -- -- -- -- 31 -- --Site B 10/06/13 58 ftExploratory

ND (0.5) 170 -75.9 5 4.71 J ND (4) 2.5 ND (2.5) ND (0.02) -11 ND (2) 7.8 J -- 58 ND (1)10/07/13 100 ftExploratory

-- -- -- 4.8 -- -- 2.4 -- -- -- -- -- 22 -- --10/07/13 150 ftExploratory

ND (0.5) 250 -75.9 4.2 5.9 J 8.05 2.5 ND (2.5) ND (0.02) -10.8 ND (2) 7.8 J -- 71 ND (1)10/08/13 200 ftExploratory

-- -- -- 3.9 -- -- 2.6 -- -- -- -- -- 21 -- --10/09/13 250 ftExploratory

ND (0.5) 310 -76.5 4.1 3.6 J 4.53 2.6 ND (2.5) ND (0.02) -10.5 ND (2) 7.6 J -- 78 ND (1)10/09/13 300 ftExploratory

-- -- -- 4.7 -- -- 2.5 -- -- -- -- -- 19 -- --10/10/13 350 ftExploratory

ND (2.5) 3,100 -78.8 4.1 J 3.66 ND (21.9) ND (2.5) ND (10) ND (0.02) -10.9 ND (10) 7.3 J -- 330 ND (1)10/15/13 400 ftExploratory

ND (0.5) 270 -75.45 4.3 5.51 ND (4) 2.4 ND (2.5) ND (0.02) -10.15 ND (2) 7.8 J 23 70 ND (1)02/07/14 1 hrsConstant-rate test

-- -- -75.84 4.3 -- -- 2.5 -- -- -10.27 -- -- 22 -- --02/08/14 6 hrsConstant-rate test

-- -- -77.46 4.4 -- -- 2.5 -- -- -10.42 -- -- 23 -- --02/08/14 12 hrsConstant-rate test

-- -- -75.52 4.2 -- -- 2.4 -- -- -10.32 -- -- 19 J -- --02/08/14 24 hrsConstant-rate test

-- -- -76.74 4.1 -- -- 2.4 -- -- -10.4 -- -- 23 -- --02/09/14 48 hrsConstant-rate test

ND (0.5) 270 -74.54 4.3 4.38 ND (4) 2.5 ND (2.5) ND (0.02) -10.07 ND (2) 7.9 J 24 71 ND (1)02/10/14 72 hrsConstant-rate test

Notes:

Detected results are bolded

* Oxygen-18 and Deuterium in differences from global standards in parts per thousand

* Gross alpha and beta in picocuries per liter

* Perchlorate in micrograms per liter (µg/L)

* pH in pH units

All other parameters in milligrams per liter (mg/L)

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

J = concentration or reporting limit estimated by laboratory or data validation 

ND = not detected at the listed reporting limit

\\zinfandel\Proj\PacificGasElectricCo\TopockProgram\Database\Tuesdai\EastRavine\Topock_EastRavine2013_site.mdb\rptData
AllGenRadGWdeptime1
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TABLE-9
Groundwater Sample Results: Herbicides

Pacific Gas and Electric Company, Topock Compressor Station, Needles, California
Summary of Findings Associated with the Evaluation of Alternative Freshwater Sources in the Topock Remediation Project Area

2,4,5-T 2,4,5-TP 
(Silvex)

2,4-D 2,4-DB Dalapon Dicamba Dichlorprop Dinoseb MCPA MCPP
Location

 Depth/
TimeDate

Herbicides (µg/L)

Phase

ND (0.012) ND (0.016) ND (0.065) ND (0.32) ND (2.4J) ND (0.037) ND (0.012) ND (0.04) ND (0.29J) ND (0.3J)HNWR-1 02/11/14 1 hrsConstant-rate test

ND (0.012) ND (0.016) ND (0.065) ND (0.32) ND (2.4J) ND (0.037) ND (0.012) ND (0.04) ND (0.29J) ND (0.3J)02/14/14 72 hrsConstant-rate test

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)HNWR-1 Site 10/17/13 100 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10) ND (0.08) ND (0.5) ND (0.2) ND (10) ND (10)10/17/13 200 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)10/19/13 300 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08J) ND (0.5J) ND (0.2) ND (10J) ND (10J)Site B 10/07/13 100 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10) ND (0.08J) ND (0.5J) ND (0.2) ND (10) ND (10)10/08/13 200 ftExploratory

ND (0.09J) ND (0.07) ND (0.4) ND (3) ND (10) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)10/09/13 300 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)10/15/13 400 ftExploratory

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)02/07/14 1 hrsConstant-rate test

ND (0.09) ND (0.07) ND (0.4) ND (3) ND (10J) ND (0.08) ND (0.5) ND (0.2) ND (10J) ND (10J)02/10/14 72 hrsConstant-rate test

Notes:

Detected results are bolded

-- = not analyzed

ft  = feet below ground surface

GW = Groundwater

hrs = hours

J = concentration or reporting limit estimated by laboratory or data validation 

ND = not detected at the listed reporting limit

µg/L = micrograms per liter

\\zinfandel\Proj\PacificGasElectricCo\TopockProgram\Database\Tuesdai\EastRavine\Topock_EastRavine2013_site.mdb\rptDataAllGWdeptime1 1 of 1
Print Date:  3/25/2014



Figures 
 



PG&E Topock
Compressor Station

Colorado River

I-3

Site B

Topock-66

MW-55-120MW-54-195

MW-49-135

MW-54-085

MW-54-140 MW-55-045

HNWR-1 Topock-3
Topock-2

Lost Lake
Catfish Paradise

GSRV-2

Serrano MW

Serrano

LEGEND
Pumping Well/Observation Well
Observation Well
Surface Water Body
Conceptual Geologic Cross Section
Boundary of Work Area

Path: \\Zinfandel\proj\PacificGasElectricCo\TopockProgram\GIS\MapFiles\2014\FWIP\FIG1_SiteMap.mxd    Date Saved: 3/25/2014 10:41:59 AM

0 1,200 2,400600 Feet

SUMMARY OF FINDINGS ASSOCIATED 
WITH THE EVALUATION OF ALTERNATIVE 
FRESHWATER SOURCES IN THE TOPOCK 
REMEDIATION PROJECT AREA
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

FIGURE 1
SITE MAP



HNWR-1

Site B

Ar
izo

na
Co

un
ty

Hi
gh

wa
y1

0

HNWR-1 Site Exploratory Borehole

SUMMARY OF FINDINGS ASSOCIATED 
WITH THE EVALUATION OF ALTERNATIVE 
FRESHWATER SOURCES IN THE TOPOCK 
REMEDIATION PROJECT AREA
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Well Location
Exploratory Boring
Approximate Sprinkler Location During Irrigation
Approximate Route of Sprinkler Piping During Irrigation
Access Route
Irrigation Area
Fence Line (Approximate)
Gravel Work Area (Approximate)

FIGURE 2
SITE B AND HNWR-1 SITE
WORK AREAS

0 250 500125 Feet

Approximate Property Lines
Outer Boundary of Work Area
Waters of the State
USACE Jurisdiction

210-30-008
HNWR

210-30-008
HNWR

210-30-008

Note: Fence line for Site B is pending discussion 
with HNWR.  Estimated installation date is April 2014.



ES110712123135BAO  ConceptualGeologic_xSection_v2.ai  032414_lho

Well Screen

Reported
lithology

Boring

Total depth of boring

NOTE:
The lithology shown here was obtained from available driller’s well logs and has not been independently verified by CH2M HILL 
with the excepƟon of Site B and HNWR-1 exploratory borings to 400Ō.

* In an effort to improve water quality the two deep screens in Topock-3 were isolated aŌer installaƟon. 
This well currently produces water from the shallow-most screen only.

Gravel

Sand

TD=260'

FIGURE 3
Conceptual Geologic Cross Section
Summary of Findings Associated with the Evauluation of 
Alternative Freshwater Sources in the Topock Remediation Project Area
PG&E Topock Compressor Station, Needles, California

LEGEND Distance (Feet)

El
e

va
o

n
 (

Fe
e

t 
M

SL
)

Serrano
RPGS/GSRV

Topock-3*Topock-2

HNWR-1

Sacramento Wash

Horizontal to Ver cal Exaggera on = 15 to 1

 Site B
Projected ~600 feet

0

200

300

400

500

225

325

425

525

250

350

450

550

275

75

175

100

125

150

375

475

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000

Yield  = 220 gpm
Depth to Water = 55 ft
Cr(VI) = 26 ug/L
As = not sampled
TDS = 380 mg/L

Yield  = 75 gpm
Depth to Water = 61 ft
Cr(VI) = 21 ug/L
As = 13 ug/L
TDS = 388 mg/L

Yield  = >1,000 gpm
Depth to Water = 19 ft
Cr(VI) = 34 ug/L
As = 18 ug/L
TDS = 817 mg/L

Yield  = 700 – 800 gpm
Depth to Water = 9 ft
Cr(VI) = 20 ug/L
As = 16 ug/L
TDS = 543 mg/L

Yield  = ~300 gpm
Depth to Water = 53 ft
Cr(VI) = 3 ug/L
As = 12.3 ug/L
TDS = 896 mg/L

Sand and boulders

Gravel, sand and boulders
Gravel with few boulders
BouldersBoulders

Sandstone

Sandstone 
and clay

Silty 
clay

Silt with gravel

Silt with gravel

Gravel with sand

Gravel with sand

Gravel with sand

Sand with silt

Clay

Sand
Sand with large 

boulders

Coarse sand 
with some 
fine sand

Fine sand with gravel

Fine sand

Sand with 
pea-sized 

gravel

Sand with large 
gravel

Sand with some 
gravel

Fine sand

Fine sand

Clay

Silt with gravel

Silty sand

Gravel, sand

Sand, silt, gravel

Sand with silt

Gravel with sand

Gravel with sand

Gravel with sand

Gravel with sand Gravel with sand

Sand with gravel

Clay

Silt

Sand and 
gravel

Sand and 
gravel Sand

Sand with 
gravel

Broken 
granite

TD=250'

TD Boring = 400' TD = 400'

TD Well = 315'

TD=156.5'

TD=245'

TD=260'

TD= 
140'

Gravel

Clay
Silty sand
Boulders and gravel

Clay with 
interbedded rock

Boulders and gravel

Decomposed 
granite         

Decomposed granite
with Rhyolite boulders         



 

 

Attachment A 
Well Construction Information 





 

 

Attachment A-1 
Site B Well 









 WELL ID: SHEET: OF:

SITE B 1 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400

0

5

10

15

20

25

30

Increase in gravel at 15'
Slightly moist

Soil samples were collected using a 5-
gallon bucket and/or shovel from the 
cyclone. 
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 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

10/4/13

 E. Ludwig P.G., Garrett Frey

WATER LEVEL (FT BGS):14" SS Steel, 0.090", Screen: CWW

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

 LONGITUDE: 

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

34° 43' 57.19''

114°28' 41.07'' TOTAL DEPTH (FT BGS):

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

SOIL BORING LOG

 PROJECT NUMBER:

428373.FS.06

10/15/13

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIMEU
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E SOIL DESCRIPTION

1446   10/04/2013
1540   10/04/2013

COMMENTS

ML
SILT WITH GRAVEL (ML) - Dark grayish brown (10YR 4/2), 90% non-plastic silt, 10% gravel, 
gravel is coarse to fine, subangular, dry

SM
SILTY SAND (SM) - Dark grayish brown (10YR 4/2), 70% fine to medium poorly graded sand, 
30% non-plastic silt, subangular, dry                                                      

WELL GRADED GRAVEL WITH SAND (GW) - Reddish brown (5YR 4/4), 70% gravel, 25% 
coarse sand, 5% fine sand, subangular, loose, moist



 WELL ID: SHEET: OF:

SITE B 2 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400

30

35
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45
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60

Hose plugged (1530)
Hose unplugged (1700)

All sample are saturated below 35 ft

0800   10/05/2013
0750 Tagged static at 20 ft

GW
WELL GRADED GRAVEL WITH SAND (GW) - 85% subangular gravel, 15% coarse 
subangular sand, 5% fine sand, subangular, loose, moist
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SP-SM

GW WELL GRADED GRAVEL (GW) - 95% subangular gravel up to 3/4", 5% coarse sand

SP
POORLY GRADED SAND WITH SILT (SP) - 95% subangular medium to coarse sands, 5% 
gravel up to 1/8"

34° 43' 57.19'' 10/4/13

114°28' 41.07''  E. Ludwig P.G., Garrett Frey

GW

Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

WELL GRADED SAND WITH GRAVEL (GW) - Reddish brown (5YR 4/4), 70% gravel, 25% 
coarse sand, 5% fine sand, subangular, loose, moist                                   

POORLY GRADED SAND WITH SILT (SP-SM) - Dark yellowish-brown (10YR 4/4) 90% very 
fine to fine sands, 10% silt, subangular, wet

1717   10/04/2013

Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  

TOTAL DEPTH (FT BGS):

14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 LONGITUDE: 

Topock Alternative Freshwater Source Evaluation
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 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

10/15/13

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

 PROJECT NUMBER:

428373.FS.06
SOIL BORING LOG

 PROJECT: 



 WELL ID: SHEET: OF:

SITE B 3 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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SP
POORLY GRADED SAND WITH SILT (SP) - 95% subangular medium to coarse sands, 5% 
gravel up to 1/8"

GW WELL GRADED GRAVEL (GW) - 95% subangular gravel up to 1", 5% coarse sand

CL LEAN CLAY (CL) - Dark grayish brown (10YR 4/2), medium plasticity, stiff, 95% clay, 5% silt

ML SILT (ML) - Dark grayish brown (10YR 4/2), poorly graded, low plasticity, silt is coarse
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Topock Alternative Freshwater Source Evaluation

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

10/15/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

 PROJECT: Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

428373.FS.06
SOIL BORING LOG

Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):

 PROJECT NUMBER:

 DRILLING METHOD AND EQUIPMENT:  

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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 WELL ID: SHEET: OF:

SITE B 4 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400

90
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100
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1200   10/6/2013

SOIL BORING LOG
428373.FS.06

ELASTIC SILT (MH) - Brown (7.5YR 4/4), low to medium elasticity
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TOTAL DEPTH (FT BGS):

ML SILT (ML) - Dark grayish brown (10YR 4/2), poorly graded, low plasticity, silt is coarse

GW

Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 LONGITUDE: 

 GROUND SURFACE ELEVATION (FT):

WELL GRADED GRAVEL WITH SAND (GW) - 70% rounded to subrounded gravel up to 2", 
30% fine to very fine sand
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 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

114°28' 41.07''  E. Ludwig P.G., Garrett Frey

 PROJECT: 
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 PROJECT NUMBER:

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

10/15/13



 WELL ID: SHEET: OF:

SITE B 5 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

SP
POORLY GRADED SAND WITH GRAVEL (SP) - 60% fine to medium sand, 40% well graded 
rounded to subrounded gravel up to 2"

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand

 PROJECT: Topock Alternative Freshwater Source Evaluation

 GROUND SURFACE ELEVATION (FT):

 DRILLING METHOD AND EQUIPMENT:  
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DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

428373.FS.06
 PROJECT NUMBER:

SOIL BORING LOG

10/15/13

Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker
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 WELL ID: SHEET: OF:

SITE B 6 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

W
EL

L 
C

O
N

ST
R

U
C

TI
O

N
   

   
   

   
   

   
   

   
   

 

D
EP

TH
 (F

T)
   

   
   

   
   

   
   

   
   

  
BE

LO
W

   
   

   
   

   
   

   
   

   
   

   
SU

R
FA

C
E SOIL DESCRIPTION

 PROJECT NUMBER:

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME
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 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

428373.FS.06
SOIL BORING LOG

10/15/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker
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 WELL ID: SHEET: OF:

SITE B 7 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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GW

114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

 PROJECT: 

428373.FS.06

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand

WATER LEVEL (FT BGS):

 LONGITUDE: 

 LATITUDE: 34° 43' 57.19'' 10/4/13

Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):  DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

SOIL BORING LOG

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

14" SS Steel, 0.090", Screen: CWW
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/15/13
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 PROJECT NUMBER:
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 WELL ID: SHEET: OF:

SITE B 8 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/15/13

 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand
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WATER LEVEL (FT BGS):

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):
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COMMENTS

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

SOIL BORING LOG
428373.FS.06

 PROJECT NUMBER:
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 WELL ID: SHEET: OF:

SITE B 9 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand

 LATITUDE: 34° 43' 57.19''
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1235  10/9/2013

10/15/13  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS): LONGITUDE: 114°28' 41.07''

U
SC

S 
G

R
O

U
P 

SY
M

BO
L

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY
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RATE, DATE AND TIME
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 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

SOIL BORING LOG
428373.FS.06

 PROJECT NUMBER:

Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZTopock Alternative Freshwater Source Evaluation

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):

 PROJECT: 

10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):
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 WELL ID: SHEET: OF:

SITE B 10 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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Drilling is very slow
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand

GW
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 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):
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SOIL BORING LOG
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

10/15/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06
 PROJECT NUMBER:



 WELL ID: SHEET: OF:

SITE B 11 14

  LOCATION:
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START: WELL INFO: 21

FINISH: LOGGER: 400
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand
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 PROJECT: Topock Alternative Freshwater Source Evaluation

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 34° 43' 57.19'' 10/4/13 WATER LEVEL (FT BGS):

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

14" SS Steel, 0.090", Screen: CWW

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

SOIL DESCRIPTION

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/15/13

 PROJECT NUMBER:

428373.FS.06
SOIL BORING LOG
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 WELL ID: SHEET: OF:

SITE B 12 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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1102  10/10/2013

1016  10/10/2013
1055  10/10/2013

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand
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0710  10/15/2013

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

.

SOIL DESCRIPTION

TOTAL DEPTH (FT BGS):

Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

 E. Ludwig P.G., Garrett Frey

34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):

 DRILLING METHOD AND EQUIPMENT:  Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

 PROJECT: Topock Alternative Freshwater Source Evaluation

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06
SOIL BORING LOG

 LONGITUDE: 114°28' 41.07''



 WELL ID: SHEET: OF:

SITE B 13 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand
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 LATITUDE: 34° 43' 57.19''

0740  10/15/2013
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

10/4/13 14" SS Steel, 0.090", Screen: CWW

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker GROUND SURFACE ELEVATION (FT):

 DRILLING METHOD AND EQUIPMENT:  

428373.FS.06
SOIL BORING LOG

Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.

 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

WATER LEVEL (FT BGS):

.

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):



 WELL ID: SHEET: OF:

SITE B 14 14

  LOCATION:

473

START: WELL INFO: 21

FINISH: LOGGER: 400

390

395

400
Total depth of pilot borehole: 400 ft.

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 70-90% rounded to subangular gravel up to 2", 10-30% poorly 
graded subangular medium sand
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 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 34° 43' 57.19'' 10/4/13 14" SS Steel, 0.090", Screen: CWW WATER LEVEL (FT BGS):
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.

TOTAL DEPTH (FT BGS):

0928  10/15/2013

COMMENTS

428373.FS.06

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

 PROJECT: Topock Alternative Freshwater Source Evaluation Site B: 1.5 miles north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  

 LONGITUDE: 114°28' 41.07''  E. Ludwig P.G., Garrett Frey10/15/13

Pilot borehole drilled with dual rotary, DR-24, 8-inch diameter drive casing. Reamed borehole with DR-40, 20-inch diameter drive casing.
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PROJECT NUMBER:  428373.FS.06

PROJECT: Topock Alternative Freshwater Source Evaluation

WELL COMPLETION DIAGRAM

DRILLING METHOD/EQUIPMENT: Exploratory boring dual air rotary, Foster DR-24, 8" dia; reamed to construct well, Foster DR-40

DRILLING CONTRACTOR: Layne Christensen

34° 43' 57.19", 114° 28' 41.07"

START: 11/20/2013 END: 1/23/2014

SURFACE ELEVATION (FT): 473

LOGGER: E. Ludwig, G. Frey (Groundwater Partners, Inc.)

DEPTH TO WATER (FT BGS): 21

LOCATION: 1 mi north I-40 & HWY 10, Golden Shores, AZ

WELL NUMBER:   SITE B

2" DIA TYPE 304L 
STAINLESS STEEL FLUSH 

THREADED GRAVEL FEED 
TUBE 0' – 130'

31" DIA BOREHOLE 

ALL WELL SCREEN TYPE 316L 
STAINLESS STEEL, CONTINUOUS 

WIRE WRAP, 0.090" SLOT
BLANK INTERVALS

FROM 185'-195', 245'-265'

CASING CENTRALIZERS
50', 90', 140', 190', 250', 310'

77'

145'

185'
195'

245'

265'

305'
315'
320'

 TD = 400'
8"

21" DIA BOREHOLE: 77' – 320'

AQUAGUARD® GROUT 80' – 125'

FILTER PACK: TACNA #4X10
125' – 250', 260' – 320'

COATED BENTONITE PELLETS
250' – 260'

320' – 400' NEAT CEMENT 
BENTONITE GROUT

8" DIA EXPLORATORY BOREHOLE

WELL SUMP, 15 FT
BULLNOSE END PLATE (WELDED)

24" DIA MILD STEEL CONDUCTOR CASING

NEAT CEMENT BENTONITE GROUT
0' – 80'

14" ID/14.5" OD TYPE 316L STAINLESS STEEL, 
ROSCOE MOSS SPIRAL PIPE (WELDED)

ES110712123135BAO_Well_completion-diagram.ai_032514_lho

3'







 

 

Attachment A-2 
HNWR-1 Well 









 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 1 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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Moist

SOIL BORING LOG

 PROJECT NUMBER:

428373.FS.06

10/20/13

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

10/16/13

 E. Ludwig P.G., Garrett Frey

WATER LEVEL (FT BGS):No Well Installed

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

 LONGITUDE: 

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

34° 43' 24.55''

114° 28' 42.22'' TOTAL DEPTH (FT BGS):

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker
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ML
SILT WITH GRAVEL (ML) - Dark grayish brown (10YR 4/2), 95% non-plastic silt, 5% gravel, 
gravel is coarse to fine, subangular

CL LEAN CLAY (CL) - Dark grayish brown (10YR 4/2), medium plasticity, 95% clay, 5% silt

ML
SILT WITH GRAVEL (ML) - Dark grayish brown (10YR 4/2), 95% non-plastic silt, 5% gravel, 
gravel is coarse to fine, subangular

Slightly moist

Wet

1145  16/16/2013

Dry

1200   10/16/2013
1228   10/16/2013

Soil samples were collected using a 5-
gallon bucket from the cyclone. 

All sample are saturated below 15 ft
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 2 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400

30

35

40

45

50

55

60

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

10/20/13

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

 PROJECT NUMBER:

428373.FS.06
SOIL BORING LOG

 PROJECT: HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  

TOTAL DEPTH (FT BGS): LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey

Dual Rotary, DR-24, 8-inch diameter drive casing
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

Topock Alternative Freshwater Source Evaluation

34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):
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1236   10/16/2013

Slow penetration rates 45-55'
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ML
SILT WITH GRAVEL (ML) - Dark grayish brown (10YR 4/2), 95% non-plastic silt, 5% gravel, 
gravel is coarse to fine, subangular

SP-SM
POORLY GRADED SAND WITH SILT AND GRAVEL (SP-SM) - Brown (10YR 5/3) 70% very 
fine to fine sands, 10% silt, 20% subangular well graded gravel up to 1/2"

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

1335   10/16/2013

1311   10/16/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 3 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400

60

65
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75

80

85

90

 DRILLING METHOD AND EQUIPMENT:  

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

 PROJECT: HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

428373.FS.06
SOIL BORING LOG

 PROJECT NUMBER:

Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

Topock Alternative Freshwater Source Evaluation

10/20/13
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GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

1634   10/16/2013
1559   10/16/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 4 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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10/20/13

 PROJECT NUMBER:

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

SOIL BORING LOG
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 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

114° 28' 42.22''

Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

 LONGITUDE: 

 GROUND SURFACE ELEVATION (FT):

 PROJECT: 
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0848   10/17/2013

 E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

0834   13/17/2013

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

1647   13/16/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 5 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400

120
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428373.FS.06
 PROJECT NUMBER:

SOIL BORING LOG

10/20/13

HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

Dual Rotary, DR-24, 8-inch diameter drive casing

114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

 PROJECT: 

 LONGITUDE: 

 GROUND SURFACE ELEVATION (FT):

 DRILLING METHOD AND EQUIPMENT:  

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

Topock Alternative Freshwater Source Evaluation

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand
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E SOIL DESCRIPTION COMMENTS

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

1250   10/17/2013

0935   10/17/2013
1016   10/17/2013

1018   10/17/2013

1218   10/17/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 6 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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10/20/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06

34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

1442   10/17/2013

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

GW
WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME
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E SOIL DESCRIPTION

 PROJECT NUMBER:

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

COMMENTS

SOIL BORING LOG

1410   10/17/2013

1350   10/17/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 7 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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 PROJECT NUMBER:

SOIL BORING LOG

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

No Well Installed
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/20/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

 LATITUDE: 34° 43' 24.55'' 10/16/13

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

428373.FS.06

WATER LEVEL (FT BGS):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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0818   10/18/2013
1545   10/17/2013
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1537   10/17/2013
1457   10/17/2013

PE
A 

G
R

AV
EL



 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 8 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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 PROJECT NUMBER:

SOIL BORING LOG

COMMENTS

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):  DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/20/13

SOIL DESCRIPTION
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0913   10/18/2013

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand
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0834   10/18/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 9 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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265

270

SOIL BORING LOG
428373.FS.06

 PROJECT NUMBER:

HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZTopock Alternative Freshwater Source Evaluation

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

 PROJECT: 

 LONGITUDE: 114° 28' 42.22''
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COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME
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 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

10/16/13 No Well Installed WATER LEVEL (FT BGS):

10/20/13  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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 LATITUDE: 34° 43' 24.55''

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

GW

1337   10/18/2013

0943   10/18/2013

1328   10/18/2013
0950   10/18/2013

1453   10/18/2013
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 10 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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SOIL BORING LOG

 PROJECT NUMBER:
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

10/20/13

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker
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 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

428373.FS.06
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand
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1458   10/18/2013

1523  10/18/2013

Slow penetration rates

1424   10/18/2013
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1035   10/19/2013

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

10/20/13

 PROJECT NUMBER:

428373.FS.06
SOIL BORING LOG

SOIL DESCRIPTION

 PROJECT: Topock Alternative Freshwater Source Evaluation

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 34° 43' 24.55'' 10/16/13 WATER LEVEL (FT BGS):

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

No Well Installed

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand
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1058   10/19/2013
1131   10/19/2013
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  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400
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 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey
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34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):
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 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

428373.FS.06
SOIL BORING LOG

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

.

SOIL DESCRIPTION

TOTAL DEPTH (FT BGS):

HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

1730   10/19/2013

 DRILLING METHOD AND EQUIPMENT:  Dual Rotary, DR-24, 8-inch diameter drive casing

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 

10/20/13

 PROJECT: Topock Alternative Freshwater Source Evaluation
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1720   10/19/2013

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

GW

1243   10/19/2013

1151   10/19/2013
1234   10/19/2013
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 WELL ID: SHEET: OF:
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  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400

360

365

370

375

380

385

390

Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

10/16/13 No Well Installed WATER LEVEL (FT BGS):

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker GROUND SURFACE ELEVATION (FT):

 DRILLING METHOD AND EQUIPMENT:  

428373.FS.06
SOIL BORING LOG

Dual Rotary, DR-24, 8-inch diameter drive casing

 PROJECT: 

.

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):
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SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

 LATITUDE: 34° 43' 24.55''

10/20/13
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0920  10/20/2013

WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

GW

0815  10/20/2013

0745   10/20/13
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 WELL ID: SHEET: OF:

HNWR-1/PGE-BH-02 14 14

  LOCATION:

465

START: WELL INFO: NA

FINISH: LOGGER: 400

390

395

400

10/20/13

Dual Rotary, DR-24, 8-inch diameter drive casing

 LONGITUDE: 114° 28' 42.22''  E. Ludwig P.G., Garrett Frey TOTAL DEPTH (FT BGS):

428373.FS.06

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY,                                                     
CONSISTENCY, GRAIN SIZE, GRAIN SHAPE, PLASTICITY

DEPTH OF CASING, PENETRATION 
RATE, DATE AND TIME

COMMENTS

 DRILLING CONTRACTOR:  Layne Christensen; Driller: S. Walker

 PROJECT: Topock Alternative Freshwater Source Evaluation HNWR-1 Site: 1.0 mile north of I-40 and HWY 10, Golden Shores, AZ

 DRILLING METHOD AND EQUIPMENT:  

 GROUND SURFACE ELEVATION (FT):

 LATITUDE: 34° 43' 24.55'' 10/16/13 No Well Installed WATER LEVEL (FT BGS):

SOIL BORING LOG
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WELL GRADED GRAVEL WITH SAND (GW) - Dark reddish gray (2.5YR 4/1) and dark 
greenish gray (GLEY 2 4/1), 60-90% rounded to subangular gravel up to 2", 10-40% poorly 
graded subangular medium sand

Total depth of pilot borehole: 400 ft.
0955  10/20/2013



PROJECT NUMBER:  428373.FS.06

PROJECT: Topock Alternative Freshwater Source Evaluation

WELL COMPLETION DIAGRAM

DRILLING METHOD/EQUIPMENT: Casing advance (unknown) - see note below

DRILLING CONTRACTOR: ADT Drilling

34° 43' 24", 114° 28' 42"

START: 10/25/2010 END: 11/4/2010

SURFACE ELEVATION (FT): 465

LOGGER: R. Firasch (driller)

DEPTH TO WATER (FT): 9

LOCATION: 0.3 mi north I-40 & HWY 10, Golden Shores, AZ

WELL NUMBER:   HNWR-1

TEMPORARY CONDUCTOR 
CASING USED DURING 

INSTALLATION, UNKNOWN 
DIAMETER AND DEPTH OF GROUT

10"± DIA BOREHOLE, CASING 
ADVANCE METHOD, 
WELL CASING IS THE IN-PLACE 
DRIVE CASING

10" DIA MILD STEEL DRIVE 
CASING INITIALLY ADVANCED 

TO ~160' BGS. SCREEN 
SECTION LANDED TO 157' ON 

“K-PACKER” AND 10" DRIVE 
CASING WAS RETRACTED ~34' 

TO EXPOSE SCREEN

1' X 10" DIA TO 8" DIA 
REDUCER, WELDED 

TO SCREEN FROM 
118.5' TO 119.5' 

STAINLESS STEEL 
CONTINUOUS WIRE 

WRAP, APPEARS TO BE 
2' X 20' SECTIONS

90.5'

2.75'

2.35'

156'
8"

INSITU PERFORATED MILD STEEL 
DRIVE CASING

6" RUBBER “K PACKER” WELDED 
TO TOP OF REDUCER, SLIP-FIT 
TO 10" CASING

FORMATION COLLAPSE.
NO ENGINEERED FILTER PACK

?

? ?

ES110712123135BAO_Well_completion-diagram.ai_032514_lho

NOTE:  THIS DIAGRAM IS AN ESTIMATION BASED 
ON REVIEW OF AVAILABLE DRILLER’S NOTES AND 
VIDEO SURVEY CONDUCTED IN OCTOBER 2013.
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Attachment B 
Well and Aquifer Testing Data 



FIGURE B-1
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-2
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-3
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-4
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-5
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-6
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-7
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-8
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-9
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-10
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-11
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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FIGURE B-12
Attachment B – Well and Aquifer Testing Data
Summary of Findings Associated with the Evaluation of
Alternative Freshwater Sources in the Topock Remediation Project Area
Pacifi c Gas and Electric Company
Topock Compressor Station, Needles, California
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Attachment C 
Water Quality Report for Topock-2 and Topock-3
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ENv!r';:ONMENTP...L LABORATORY

License No.AZ0037

Customer Name:
Lab 10:

Sample Type:
Sampled By:

Southwest Water

30646
Drinking Water
V. Hewlett

Date Received: OllIl/12 11:35
Date Reported; 01116/12

Analvtical Results
Parameter Method· Result Units Detect Date Analyst

Limit

30646-01
Sample Date: 01111112 10:00
Wellhead
08-033

Metals
Chromium VI SM3500Cr-D <0:005 . mglL 0.005 . 1/1112012 jp

Wet Chemistry
Specific Conductance SM251O-:B 1,500. umhos/cm 10 1/12/20.12 lP

Samples received in laboratory @ 202 degrees C.
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Variances & Exemptions {V&E} - State or EPA permission not to meet an MCL or a
treatment technique under certain conditions.

Action Level- The concentration of a contaminant which, if exceeded, triggers treatment
or other requirements which a water system must follow.

Treatment Technique {TT} - {Mandatory language} a treatment technique is a required
process intended to reduce the level of a contaminant in drinking water.

Maximum Contaminant level- {Mandatory language} The "Maximum Allowed"
{MCL} is the highest level of a contaminant that is allowed in drinking water. MCLs are
set as close to the MCLGs as feasible using the best available treatment technology.

Maximum Contaminant Level Goal- {Mandatory language} The "Goal" {MCLG} is
the level of a contaminant in drinking water below which there is no known or expected
or expected risk to health. MCLGs allow for a margin of safety.

As you can see by the table, our system had no violations. We are proud that your
drinking water meets or exceeds all Federal and State requirements. We have learned
through our monitoring and testing that some constituents have been detected. The EPA
has determined that your water IS SAFE at these levels.

All sources of drinking water are subject to potential contamination by substances that
are naturally occurring or man made. These substances can be microbes, inorganic or
organic chemicals and radioactive substances. All drinking water, including bottled
water, may reasonably be expected to contain at least a small of some contaminants. The
presents of contaminates does not necessarily indicate that the water poses a health risk.
More information about contaminants and potential health effects can be obtained by
calling the Environmental Protection Agency's Safe Drinking Water Hotline at 1-800-
426-4791

MCLs are set very stringent levels. To understand the possible health effects described
for many regulated constituents, a person would have to drink 2 liters of water every day
at the MCL level for a lifetime to have a one-in-a-million chance of having the described
health effect.

Some people may be more vulnerable to contaminants in drinking water than the general
population. Immuno-compromised persons such as persons with cancer undergoing
chemotherapy, persons who have undergone organ transplants, people with HIV?AIDS or
other immune system disorders, some elderly and infants can particularly at risk from
infections. These people should seek advice about drinking water from their health
providers. EPAlCDC guidelines on appropriate means to lessen the risk of infection by
cryptosporidium and other microbiological contaminants are available from the Safe
Water Hotline 1-800-426-4791.

We at SOUTHWEST WATER INC. work hard to provide top quality water to every tap.
We ask that all our customers help us protect our water sources, which are the heart of
our community, our way oflife and our children's future. Please call our office if you
have any questions: 928-219-9358.



S6lfTH~EST~ATER INC~
ANNUAL CONSUMER CONFIDENCE REPORT

08-033 _ Date: July 2011

.,

Reporting Period For 2010

SOUTIIWEST WATER INC. is pleased to present to you this year's Annual Quality
Water Report. This report is designed to inform you about the quality of water and
se~c~~we 1yli~~r to y~u ~very day. Our constant goal is to provide you with a safe end
dependable supp~y of drinking water. We want you to understand the efforts we make to
continually imprq~e the water treatment process and protect our water resources. We are
committed to en~.Wingthe quality of your water. Our water source is in the Warm Springs

r.;:.-. Aquifer"~ .. --.. -
SOUTHWEST WATER INC~routinely-monitors for, constituents in your drinking water
a'Ceordiilg to-£edelal arrd~~tatela~s.~As~water tfaveI~ over-the land;2,Tunderground, it can
pick up' su15~tancesor c.o6.tfuninafessuch as"IDicrobes, inorganic and organic chemicals
and radioacf~J,.ibs.funces. All drinking water, including bottled +g water may be
reasonabIyrexpeered to contain at 'least small amounts of some constituents. It is very
i!l!p~~rtQ:~rm~m~~r·,thab~ ..e...PI-¢sen.,Seo~,.theseconstituents gge~'A!.otnecessarily pose a
health risk ..1, ""...~--~ .••..•• -<,-eat ns.""" ':::-~ -r •• I'~ -. _ ~ .,.",~ .•~.,., .•..~~'.. ..

In this table you will find many terms -and abbreviations you might not be familiar with.
To help you better understand these terms we have provided the following definitions:

Non-detects {ND} - Laboratory analysis indicates that constituent is not present.

Parts per million {ppm} or Milligrams per liter - {mg/l} - One part per million
corresponds to one minute in two years or a single penny in $10,000.

Parts per billion {Ppb} or Micrograms per liter - One part per billion corresponds to one
minute in 2,000 years, or a single penny $10,000,000.

Parts per trillion (ppq) or nanograms per liter {nanograms/l} - One part per quadrillion
corresponds to one minute in 2,000,000 years, or one penny in $10,000,000,000.

Parts per quadrillion (ppq) or pictograms per liter {pictogram/l} - one part per
quadrillion corresponds to one minute in 2,000,00,000 years or one penny in
$10,000,000,000,000.

Picocuries per liter {peiL} - Picocuries per liter is a measure of the radioactivity in
water.
Millirems per year {mrem/yr} - Measure of radiation absorbed by the body.

Million fibers per liter {MFL} - million fibers per liter is a measure of the asbestos fibers
that are longer than 10 micrometers.



[)QTH-WEST -WATER INC~
ANNUAL CONSUMER CONFIDENCE REPORT

08-033 Date: June ..2012

- Reporting Period For 2011

SOUTIIWEST WATER INC. is pleased to present to you this year's Annual Quality
- j.

Water-Report. This report is designed to inform you about the quality of water and
services we deli~~r to you every day. Our constant goal is to provide you with a safe end
dep~~9able ~uPP~l of drinking water. We want you to understand the efforts we make to
continually rrnpJ;OJvethe water treatment process and protect our water resources. Weare
committed to e~uring the quality of your water. Our water source is in the Warm Springs

~.i

~.__ Aquifer.
?

SOUTHWEST WATER INe routinely-monitors for constituents inyour drinking water
l ' .~ _....•.' ,I' .'~ ..

caeeordiilg to _Ee.deral~anu-S:tatelliWs.As,wajer travels 'Over-the landfor underground, it can
pick up substancJs ot:,co:i}tiuninafessuch ';s:IDlcrobes, inorganic arll'Organic chemicals
and radi~adf~ubstimces. All dtjukin-gwater, including bottled ~g water may be
reasonabiy;texi>~Jed tp contain at least small amounts of some constituents. It is very
imporiantto .remember that the 'pJ:~sen.ceof these constituents does-not necessarily pose a

- - ~-"""""''lII' ~411•. ~ , • _ iIi

health risk:

..,~~-
.'""..l"'

In this table you will fmd many terms-and abbreviationsyou Ulight"not be familiar with.
To help you better understand these terms we have provided the following defmitions:

.. ""
-e,

Non-detects {ND} - Laboratory analysis indicates that constituent is not present.

Parts per million {ppm} or Milligrams per liter - {mg/l} - One part per million
corresponds to one minute in two years or a single penny in $10,000.

Parts per billion {Ppb} or Micrograms per liter - One part per billion corresponds to one
minute in 2,000 years, or a single penny $10,000,000.

Parts per trillion {ppq} or nanograms per liter {nanograms/l} - One part per quadrillion
corresponds to one minute in 2,000,000 years, or one penny in $10,000,000,000.

Parts per quadrillion {ppq} or pictograms per liter {pictogram/l} - one part per
quadrillion corresponds to one minute in 2,000,00,000 years or one penny in
$10,000,000,000,000.

Picocuries per liter {peiL} - Picocuries per liter is a measure of the radioactivity in
water.
Millirems per year {mrem/yr} - Measure of radiation absorbed by the body.

Million fibers per liter {MFL} - million fibers per liter is a measure of the asbestos fibers
that are longer than 10 micrometers.



Variances & Exemptions {V&E} - State or EPA permission not to meet an MCL or a
treatment technique under certain conditions.

Action Level- The concentration of a contaminant which, if exceeded, triggers treatment
or other requirements which a water system must follow.

Treatment Technique {TT} - {Mandatory language} a treatment technique is a required
process intended to reduce the level of a contaminant in drinking water.

Maximum Contaminant level- {Mandatory language} The "Maximum Allowed"
{MCL} is the highest level of a contaminant that is allowed in drinking water. MCLs are
set as close to the MCLGs as feasible using the best available treatment technology.

Maximum Contaminant Level Goal- {Mandatory language} The "Goal" {MCLG} is
the level of a contaminant in drinking water below which there is no known or expected
or expected risk to health. MCLGs allow for a margin of safety.

As you can see by the table, our system had no violations. We are proud that your
drinking water meets or exceeds all Federal and State requirements. We have learned
through our monitoring and testing that some constituents have been detected. The EPA
has determined that your water IS SAFE at these levels.

All sources of drinking water are subject to potential contamination by substances that
are naturally occurring or man made. These substances can be microbes, inorganic or
organic chemicals and radioactive substances. All drinking water, including bottled
water, may reasonably be expected to contain at least a small of some contaminants. The
presents of contaminates does not necessarily indicate that the water poses a health risk.
More information about contaminants and potential health effects can be obtained by
calling the Environmental Protection Agency's Safe Drinking Water Hotline at 1-800-
426-4791

MCLs are set very stringent levels. To understand the possible health effects described
for many regulated constituents, a person would have to drink: 2 liters of water every day
at the MCL level for a lifetime to have a one-in-a-million chance of having the described
health effect.

Some people may be more vulnerable to contaminants in drinking water than the general
population. Immuno-compromised persons such as persons with cancer undergoing
chemotherapy, persons who have undergone organ transplants, people with HIV? AIDS or
other immune system disorders, some elderly and infants can particularly at risk from
infections. These people should seek advice about drinking water from their health
providers. EPAlCDC guidelines on appropriate means to lessen the risk of infection by
cryptosporidium and other microbiological contaminants are available from the Safe
Water Hotline 1-800-426-4791.

We at SOUTHWEST WATER INC. work hard to provide top quality water to every tap.
We ask that all our customers help us protect our water sources, which are the heart of
our community, our way of life and our children's future. Please call our office if you
have any questions: 928-219-9358.



Arizona Department OT t:nVlronmemal \..lUdIllY

Drinking Water Inorganic Chemical Analysis Reporting Form

***Entry Point to the Distribution System (EPDS) Only***

PWS ID#: AZ0408-033 PWS Name: Southwest Water

4/7/2011 06:00 (24 hr clock)
Sample time

V. Hewlett
Sample Date

Owner/Contact Fax Number

Owner/Contact Person Name
928-715-8100

Owner/Contact Person Phone Number

Sampling Site ID

For MCL or Composite Level ExceedanceSample Type
[K]Compliance Monitoring

Sample Collection Point

0EPDS# 001

_____ Original Violation Specimen Number

Sample TypeoConfirmation

DConfirmation Composite

INORGANIC CHEMICAL ANALYSIS

»> To be completed by laboratory personnel «<

Analysis MCL Reporting Contaminant Cont Analysis Exceeds Exceeds
Method Limit Name Code Run Result MCL Reporting

Date Limit

EPA200.9 0.010 0.005 Arsenic 1005 0
SM31110 2 1 Barium 1010 D
EPA200.9 0.005 0.0025 Cadmium 1015 D
EPA200.9 0.1 0.05 Chromium 1020 D

SM4500-F-C 4 0.5 Fluoride 1025 D
EPA245.1 0.002 0.001 Mercury 1035 D
EPA300.0 10 2.5 Nitrate(asN) 1040 4/7/11 2.2 D D
EPA300.0 1 0.25 Nitrite(asN) 1041 D D
EPA200.0 0.05 0.025 Selenium 1045 D
EPA200.9 0.006 0.003 Antimony 1074 D
EPA200.9 0.004 0.002 Beryllium 1075 D
EPA335.4 0.2 0.1 Cyanide 1024 D
EPA200.9 NoMCL 0.05 Nickel' 1036 0
EPA200.9 0.002 0.001 Thallium 1085 D
SM3111B NoMCL 10 Sodium' 1052 D

»»> LABORATORY INFORMATION ««<
To be completed by laboratory personnel

Lab ID Number:

Specimen Number:

Authorized Signature:
~

Date Public Water System Notified:

Comments:

All units must be reported in milligrams per liter (mg/l)

*Contaminants without an MCL

DWAR 21N: Revised 7/2009

Page 1 of 1



Microbiological Contaminants

MCL MCLG Unit Result Violation Sample Likely Source of
Contaminant (Yes or No) Date Contamination

Total Coliform Bacteria for No more than 5% of monthly Absent or Naturally present in the
Systems that collects>40 samples can be positive 0 Present

a N 2011
environment

samples per month
Total Coliform Bacteria for No more than 1 positive monthly Absent or Naturally present in the
Systems that collects<40 sample

0 Present a N 20ll
environmentsamples per month

A routine sample & a repeat
Fecal coliform and sample are total coliform 0 Absent or N 2011 Human and animal fecal
E.Coli positive, & one is also fecal Present a waste

coliform or E. coli positive

Lead and Copper

Number
90th of Sites Violation Sample

Contaminant AL ALG Units Percentile overAL (Yes or No) DatelYear
Copper 1.3 0 ppm .018 5 N 07-11
Lead IS 0 ppb 0184 5 N 07-11

Inorganic Contaminants

Level SampleContaminate MCL UN Units Detected/ Violation
Ranee

Date

Nitrate (as Nitrogen) Poe#l 10 10 ppm 2.2 N 04-11 Runofffrom fertilizer use; leaching from septic tanks,
sewage; erosion of natural deposits

Secondary Contaminants

Secondary standards are non-enforceable guidelines for contaminants that may cause cosmetic effects or aesthetic effects in drinking
water. EPA recommends these standards but does not require water systems to comply.

LevelContaminant Secondary MCLG Units detected! ViolationStandard Range

Violations
The following violations were received by our water system or were ongoing in the calendar year 2011
Type/Description I Compliance Period

NONE

Please contact Victor Hewlett at SouthWest Water inc. 928.219.9358
to learn more about what you can do to help protect your drinking water sources, any questions about the annual drinking water
quality report, to learn more about our system, or to attend scheduled public meetings. We want you, our valued customers, to be
informed about the services we provide and the quality water we deliver to you every day.

Health Effects Information About the Above Tables
Nitrate in drinking water at levels above 10 ppm is a health risk for infants of than six months of age. High nitrate levels in drinking
water can cause blue baby syndrome. Nitrate levels may rise quickly for short periods-of-time because of rainfall or agricultural
activity. If you are caring for an infant, and detected nitrate levels are above 5 ppm, you should ask advice from your health care
provider.

Report for 2012



Microbiological Contaminants

Contaminant MCL MCLG Unit Result
Violation Sample Likely Source of

(Yes or No) Date Contamination
Total Coliform Bacteria for No more than 5% of monthly Absent or Naturally present in theSystems that collects>40 samples can be positive 0 Present a N 2010 environmentsamples per month
Total Coliform Bacteria for No more than I positive monthly Absent or Naturally present in theSystems that collects<40 sample 0 Present a N 2010 environmentsamnles ner month

A routine sample & a repeat
Fecal coliform and sample are total coliform

0 Absent or N 2010 Human and animal fecal
E. Coli positive, & one is also fecal Present a waste

coliform or E. coli positive

Lead and Copper

Number
90th of Sites Violation Sample

Contaminant AL ALG Units Percentile over AL (Yes or No) DateNear
Copper 1.3 0 ppm .020 5 N 07-10
Lead 15 0 ppb 0195 5 N 07-10

Inorganic Contaminants

Level
SampleContaminate MCL UN Units Detected/ Violation

Range Date

Nitrate (as Nitrogen) Poe# 1
10 10 ppm 2.1 N 04-10 Runoff from fertilizer use; leaching from septic tanks,

sewage; erosion of natural deposits

Secondary Contaminants

Secondary standards are non-enforceable guidelines for contaminants that may cause cosmetic effects or aesthetic effects in drinking
water. EPA recommends these standards but does not require water systems to comply.--

LevelContaminant Secondary
MCLG Units detected! Violation

Standard Range

Violations
The following violations were received by our water system or were ongoing in the calendar year 2010
Tvne/Descrintion I Comnliance Period

NONE

Please contact Victor Hewlett at SouthWest Water inc. 928.219.9358
to learn more about what you can do to help protect your drinking water sources, any questions about the annual drinking water
quality report, to learn more about our system, or to attend scheduled public meetings. We want you, our valued customers, to be
informed about the services we provide and the quality water we deliver to you every day.

Health Effects Information About the Above Tables
Nitrate in drinking water at levels above 10 ppm is a health risk for infants of than six months of age. High nitrate levels in drinking
water can cause blue baby syndrome. Nitrate levels may rise quickly for short periods-of-time because of rainfall or agricultural
activity. If you are caring for an infant, and detected nitrate levels are above 5 ppm, you should ask advice from your health care
provider.

Report for 2011
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FIGURE 1
HNWR-1 WELL SITE FACING WEST–  
EXISTING CONDITIONS
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 2
HNWR-1 WELL SITE FACING WEST –  
PROPOSED INFRASTRUCTURE PER 60% DESIGN
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA

Notes:
Conceptual Visualization - This is for illustration purposes only.
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FIGURE 3
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 1 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 4
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 2 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 5
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 3 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 6
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 4 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 7
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 5 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 8
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 6 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 9
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 7 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 10
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 8 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 11
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 9 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 12
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 10 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 13
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 11 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 14
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 12 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 15
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 13 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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FIGURE 16
CONCEPTUAL PIPELINE B ALIGNMENT 
PAGE 14 OF 15
GROUNDWATER REMEDY PROJECT
PG&E TOPOCK COMPRESSOR STATION,
NEEDLES, CALIFORNIA
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