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1.0 Introduction 

Pacific Gas and Electric Company (PG&E) is addressing chromium in groundwater at the 
Topock Compressor Station in Needles, California under the oversight of the California 
Environmental Protection Agency, Department of Toxic Substances Control (DTSC). On 
July 8, 2004, PG&E submitted the Summary of Proposed Project for Interim Measures No. 3 
(CH2M HILL 2004a), which described the installation of a new groundwater treatment plant 
and injection well field to manage increased volumes of extracted groundwater in 
compliance with DTSC directives under Interim Measures No. 2. On June 30, 2004, DTSC 
issued to PG&E conditional approval to implement the Interim Measures No. 3 (IM-3) 
project to expand the existing groundwater extraction and management facilities to address 
hydraulic control of the chromium plume at the Topock site (DTSC 2004a).  

As described in the Summary of Proposed Project for Interim Measures No. 3, the proposed 
location for the injection well field is on PG&E property, identified as Parcel 650-151-06, 
located near the existing Interim Measures groundwater extraction and treatment facilities. 
On July 29, 2004, PG&E submitted an application and Report of Waste Discharge to the 
California Regional Water Quality Control Board Colorado River Basin Region 
(CRBRWQCB) for subsurface injection. October 13, 2004, CRBRWQCB issued waste 
discharge requirements (WDR) Order No. R7-2004-0103 specifying effluent limitations, 
prohibitions, specifications, and provisions for subsurface injection. 

This report presents the results and assessment of a multiple-phase well drilling, 
groundwater sampling, and testing program conducted during September 2004 through 
May 2005 to characterize the hydrogeology and groundwater quality conditions in the IM-3 
Injection Area. This report is submitted to DTSC and the CRBRWQCB in compliance with 
DTSC’s conditional approval for Interim Measures No. 3 and CRBRWQCB requirements 
under WDR-0103.  

A draft Groundwater and Hydrogeologic Investigation Report for the Interim Measures No. 3 
Injection Area was submitted to DTSC and the CRBRWQCB on March 31, 2005 (CH2M HILL 
2005a). DTSC provided comments on the draft report and other IM-3 documents in a letter 
dated May 24, 2005 (DTSC 2005a). The Groundwater and Hydrogeologic Investigation 
Report has been revised to address DTSC’s comments on the draft version. 

1.1 Project Background 
As directed by the DTSC under Interim Measures No. 2, PG&E is currently pumping 
groundwater from one deep extraction well (TW-2D) located on a bench along the station 
access road and above the Colorado River floodplain. The bench, referred to as the 
monitoring well MW-20 bench, is owned by the United States Bureau of Reclamation and is 
managed by the United States Bureau of Land Management. PG&E began pumping from 
this location in March 2004 and is currently pumping at a rate of approximately 70 gallons 
per minute (gpm).  
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Assisting DTSC and PG&E with the planning and review of interim remedial measures are 
the members of the Topock Consultative Work Group (CWG), constituted under 
California’s Site Designation Process, and consisting of representatives of DTSC, the 
CRBRWQCB, the Arizona Department of Environmental Quality (ADEQ), the Metropolitan 
Water District of Southern California, the various federal agencies who own or manage 
adjacent property, and other project stakeholders. 

1.2 Project Documents and Approvals 
The IM-3 project required PG&E to conduct site investigations to characterize groundwater 
and hydrogeologic conditions in the planned injection area, and to design and install the 
necessary groundwater monitoring, compliance, and injection wells for the IM-3 facilities. 
For the IM-3 project, 12 groundwater observation wells (four well clusters), two injection 
wells, and eight compliance monitoring wells (four well clusters) were installed in a phased 
program. The IM-3 investigations and fieldwork were conducted in accordance with several 
approved work plans, outlined below. The work plans described the specific objectives, well 
siting and design, field activities, schedule and permitting for the individual drilling and 
site investigations. 

The IM-3 groundwater and hydrogeologic investigations were implemented under the 
following work plans, documents and agency approvals: 

• Revised-Final Field Activities Summary for Observation Well Installation and Groundwater 
Characterization under IM No. 3, Technical Memorandum dated September 1, 2004 
(CH2M HILL 2004b). The Field Activity plan was conditionally approved by DTSC in a 
letter dated September 3, 2004 (DTSC 2004b).  

• Final Work Plan for Injection Well Installation on Parcel 650-151-06, dated November 15, 
2004 (CH2M HILL 2004c). The work plan was conditionally approved by DTSC in a 
letter dated November 2, 2004 (DTSC 2004c).  

• Selection of Locations for Compliance Monitoring Wells, Technical Memorandum dated 
November 9, 2004 (CH2M HILL 2004d). The compliance wells selection plan was 
conditionally approved by DTSC in a letter dated December 23, 2004 (DTSC 2004d). 

• Draft Design Plan for Groundwater Compliance Monitoring, PG&E Topock Compressor 
Station, Needles, California, dated November 23, 2004 (CH2M HILL 2004e). The design 
plan was conditionally approved by DTSC in a letter dated December 23, 2004 (DTSC 
2004d). The design plan was conditionally approved by the CRBRWQCB in a letter 
dated December 1, 2004 (CRBRWQCB 2004c). The Final Design Plan for Groundwater 
Compliance Monitoring, PG&E Topock Compressor Station, Needles, California (CH2M HILL 
2005b) was submitted on January 5, 2005. 

An additional document relevant to the IM-3 groundwater investigation and compliance 
monitoring system is the Monitoring and Reporting Program (MRP) No. R7-2004-0103, 
adopted by the CRBRWQCB and attached to the WDR (CRBRWQCB 2004a, 2004b). The 
MRP specifies the startup, operation and maintenance, monitoring, and reporting 
requirements for the treatment facility, injection wells, and compliance monitoring system 
for the injection well field. In accordance with the MRP, a Groundwater Compliance 
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Monitoring Plan for the Interim Measures No. 3 Injection Area was submitted to DTSC and 
CRBRWQCB on June 17, 2005 (CH2M HILL 2005c). 

1.3 Report Organization 
This report describes and documents the groundwater and hydrogeologic investigations 
completed for the IM-3 project through May 2005. The report presents the results and 
assessment of the following characteristics of the IM-3 Injection Area: 

• Drilling and hydrogeologic characterization 
• Baseline groundwater quality characterization and geochemical modeling 
• Injection well testing and capacity 

Following this Introduction, the report is organized as follows:  

Section 2.0 – Background 
Section 3.0 - Purpose and Objectives 
Section 4.0 – Summary of Investigation and Characterization Activities 
Section 5.0 – Hydrogeologic Characterization 
Section 6.0 - Groundwater Quality Characterization 
Section 7.0 – Hydraulic Testing Results 
Section 8.0 – Conclusions 
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2.0 Background 

This section provides brief descriptions of the project site, the IM-3 Injection Area, prior 
groundwater investigations, and the general site hydrogeology as background for this 
groundwater investigation report. 

2.1 Site Description 
The Topock Compressor Station is located in eastern San Bernardino County, approximately 
15 miles to the southeast of Needles, California (Figure 2-1). The Topock facility began 
operations in 1951 to compress natural gas supplied from the southwestern United States 
for transport through pipelines to PG&E’s service territory in central and northern 
California. The facility occupies approximately 65 acres owned by PG&E. The facility 
includes the compressor building, two water cooling towers, and an electric generator 
building for supplying power to the facility.  

In September 2004, PG&E purchased San Bernardino County Parcel No. 650-151-06 from the 
Metropolitan Water District of Southern California. The Parcel encompasses 100 acres and is 
located approximately 1,650 feet north of the PG&E Compressor Station property. Figure 2-2 
shows the locations of Parcel No. 650-151-06, the IM-3 groundwater investigation area, and 
site features. The IM-3 treatment plant is being constructed in the southeast portion of the 
parcel. The observation and injection wells are located in the southern portion of the parcel 
approximately 1,150 feet west of the treatment plant. The compliance monitoring wells 
surround the observation and injection wells and are located approximately 700 to 1,500 feet 
to the west of the treatment plant. Topography ranges from 450 to 550 feet above mean sea 
level (msl). Further description of the site features are discussed below and in Sections 4 
and 5.  

2.2 Prior Investigations 
Beginning in 1997, PG&E conducted a Resource Conservation and Recovery Act (RCRA) 
Facility Investigation (RFI) to implement corrective measures to address constituents of 
concern released in the Bat Cave Wash area near the compressor station. The primary 
constituents of concern at the Topock site are hexavalent chromium (Cr[VI]) and total 
chromium (Cr[T]). The source was Cr(VI) salts historically used as a corrosion inhibitor in 
the station’s cooling towers. 

From 1997 through June 2004, five phases of RFI investigations were completed at the 
Topock site. A total of 56 groundwater monitoring wells and three groundwater 
test/extraction wells were installed. The majority of the hydrogeologic investigations were 
conducted east of and within Bat Cave Wash. The drilling completed for the RFI in the 
vicinity of the IM-3 Injection Area was confined to several shallow monitoring well 
installations. A summary and results of the RFI hydrogeologic studies, including the RFI 
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drilling investigations in the IM-3 Injection Area, are presented in PG&E’s draft RFI Report 
(CH2M HILL 2005d).  

2.3 Site Hydrogeologic Setting 

Located in the southern portion of the Mohave Valley, the PG&E Topock Compressor 
Station and the adjoining IM-3 Injection Area lie on the north-sloping piedmont alluvial 
terrace between the Chemehuevi Mountains and the floodplain of the Colorado River. Land 
forms in the study area are characterized by alluvial terraces and incised drainage channels. 
One of the largest incised channels is Bat Cave Wash, located west of the compressor station. 
Parcel No. 650-151-06 and the IM-3 Injection Area comprise the terraces and smaller 
drainage channels and washes immediately west of Bat Cave Wash. 

The geology at the study area is characterized by bedrock basement formations (pre-
Tertiary metamorphic/igneous rocks and consolidated Miocene conglomerate) overlain by 
younger sedimentary deposits. Near-surface sedimentary units include Tertiary and 
Quaternary to Recent-age alluvial fan deposits, Pliocene lacustrine deposits and Tertiary 
and Quaternary to Recent-age fluvial deposits of the Colorado River. The alluvial fan and 
lacustrine deposits are generally found in the western portion of the study area, while the 
fluvial deposits predominate in the eastern area adjacent to the Colorado River. The relative 
age and distribution of stratigraphic units in the study area are shown on Figure 2-3.  

Groundwater occurs under unconfined to semi-confined conditions within the alluvial fan 
and fluvial sediments beneath most of the Topock site. The saturated portion of the alluvial 
fan and fluvial sediments are collectively referred as the Alluvial Aquifer. In the floodplain 
area adjacent to the Colorado River, the fluvial deposits interfinger with, and are 
hydraulically connected to, the alluvial fan deposits. The water table in the Alluvial Aquifer 
is very flat throughout the site and typically equilibrates to an elevation within 2 to 3 feet of 
the river level. The unconsolidated alluvial and fluvial deposits are underlain by the 
Miocene conglomerate and pre-Tertiary metamorphic and igneous bedrock with very low 
permeability; therefore, groundwater movement occurs primarily in the overlying 
unconsolidated deposits.  

The IM-3 Injection Area is located west of Bat Cave Wash, and the general 
hydrostratigraphy for this area is summarized in Figure 2-3. As confirmed by the recent 
IM-3 drilling investigation (discussed in Section 5), the stratigraphic units within the 
saturated zone in the IM-3 Injection Area include the lower portion of Quaternary Older 
Alluvium (Qoa unit) and Tertiary Oldest Alluvium (upper unit designated Toa2 and lower 
unit designated Toa1) (Figure 2-3). The Alluvial Aquifer is underlain with bedrock 
formations which include the consolidated Miocene conglomerate and associated 
megabreccia deposits (Tmc unit), and pre-Tertiary metamorphic and igneous bedrock (pTbr 
unit). The reader is referred to the Draft RFI Report for more information on the site 
hydrogeologic setting (CH2M HILL 2005d). 
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3.0 Purpose and Objectives 

The purpose of this report is to present a baseline characterization the hydrogeologic 
conditions in the general vicinity of the injection wells. It is intended that this report will be 
used by the DTSC and the CRBRWQCB in their assessment of the suitability of this area for 
injection of treated water. This report presents data from a set of recently-completed wells 
that includes 12 observation wells, eight compliance monitoring wells, and two injection 
wells. Most of these wells were installed in or around the East Mesa Area. One observation 
well cluster (OW-3) was installed on the West Mesa Area. This report also includes data 
from existing and recently-installed monitoring wells to the east of the injection well field 
area.  

The DTSC has identified the following five criteria to be addressed: 

1. The subsurface geology and hydrogeology needs to be understood in the area impacted 
by the injection. 

2. The injection wells must demonstrate the capability to accept the maximum expected 
flow rate of treated water plus a 50 percent contingency factor. This equates to a 
minimum flow of 200 gpm, which must be available at all times, even when one well is 
offline for maintenance.  

3. The extent of groundwater contamination in the area impacted by the injection needs to 
be characterized. 

4. A sufficient number of monitoring and observations wells need to be installed to 
monitor the aquifer during injection.  

5. The estimated flow and rate of movement of injected groundwater needs to be modeled 
and understood.  

The monitoring well network is described and discussed in Sections 4.0 and 5.0. The 
geology and hydrogeology is also addressed in Section 5.0 of this report. The extent of 
groundwater contamination in the area impacted by injection is addressed in Section 6.0. 
The capacity of the injection wells and hydraulic properties of the aquifer are addressed in 
Section 7.0. The groundwater modeling to assess movement of injected water and the effects 
of the injection on the chromium plume is provided as Appendix F. 
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4.0 Summary of Investigation and 
Characterization Activities 

As part of the IM-3 investigation, three separate mobilization efforts were undertaken to 
install one monitoring well (MW) cluster, four observation well (OW) clusters, four 
compliance well (CW) clusters, and two injection wells (IW). In order to assess the aquifer 
conditions, the monitoring well cluster and four observation well clusters were installed first. 
Injection wells were installed next to further evaluate the aquifer conditions in the planned 
injection area. The compliance wells were installed last after the injection wells were in place 
and tested.  

This section provides documentation of the observation, injection, and compliance well 
installations; groundwater quality sampling and analysis; geophysical logging; and 
hydraulic testing that have been conducted as part of the IM-3 investigation. The results of 
the hydrogeologic investigations, groundwater characterization, and injection well testing 
are presented in Sections 5.0, 6.0, and 7.0, respectively. Appendix A contains the drilling, well 
construction, and well development logs. 

Three general areas were identified on Parcel 650-151-06 as potential sites for installation of 
injection wells. Two primary areas identified as the East and West Mesas were selected based 
on the topography of the site, representing areas of relatively flat ground that could be made 
accessible to drilling equipment with only minor grading. A secondary area identified as the 
Center Mesa, which is relatively flat but not easily accessible, was identified as a contingency 
area that would be used only if hydrogeologic conditions turned out to be unfavorable for 
injection wells on one or both of the primary areas. Initial investigations (installation of 
observation wells) were conducted on the East and West Mesas. Based on favorable 
hydrogeologic conditions and proximity to the new treatment system, it was decided to 
further investigate the East Mesa as an injection well site. An investigation of Center Mesa 
was not undertaken after it was determined that sufficient injection capacity could be 
obtained by wells on the East Mesa alone.  

Site preparation for the observation, injection, compliance, and monitoring well installations 
involved grading existing roadways and grading paths for equipment access where no 
roadways existed. Prior to moving equipment onto Parcel 650-151-06, the drilling sites and 
the access routes were surveyed for biological and cultural resources, and mitigation 
measures were established to protect these resources during the drilling activities.  

4.1 Observation Well Installation 
The objectives of the observation well installation were to provide data needed to design the 
injection wells and to monitor groundwater levels and quality during the operation of the 
injection wells. Each observation well location includes a three-well cluster with screened 
intervals at different depths. Monitoring the various depth intervals in the Alluvial Aquifer 
in the vicinity of the injection wells was considered during screen interval selection.  The 
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screened intervals were selected in consultation with DTSC based on lithology, with screens 
placed across the more permeable units within the upper-depth, middle-depth, and lower-
depth intervals of the Alluvial Aquifer. 

As part of this same installation effort, a monitoring well cluster (MW-41) was installed in 
Bat Cave Wash, approximately 685 feet north of existing MW-13. The MW-41 cluster wells 
are screened in the upper-depth, middle-depth, and lower-depth intervals of the Alluvial 
Aquifer.  

Observation wells were installed from September to December 2004. Refer to Figure 4-1 for 
well locations. Sonic drilling methods were used to install the observation wells because it 
offered the advantages of minimal waste production, ability to penetrate through cobbles 
and caliche layers, provision of core for lithologic logging and laboratory sampling, and 
results in wells that are easier to develop than wells drilled by the mud rotary method. Refer 
to the Field Activities Summary for Observation Well Installation (CH2M HILL 2004b) for 
installation methods and waste management procedures. 

Observation wells and the monitoring well were constructed of 2-inch polyvinyl chloride 
(PVC) screen and casing. The screen intervals ranged from 20 to 40 feet in length. Longer 
well screens were used in some observation wells in order to obtain average heads in the 
aquifer during injection and average groundwater quality in the vicinity of the injection 
wells. Table 4-1 summarizes the drilling and well information for the observation wells 
installed. 

During drilling, groundwater samples were bailed from the open borehole at approximately 
60-foot intervals throughout the saturated zone. Samples from the borehole were screened in 
the field for specific conductance, pH, and dissolved Cr(VI). Groundwater samples were 
submitted for laboratory analyses of dissolved Cr(T) and TDS. The purpose of these samples 
was to assess the vertical distribution of TDS and chromium concentrations at the drilling 
sites and to assist in selecting well screens. 

After well construction and annular seal placement, the observation wells and monitoring 
well were developed using a surge block, bailer, and submersible pump. During 
development, temperature, pH, specific conductance, and turbidity were measured using 
field instruments. Well development was continued until field parameters stabilize and 
turbidity was reduced to less than 50 nephelometric turbidity units (NTU). 

Selected samples of core from each deep observation well boring was submitted for grain-
size analysis. The analysis was used to aide in the design of the gravel pack and screen size 
for the injection wells. Samples were selected that represented a cross-section of the different 
types of geologic materials encountered during drilling.  

4.2 Injection Well Installation 
The primary objective of the injection well installation was to install wells that would accept 
up to 200 gpm of treated groundwater from the IM-3 treatment plant (the peak design flow 
of injected water is 135 gpm; an additional 65 gpm was added as a contingency). The 
injection well drilling program involved drilling, installation, development, and testing of 
two injection wells on the East Mesa of Parcel 650-151-06. Screen intervals were selected in 
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consultation with DTSC based on the preference to target transmissive zones, minimization 
of potential hydraulic mounding, protection of shallow groundwater quality, and increasing 
the TDS content for matching water quality. Hydraulic testing was conducted on the aquifer 
to provide data on the capacity of each well and the hydraulic properties of the aquifer. 
Because aquifer properties were found to be favorable and each of the injection wells was 
capable of accepting far more than the design flow rates, these were the only two injection 
wells needed to meet the design capacity. 

Mud rotary drilling methods were used for injection well drilling. Mud rotary is the most 
commonly used method for the installation of larger-diameter production wells and was 
used successfully to install other wells at the Topock site. Refer to the Final Work Plan for 
Injection Well Installation on Parcel 650-151-06 (CH2M HILL 2004c) for installation methods 
and field procedures.  

Six-inch-diameter pilot boreholes were advanced to 411 feet below ground surface (bgs) (IW-
2) and 412 (IW-3) feet bgs. Refer to Figure 4-1 for well locations. Core samples were collected 
from the bottom portion of the pilot holes to determine the lithology. After completion of the 
pilot boreholes, 12-inch-diameter boreholes were then reamed to 340 feet bgs (IW-2) and 330 
feet bgs (IW-3). Injection well IW-2 was screened from 170 to 330 feet bgs and IW-3 was 
screened from 160 to 320 feet bgs. Refer to Table 4-1 for well construction details. 

After well construction and annular seal placement, the injection wells were developed using 
a surge block, bailer, and submersible pump. During development, temperature, pH, specific 
conductance, and turbidity were measured using field instruments. Well development was 
continued until field parameters stabilized and turbidity was reduced to less than 50 NTU. 

Grain-size analysis was conducted on samples collected from the saturated aquifer during 
the observation well drilling effort. The observation well grain-size analysis data was used to 
design the gravel pack and screen size for the injection wells. Prior to well construction, 
PG&E conferred with DTSC regarding gravel pack and screen size. 

A full suite of geophysical logs (resistivity, conductivity, gamma ray, spontaneous potential, 
and sonic) were collected in the open injection well pilot boreholes for hydrogeologic 
characterization and to aide with well construction design. Following construction, the 
injection wells were developed, and step and constant-rate pumping tests, and injection tests 
were conducted. The results of the hydraulic tests are discussed in Section 7. 

4.3 Compliance Well Installation 
The primary objective of the compliance drilling program was to install wells to monitor 
potential adverse effects on aquifer water quality due to the operation of the injection wells. 
The compliance monitoring wells also will be used in conjunction with the observations 
wells to: 

• Better define the hydrogeology of the aquifer in the vicinity of the injection wells. 

• Provide baseline groundwater quality data for the well field and adjacent area prior to 
the start of injection.  
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• Monitor any changes in groundwater elevations to evaluate the hydraulic effects of the 
injection well fields. 

Following the decision to use two injection wells on the East Mesa site, candidate locations 
for the compliance monitoring wells were determined using a groundwater flow model. 
WDR R7-2004-0103 required a minimum of one upgradient and two downgradient 
compliance monitoring wells. The DTSC indicated that, where possible, compliance 
monitoring wells should be located within a distance representing about 2 years of 
groundwater travel time from the injection well fields. The steep topography of the site 
combined with the presence of sensitive cultural and biological resources presented 
significant constraints on where well drilling activities could occur.  

A technical memorandum addressing the selection of locations for the compliance 
monitoring wells with consideration of access and cultural and biological constraints was 
submitted to DTSC on November 9, 2004 (CH2M HILL 2004d). DTSC provided conditional 
approval of the proposed well locations in a letter to PG&E dated December 23, 2004 (DTSC 
2004d). The proposed locations for the compliance wells were approved by the CRBRWQCB 
in a letter to PG&E dated December 1, 2004 (CRBRWQCB 2004c). Figure 4-1 indicates the 
location of the four compliance monitoring well clusters (CW-1 through CW-4) installed 
under this investigation. 

Sonic drilling methods were used to install the compliance monitoring wells. The well casing 
and screen were installed in the borehole through the sonic drill casing (approximate 7-inch 
outside diameter). The well specifications and construction details are provided on Table 4-1. 
Refer to the Final Design Plan for Groundwater Compliance Monitoring (CH2M HILL 2005b) for 
installation methods and field procedures. 

During drilling, groundwater samples were bailed from the open borehole at approximately 
60-foot intervals throughout the saturated zone. Samples from the borehole were screened in 
the field for specific conductance, pH, and Cr(VI). Groundwater samples were submitted for 
laboratory analyses of dissolved Cr(T) and TDS. The purpose of these samples was to assess 
the vertical distribution of TDS and chromium concentrations at the drilling sites and to 
assist in selecting well screens. 

In order to monitor a substantial thickness of the aquifer with selectively screened wells, it 
was necessary to install well clusters with two wells each screened at different discrete 
intervals located a few feet apart. Each compliance well has a 50-foot screened interval. 
Screens were not installed across thick sequences of fine-grained sediments in order to avoid 
creating conduits for vertical flow in the aquifer. Wells were constructed of 2-inch PVC 
screen and casing. Refer to Table 4-1 for compliance well construction details. 

The depth of the screened intervals in the compliance well clusters were similar to those in 
the injection wells, which were designed to be screened from about 60 feet below the water 
table to near the bottom of the Alluvial Aquifer. The screened interval of each compliance 
well was selected in consultation with the DTSC and CRBRWQCB, with screen selections 
based on lithologic information collected during drilling.  
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After well construction and annular seal placement, the compliance wells were developed 
using a surge block, bailer, and submersible pump. During development, temperature, pH, 
specific conductance, and turbidity were measured using field instruments (Appendix A). 

4.4 Other Monitoring Wells in Investigation Area 
In addition to the IM-3 observation, injection, and compliance wells, there are four 
previously installed monitoring wells in the IM-3 investigation area (Figure 4-1). Monitoring 
wells MW-13, MW-14, and MW-18 (all screened in the shallow groundwater zone) were 
installed during the RFI investigations in 1997. Well cluster MW-37 was installed as part of 
the IM No. 1 groundwater investigations in April 2004. MW-14 is located approximately 800 
feet southwest of MW-37, adjacent to Route 66, and well MW-18 is located approximately 150 
south of the Center Mesa. The screen intervals and other well information for these wells are 
summarized in Table A-1 in Appendix A. 

4.5 Groundwater Quality Sampling and Analysis 
After well development, the new wells were purged and sampled for the initial water quality 
characterization. The sampling activity followed the procedures, analytical methods, 
reporting limits, and quality control plan used for the Topock groundwater monitoring 
program as described in the Sampling and Analysis Plan, Groundwater and Surface Water 
Monitoring (CH2M HILL 2004f).  

After development, the observation wells and MW-41 were purged and sampled for initial 
groundwater quality characterization. Samples were analyzed for Cr(VI), Cr(T), TDS, specific 
conductance, pH, aluminum, barium, boron, copper, lead, manganese molybdenum, nickel, 
total iron, and zinc. Samples from wells OW-1M, OW-1D, OW-3S, OW-3M, and OW-3D were 
analyzed for chloride, sulfate, nitrate/nitrite, ammonia carbonate/bicarbonate, 
orthophosphate, and TOC. Samples from observation well OW-1D were analyzed for : 
volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), perchlorate, 
polychlorinated biphenyls (PCBs), and California Code of Regulations, Title 22 metals (i.e., 
aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 
magnesium, manganese, mercury, molybdenum, selenium, silver, thallium, vanadium, and 
zinc). Field water quality parameters (temperature, pH, specific conductance, oxidation-
reduction potential, and turbidity) were also measured. Results of this sampling are 
provided in Section 6. 

After development, the compliance wells were purged and sampled for Cr(VI), Cr(T), TDS, 
specific conductance, pH, aluminum, ammonia (as nitrogen), antimony, arsenic, barium, 
boron, calcium, chloride, carbonate/bicarbonate, copper, fluoride, lead, magnesium, 
manganese, molybdenum, nickel, nitrate/nitrate (as nitrogen), total Kjeldahl nitrogen, 
potassium, selenium, sodium, sulfate, total iron, and zinc. A second round of compliance 
well sampling was performed two weeks after the initial event; the same analyte list was 
used.  Groundwater samples for metals analyses were filtered to obtain dissolved metals 
concentrations. Field water quality parameters (temperature, pH, specific conductance, 
oxidation-reduction potential, and turbidity) were also measured. At DTSC’s request, 
groundwater samples from well CW-2D were also analyzed for VOCs and SVOCs. 
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The injection wells were sampled during pumping tests for analysis of TDS and Cr(T) or 
Cr(VI). Results are included in Section 6. 

As part of the IM-3 groundwater characterization, wells MW-13, MW-14, MW-18, and MW-
37 cluster were sampled for Cr(VI), Cr(T), specific conductance, pH, aluminum, ammonia (as 
nitrogen), barium, calcium, chloride, carbonate/bicarbonate, copper, fluoride, lead, 
magnesium, manganese, molybdenum, nickel, nitrate/nitrate (as nitrogen), orthophosphate, 
potassium, sodium, sulfate, total iron, and zinc. Groundwater samples for metals analyses 
were filtered to obtain dissolved metals concentrations. Field water quality parameters 
(temperature, pH, specific conductance, oxidation-reduction potential, and turbidity) were 
also measured.  

In letter dated April 25, 2005 (DTSC 2005b), DTSC requested the three East Mesa observation 
well clusters (OW-1, OW-2, and OW-5) and adjacent wells MW-14 and MW-18 be sampled 
for Cr(VI), Cr(T), general chemistry (cations and anions), VOCs, SVOCs, and Title 22 metals.  
The wells were sampled in May 10-11, 2005.  Sampling results of the May 2005 event are 
presented in Section 6. 

During the May 2005 supplemental sampling, the East Mesa shallow observation wells OW-
1S and OW-2S were not sampled due to field conditions. The sampling pump could not be 
lowered to the water table in OW-1S due to suspected curvature in the shallow portion of the 
well casing. A smaller diameter pump will be used for future sampling of OW-1S.  In well 
OW-2S, the sampling pump was lowered to the well screen; however, it would not pump.  
The pump was inspected and confirmed operational. It appears the water column above the 
pump was insufficient to allow for pumping to the surface.  Sampling crews will evaluate an 
alternate purging method for future sampling well OW-2S. 

4-1 Hydrogeologic and Geophysical Logging 
Geophysical logging was conducted in selected observation wells, monitoring well MW-41, 
injection wells, and compliance wells. The suite of logs that were run on the open boreholes 
of the injection wells included spontaneous potential, natural gamma ray, long and short 
resistivity, induction, and a caliper log. Natural gamma ray and induction logs were run on 
the compliance wells, selected observation wells, and MW-41. 

The purpose of the geophysical logging was to confirm the contact depth of the bedrock 
formation, assess the hydrogeologic characteristics of the Alluvial Aquifer, and assist in well 
screen selection. The geophysical logs were also used to support the site conceptual 
hydrogeologic model. 

Following well development, a downhole spinner velocity log was run in both injection wells 
to assess which portions of the screened interval were more transmissive. The results of the 
spinner log were used for further hydraulic characterization of the injection wellfield and to 
support the site hydrogeologic/groundwater model. 
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4-2 Injection Well Hydraulic Testing 
The principal objective of hydraulic testing at each injection site was to estimate the 
sustainable injection capacity for the constructed well. Given schedule and water disposal 
constraints, long-term hydraulic testing for the purpose of improving the model was a lower 
priority. CH2M HILL took full advantage of all observed hydraulic data from the short-term 
tests and updated hydraulic property distribution accordingly. The MLU (Multi-Layer 
Unsteady state) software (Hemker 1999) was used to analyze the hydraulic data.  

Step-drawdown testing was performed in the injection wells immediately following 
development. The pumping rates were varied at approximately half-hour intervals, with 
three to four pumping intervals. Each step-drawdown test was run at rates form 
approximately 60 to 190 gpm, and produced approximately 20,000 gallons of water and 
lasted for up to 4 hours. A 180 gpm constant-rate pumping test was also performed at IW-2 
that produced approximately 50,000 gallons of water. The pumped water was contained in 
up to five 20,000-gallon frac tanks on Parcel 650-151-06 near the well site. A total volume of 
approximately 100,000 gallons of water was produced from each extraction well during 
pumping development and pumping tests. The injection well and nearby monitoring wells 
were outfitted with pressure transducers to measure water levels before, during, and 
following the step-drawdown tests. 

The water pumped from each injection well during the step test was analyzed for chromium. 
Chromium concentrations in the extracted water were less than the WDR R7-2004-0103 
maximum daily effluent discharge limitations of 16 micrograms per liter (μg/L) Cr(VI) and 
50 μg/L Cr(T); therefore, the water from the step test and constant rate test was injected back 
into the injection well at a constant rate of 140 gpm (IW-2) and 250 gpm (IW-3, in a test 
conducted with larger pump and injection piping) until the tanks were empty. Groundwater 
levels were measured in the injection well and in nearby monitoring wells, and these data 
were used to estimate the capacity of the injection well and hydraulic properties of the 
aquifer. 

A longer-term pumping test for the injection wells is not feasible until conveyance and 
treatment systems are in place. As stated above, the main purpose of this hydraulic testing 
was to evaluate injection capacity. Measured aquifer properties indicated that the wells had 
more than the required capacity; therefore, longer-term testing was not necessary for this 
assessment. The initial hydraulic testing and startup of the injection wells were sufficient to 
characterize the aquifer properties of the wellfield. Further discussion of the hydraulic 
testing results is provided in Section 7.0. 
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5.0 Hydrogeologic Characterization 

This section presents the results of the hydrogeologic investigations for characterizing the 
groundwater and subsurface conditions in the IM-3 Injection Area. The drilling, 
geologic/geophysical logging, well installation, groundwater quality sampling, and 
hydraulic testing activities were summarized in Section 4.  

5.1 Hydrogeologic Investigations in the IM-3 Investigation 
Area 

5.1.1 Overview of Investigations 
As discussed in Section 4, the IM-3 drilling and well installation investigations were 
conducted in the southern portion of PG&E Parcel 650-151-06 (Figure 4-1). In the project 
work plans (CH2M HILL 2004a, 2004b), three general areas were identified as potential sites 
for installation of injection wells. Two areas (East and West Mesas) were selected for the 
injection and observation well drilling based on site access and topography. A third area 
(Center Mesa, Figure 4-1) was identified as a contingency area that would be used only if 
hydrogeologic conditions turned out to be unfavorable for injection wells on one or both of 
the primary areas. Initial investigations involving logging/installation of observation 
clusters OW-1, OW-2, and OW-3 were conducted on the East and West Mesas. Based on 
favorable hydrogeologic conditions and proximity to the IM-3 treatment facilities, it was 
decided to further investigate the East Mesa as an injection well site. Hydrogeologic 
investigation of the Center Mesa was not performed. 

For presentation and discussion in this report, the overall area for the IM-3 groundwater 
and hydrogeologic investigations is divided into the following areas (see Figure 4-1):  

• Bat Cave Wash area, including monitoring well clusters MW-41 (installed during this 
investigation) and MW-37, and shallow monitoring wells MW-13 and MW-14. 

• East Mesa area, including observation well clusters OW-1, OW-2, and OW-5; injection 
wells IW-2 and IW-3; pilot boring location IW-1; and compliance well clusters CW-1, 
CW-2, CW-3, and CW-4. 

• West Mesa area, including observation well cluster OW-3 (installed during this 
investigation) and shallow monitoring well MW-18. 

For this groundwater investigation, the Alluvial Aquifer is subdivided into the following 
three depth intervals: (a) Upper depth, comprising the shallow saturated interval of the 
Alluvial Aquifer from the water table (average elevation of 454 feet msl) to an approximate 
elevation of 400 feet msl; (b) Middle depth, comprising the Alluvial Aquifer saturated 
interval between approximate elevations of 310 to 400 feet msl; and (c) Lower depth, 
comprising the deeper saturated interval from an approximate elevation of 310 feet msl to 
the base of the Alluvial Aquifer. The depth intervals defined above include all 
unconsolidated deposits in the saturated zone.  The three depth intervals are based on 
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grouping wells screened at common elevations and do not represent individual 
hydrostratigraphic units or separate aquifer zones. 

Figure 5-1 presents a hydrogeologic cross-section extending east-west across Parcel 650-151-
06 and the IM-3 investigation area (see Figure 4-1 for location). The depth and well screen 
intervals for the majority of the IM-3 groundwater investigations are shown on this cross-
section, identified as Section A. Along this line of section (southern portion of the Parcel 650-
151-06), the Alluvial Aquifer ranges in thickness from less than 160 feet on the east to 
approximately 280 feet on the west. As noted in Section 2.3, the Alluvial Aquifer in the IM-3 
area is comprised mostly of the alluvial fan deposits of the Tertiary Oldest Alluvium 
stratigraphic unit (Toa). The drilling completed for this investigation did not encounter the 
lacustrine deposits of the Bouse Formation (Tb stratigraphic unit).  

The hydrogeologic characterization results for the drilling and well investigations 
conducted in the Bat Cave Wash Area and West Mesa Area are discussed below. The results 
and hydrogeologic characterization for the more comprehensive well drilling investigations 
conducted in the East Mesa Area are presented in Section 5.2.  

5.1.2 Investigation Results in Bat Cave Wash Area 
For the IM-3 investigation, one exploratory boring was drilled at the MW-41 drill site 
(Figure 4-1) and a cluster of three groundwater monitoring wells was installed (MW-41S, 
MW-41M, MW-41D). The MW-41 boring was drilled and continuously cored to a depth of 
320 feet. The boring encountered the Miocene conglomerate bedrock at a depth of 300 feet 
(Figure 5-1). The boring log and well construction information for the MW-41 cluster are 
included in Appendix A. The Toa alluvial deposits encountered in the saturated zone were 
mostly gravelly sand interbedded with sandy gravel and were generally coarser-grained 
aquifer material than encountered in other IM-3 borings. 

During MW-41 drilling, groundwater grab samples were collected from the borehole at 
three intervals in the saturated zone for water quality screening (Section 4.1). Dissolved 
Cr(T) was detected in the lower two sample intervals at concentrations of 31.3 μg/L (middle 
interval) and 2.3 μg/L (lower interval). TDS ranged from 2,200 μg/L (Upper zone) to 9,410 
mg/L (lower interval). The field and laboratory analyses of the grab samples are included in 
Table C-1 in Appendix C. The cased-well geophysical logs and a grain-size log plot for 
MW-41 are presented in Figure B1-1 in Appendix B1. The induction geophysical log 
confirms increasing formation water salinity with depth, consistent with grab sample 
results.  

5.1.3 Investigation Results in West Mesa Area 
In the West Mesa area, one exploratory boring was drilled at the OW-3 drill site (Figure 4-1) 
and a cluster of three groundwater observation wells was installed (OW-3S, OW-3M, OW-
3D). The OW-3D boring was drilled and continuously cored to a depth of 275 feet, which 
was at the limit of the drill rig’s capacity in the formation drilled at this location. As shown 
on Figure 5-1, three observation wells were installed in the upper, middle, and lower depth 
intervals of the aquifer at the West Mesa drill site. The Toa alluvial deposits logged in the 
OW-3 boring were primarily clayey sand and silty sand, with occasional interbeds of 
gravelly sand. The boring log and well construction information for OW-3 cluster are 
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included in Appendix A. The results of grain-size analyses from selected core samples from 
OW-3D are included in Table B-1 in Appendix B. 

Groundwater grab samples were collected from the OW-3D borehole at two intervals in the 
saturated zone for water quality screening. Dissolved Cr(T) was not detected in the borehole 
intervals sampled. TDS averaged 2,660 mg/L (middle interval). The results of field and 
laboratory analyses of the grab samples are included in Table C1-1 in Appendix C1. The 
cased-well geophysical logs and a grain-size log plot for OW-3D are presented in Appendix 
Figure B1-2.  

5.2 East Mesa Hydrogeologic Characterization 
The locations of the IM-3 groundwater investigations completed in the East Mesa area are 
shown on Figure 5-2. The hydrogeologic investigation in this area included extensive 
exploratory drilling, core logging, and well installation on the East Mesa injection area 
(three observation well clusters and three injection well borings) and in the nearby 
compliance well sites (four compliance well clusters). Injection wells were installed at two 
sites (IW-2 and IW-3). Based on the results of initial well testing, a third injection well was 
not installed in this drilling effort, although a pilot boring was drilled at the IW-1 location. 

Two hydrogeologic cross-sections depicting the drilling results and installed observation, 
injection, and compliance monitoring wells in the East Mesa area are included in Figure 5-3 
(Section EM-1) and Figure 5-4 (Section EM-2). Figure 5-2 shows the locations of the East 
Mesa hydrogeologic sections. The hydrogeologic characterization results of the East Mesa 
area is described below for each of the drilling programs. 

5.2.1 Investigation Results from East Mesa Observation Wells 

On East Mesa, exploratory borings were drilled at the OW-1, OW-2, and OW-5 drill sites 
(Figure 5-2) and separate groundwater well clusters were installed at each location to 
characterize the hydrogeology and serve as observation wells for the injection well field. 
The drilling depths and screen intervals for the OW-1, OW-2, and OW-5 well clusters are 
shown on Figures 5-3 and 5-4. The OW-5 pilot boring encountered weathered Miocene 
conglomerate bedrock (Tmc unit) at total depth of 350 feet bgs. The other observation well 
borings were terminated at the limits of the drill rig’s capacity at those locations. The boring 
logs and well construction information for the East Mesa observation wells are included in 
Appendix A. 

The results of grain-size distribution and hydrometer analyses of selected core samples from 
the OW-1D, OW-2D, and OW-5D borings are included in Appendix Table B-1. The grain-
size data from these observation well locations were used to confirm the injection well 
screen and filter-pack specifications. The Toa alluvial deposits logged in the OW-1, OW-2, 
and OW–5 borings were generally similar and composed primarily of silty and clayey sand 
with gravel interbedded with well-graded sand and sandy gravel sediments.  

Groundwater grab samples were collected from each of the observation well boreholes at 
three intervals in the saturated zone for general water quality screening and to assist in 
selecting the screen intervals. Dissolved Cr(T) was detected in the shallow borehole samples 
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(upper-depth interval) in OW-1D and OW-5D at concentrations of 5 μg/L and 17.6 μg/L, 
respectively. None of the other grab samples from the East Mesa observation well borings 
contained detectable concentrations of Cr(T). TDS ranged from 820 mg/L in the shallow 
sample at OW-2D to 7,500 mg/L in the deep sample from OW-5D. The results of the field 
laboratory Cr(VI) and laboratory Cr(T) and TDS analyses of the grab samples are included 
in Appendix Table C1-1.  

Cased-well geophysical logging was conducted in OW-1D. The results of this logging and 
the grain-size core plot for OW-1D are presented in Figure 5-5. The predominant sediment 
in the saturated interval of OW-1D boring is silty sand with 5-10 percent gravel. The 
conductivity geophysical log shows increasing formation water salinity with depth which is 
consistent with the grab sample water quality results (Appendix Table C1-1).  

5.2.2 Investigation Results from East Mesa Injection Wells 

Mud rotary exploratory borings were drilled at three locations on the East Mesa to 
characterize aquifer conditions in the IM-3 Injection Area and confirm the final design for 
the injection wells. The pilot borings at the IW-1, IW-2, and IW-3 locations (Figure 5-2) were 
drilled to bedrock and were terminated at depths of 411, 412, and 411 feet, respectively. As 
described in Section 4.2, a complete suite of geophysical logs were collected for each boring, 
and supplemental geologic logging was provided by rock coring in selected intervals and 
drill cuttings logging. The injection well drilling logs are included in Appendix A. 

In the three injection well borings, bedrock was encountered at approximate depths of 340-
350 feet bgs. The bedrock formations observed in the injection well borings are characterized 
by a variety of metamorphic and sedimentary rock types as opposed to the lithologically 
uniform Miocene conglomerate (Tmc unit) which comprises the uppermost bedrock in the 
Bat Cave Wash Area and the floodplain area farther east. The drill cuttings recovered in 
lower portions of the injection well borings were primarily very hard rock fragments 
(metadiorite, gneiss, quartzite, and other metamorphic/felsic rock types). Due to the 
hardrock nature of these formations, only limited core samples were recovered. However, 
the majority of the recovered core material in the injection well borings was metamorphic 
rocks. 

The drill cuttings and limited core recovered in the bottom of the IW-2 and IW-3 borings 
comprised a mixture of metamorphic rocks and consolidated reddish brown conglomerate 
and silty sandstone. Based on the alternation of rock types in the drilling logs, it appears 
that some of the bedrock formation may be a megabreccia deposit, wherein large blocks of 
metamorphic rocks are enclosed within a matrix of consolidated fanglomerate deposits. 
Based on published mapping in the nearby Chemehuevi Mountains (see Draft RFI Report, 
Section 2.3 [CH2M HILL 2005d]), the Miocene conglomerate stratigraphic unit locally 
includes megabreccia deposits. The generalized stratigraphic relationships of the bedrock 
formations in IM-3 Injection Area are shown on Figure 2-1. 

Injection Wells IW-2 and IW-3 Summary 

Based on the East Mesa logging results, injection wells IW-2 and IW-3 were installed at the 
locations shown on Figure 5-2, and as described in Section 4.2. Cross-section EM-2 
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(Figure 5-4) shows the well depths and screen intervals for the injection wells and 
observation wells on the East Mesa. Well construction logs for IW-2 and IW-3 are included 
in Appendix A.  

Figure 5-6 presents a graphical summary of the geophysical logs, grain-size log plot for the 
drill site, and the well construction for injection well IW-2. Also presented in the graphical 
summary is the production spinner test (downhole velocity log) for well IW-2. The velocity 
log was recorded during a short duration well extraction test with a pumping rate of 80 
gallons per minute (gpm). The velocity log indicates that the largest water production 
occurs in the lower 55 feet of the screened interval. A secondary zone of production was 
recorded in the upper 40 feet of the IW-2 well screen.  

Figure 5-7 presents a graphical summary of the geophysical logs, grain-size log plot for the 
drill site, well construction diagram, and spinner velocity log for well IW-3. The velocity log 
(well pumping rate at 70 gpm) indicates that the largest water production occurs in the 
lower 50 feet of the screened interval. Similar to the IW-2 velocity log, the middle portion of 
the IW-3 well screen had the smallest flow contribution. The spinner log data for IW-2 and 
IW-3 are discussed further in Section 7.2 (Hydraulic Testing). 

In summary, the drilling and hydrogeologic logging of the East Mesa injection well and 
observation well borings indicate the Alluvial Aquifer in the injection area has a total 
saturated thickness of over 250 feet and is composed primarily of silty sand with gravel 
interbedded with sandy gravel and sandy clay sediments characteristic of alluvial fan 
deposits. The spinner tests indicate that the aquifer interval screened in the injection wells is 
characterized by variations in permeable and transmissive materials. 

5.2.3 Investigation Results from East Mesa Compliance Wells 
For the IM-3 compliance monitoring program, exploratory borings were drilled at four 
locations (CW-1, CW-2, CW-3, and CW-4, Figure 5-2) and groundwater well clusters were 
installed at each location (Section 4.3). The objectives of the compliance drilling 
investigation was to characterize the hydrogeology in the areas peripheral to the East Mesa 
and install the compliance monitoring wells for the injection well field. 

The number and location of the compliance monitoring wells was initially proposed in a 
technical memorandum (CH2M HILL 2004d) submitted prior to issuance of the Draft Design 
Plan for Groundwater Compliance Monitoring (CH2M HILL 2004e). The well locations were 
selected based on model simulations of groundwater travel time (sites selected within 2-
year travel time from the injection well field), drill site accessibility, and cultural and 
biological resource preservation requirements. The design and locations of the compliance 
monitoring well clusters was approved in December 2004 (CRBRWQCB 2004c, DTSC 
2004d).  

The pilot borings at the CW-1, CW-2, CW-3, and CW-4 locations were drilled to depths of 
360, 385, 360, and 337 feet bgs, respectively. At locations CW-1, CW-2,and CW-4, the borings 
were terminated in Miocene conglomerate bedrock. Metamorphic bedrock (or Tmc 
megabreccia) was also encountered at total depth at location CW-4. Boring CW-3 did not 
encounter bedrock at the total depth of 360 feet bgs, which was at the limit of the drill rig’s 
capacity at this location. The drilling depths and screen intervals for the CW-2 and CW-4 
compliance wells are shown on Figure 5-3. Figure 5-4 shows the drilling depths and screen 
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intervals for compliance wells CW-1 and CW-3. The pilot borings were continuously cored 
within the saturated zone. The boring logs and well construction information for the four 
compliance well clusters are included in Appendix A. 

At each of the compliance well locations, groundwater grab samples were collected at five 
intervals in the saturated zone for general water quality screening and to assist in selecting 
the screen intervals for the compliance well cluster wells. At location CW-1, dissolved Cr(T) 
was detected in only the shallowest borehole sample (Upper zone) at a concentration of 13.1 
μg/L. TDS ranged from 920 mg/L (Upper zone) to 5,960 mg/L (Lower zone). At borings 
CW-2 and CW-3, dissolved Cr(T) was not detected in any of the five borehole intervals 
sampled. At these compliance locations, TDS ranged from 1,830 mg/L (Upper zone) to 
13,200 mg/L (Lower zone), confirming the increasing salinity with depth profile observed in 
other observation well drill sites on East Mesa. At location CW-4, dissolved Cr(T) was 
detected in only the shallowest borehole sample (Upper zone) at a concentration of 4.9 
μg/L. TDS ranged from 745 mg/L (Upper zone) to 6,500 mg/L (Lower zone). The results of 
field water quality measurements and laboratory analyses of the grab samples collected in 
the compliance drill sites are included in Appendix Table C1-1.  

The cased-well geophysical logs and grain-size core plots for the four compliance well 
locations are presented in Figures B2-1 through B2-4 in Appendix B2. The predominant 
sediment in the saturated interval of CW-1 boring is well-graded silty sand with 5-15 
percent gravel. The predominant sediment in the saturated interval of CW-2 and CW-3 well 
sites boring is silty sand with 5-10 percent gravel. The predominant sediment in the 
saturated interval of CW-4 boring is well-graded silty sand with 10-20 percent gravel. The 
conductivity geophysical logs for all of the compliance wells shows increasing formation 
water salinity with depth, which is consistent with the grab sample water quality results 
(Appendix Table C1-1).  

In summary, four compliance monitoring well clusters were installed at locations and 
depths appropriate for monitoring groundwater conditions and water quality within the 
overall aquifer interval targeted for subsurface injection (approximate elevation interval 370 
to 220 feet msl). The compliance well network will be supplemented with selected 
observation wells for the compliance monitoring program. 

5.3 Water Level Measurements and Groundwater Gradient 
The IM-3 Injection Area is located approximately 3,000 feet from the Colorado River in the 
north-central portion of the project site. Figure 4-1 shows the locations of the monitoring 
wells in the IM-3 study area. During this groundwater investigation, water level data from 
the new wells were collected during groundwater sampling and during the hydraulic 
testing of the injection wells. 

A summary of the manual water level measurements and groundwater elevations from 
September 2004 through May 2005 for the 22 new wells installed for this investigation and 
the 5 previously installed wells in the study area is included in Appendix Table B-2. During 
the period March-May 2005, pressure transducers were installed in the IM-3 injection, 
observation, and compliance monitoring wells, and pressure transducer data collection will 
be incorporated in the compliance monitoring program and injection well field operations. 
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To evaluate the hydraulic gradients in the IM-3 investigation area, manual water level 
measurement surveys were conducted on March 22 and May 18, 2005.  The water level 
measurement surveys involved the manual collection of static water levels in the study area 
wells over an approximately 1- to 2-hour period.  The elevation and gradient data collected 
from each survey reflect a “snap-shot” view of hydraulic conditions in the aquifer at one 
point in time. The groundwater elevation maps were prepared from salinity/temperature 
adjusted manual water level measurements collected at the shallow, mid-depth, and deep 
monitoring and observation wells in the IM-3 Injection Area. The resultant lateral gradients 
depicted on these maps show transient conditions in the aquifer at the time of measurement 
and may not reflect the expected average annual groundwater flow directions. 

March 22, 2005 Water Level Survey.  Figures 5-8a, 5-8b, and 5-8c present the groundwater 
elevations and contours for the shallow wells, mid-depth wells, and deep wells, respectively 
during the March 2005 snap-shot. The IM-3 monitoring wells were installed in late 2004 and 
early 2005 and several wells had not been adequately purged in March 2005.  Therefore the 
wells did not have consistent salinity within the water column.  Given these stratified 
salinity profiles, it is not appropriate to calculate equivalent freshwater heads using a single 
salinity value (obtained during sampling).  To increase accuracy, the IM-3 monitoring wells 
and compliance wells were profiled using a downhole salinity probe on April 14, 2005 and 
May 3-4, 2005, respectively.  The depth-weighted average salinity from the profiling was 
used to retroactively adjust the March 2005 water levels to freshwater equivalent heads, 
which are the groundwater elevations shown on Figures 5-8a, 5-8b, and 5-8c. 

The groundwater elevations for the shallow wells range from 454.26 feet msl to 453.35 feet 
msl; the horizontal gradients are summarized as follows: 

 

 

Based on these gradients, an assumed effective porosity of 0.2, and an average hydraulic 
conductivity of the aquifer of 50 ft/day (based on hydraulic testing results presented in 
Section 7), the estimated lateral groundwater flow velocity ranges from 0.05 to 0.58 ft/day.  
The largest hydraulic gradients and highest groundwater flow velocities are in the lower-
depth interval in the southeast portion of the IM-3 area, closest to the TW-2D extraction 
well, also screened in the lower portion of the aquifer. It is likely that gradients in the 
southeast portion of the area shown on Figures 5-8b and 5-8c are affected by the pumping at 
TW-2D. 

May 18, 2005 Water Level Survey.  Figures 5-9a, 5-9b, and 5-9c present the groundwater 
elevations and contours for the shallow wells, mid-depth wells, and deep wells, respectively 
during the May 2005 snap-shot. The horizontal gradients estimated from the May 2005 
survey are summarized as follows: 

 Gradient 
Depth 

Interval Magnitude (feet/ft) Direction 
Upper 0.0003 East 
Middle 0.0002 - 0.0012 East 
Lower 0.0004 - 0.0023 Southeast to southwest 
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 Gradient 
Depth 

Interval Magnitude (feet/ft) Direction 
Upper 0.0002 - 0.0008 South to southeast 
Middle 0.0004 South to southeast 
Lower 0.0012 - 0.0022 South to southeast 

 

Based on these gradients, an assumed effective porosity of 0.2, and an average hydraulic 
conductivity of the aquifer of 50 ft/day (based on hydraulic testing results presented in 
Section 7) the estimated lateral groundwater flow velocity ranges from 0.05 to 0.55 ft/day.  
The largest hydraulic gradients and highest groundwater flow velocities are in the lower-
depth interval in the southeast portion of the IM-3 area, closest to the TW-2D extraction 
well, also screened in the lower portion of the aquifer. It is likely that gradients in the 
southeast portion of the area shown on Figures 5-9b and 5-9c are affected by the pumping at 
TW-2D. 

The aquifer across the Topock site responds to seasonal and daily changes in river level. 
Wells near the river respond to daily and seasonal fluctuations within hours. Wells located 
in upland areas further from the river show less response to daily fluctuations and the 
response to seasonal changes in river level can take place over a period of weeks.  Because 
river levels were very low during March 2005 and significantly higher in May 2005, both the 
March and May 2005 gradient maps for the IM-3 Injection Area reflect transient conditions 
as the aquifer adjusts to the very low and then rising river levels.  The March and May snap-
shot water levels represent one point in time and do not reflect the expected average annual 
groundwater flow directions. 

The March 22 and May 18, 2005 water level measurements were used to calculate vertical 
hydraulic gradients at well clusters in the survey area. It is expected that average vertical 
gradients across most of this site would be upward based on historical groundwater data at 
the site. Table 5-1 presents the vertical hydraulic gradients measured on both dates. The 
vertical gradients are primarily upward, ranging from 0.001to 0.008 ft/ft (suspect water 
level measurement at CW-4M in March ignored). However, downward gradients were 
measured during at least one of the monitoring periods at three well clusters.  The 
downward gradients ranged from 0.001 to 0.002 ft/ft. The downward gradients observed 
during this survey may be a result of transient conditions present at the time these water 
levels were measured. The vertical gradients are a similar order of magnitude or larger than 
the horizontal gradients. 

The manual water level measurements used to calculate groundwater elevations, construct 
groundwater elevation contour maps, and calculate hydraulic gradients likely have some 
small errors due to fluctuations in groundwater levels at the wells.  These fluctuations were 
observed in transducer data from the IM-3 wells during injection well hydraulic testing.  
The fluctuations appear to be diurnal and are likely the result of changes in river level, 
changes in atmospheric pressure, and changes in surface temperatures.  Further evaluation 
of the fluctuations will require water level data measured with pressure transducers, which 
are now installed in all the IM-3 monitoring wells.  At many sites, such minor fluctuations 
are insignificant.  However at the IM-3 wells, head differences between wells are so small 
that even minor changes in groundwater elevation can result in different hydraulic data 
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interpretations.  The pressure transducers will provide an additional source of groundwater 
elevation data that will be used in future hydraulic data evaluations. 
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6.0 Groundwater Quality Characterization 
Results 

This section presents results and assessment of the groundwater quality investigation 
conducted at the IM-3 investigation area on Parcel 650-151-06. Data presented include: 

• Groundwater analytical results for chromium, 

• Groundwater analytical results for general chemistry, 

• Groundwater analytical results for trace metals, 

• Groundwater analytical results organic compounds, 

• Groundwater and soil analytical results for special sampling at well CW-2D in response 
to soil core logging observations, 

• Data quality assessment, and 

• Geochemical modeling. 

Data generated for this investigation were collected during installation and sampling of the 
observation wells, the compliance wells, and two monitoring wells (MW-37 and MW-41), as 
well as during GMP quarterly sampling events. The groundwater data used to characterize 
the IM-3 investigation area were collected between June 2004 and May 2005.  

The wells in the IM-3 Injection Area are screened in the upper, middle, and lower-depth 
intervals of the Alluvial Aquifer (discussed in Section 5.0). The groundwater 
characterization results are presented based on average concentrations of the analytes 
detected in these depth intervals of the aquifer. Based on the location of three groups of 
monitoring wells, the IM-3 investigation area has been divided into the following 
geographic locations: the Bat Cave Wash Area (7 monitoring wells at 4 locations), the East 
Mesa Area (17 monitoring wells at 7 locations), and the West Mesa Area (4 monitoring wells 
at 2 locations). The screen intervals and other well information for the wells used for 
groundwater quality characterization are summarized in Table A-1 in Appendix A.  

6.1 Chromium Groundwater Characterization 
Table 6-1 summarizes the Cr(VI) and Cr(T) concentrations and the field water quality 
parameters (temperature, pH, specific conductance, and oxidation reduction potential 
[ORP]). Figure 6-1 shows the Cr(VI) and Cr(T) concentrations in groundwater within the 
IM-3 investigation area (hydrogeologic section A identified on Figure 4-1). For the purposes 
of this evaluation, the groundwater Cr(VI) plume is defined as chromium-bearing 
groundwater exceeding the California state MCL of 50 μg/L for Cr(VI) or Cr(T) 
(CH2M HILL 2005d). Figures 6-2 through 6-4 present the Cr(VI) results for the recent 
sampling of the wells in the IM-3 investigation area that monitor the upper, middle, and 
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lower-depth intervals of the Alluvial Aquifer, respectively. Also shown on these figures are 
the approximate outline of Cr(VI) in groundwater greater than 50 μg/L, based on the 
sampling results of site wells during March 2005 quarterly monitoring. 

During drilling of the borings for the IM-3 observation, compliance, and monitoring wells, 
grab groundwater samples were collected and analyzed for Cr(T), TDS, specific 
conductance and pH. Grab samples from borings MW-41, OW-1D, and OW-3D were 
additionally screened for Cr(VI) using the field test method. Results of these grab samples 
are summarized in Appendix Table C1-1. These samples were obtained from open 
boreholes during drilling and are therefore considered screening-level data. 

6.1.1 Bat Cave Wash Area 
There are four monitoring well locations associated with the Bat Cave Wash area: MW-13, 
MW-14, MW-37, and MW-41. Wells MW-13, MW-37, and MW-41 are located within the 
geographic footprint of Bat Cave Wash. MW-14 is located approximately 300 feet south of 
Parcel 650-151-06 and 700 feet west of Bat Cave Wash. The average concentrations of Cr(VI) 
in samples obtained since June 2004 from the three shallow wells (MW-13, MW-14, and 
MW-41S) range from 12.0 μg/L to 32.6 μg/L, with an overall average of 23.9 μg/L (Table 6-
1). The highest concentrations of Cr(VI) were detected in MW-14, which is not located in the 
actual wash, but rather to the southwest. The average concentrations of Cr(T) in the three 
wells range from 11.3 μg/L to 33.0 μg/L, with an overall average of 23.6 μg/L.  

Wells MW-37S (this well has an “S” designation but is screened in the mid-depth interval of 
the aquifer) and MW-41M are the only Bat Cave Wash area wells screened in the mid-depth 
interval of the aquifer. The average concentrations of Cr(VI) in samples obtained since June 
2004 from these wells range from 5.8 μg/L to 6.0 μg/L, with an overall average 
concentration of 5.9 μg/L. The average concentrations of Cr(T) in the wells range from 
4.4 μg/L to 5.5 μg/L, with an overall average concentration of 5.1 μg/L.  

MW-37D and MW-41D are the only wells screened in the lower-depth interval of the aquifer 
in the Bat Cave Wash area. MW-41D has not had Cr(VI) present above the reporting limits 
(1 and 2 μg/L). Cr(T) concentrations in MW-41D have indicated the presence of 8.10 μg/L of 
Cr(T) in November 2004; results since then (December 2004 and March 2005) have been ND 
(1.0 μg/L). MW-37D has an average concentration of Cr(VI) of 1,323 μg/L in the lower-
depth interval of the aquifer. Cr(T) measured at MW-37D has an average concentration of 
1,304 μg/L.  

6.1.2 East Mesa Area 
There are three observation well clusters (OW-1, OW-2, and OW-5), two injection wells (IW-
1 and IW-3), and four compliance well clusters (CW-1 through CW-4) associated with the 
East Mesa area. The three observation wells are the only wells screened in the upper –depth 
interval of the Alluvial Aquifer. The shallow wells were sampled in December 2004. Cr(VI) 
concentrations in these samples ranged from non-detect (<0.2 μg/L) in OW-2S to 32.6 μg/L 
in OW-5S, with an average Cr(VI) concentration of 16.0 μg/L. The average Cr(T) 
concentration was 16.8 μg/L.  

Three observation wells and four compliance wells are screened in the middle-depth 
interval (OW-1M, OW-2M, OW-5M, CW-1M, CW-2M, CW-3M, and CW-4M) and lower-
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depth interval (OW-1D, OW-2D, OW-5D, CW-1D, CW-2D, CW-3D, and CW-4D) of the 
Alluvial Aquifer. The average concentrations of Cr(VI) in wells completed in the middle-
depth interval range from 3.6 μg/L to 14.2 μg/L, with a median concentration of 9.7 μg/L 
from all mid-depth wells. The average concentrations of Cr(T) in the middle-depth interval 
of the aquifer ranges from 6.5 μg/L to 15.1 μg/L, with a median concentration of 9.7 μg/L 
from all Mid-depth wells (Table 6-1).  

Concentrations of Cr(VI) have not been detected in wells screened in the lower-depth 
interval of the aquifer (OW-1D, OW-3D, OW-5D, and CW-1D through CW-4D).  Cr(T) was 
detected at 4.8 μg/L in one sample from well OW-1D.  

The injection wells are screened over both the middle and the lower-depth intervals of the 
Alluvial Aquifer. Samples collected from the injection wells were only analyzed for 
screening-level data. Because these wells are constructed with stainless-steel screens, the 
wells are not considered appropriate for monitoring trace metals including chromium. Table 
6-2 presents the initial chromium and TDS sampling results for wells IW-2 and IW-3.  

6.1.3 West Mesa Area 
Because the East Mesa area proved a successful location for the injection wells, only a single 
observation well cluster was installed in the West Mesa area. This new observation well 
cluster, OW-3, along with an existing shallow monitoring well, MW-18, provides data on the 
groundwater conditions in the West Mesa. The average Cr(VI) concentrations in the upper-
depth interval of the aquifer of the West Mesa area range from 16.3 μg/L (OW-3S) to 
28.6 μg/L (MW-18), with an overall average of 25.4 μg/L. The average Cr(T) concentrations 
the Upper-zone aquifer range from 13.6 μg/L (OW-3S) to 28 μg/L (MW-18), with an overall 
average of 25.7 μg/L.  

OW-3M is the only well screened in the middle-depth aquifer interval of the West Mesa 
area. The average concentrations of Cr(VI) and C(T) are 12.2 μg/L and 11.2 μg/L, 
respectively. Neither Cr(VI) nor Cr(T) has been detected above the reporting limits in well 
OW-3D, which is completed in the lower-depth interval of the aquifer.  

6.1.4 Assessment of Chromium Distribution in the Investigation Area 
Data presented above characterize the vertical and lateral extent of chromium in 
groundwater in the injection area, in areas that will be impacted by injection, and in areas 
farther downgradient. The injection wells are screened in the middle and lower-depth 
intervals of the Alluvial Aquifer in the East Mesa area. This will be the receiving aquifer for 
the injection water. Based on data for the East Mesa wells (OW-1, OW-2, OW-5, and CW-1 
through CW-4), the middle and lower-depth zones of the Alluvial Aquifer contain 
chromium below naturally-occurring concentrations. The median concentration of Cr(VI) 
and C(T) for the two zones are 2.3 μg/L and 4.0 μg/L, respectively. The average ORP 
reading is -111 millivolts (mV). 

Figures 6-2 through 6-4 present the recent (September 2004 – May 2005) Cr(VI) sampling 
results for the shallow, mid-depth, and deep monitoring wells in the investigation area, 
respectively. Also shown on these figures are the Cr(VI) plume boundaries for the upper, 
middle, and lower-depth intervals of the Alluvial Aquifer based on March 2005 sampling. 
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Figure 6-4 shows that the boundary of the Cr(VI) plume in the lower-depth interval of the 
Alluvial Aquifer lies beneath the southern portion of the Bat Cave Wash area approximately 
1,000 feet to the east of the East Mesa Injection Area. The concentrations detected in the 
lower-depth interval of the aquifer in Bat Cave Wash exceed 50 μg/L, while in the 
concentrations in the upper and mid-depth intervals of the aquifer are lower. This zone of 
elevated chromium in the lower interval extends to the south; its northern, western, eastern, 
and vertical extent have been defined. This is consistent with the site conceptual model that 
was developed and presented in the RFI, based on six years of site investigation data and 
historical information (CH2M HILL 2005d). Refer to Section 13.2 of the Draft RFI Report 
(CH2M HILL 2005d) for further discussion of the evaluation of historical groundwater 
conditions in the vicinity of the compressor station and original discharge area in Bat Cave 
Wash. 

6.1.5 Evaluation of Occurrence and Distribution of Chromium in Shallow 
Groundwater  

Table 6-1 presents the results of recent groundwater sampling of monitoring and 
observation wells in the IM-3 Injection Area and in Bat Cave Wash. The average Cr(VI) 
concentration in the shallow-depth wells in the East and West Mesa areas are 16.0 and 25.4 
μg/L, respectively. The largest concentrations of Cr(VI) found in the injection area were 32.6 
and 34.1 μg/L found in wells OW-5S and MW-18, respectively. The Cr(VI) concentrations in 
shallow wells are generally higher than in the middle- and lower-depth wells in the 
injection area, but  are believed to be within the range of naturally-occurring background 
concentrations, as explained below. 

The IM-3 Injection Area is not located downgradient of the former cooling tower blowdown 
discharge area in upper Bat Cave Wash. Although the average Cr(VI) concentration in 
shallow-depth wells are similar in lower Bat Cave Wash and the injection area (Table 6-1), 
the lower-depth MW-37D well in Bat Cave Wash clearly shows the presence of the Cr(VI) 
plume, while middle- and lower-depth wells in the injection area have low or non-
detectable concentrations of Cr(VI). The absence of elevated concentrations of Cr(VI) in the 
middle- and lower-depth wells in the IM-3 Injection Area is inconsistent with the pattern 
shown for wells affected by the former discharge and consistent with the assumption that 
the Cr(VI) in the shallow-depth wells is naturally-occurring.  

The meta-diorite bedrock that comprises the surrounding hills is the source rock for the 
alluvial matrix of the aquifer in the IM-3 Injection Area.  Given this source, the alluvium is 
composed primarily of feldspar with pyroxene and mica minerals.  Although chromium is 
most abundant in ultramafic and mafic rocks such as peridotite, serpentinite, and gabbro 
(Hem 1985), occurrence of chromium would be expected from the pyroxene and mica 
minerals, since chromium commonly substitutes for magnesium in these minerals 
(Krauskopf 1979).  Diorite is an intermediate rock between mafic and granitic rocks, which 
means that diorite contains an intermediate abundance of iron- and magnesium-bearing 
minerals.  Because chromium is primarily associated with magnesium minerals, diorite 
contains intermediate concentrations of chromium, typically about 50 milligrams per 
kilogram (Krauskopf 1979).  Chromium associated with these minerals is in the trivalent 
state [Cr(III)] but following release to solution during weathering, the Cr(III) may be 
oxidized to Cr(VI).  The Cr(III) - Cr(VI) oxidation rate is enhanced in the presence of 
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manganese oxides which are also commonly associated with diorite weathering. Naturally-
occurring concentrations of Cr(VI) are expected to vary around the site area as 
concentrations of magnesium-bearing minerals are not uniformly distributed.    

The mineralogy of the Topock site is not dissimilar to the mineralogy of other areas of the 
desert Southwest where naturally-occurring concentrations of chromium have been 
documented. Pyroxenes and mica were among those cited in a similar geologic environment 
in three separate studies of natural water chemistry in central and southern Arizona 
(Robertson 1975, 1991), and in the Mohave Desert area of California (Ball and Izbicki 2004). 
The Mohave Desert study found natural Cr(VI) up to 36 μg/L in groundwater in alluvium 
with granitic parent material, which on average contains less chromium than the dioritic 
source rocks at the Topock site.  Another study (Robertson 1991) reported background 
concentrations of Cr(VI) up to 50 μg/L in groundwater in Sacramento Valley, Arizona, 
immediately east of Mohave Valley where the Topock site is located. These studies show 
that Cr(VI) occurs naturally in groundwater in geologic environments similar to the Topock 
site. As such, the local geology near the Topock site would be expected to yield modest 
concentrations of Cr(VI) (up to about 50 μg/L) to groundwater. Concentrations of Cr(VI) in 
the shallow depth monitoring wells described above are consistent with other wells in the 
western portion of the site (CH2M HILL 2005d) and the published ranges of naturally-
occurring Cr(VI) in similar parent materials found in alluvial basins in Arizona and 
southern California, as cited above. 

In the IM-3 Injection Area, there is a general positive correlation between ORP and Cr(VI) 
concentration. The average ORP values in the shallow-, middle-, and lower -depth West 
Mesa wells are 107, -39, and -225 mV, respectively. In the East Mesa wells, the average ORP 
values are -76, -0.3, and -207 mV in shallow-, middle- and lower-depth wells, respectively. 
Thus, there is a general trend in the injection area of more strongly reducing conditions in 
the lower depths of the aquifer.  Cr(VI) is not stable under reducing conditions, which are 
associated with strongly negative ORP readings. The suggested conceptual model for Cr(VI) 
occurrence is one where the concentration is related to ORP but is also very much controlled 
by the location of the monitoring point.  Individual monitoring locations have an average 
Cr(VI) concentration that is related to localized mineralogy.  While the presence of oxidizing 
conditions allows for stability of Cr(VI), conversion of solid phase Cr(III) to Cr(VI) does not 
occur to a significant degree without dissolution in the presence of oxidants such as 
manganese oxides.  Therefore, a rise in ORP alone would not be expected to produce Cr(VI).  
However, a significant drop in ORP would be expected to remove Cr(VI) as the reduction 
reaction is relatively fast and is usually irreversible. 

Groundwater sampled in the deep wells within the IM-3 Injection Area does not have 
detectable concentrations of Cr(VI). This is consistent with the reducing nature of the deeper 
groundwater. The reducing conditions in lower-depth wells could be related to the age of 
the groundwater in the deeper portion of the aquifer. Being at the downgradient, southern 
end of the Mohave Basin and at the toe of the Chemehuevi Mountains, deep groundwater 
near the Topock site is likely to be significantly older than shallow groundwater.  The older, 
deep groundwater, being in contact with bedrock, could have become depleted of oxygen 
through oxidation of minerals and mineralized through the dissolution of minerals from the 
rocks. This older water would be expected to have low ORP values and high TDS, consistent 
with what is observed in the deeper monitoring wells in the injection area.  The difference 
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between Cr(VI) concentrations in shallow- and middle-depth wells has previously been 
discussed, with the middle-depth wells having intermediate ORP and Cr(VI) 
concentrations. In the IM-3 Injection Area, depth stratification for Cr(VI) and ORP appears 
to be in keeping with stratification of other naturally-occurring constituents (such as major 
ions and TDS), where the progression from shallow to deep follows what is expected to 
occur with normal groundwater evolution in an arid basin. 

A background study is presently underway to evaluate naturally-occurring background 
concentrations of Cr(VI) are in the vicinity of the Topock site. This study will not be 
complete for at least a year, however the initial round of sampling indicates that Cr(VI) 
concentrations similar to those found in the shallow wells in the IM-3 Injection Area are 
present in other wells far from the Topock site. At this point, there are no data to suggest 
that the Cr(VI) in the shallow wells in the injection area is not naturally-occurring. 

6.2 General Chemistry Groundwater Quality 
This section presents the results and assessment of the general chemistry analyses in the 
IM-3 investigation area. Table 6-3 summarizes the general chemistry results of groundwater 
samples collected from the upper, middle, and lower-depth intervals of the Alluvial 
Aquifer. Figures 6-5 and 6-6 indicate the results of TDS (laboratory measurement), specific 
conductance (field measurement), ORP (field measurement), and pH (field measurement) in 
the IM-3 investigation area (the location of hydrogeologic sections EM-1 and EM-2 are 
shown on Figure 5-2).  

The general chemistry of the Topock area groundwater is dominated by sodium and 
chloride, with a few exceptions. TDS of groundwater in this area increases with depth, 
ranging from around 1,000 mg/L in the Upper zone to about 10,000 mg/L in the lower –
depth aquifer interval. General water chemistry is shown graphically on Stiff diagrams 
provided in Appendix C2. Appendix C1 contains a summary of TDS analyses conducted on 
the grab groundwater samples collected during the installation of the IM-3 observation and 
compliance wells. 

A comparison of Cr(VI) concentration and groundwater geochemical parameters was 
performed. The geochemical parameters that were reviewed were nitrate, iron, manganese, 
and ORP. The parameters that show the clearest correlation with Cr(VI) concentration are 
ORP and nitrate and, to a lesser degree, iron and manganese. The presence of iron and 
manganese, which are reduced metals, indicate even stronger reducing conditions than does 
the absence of nitrate. 

6.2.1 Bat Cave Wash Area 
Samples collected from MW-13, MW-14, and MW-41S were used to characterize shallow 
groundwater quality in the Bat Cave Wash area (Table 6-3). Average TDS concentrations 
ranged from 860 mg/L to 2,850 mg/L, with an overall average concentration of 1,750 mg/L. 
Average specific conductance concentrations ranged from 1,488 mg/L to 4,890 mg/L, with 
an overall average concentration of 2,210 mg/L. Nitrate ranged from 1.33 mg/L to 5.5 
mg/L, with an overall average concentration of 4.49 mg/L. ORP readings ranged from 170 
mV to -99 mV (Table 6-1). 
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Samples were collected from MW-37S and MW-41M to characterize the middle-depth 
interval of the Alluvial Aquifer. Average TDS concentrations ranged from 2,400 mg/L to 
8,465 mg/L, with an overall average of 6,440 mg/L. Average specific conductance 
concentrations ranged from 4,390 mg/L to 14,150 mg/L, with an overall average of 8,290 
mg/L. Nitrate concentrations ranged from 0.638 mg/l to 1.30 mg/L, with an overall average 
of 1.0 mg/L. Manganese was detected at 0.22 mg/L in one sample (MW-37S), which is 
above the secondary MCL of 0.05 mg/L. Iron was not present above the reporting limit. 
ORP readings ranged from 36 mV to -115 mV (Table 6-1). 

Samples were collected from MW-37D and MW-41D to characterize the lower-depth 
interval of the Alluvial Aquifer. Average TDS concentrations ranged from 8,900 mg/L to 
12,050 mg/L, with an overall average of 11,000 mg/L. Average specific conductance 
concentrations ranged from 13,866 mg/L to 20,100 mg/L, with an overall average of 15,700 
mg/L. Nitrate ranged from not detected (above the reporting limit) to 2.10 mg/L, with an 
overall average of 2.1 mg/L. Manganese was detected at 0.09 mg/L, which is above the 
secondary MCL of 0.05 mg/L. Iron was not detected above the reporting limit. ORP 
readings ranged from 21 mV to -244 mV (Table 6-1). 

6.2.2 East Mesa Area 
Groundwater samples were collected from wells OW-1S, OW-2S, and OW-5S to characterize 
shallow groundwater quality in the East Mesa area. TDS concentrations in the three wells 
ranged from 908 mg/L to 1,190 mg/L, with an average of 1,020 mg/L. Specific conductance 
ranged from 1,620 mg/L to 2,090 mg/L, with an average of 1,790 mg/L. Manganese was 
detected twice (at 0.006 and 0.131 mg/L); the latter detection exceeds the secondary MCL of 
0.05 mg/L. Iron was detected in OW-1S at 0.407 mg/L, which is above the secondary MCL 
of 0.3 mg/L. ORP reading ranged from -91 mV to -197 mV. 

Samples were collected from both the observation and the compliance wells to characterize 
the middle-depth interval of the Alluvial Aquifer. Average concentrations of TDS detected 
in the wells ranged from 2,700 mg/L to 8,020 mg/L, with an overall average of 3,810 mg/L. 
Average concentrations of specific conductance detected in the wells ranged from 
4,340 mg/L to 8,260 mg/L, with an overall average of 6,000 mg/L. Nitrate concentrations in 
the sampled wells ranged from 0.51 mg/L to 1.57 mg/L, with an average concentration of 
1.04 mg/L. Manganese concentrations ranged from 0.001 mg/L to 0.0541 mg/L, and 
averaged 0.0319 mg/L. Iron was detected in two wells up to a concentration of 0.053 mg/L. 
ORP readings ranged from 116 mV to –144 mV (Table 6-1). 

Samples were collected from both the observation and the compliance wells to characterize 
the lower-depth interval of the Alluvial Aquifer. Average concentrations of TDS detected in 
the wells ranged from 5,823 mg/L to 9,800 mg/L, with an overall average of 7,080 mg/L. 
Average concentrations of specific conductance detected in the wells ranged from 9,105 
mg/L to 15,150 mg/L, with an overall average of 11,700 mg/L. Nitrate concentrations in the 
sampled wells ranged from non-detect to 0.58 mg/L, with an average concentration of 0.367 
mg/L. Manganese and iron were detected at average concentrations of 0.35 mg/L and 0.261 
mg/L, respectively. ORP readings for the deep wells in the East Mesa area ranged from -
82 mV to -263 mV. 
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6.2.3 West Mesa Area 
Samples were collected from OW-3S and MW-18 to characterize the shallow groundwater 
quality in the West Mesa area. The average concentration of TDS in OW-3S is 666 mg/L; 
MW-18 was sampled once and contained 870 mg/L. The average specific conductance 
concentrations in the wells ranged from 963 mg/L to 1,285 mg/L, with an overall average of 
1,140 mg/L. Nitrate concentrations ranged from 2.53 mg/L to 3.90 mg/L, with an average 
of 3.44 mg/L. ORP readings for the shallow wells in the West Mesa area ranged from 16 mV 
to 183 mV (Table 6-1). 

OW-3M is the only well screened in the mid-depth aquifer interval in the West Mesa area. In 
well OW-3M, the average concentration of TDS is 2,380 mg/L, the average concentration of 
specific conductance is 4,260 mg/L, and the average concentration of nitrate is 1.5 mg/L. 
ORP readings for well OW-3M ranged from -10 mV to -71 mV. In the deep well OW-3D, the 
average concentration of TDS is 2,990 mg/L, the average concentration of specific 
conductance is 5,430 mg/L, the average concentration of nitrate is 0.36 mg/L, and the 
average concentration of manganese was 0.13 mg/L. Iron was detected once at 0.132 mg/L. 
ORP readings for well OW-3D ranged from -215 mV to -232 mV.  

6.2.4 General Chemistry Water Quality Characterization 
The general chemistry results indicate elevated concentrations of TDS, specific conductance, 
chloride, sulfate, and sodium that are consistent with the naturally-occurring constituents 
found in groundwater of the Topock area. Concentrations of these parameters were also 
consistent with those found in the RFI (CH2M HILL 2005d). Nitrate was not detected or 
detected at low concentrations (up to 1 mg/L) in the lower-depth interval in the East Mesa 
area and the middle-depth aquifer interval in the Bat Cave Wash area (Table 6-3). 

Figure 6-7 presents a summary of selected water quality parameters TDS, ORP, pH, specific 
conductance, iron, and manganese for wells in the East Mesa Injection Area. Average 
concentrations of these parameters are listed for the individual compliance wells and the set 
of East Mesa observation wells (OW-1, OW-2, and OW-5). Also listed on Figure 6-7 are the 
average concentrations from the combined middle-depth and deep wells that comprise the 
overall aquifer injection interval. 

Manganese and iron were detected in the lower-depth aquifer interval of the East Mesa 
area, and manganese was detected in the middle-depth interval in the Bat Cave Wash area. 
ORP readings in the Lower aquifer zone of the East Mesa Area and the Bat Cave Wash area 
were as low as -263 mV and -115 mV, respectively. Chromium was either not detected or 
detected at low concentrations (average of 5.2 μg/L Cr[VI]) in these two areas. These results 
indicate a reducing environment in the lower aquifer interval of the East Mesa Injection 
Area and the middle-depth interval in the Bat Cave Wash area. 

The highest concentrations of nitrate were present in the upper-depth interval in the Bat 
Cave Wash and West Mesa areas. Conversely, both manganese and iron were not detected 
in these two areas, ORP readings were generally positive, and chromium was present.  

The middle-depth aquifer interval in the East Mesa area (one of the aquifer intervals that 
will be receiving injected groundwater along with the deeper interval) contains an average 
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of 1.04 mg/L of nitrate, 0.0319 mg/L of manganese, and 0.202 mg/L of iron. The average 
ORP reading in the mid-depth wells in the East Mesa area is -0.3 mV (Table 6-1).  

Using the analytical results presented in Table 6-3, the average concentrations for selected 
general chemistry parameters in the East Mesa aquifer receiving the injection water (the 
middle and lower-depth intervals of the Alluvial Aquifer) were calculated. The average 
concentrations for the combined aquifer interval are:  

• TDS: 5,445 mg/L. 
• Specific conductance: 8,850 mg/L. 
• Nitrate: 0.702 mg/L. 
• Manganese: 0.363 mg/L. 
• Iron: 0.145 mg/L. 
• ORP: -104 mV. 

6.3 Trace Metals in Groundwater 
This section presents the results and assessment of the trace metals in the IM-3 Injection 
Area. Table 6-4 summarizes the metals results of groundwater samples collected in the IM-3 
Injection Area from the upper, middle, and lower-depth intervals of the Alluvial Aquifer.  

Trace metal analytes were not present above the method detection limits in samples from 
the shallow wells in the Bat Cave Wash area. Groundwater samples from the mid-depth 
wells were not analyzed for trace metals. Groundwater samples from the deep wells in the 
Bat Cave Wash area contain concentrations of copper (average concentration 6.25 μg/L), 
molybdenum (average concentration 44.3 μg/L), nickel (average concentration 5.7 μg/L), 
selenium (average concentration 10 μg/L), and zinc (average concentration 35.9 μg/L). 
Trace metal results did not exceed the primary drinking water MCLs.  

Groundwater samples collected from the shallow wells in the East Mesa area contain 
molybdenum (average 35.3 mg/L), nickel (average 5.55 mg/L), and zinc (average 28.4 
mg/L). These results are below MCLs. Groundwater collected from mid-depth well OW-5M 
in the East Mesa area contains every metal analyzed for except mercury and thallium. All 
concentrations are below the primary drinking water standard MCLs with the exception of 
arsenic, which was detected at a concentration of 14.4 μg/L. The primary drinking water 
MCL for arsenic is 10 μg/L. Other mid-depth wells contain molybdenum (average 28.1 
μg/L), nickel (5.47 μg/L), vanadium (average 91 μg/L), and zinc (average 38.6 μg/L). 
Groundwater from the lower-depth wells contains concentrations of lead (average 2.9 
μg/L), molybdenum (average 55.6 μg/L), nickel (average 5.48 μg/L), selenium (average 17.0 
μg/L), and zinc (average 23.2 μg/L). 

Groundwater from the OW-3 wells and MW-18 in the West Mesa area contain 
concentrations of lead (range 2.1 to 4.6 μg/L), molybdenum (range 3.6 to 43.7 μg/L), 
vanadium (range 3.37 to 9.5 μg/L), and zinc (range 10.4 to 71.2 μg/L). Trace metal 
concentrations in the West Mesa area wells did not exceed the primary drinking water 
MCLs (Table 6-4). 



6.0 GROUNDWATER QUALITY CHARACTERIZATION RESULTS 

SFO\IM3_GWREPORT_FINAL_6-22-05.DOC 6-10 

6.4 Organic and Other Compounds 
At the request of DTSC, groundwater samples were collected from MW-37D (June 2004), 
OW-1D (September 2004), and CW-2D (February 2004) and analyzed for VOCs and SVOCs. 
A groundwater sample from well OW-1D was additionally analyzed for PCBs. In May 2005, 
at DTSC request, additional VOC and SVOC sampling was conducted in the East Mesa 
observation wells (OW-1, OW-2, and OW-5). Table 6-5 provides the organic compound 
results. 

The June 2004 sample from well MW-37D did not indicate the presence of any organic 
compounds except chloroform at 0.5 μg/L. Chloroform is a common laboratory 
contaminant and is also a byproduct of water chlorination.  

The September 2004 sample collected from OW-1D indicated the presence of benzene at 0.8 
μg/L, carbon disulfide at 0.7 μg/L, and toluene at 1.1 μg/L. The benzene and toluene 
results did not exceed the primary drinking water MCLs or 5 μg/L and 1,000 μg/L, 
respectively. There is no MCL for carbon disulfide.  

The February 2005 groundwater sample obtained from CW-2D was collected due to the 
presence of sweet-smelling soil detected during drilling activities (refer to Section 6.5 and 
Appendix D2 for details). Results did not indicate the presence of any organic compounds 
above the method detection limits. 

During the May 2005 sampling, no VOCs or SVOCs were detected in the groundwater 
samples collected at wells OW-1M, OW-1D, OW-2M, OW-2D, OW-5S, OW-5M, and OW-5D 
(Table 6-5). 

6.5 Groundwater and Soil Results for CW-2 
During sonic drilling and sampling of compliance well CW-2, a sweet-smelling odor was 
noticed in a soil core sample from approximately 375 feet bgs. Samples for laboratory 
analyses were collected from both soil and groundwater in response to the detection of 
odor. Refer to Appendix D for the CW-2 soil and groundwater analysis data (including 
laboratory reports). 

The odor was noticed on January 21, 2005, during inspection of the last core barrel 
recovered, collected from 378 to 385 feet bgs before refusal was reached in CW-2D at 385 
feet bgs. The odor was noticed in core from 378 to 380 feet bgs. On January 22, two soil 
samples were collected from the core, which had been left sealed overnight, at depths 
corresponding to 380 and 385 feet bgs. One groundwater sample was collected on January 
22 by bailing from the open borehole from 368 to 385 feet bgs. The samples were submitted 
to Truesdail Laboratories, Inc. for analyses for VOCs and SVOCs.  

The laboratory did not find any reportable concentrations of target analytes in the SVOC 
and VOC analyses of soil and groundwater samples. The laboratory also performed a 
tentatively-identified compound (TIC) search of the unidentified peaks in the total ion 
chromatogram, as requested.  CH2M HILL chemists evaluated the associated TICs reported 
by the laboratory and qualified the data during data validation in accordance with the U.S. 
Environmental Protection Agency’s (USEPA’s) National Functional Guidelines for Organic 
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Data Review (USEPA 1999). The review resulted in only one TIC being reported 
(9-octadecenamide at 1.58 mg/kg in the sample from CW-2-380 and 1.10 mg/kg in the 
sample from CW-2-385).  The other TICs detected by the laboratory were eliminated for 
reporting due to the detected concentrations in the samples being similar to those detected 
in the laboratory method blank, or because the TIC was a target analyte of another definitive 
analytical procedure and was determined not to be present in the sample by that analysis.  

After installation and at DTSC’s request, well CW-2D was sampled for VOCs and SVOCs on 
February 23, 2005 during the second round of water quality characterization sampling. The 
groundwater samples from well CW-2D were non-detect for all VOC or SVOC target 
analytes. The groundwater analyses and laboratory report for the February 2005 VOC and 
SVOC sampling are included in Appendix D2.  

Based on these results, the odor was likely due to natural soil organic matter present in the 
subsurface. Fine-grained sediments with clay that are likely to have organic matter content 
were encountered in the core samples. The slow and difficult drilling conditions near total 
depth resulted in a hot core barrel that may have contributed to volatilizing trace amounts 
of soil organic matter in the CW-2D core samples.  

6.6 Data Quality Assessment  
The laboratory analytical data generated during the IM-3 Injection Area were independently 
reviewed by project chemists to assess data quality and identify deviations from analytical 
requirements. Detailed discussion of data quality for all sampling data are presented in the 
data validation reports, which are kept in the project file and are available upon request. 
The results of the data quality review are summarized below. 

Data validation was conducted on samples collected from September 2004 through February 
2005 as part of the observation well, compliance well, and injection well installations. No 
significant analytical deficiencies were identified in the data. Over the course of the 
sampling effort only the following 5 sample results were rejected for project decision-
making: acrolein and tert-butyl alcohol were rejected due to calibration outliers in sample 
OW-1D; hexavalent chromium results for samples OW-01D-049 and IW2-STEP1 were 
rejected due to matrix interference; and acrolein and acetone were rejected in sample 
CW-2005-002 due to calibration outliers. Overall, this is a small amount of rejected data and 
with a few other minor exceptions, the analyses and data quality met QAPP criteria. The 
analytical data are considered acceptable as qualified for the intended purpose of 
investigating groundwater conditions at the site. 

Field water quality parameters were collected during the installation, and sampling of the 
IM-3 Injection Area wells was validated in the field. In some cases field parameters were 
rejected because of problems with the field instruments or suspect parameter values. When 
parameters were questionable, it was documented in the field forms. 

The samples collected during grab groundwater sampling were electronically validated 
using automated routines that evaluated sample hold-time compliance, laboratory and 
matrix spike recoveries, and laboratory contamination. Data validation qualifiers were 
applied to the data and the validation qualifiers/reason were captured in the database. 
Electronic validation of the grab sample data was determined appropriate since the 



6.0 GROUNDWATER QUALITY CHARACTERIZATION RESULTS 

SFO\IM3_GWREPORT_FINAL_6-22-05.DOC 6-12 

locations were scheduled to be developed and sampled again after completion of the well 
installation. No significant analytical deficiencies were identified in the data.  

Laboratory data for the soil collected during the drilling of CW-2D were reviewed by project 
chemists. No significant analytical deficiencies were identified in the data. 

6.7 Geochemical Modeling 
Geochemical modeling was used to assess the possibility of unwanted precipitates that 
could form during injection of treated groundwater. Mixing was simulated using 
representative analyses of the East Mesa area groundwater and anticipated injection water 
chemistry. The USGS geochemical model code PHREEQC was used to simulate various 
degrees of mixing between the two waters. Model output was examined to determine 
whether common scaling precipitates, such as calcium carbonate or silicates, were expected 
to form during injection.  

The water chemistry data used in the simulations are shown in Table 6-6. The East Mesa 
area groundwater chemistry was calculated by first averaging concentrations for each well 
in the observation well and compliance well series (not including the OW-3 cluster, located 
on the West Mesa). This was done to eliminate undue bias towards wells that have been 
sampled more frequently. Next, the average concentrations for each depth interval of the  
Alluvial Aquifer (upper, middle, lower) were calculated using the averages for the wells in 
each depth interval.  Finally, each of the three aquifer interval averages was used to 
compute the overall average for East Mesa groundwater.  In computing the averages, non-
detected concentrations were treated as one-half of the reported detection limit.  Silica 
concentrations were available for the TW-2D (20-bench) area, but not for East Mesa wells.  
However, silica has been fairly consistent in site groundwater, and the site-wide average of 
23 mg/L was used in the simulations for East Mesa groundwater.  The full suite of general 
chemistry, including silica, will be analyzed in East Mesa well samples in July 2005. Because 
most of the injected water will initially flow into the lower-depth aquifer interval, Table 6-6 
also includes the average concentrations of that zone only. 

Simulated injection water chemistry was derived in several steps. The first step involved 
compiling a recent representative water chemistry for extraction well TW-2D. Selected 
parameters were compiled from results of groundwater samples from TW-2D obtained in 
June and December 2004. The treatment process at the proposed plant will remove Cr(VI) 
by addition of ferrous chloride followed by pH adjustment and filtration. The expected 
chemical changes associated with this process were applied to the TW-2D groundwater 
analysis, resulting in removal of Cr(VI) and a modest increase in sodium and chloride, and a 
slight decrease in alkalinity. A portion of this treated water will then be passed through a 
reverse osmosis process, removing 99 percent of the dissolved solids. Anticipated removal 
percentages for all constituents were applied to the treated water chemistry to derive a 
simulated reverse osmosis (RO) permeate. Injection water will be a blend of the RO 
permeate and the treated water, such that the TDS is similar to that of the local 
groundwater. The representative TDS value for East Mesa groundwater is approximately 
4,200 mg/L, as shown in Table 6-6 footnote, and this required a mixture of 35-percent RO 
permeate with 65-percent treated water. This mixing percentage was applied to all chemical 
constituents to calculate a final injection water chemistry, shown in Table 6-6. 
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The target TDS of 4,200 mg/L was calculated using all shallow, mid-depth, and deep well 
sampling data for the IM-3 Injection Area. The injection wells IW-2 and IW-3 are screened 
only over the middle and lower intervals, where the average TDS is about 4,200 mg/L and 
7,300 mg/L, respectively. By contrast, the median TDS for the upper interval is 966 mg/L. 
Geologic and geophysical data indicate that the majority of injected flow will occur in the 
deeper zones of the aquifer, where TDS is highest. The overall average of 4,200 mg/L is 
therefore being used as a more conservative target because it is significantly lower than the 
deeper interval TDS average value. Some of the injected water will mix with the upper 
interval groundwater as it approaches the slough and river, while the remainder of injected 
water will be captured by TW-2D, screened across the deeper interval of the Alluvial 
Aquifer. For comparison, simulations were also run using only the deeper interval 
concentrations.   

The raw groundwater influent to the treatment plant from TW-2D has a TDS of 
approximately 6,300 mg/L. The initial plan is for the plant to treat a minimum 50-gpm 
stream for 8 to 9 months out of the year, with 3 to 4 peak months at higher rates. Assuming 
an average flow rate of 70 gpm for 4 months and 50 gpm for 8 months, over 500,000 pounds 
of salts would be removed by the treatment plant annually with the targeted injection TDS 
of 4,200 mg/L. Thus, the overall impact of the treatment and injection system will be to 
remove substantial quantities of salt from the aquifer along with Cr(VI). Therefore, there 
will be a net improvement in average groundwater quality in the aquifer as a result of 
operating this system. 

The model code PHREEQC uses a thermodynamic database to calculate concentrations of 
all chemical species in solution and identify minerals that are controlling solubility. When 
mixing of the injection water and groundwater is simulated, model output is examined to 
determine whether injection causes a likelihood of mineral precipitation. Iron and 
manganese oxides, calcium carbonate, and silicate minerals are the most common scaling 
compounds. 

Five simulation scenarios were run with PHREEQC, as requested by DTSC: (1) Mixing of 
blended injection water with average East Mesa groundwater, (2) mixing of post-treatment 
water with average East Mesa groundwater, (3) mixing of RO permeate water with average 
East Mesa groundwater, (4) mixing of blended water with the deeper interval East Mesa 
groundwater, and (5) mixing of post-treatment water with the deeper interval East Mesa 
groundwater.  (Model output files are provided on a CD-ROM in Appendix G.)  Three 
mixing ratios of groundwater to injected water were examined in each scenario: 75/25, 
50/50, and 5/95.  These represent anticipated reactions near the injection front, at the 
middle of injection volume, and near the well screen, respectively. 

In each case, water to be injected was heated up to 77°C to simulate the worst-case scenario 
of heating during transfer from the treatment plant to the injection wellfield. Precipitation of 
magnesium silicates or calcium phosphate hydroxide (hydroxylapatite) can occur if 
temperatures rise to these levels. Potential problems could occur if suspended precipitates 
were transferred into the injection well and deposited in the well screen.  It was found that 
maintaining plant effluent pH around 7.0 provides stability even at these temperatures, with 
no more than 0.1 mg/L suspended solids predicted from the blended water.  As a further 
precaution, plans are underway to bury the transfer pipeline to keep temperatures in the 
pipe below 50°C. 
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The model output for all scenarios is provided in Appendix G.  Each input water chemistry 
is displayed with all aqueous species concentrations listed, followed by mineral phase 
saturation calculations. A saturation index for a given mineral is the log of ratio of the ion 
activity product to the mineral solubility product. A value of zero indicates that the water is 
in equilibrium with that mineral (also known as “saturated”). A value significantly less than 
zero (i.e. less than about -0.5) indicates undersaturation, and that mineral would not likely 
be controlling solubility and so probably does not exist in the aquifer matrix.  Values 
significantly greater than zero indicate supersaturation, and usually imply that the mineral 
would not form under the current geochemical conditions. As a general rule, mineral phases 
with saturation indices between -0.5 and +0.5 are likely to be present and controlling 
solubility.  According to model output, average East Mesa groundwater is controlled by 
calcium carbonate (aragonite), barium sulfate (barite), simple silicates, and iron and 
manganese oxides/hydroxides. 

The model results indicated that solids were not likely to form during injection. 
Thermodynamic data indicated a tendency away from precipitation (i.e., a decrease in 
saturation index) by injecting the treated blend, rather than towards precipitation. This was 
expected, as alkalinity (a factor in carbonate solubility) is lower in the injected water than in 
the groundwater, and the injected concentration of silica is modest. As noted above, the site-
wide average silica concentration was assumed for East Mesa groundwater. A problem is 
not anticipated, however, due to consistency of silica data from other alluvial aquifer wells. 

Concentrations of iron and manganese were close to or below detection limits in the East 
Mesa groundwater samples. These are two common-scale sources in injection wells, but 
they are not anticipated to be a problem at the Topock site because their concentrations in 
groundwater appear to be very low. Injection of oxygenated water into a more reducing 
aquifer can result in the oxidation of natural ferrous iron and manganese, causing 
precipitation of insoluble salts on the well screen, sometimes causing clogging.  Even small 
concentrations such as those assumed for the model result in predicted precipitation of 
oxides, though the total mass would not be expected to impact injection well production.  
These conditions will be closely monitored as injection proceeds. 
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7.0 Hydraulic Testing 

Hydraulic testing conducted at injection wells IW-2 and IW-3 is summarized in Table 7-1 
and includes: 

• Step drawdown tests. 
• Spinner tests (or velocity logs). 
• Constant rate extraction tests. 
• Constant rate injection tests. 

Water levels were monitored in the injection well and all IM-3 nearby observation and 
monitoring wells, using both pressure transducers and by manual water level soundings. 
Transducers recorded water levels every 5 minutes in the monitoring wells and every 1 
minute in the injection wells. 

All hydraulic test graphical results are included in Appendices E1 through E8. 

7.1 Step Drawdown Tests 
Step drawdown tests were conducted at both IW-2 and IW-2 to estimate well efficiency and 
maximum yield. IW-2 was pumped at rates ranging from 73 to 185 gpm in a series of steps 
lasting from 15 to 55 minutes. The specific capacity of the well ranged from 33 to 30 gpm/ft. 
The results of the IW-2 step drawdown test are summarized in Table 7-1, and a graph of 
water levels during the step test is provided on Appendix Figure E1-1.  

IW-3 was pumped at rates ranging from 80 to 195 gpm in a series of 30-minute-long steps. 
The specific capacity of the well ranged from 51 to 42 gpm/ft. The results of the IW-3 step 
drawdown test are summarized in Table 7-2, and a graph of water levels during the step test 
is provided on Appendix Figure E1-2. 

The step drawdown tests were analyzed using the Hantush-Biershenk method (Kruseman 
and de Ridder 1991). The results of these analyses are provided on Appendix Figures E1-3 
and E1-4. To calculate drawdown associated with a specific pumping rate, this method uses 
the following equation: 

 s = BQ + CQ2  (1) 

Where: 
s = the drawdown in the well.  
B = the intercept of the line of best fit.  
C = the slope of the line of best fit. 
Q = the pumping rate.  

For well IW-2, B = 0.0277 and C = 3.0 x 10-5. For well IW-3, B = 0.017 and C = 4.0 x 10-5. 
Depth to water in both of these wells is approximately 100 feet. The wells could be operated 
with water levels in the well 30 feet below ground level without any risk of water emerging 
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as springs in banks of the washes. Therefore, the available water level rise (s) in these wells 
is approximately 70 feet. The theoretical injection rates needed to produce this much water 
level rise would be approximately 1,100 gpm in each well. The design capacity of each well 
was 200 gpm, which equates to the maximum capacity of the treatment plant plus a 
50-precent excess safety factor. It is clear that these wells each have more than the requisite 
200 gpm design capacity. Appendix Figure E1-5 shows the projected water level change the 
wells with pumping or injection flow rate based on the Hantush-Biershenk analysis of the 
step drawdown tests.  

Although the Hantush-Biershenk analysis is meant for projecting drawdown, it can be used 
to project increase in water level due to injection if the well in question performs in a similar 
manner during injection and pumping. This appears to be the case with wells IW-2 and 
IW-3. Well IW-2 was injection tested at flow rates ranging from 125 to 140 gpm. The water 
levels during this test are shown on Appendix Figure E4-1. Throughout the majority of the 
test, there was between 4 and 5 feet of water level increase. The projected water level 
increase from Appendix Figure E1-5 for flow rates in this range would be between 4 and 4.8 
feet. For well IW-3, the water level increase at 251 gpm injection rate was between 6.5 and 7 
feet (Appendix Figure E7-1), while the projected increase at this flow rate shown on 
Appendix Figure E1-5 was approximately 6.8 gpm. The close correlation between water 
levels projected from the step drawdown tests and water levels measured during the 
injection tests indicates that there is little difference between the performance of these wells 
during pumping versus during injection; therefore, the Hantush-Biershenk analysis can be 
used to project the injection capacity of these wells. 

The Hantush-Biershenk equation projects drawdown in a well, but it can be used to estimate 
the increased head during injection. Often it is observed that the specific capacity of a well is 
less during injection than during extraction, sometimes by 20 percent or more. During the 
constant rate injection tests conducted at IW-2 and IW-3, the observed specific capacity 
during injection was consistent with the specific capacity measured during the step 
drawdown testing. 

Initial estimates of transmissivity shown in Tables 7-2 and 7-3 were calculated from the 
specific capacity measured during the step drawdown tests using methods described by 
Driscoll (1986) and Kruseman and de Ridder (1991). Transmissivities estimated by this 
method ranged from about 8,000 to about 16,000 ft2/day. Because these transmissivities are 
based on short-term, single-well pumping data, they should be considered as approximate. 
Better estimates of transmissivity were computed from the results from longer-term, 
multiple-well tests described in Section 7.3. 

7.2 Spinner Tests 
Spinner tests (or velocity logs) were conducted in IW-2 and IW-3 on December 22, 2004 and 
January 12, 2005, respectively.  Pumping rates for the IW-2 and IW-3 tests were 70 and 80 
gpm, respectively, and drawdown was less than two feet for both tests.  All depth 
measurements were made relative to top of casing (i.e., depths are below top of casing). 

At IW-2, three down runs (spinner tool being lowered) were conducted at different line 
speeds (rates of decent).  The initial depth to water was 94.6 ft and the pumping rate was 
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approximately 80 gpm for all tests.  The pump was installed at 170 ft, near the top of the 
screen.  Drawdown stabilized at 96.54 ft and remained at this level for the duration of the 
tests (approximately 50 minutes).  Logging was conducted from 168 ft (near the top of 
screen) to within the sump at 339 ft.  The yield or the relative permeability of the formation 
is summarized in Table 7-4. 

At IW-3, three down runs were conducted each at different line speeds.  The initial depth to 
water was 99.93 ft and the pumping rate was approximately 70 gpm for all tests.  The pump 
was installed at 150 ft, near the top of the screen.  Drawdown stabilized at 101.4 ft for the 
duration of the tests (72 min).  Logging began at 152 ft and continued to 329 ft.  The yield or 
the relative permeability of the formation is summarized in Table 7-5. 

7.3 Constant Rate Extraction and Injection Tests 
Constant rate extraction and injection tests were conducted at both wells to evaluate aquifer 
properties and well performance. Water levels were monitored in the pumped/injected well 
and the nearby IM-3 monitoring wells. Table 7-1 provides a summary of the tests, including 
date and time of test, pumping/injection rate, duration of test, and total volume extracted. 
Tables 7-6 and 7-7 summarize maximum response (drawdown or drawup) at the 
pumping/injection well and the monitoring wells for select IW-2 and IW-3 tests. Plots of 
drawdown at extraction wells and monitoring wells during the IW-2 and IW-3 constant rate 
extraction tests are provided in Appendices E3 and E6, respectively. Plots of draw-up at 
injection wells, and at monitoring wells during the IW-2 and IW-3 constant rate injection 
tests are provided in Appendices E4, E5, and E7. 

Injection tests for both IW-2 and IW-3 were evaluated to determine aquifer properties. The 
evaluation included analysis of the injection well drawup using the Cooper and Jacob 
method (Cooper and Jacob 1946) and a multi-layered analysis of the injection and 
monitoring well data using MLU (Hemker 1999a, 1999b, 2002). The results of the 
evaluations are summarized in Table 7-8 and Appendix E8. 

Transmissivity values estimated by the MLU method range from 2,000 ft/day in the upper 
(unscreened) portion of the aquifer to 11,000 ft/day in the lower portion of the screened 
aquifer. This is consistent with the velocity logs that indicate a larger portion of flow enters 
the well deeper in the aquifer. The storativity of the middle and lower portion of the 
aquifers are estimated to be 1x10-4 and 2x10-4, respectively. The storativity of the upper 
portion of the aquifer is estimated to be 6x10-3. 

Aquifer analyses using the MLU software calculate aquifer properties by simultaneously 
matching observed water levels at multiple observation wells.  Fits often depart from the 
observed data in part because of aquifer heterogeneity and anisotropy and differences in 
well completion depths (within the simulated layers).  During the IW-2 injection test, the 
pumping rate was also variable, particularly towards the end of the test as filters were 
clogging, making the MLU matches less accurate.  With modified filters and a larger 
pump, more constant flow rates were maintained during the IW-3 test and the MLU fits 
closely match the observed data. 
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8.0 Conclusions 

This section summarizes the conclusions of a multiple-phase well drilling, groundwater 
sampling, and testing program conducted from September 2004 to May 2005 to characterize 
the hydrogeology and groundwater quality conditions in the IM-3 investigation area. The 
study area encompasses the southern portion of PG&E Parcel 650-151-06 and includes 
groundwater investigations in the Bat Cave Wash, East Mesa, and West Mesa areas.  

The following hydrogeologic and groundwater investigations were completed for this 
study: 

• The drilling and installation of 12 groundwater observation wells in the East Mesa area 
(three well clusters) and West Mesa area (one well cluster),  

• The drilling and installation of an additional groundwater monitoring cluster (MW-41) 
in the lower Bat Cave Wash area, 

• The drilling and logging of three deep mud rotary exploration borings in the East Mesa 
injection area,  

• The installation, production logging, and hydraulic testing of two injection wells on East 
Mesa (designated IM-3 injection wells IW-2 and IW-3),  

• The drilling and installation of eight groundwater compliance monitoring wells (four 
well clusters) in the area surrounding the East Mesa injection well field, and  

• Groundwater sampling and analysis for establishing baseline water quality conditions in 
the IM-3 investigation area. 

• Additional groundwater sampling and baseline water quality characterization 
conducted in May 2005. 

8.1 Hydrogeologic Characterization 
The Alluvial Aquifer in the IM-3 investigation area has a total saturated thickness of over 
250 feet and is composed primarily of moderately-consolidated, sandy gravel and 
silty/clayey gravel alluvial fan deposits of Tertiary age (Toa stratigraphic unit). These 
deposits comprise a thick sequence of undeformed oldest alluvium that unconformably 
overlies older Miocene and pre-Tertiary metamorphic bedrock formations. In the East Mesa 
injection area, bedrock is encountered at approximate depths of 340-350 feet bgs and is 
characterized by both metamorphic (metadiorite, gneiss) and sedimentary rock types. Based 
on the alternation of rock types in the drilling logs, it appears that some of the bedrock 
formation may be a megabreccia deposit, wherein large blocks of metamorphic rocks are 
enclosed within a matrix of consolidated Miocene conglomerate deposits. 

For the IM-3 hydrogeologic characterization, the Alluvial Aquifer is subdivided into upper-
depth, middle-depth, and lower-depth intervals, based on well screen elevations in the 
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saturated zone. In the IM-3 investigation area, groundwater occurs under unconfined to 
semi-confined conditions. The depth to groundwater ranges from 110 feet bgs in higher 
mesa areas to 25 feet bgs in lower Bat Cave Wash (eastern portion of Parcel 650-151-06).  

Aquifer characteristics were also evaluated using field and laboratory analyses of 
groundwater grab samples collected during the observation well and compliance well 
drilling and from geophysical logging of injection well boreholes and selected groundwater 
wells. In the majority of the boreholes sampled, a consistent increasing trend in TDS and 
specific conductance with depth in the aquifer was observed. TDS in the borehole grab 
samples ranged from about 1,000 mg/L in the Upper zone of the aquifer to TDS 
concentrations of 7,000 to 13,200 mg/L in samples from the base of the aquifer. The 
conductivity geophysical logs collected in the majority of the IM-3 wells confirm increasing 
formation water salinity with depth, consistent with the borehole grab sample results. 

The installed IW-2 and IW-3 injection wells are screened from approximately 65 feet below 
the water table to the lower portion of the Alluvial Aquifer (total screen interval of 160 feet 
in each well). Downhole spinner velocity logging were performed at pumping rates of 70 
and 80 gpm to evaluate the production interval permeability of the injection wells. The 
velocity logs indicate the largest water production occurs in the lower portion of the 
screened intervals. The spinner tests indicate that the aquifer interval screened in the 
injection wells is characterized by variations in permeable and transmissive materials. 

Four compliance well clusters were installed at locations and depths appropriate for 
monitoring groundwater conditions and water quality within the overall aquifer interval 
targeted for subsurface injection. Two monitoring wells were installed at each compliance 
well location to serve for compliance monitoring of the IM-3 injection well field. Both the 
compliance well clusters and other observation/monitoring wells installed for this 
investigation are available for the IM-3 compliance monitoring program. 

8.2 Groundwater Quality Characterization 
Groundwater samples from the IM-3 investigation area wells have been collected and 
analyzed during various field investigations from June 2004 through May 2005. 
Groundwater has generally been analyzed for Cr(VI), Cr(T), general chemistry parameters, 
trace metals, and field water quality parameters.  

The general chemistry of the groundwater is dominated by sodium and chloride, with a few 
exceptions. TDS in the IM-3 Injection Area groundwater ranges from 2,640 mg/L to over 
10,000 mg/L, increasing with depth. The median average TDS concentration in the East 
Mesa Injection Area is 5,180 mg/L. Redox indicators show a trend of more reducing 
conditions with depth, similar to other Alluvial Aquifer wells at the site. Conditions are 
particularly more reducing in the deeper wells in the East Mesa and Bat Cave Wash areas. 

Data indicate that elevated concentrations of chromium (i.e., greater than 50 μg/L) are 
limited to the lower-depth interval of the Alluvial Aquifer beneath Bat Cave Wash and 
south of well MW-41D. This is expected as the original release occurred in the upper Bat 
Cave Wash area.  
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The upper –depth interval of the IM-3 Injection Area contains a median Cr(VI) concentration 
of about 19.8 μg/L and a range of <0.2 to 32.6 μg/L. This range is considered to be a natural 
background level on the basis of Cr(VI) disposal locations, present and historical 
groundwater flow direction, and published data in the region. An ongoing background 
study will address this further in 2005-2006. The median concentration of Cr(VI) in the 
middle and lower-depth intervals of the IM-3 Injection Area is 2.3 μg/L, reflecting the 
natural background in the more reducing conditions in these zones. 

Proposed injection in the East Mesa well field will be designed so that injected water will be 
of similar quality to average groundwater. The target TDS of injectate will be about 4,200 
mg/L, the average of East Mesa groundwater. This is over 1,000 mg/L lower than that of 
the raw groundwater pumped from TW-2D, so there will be a net reduction in site 
groundwater salinity. Geochemical modeling of the injection shows no predicted scaling or 
clogging effects from mixing groundwater with injected water. 

8.3 Injection Well Capacity  
Step drawdown tests were conducted in injection wells IW-2 and IW-2 to estimate well 
efficiency and maximum yield. IW-2 was pumped at rates ranging from 73 to 185 gpm in a 
series of steps lasting from 15 to 55 minutes. The specific capacity of the well ranged from 33 
to 30 gpm/ft. IW-3 was pumped at rates ranging from 80 to 195 gpm in a series of 30-
minute-long steps. The specific capacity of the well ranged from 51 to 42 gpm/ft. The step 
drawdown tests were analyzed using the Hantush-Biershenk method. 

Depth to water in both of these wells is approximately 100 feet. The wells could be operated 
with water levels in the well 30 feet below ground level without any risk of water emerging 
as springs in banks of the washes. Therefore, the available water level rise(s) in these wells is 
approximately 70 feet. The theoretical injection rates needed to produce this much water 
level rise would be approximately 1,100 gpm in each well. The design capacity of each well 
was 200 gpm, which equates to the maximum capacity of the treatment plant plus a 
50-precent excess safety factor. Hydraulic tests confirm that each of the injection wells has 
much more than the requisite 200 gpm design injection capacity.  
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TABLE 4-1 
Summary of IM-3 Well Drilling, Installation, and Testing Details 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3. Injection Area, PG&E Topock Compressor Station 

Site 
Location 

Exploratory 
Boring ID 

Boring 
Depth 
(ft bgs) 

Borehole Logging 
& Core Sampling 

Wells 
Installed 

Approx. 
Water Level 

(ft bgs) 

Screen 
Interval  
(ft bgs) 

Well Logging and 
Testing 

East Mesa IW-1 411 Selected rock core None -- -- -- 

East Mesa IW-2 412 Selected rock core IW-2 96 170 - 330 Geophysical logs 
Spinner production log 
Step & constant-rate tests 
Injection test 

East Mesa IW-3 411 Selected rock core IW-3 100 160 - 320 Geophysical logs 
Spinner production log 
Step & constant-rate tests 
Injection test 

East Mesa CW-1D 360 Core log in 
saturated interval 

CW-1D 112 250 - 300 Cased-well geophysical 

   195 -- CW-1M 112 150 - 190 -- 

East Mesa CW-2D 385 Core log in 
saturated interval 

CW-2D 95 285 - 335 Cased-well geophysical 

   203 -- CW-2M 95 150 - 200 -- 

East Mesa CW-3D 360 Core log in 
saturated interval 

CW-3D 80 270 - 320 Cased-well geophysical 

   223 -- CW-3M 80 173.4-223.4 -- 

East Mesa CW-4D 337 Core log in 
saturated interval 

CW-4D 64 232 - 282 Cased-well geophysical 

   170 -- CW-4M 64 119.5-169.5 -- 

East Mesa OW-1D 291 Continuous core log OW-1D 95 258 - 278 Cased-well geophysical 

   186 -- OW-1M 95 165 - 185 -- 

   115 -- OW-1S 95 83.5 - 113.5 -- 

East Mesa OW-2D 347 Continuous core log OW-2D 95 310 - 330 -- 

   260 -- OW-2M 94 190 - 210 -- 

   102 -- OW-2S 94 70 - 100 -- 

East Mesa OW-5D 350 Continuous core log OW-5D 98 300 - 320 -- 

   252 -- OW-5M 97 210 - 250 -- 

   112 -- OW-5S 97 70 - 110 -- 

West 
Mesa 

OW-3D 275 Continuous core log OW-3D 103 242.5 - 
262.5 

Cased-well geophysical 

   202 Selective coring 
(160-190 ft) 

OW-3M 103 180 - 200 -- 

   118 -- OW-3S 103 86 - 116 -- 

Bat Cave MW-41D 320 Continuous core log MW-41D 26 271 - 291 Cased-well geophysical 

Wash  190 -- MW-41M 26 170 - 190 -- 

   60 -- MW-41S 27 40-60 -- 

Note: bgs = below ground surface 



TABLE 5-1
Vertical Hydraulic Gradients in Well Clusters
Groundwater and Hydrogeologic Investigation
IM No. 3 Injection Area, PG&E Topock Compressor Station

Shallow Well   
Screen Interval   

(feet bgs)         
avg. salinity

Deep Well      
Screen Interval   

(feet bgs)        
avg. salinity

Date

Shallow Well   
Adjusted 
Elevation      
(feet MSL)

Deep Well      
Adjusted 
Elevation      
(feet MSL)

Water Level    
Elevation 
Difference     

(feet)

Vertical 
Distance    
between 
Screens     

(feet)

Vertical      
Hydraulic    
Gradient     
(feet/foot)

Direction

CW-1M CW-1D 22-Mar-2005 453.89 454.34 -0.45 110 -0.0041 upward
140-190 250-300 18-May-2005 455.56 455.88 -0.32 110 -0.0029 upward

salinity 0.23% salinity 0.58%

CW-2M CW-2D 22-Mar-2005 453.82 454.50 -0.68 129 -0.0053 upward
156-206 285-335 18-May-2005 455.79 456.27 -0.48 129 -0.0037 upward

salinity 0.62% salinity 0.94%

CW-3M CW-3D 22-Mar-2005 453.84 454.69 -0.85 101 -0.0084 upward
172-222 273-323 18-May-2005 455.83 456.50 -0.67 101 -0.0066 upward

salinity 0.62% salinity 0.94%

CW-4M CW-4D 22-Mar-2005 454.02* 456.52 -2.50 113 -0.0227 upward
120-170 233-283 18-May-2005 455.77 456.14 -0.37 113 -0.0033 upward

salinity 0.23% salinity 0.58%

OW-1S OW-1D 22-Mar-2005 453.80 454.05 -0.25 168 -0.0015 upward
84-114 257-277 18-May-2005 455.75 455.58 0.17 168 0.0010 downward

salinity 0.07% salinity 0.30%

OW-3S OW-3D 22-Mar-2005 454.26 454.08 0.18 144 0.0013 downward
102-116 243-263 18-May-2005 455.92 455.62 0.30 144 0.0021 downward

salinity 0.07% salinity 0.30%

OW-5S OW-5D 22-Mar-2005 453.96 454.25 -0.29 220 -0.0013 upward
70-110 300-320 18-May-2005 455.74 455.49 0.25 220 0.0011 downward

salinity 0.20% salinity 1.5%
`

MW-41S MW-41D 22-Mar-2005 453.48 454.80 -1.32 231 -0.0057 upward
40-60 271-291 18-May-2005 455.84 456.65 -0.81 231 -0.0035 upward

salinity 0.49% salinity 1.43%

NOTES:
1.  Groundwater elevations listed are adjusted groundwater head elevations corrected for salinity and temperature
2.  Vertical distance between well screens represents the distance between screen midpoints.

    *  Water level is abnormally low and is likely incorrect.

Table 5-1_VertGrad_IM3Wells_MarMay05.xls



TABLE 6-1

Groundwater Analytical Results - Chromium and Field Quality Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium

Dissolved 
Total 

Chromium

Concentrations in µg/L Field Water Quality Parameters

Temperature pH 
Specific 

Conductance ORP

    (º Celsius) (pH units) (µS/cm) (mV)

Dissolved 
oxygen

(mg/L)

Certified Lab Data

East Mesa Area - Shallow Wells
OW-01S 21-Dec-04 4.90 3.40 23.7 7.79 --- -128 2.8
OW-02S 29-Dec-04 ND (0.2) 3.40 25.9 8.02 3740 -197 ---
OW-05S 21-Dec-04 32.6 29.5 28.7 8.11 4800 -70 6.4
OW-05S 11-May-05 22.3 24.3 29.0 7.98 2600 91 6.3
OW-05S 11-May-05 19.8 23.4 FD --- --- --- --- ---

Average:1

Median:1

16.0 16.8 26.8 7.98 3710 -76 5.2

19.8 23.4 27.3 8.00 3740 -99 6.3

East Mesa Area - Middle-Depth Wells
OW-01M 01-Oct-04 7.50 7.00 30.2 8.06 --- -8 4.6
OW-01M 18-Nov-04 8.30 J --- 27.0 8.59 --- -138 4.3
OW-01M 21-Dec-04 9.70 8.80 28.2 8.04 --- -144 .4
OW-01M 10-May-05 14.5 13.8 29.6 8.18 6190 110 3.3
OW-02M 27-Jan-05 2.30 8.90 27.7 7.93 --- -144 .4
OW-02M 11-May-05 4.90 4.00 29.6 7.93 7520 68 2.8
OW-05M 13-Jan-05 8.00 6.20 26.5 8.41 9230 -73 ---
OW-05M 11-May-05 8.90 7.40 30.2 7.98 9310 61 2.5
CW-01M 08-Feb-05 13.4 12.8 28.1 7.85 4460 93 3.7
CW-01M 22-Feb-05 14.9 15.8 27.4 7.53 4380 116 ---
CW-02M 09-Feb-05 13.0 11.6 28.1 8.11 5760 43 2.7
CW-02M 09-Feb-05 13.1 11.9 FD --- --- --- --- ---
CW-02M 23-Feb-05 14.6 18.6 25.8 8.39 6830 73 4.9
CW-03M 10-Feb-05 5.70 6.40 27.8 8.11 --- -44 1.3
CW-03M 22-Feb-05 6.30 7.70 27.4 7.56 7830 100 ---
CW-04M 07-Feb-05 11.1 10.5 28.2 7.99 5900 -81 ---
CW-04M 23-Feb-05 15.6 14.9 26.7 8.44 7390 -36 5.0

Average:1

Median:1

10.1 10.4 28.0 8.07 6800 -0.3 3.0

9.7 9.7 28.0 8.05 6830 18 3.0

1 of 5G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_cr6IM3
Date printed:  6/22/2005



TABLE 6-1

Groundwater Analytical Results - Chromium and Field Quality Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium

Dissolved 
Total 

Chromium

Concentrations in µg/L Field Water Quality Parameters

Temperature pH 
Specific 

Conductance ORP

    (º Celsius) (pH units) (µS/cm) (mV)

Dissolved 
oxygen

(mg/L)

Certified Lab Data

East Mesa Area - Deep Wells
OW-01D 30-Sep-04 ND (2.0) ND (1.0) 31.6 8.00 --- -239 5.0
OW-01D 18-Oct-04 --- --- 30.0 8.31 --- -223 5.3
OW-01D 18-Nov-04 ND (1.0) --- 29.1 8.38 --- -181 4.0
OW-01D 21-Dec-04 ND (0.2) R 4.80 28.9 7.87 --- -213 .3
OW-01D 10-May-05 ND (1.0) ND (1.0) 30.5 8.00 9400 -225 2.6
OW-02D 02-Dec-04 --- --- --- 8.30 3900 --- ---
OW-02D 13-Jan-05 ND (1.0) ND (1.0) 29.8 8.36 13900 -246 ---
OW-02D 10-May-05 ND (1.0) ND (1.0) 30.4 7.94 14000 -199 2.2
OW-05D 22-Dec-04 ND (0.2) J ND (1.0) 29.8 7.77 --- -210 .3
OW-05D 22-Dec-04 ND (0.2) J ND (1.0) FD --- --- --- --- ---
OW-05D 11-May-05 ND (1.0) ND (1.0) 30.7 7.98 10600 -248 1.7
CW-01D 07-Feb-05 ND (1.0) ND (1.0) 27.1 7.76 11500 -166 ---
CW-01D 22-Feb-05 ND (1.0) ND (1.0) 28.5 7.68 8960 -82 ---
CW-02D 08-Feb-05 ND (1.0) ND (1.0) 28.8 8.02 --- -230 ---
CW-02D 23-Feb-05 ND (1.0) ND (1.0) J 27.4 8.61 15500 -174 4.5
CW-03D 08-Feb-05 ND (1.0) ND (1.0) 27.5 8.08 18300 -208 ---
CW-03D 22-Feb-05 ND (1.0) ND (1.0) 28.1 7.77 13700 -189 ---
CW-04D 07-Feb-05 ND (1.0) ND (1.0) 28.6 8.25 15000 -263 ---
CW-04D 23-Feb-05 ND (1.0) ND (1.0) J 28.0 8.62 15900 -225 4.5

Average:1

Median:1

--- 4.8 29.1 8.09 12600 -207 3.0

--- 1.0 28.9 8.01 13800 -213 3.3
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TABLE 6-1

Groundwater Analytical Results - Chromium and Field Quality Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium

Dissolved 
Total 

Chromium

Concentrations in µg/L Field Water Quality Parameters

Temperature pH 
Specific 

Conductance ORP

    (º Celsius) (pH units) (µS/cm) (mV)

Dissolved 
oxygen

(mg/L)

Certified Lab Data

Bat Cave Wash Area - Shallow Wells
MW-13 09-Jun-04 18.8 17.6 28.4 7.54 2270 10 ---
MW-13 29-Jul-04 18.1 17.6 --- --- --- --- ---
MW-13 29-Jul-04 18.1 17.1 FD --- --- --- --- ---
MW-13 24-Sep-04 19.7 20.9 28.4 7.83 1950 107 6.5
MW-13 24-Sep-04 19.7 19.7 FD --- --- --- --- ---
MW-13 16-Dec-04 19.3 16.0 28.2 7.64 1750 152 7.6
MW-13 11-Mar-05 19.2 19.0 29.2 7.47 1950 69 5.6
MW-14 08-Jun-04 32.6 36.3 29.6 7.77 2930 73 ---
MW-14 08-Jun-04 32.2 34.3 FD --- --- --- --- ---
MW-14 08-Sep-04 --- --- 30.4 6.50 --- 170 5.4
MW-14 09-Sep-04 --- --- 29.2 7.43 1570 --- 6.3
MW-14 20-Sep-04 33.6 30.3 28.9 7.45 1590 47 6.5
MW-14 20-Sep-04 33.4 31.4 FD --- --- --- --- ---
MW-14 16-Dec-04 31.3 24.2 26.5 7.76 1350 156 8.2
MW-14 09-Mar-05 32.0 32.5 28.9 7.68 1640 160 6.5
MW-14 07-Apr-05 34.3 38.0 28.7 7.66 --- 75 6.6
MW-14 11-May-05 32.0 36.9 28.6 7.08 1680 185 6.3
MW-41S 18-Nov-04 7.40 7.30 26.7 8.43 1690 -99 4.4
MW-41S 16-Dec-04 11.8 11.0 28.7 7.91 4260 -19 6.3
MW-41S 10-Mar-05 16.8 15.6 29.5 7.83 5080 87 2.5

Average:1

Median:1

23.9 23.6 28.6 7.60 2290 84 6.1

19.7 20.3 28.7 7.66 1750 81 6.3

Bat Cave Wash Area - Middle-Depth Wells
MW-37S 10-Jun-04 2.80 2.70 29.5 7.76 5180 -60 4.1
MW-37S 23-Sep-04 7.50 6.80 29.6 7.46 4380 16 5.5
MW-37S 13-Dec-04 6.20 7.00 28.7 7.74 4470 -66 2.6
MW-37S 11-Mar-05 7.40 5.40 29.4 7.88 --- 36 5.2
MW-37S 07-Apr-05 5.90 5.40 31.1 7.67 --- -68 2.0
MW-41M 18-Nov-04 4.10 3.50 26.0 8.21 20800 -115 4.0
MW-41M 15-Dec-04 5.30 5.20 29.1 7.68 18800 -102 5.3
MW-41M 11-Mar-05 8.10 4.90 30.0 7.74 16100 -66 .8

Average:1

Median:1

5.91 5.11 29.2 7.77 11600 -53 3.7

6.1 5.3 29.4 7.74 10640 -66 4.1
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TABLE 6-1

Groundwater Analytical Results - Chromium and Field Quality Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium

Dissolved 
Total 

Chromium

Concentrations in µg/L Field Water Quality Parameters

Temperature pH 
Specific 

Conductance ORP

    (º Celsius) (pH units) (µS/cm) (mV)

Dissolved 
oxygen

(mg/L)

Certified Lab Data

Bat Cave Wash Area - Deep Wells
MW-37D 11-Jun-04 951 854 30.6 7.62 13800 -152 .4
MW-37D 24-Sep-04 1250 1310 30.4 7.49 11900 -41 4.8
MW-37D 24-Sep-04 1250 1250 FD --- --- --- --- ---
MW-37D 14-Dec-04 1480 1520 29.8 7.70 17000 3 6.2
MW-37D 14-Dec-04 1480 1490 FD --- --- --- --- ---
MW-37D 11-Mar-05 1610 1530 30.8 7.99 --- 21 4.4
MW-41D 18-Nov-04 ND (2.0) 8.10 28.3 8.29 21600 -181 3.5
MW-41D 15-Dec-04 ND (1.0) ND (1.0) 29.8 7.80 --- -222 5.0
MW-41D 11-Mar-05 ND (1.0) ND (1.0) 29.6 7.90 22700 -244 .6

Average:1

Median:1

892 885 29.9 7.83 17400 -117 3.6

1,250.0 1,250.0 29.8 7.80 17000 -152 4.4

West Mesa Area - Shallow Wells
OW-03S 28-Oct-04 13.5 12.1 27.9 8.18 1000 53 8.8
OW-03S 16-Nov-04 17.7 --- 29.5 7.90 1290 17 7.3
OW-03S 15-Dec-04 17.7 15.1 J 27.0 8.09 1400 39 7.4
MW-18 09-Jun-04 24.5 25.6 28.5 7.54 1660 101 ---
MW-18 29-Jul-04 26.9 24.6 --- --- --- --- ---
MW-18 08-Sep-04 --- --- 32.5 6.67 --- 164 5.2
MW-18 09-Sep-04 --- --- 29.5 7.27 1310 16 6.5
MW-18 24-Sep-04 29.1 30.9 28.4 7.47 1280 132 8.1
MW-18 16-Dec-04 30.6 25.2 26.0 7.76 1120 183 8.7
MW-18 09-Mar-05 34.1 34.6 28.6 7.58 1290 150 8.3
MW-18 09-Mar-05 33.3 36.0 FD --- --- --- --- ---
MW-18 11-May-05 26.5 27.1 28.4 7.51 1600 159 7.0
MW-18 12-May-05 --- --- 28.4 7.51 1600 159 7.0

Average:1

Median:1

25.4 25.7 28.6 7.59 1360 107 7.4

26.7 25.6 28.4 7.54 1300 132 7.4

West Mesa Area - Middle-Depth Wells
OW-03M 28-Oct-04 10.4 11.2 29.8 8.10 2950 -10 6.6
OW-03M 28-Oct-04 10.3 9.40 FD --- --- --- --- ---
OW-03M 16-Nov-04 12.6 --- 30.0 7.81 4760 -37 5.6
OW-03M 15-Dec-04 15.7 12.9 28.0 7.86 5790 -71 5.7

Average:1

Median:1

12.2 11.2 29.3 7.92 4500 -39 6.0

11.5 11.2 29.8 7.86 4760 -37 5.7
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TABLE 6-1

Groundwater Analytical Results - Chromium and Field Quality Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium

Dissolved 
Total 

Chromium

Concentrations in µg/L Field Water Quality Parameters

Temperature pH 
Specific 

Conductance ORP

    (º Celsius) (pH units) (µS/cm) (mV)

Dissolved 
oxygen

(mg/L)

Certified Lab Data

West Mesa Area - Deep Wells
OW-03D 28-Oct-04 ND (0.2) ND (1.0) 30.5 7.82 3360 -232 4.5
OW-03D 16-Nov-04 ND (0.2) --- 30.2 7.61 5690 -228 5.4
OW-03D 14-Dec-04 ND (0.2) ND (1.0) 29.8 7.98 6950 -215 6.1

Average:1

Median:1

--- --- 30.2 7.80 5330 -225 5.3

--- --- 30.2 7.82 5690 -228 5.4

1 average concentration.  The reporting limit is used when nondetect.  Rejected data is not used in the calculation
Notes:

results in micrograms per liter
field duplicate
parameter not detected at the listed reporting limit.
not applicable
rejected data
estimated value

µg/L
FD
ND
 --- 
R
J
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TABLE 6-2

Analytical Results for IW-2 and IW-3 Injection Wells

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date

Hexavalent 
Chromium 

µg/L

Dissolved 
Total 

Chromium
µg/L

Total 
Dissolved 

Solids
mg/L

Concentrations 

Sample 
ID

IW-02 22-Dec-04 6.40 J^ --- ---IW2-STEP1_A

IW-02 22-Dec-04 5.60 R --- 6260 IW2-STEP1

IW-02 05-Jan-05 2.00 --- ---IW2-1504

IW-03 13-Jan-05 --- 3.50 ^ 6410 ^IW3-011305

Notes:
micrograms per liter
results in milligrams per liter
parameter not detected at the listed reporting limit.
automated data validation
estimated value
parameter not analyzed
rejected

µg/L
mg/L
ND
^
J
 --- 
R
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TABLE 6-3

Groundwater Analytical Results - General Chemistry Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample 
Date

Total 
Dissolved 

Solids

Specific
Conductance

CalciumChloride Sulfate Magnesium Manganese Potassium Sodium
Nitrate 

as N
Nitrite 
as N

Alkalinity 
(Total) Orthophosphate TOC Boron

Maximum Contaminent Level: 500
1

NA NA NA0.05NANA250250 NANA NANA145
1 1 1

Concentrations  and MCLs in mg/L

(µS/cm) Bromide

NA0.3

Iron TKN

NA NA

Ammonia

1

Barium

1

East Mesa Area - Shallow Wells
OW-01S 21-Dec-04 1190 2090 --- --- 78.8 14.1 ND (0.05) 12.6 ---291 --- 0.374 --------- ---0.407 --- ---0.0662 
OW-02S 29-Dec-04 966 1620 --- --- 33.7 5.56 0.131 11.3 ---218 --- 0.707 --------- ---ND (0.3) --- ---0.0319 
OW-05S 21-Dec-04 908 1650 --- --- 52.5 8.06 ND (0.05) 11.8 ---194 --- 0.442 --------- ---ND (0.3) --- ---0.0513 
OW-05S 11-May-05 --- --- 400 107 55.2 9.30 0.00647 6.71 3.13 280 --- ------------FD ND (0.5) ND (0.1) --- ---0.0644 
OW-05S 11-May-05 --- --- 401 108 54.2 9.12 0.00535 6.64 3.18 274 --- ------------ ND (0.5) ND (0.1) --- ---0.053 

Average:2

Median:2
1020 1790 401 108 54.9 9.23 0.0486 9.81 3.16251 --- ------------ 0.5080.41 --- ---0.0534

966 1650 401 108 54 9.1 0.05 11.3 3.2274 --- ------------ 0.40.30 --- ---0.053

East Mesa Area - Middle-Depth Wells
OW-01M 01-Oct-04 2890 5110 1550 260 99.8 7.95 ND (0.05) 19.9 0.91 1260 0.046 0.974 ND (3.0) ND (0.02) 59.0 ---ND (0.3) --- ND (0.5) 0.0597 
OW-01M 18-Nov-04 3280 --- --- --- --- --- ND (0.01) --- ------ --- ------------ ND (0.4) ND (0.021) --- ------
OW-01M 21-Dec-04 3220 5460 --- --- 96.8 8.05 ND (0.05) 15.8 ---863 --- 0.998 --------- ---ND (0.3) --- ---0.0581 
OW-01M 10-May-05 --- --- 1650 291 94.8 7.93 0.00107 9.30 0.892 1130 --- ------------ ND (0.5) ND (0.1) --- ---0.0516 
OW-02M 27-Jan-05 3680 7010 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
OW-02M 11-May-05 --- --- 2080 316 142 11.8 0.0442 10.8 0.574 1310 --- ------------ ND (0.5) ND (0.1) --- ---0.0603 
OW-05M 13-Jan-05 8020 8260 --- --- 290 10.4 ND (0.05) 26.0 ---1220 --- 1.34 --------- ---ND (0.05) --- ---0.0601 
OW-05M 11-May-05 --- --- 2590 386 182 13.2 0.00283 12.9 0.51 1820 --- ------------ ND (0.5) ND (0.1) --- ---0.0511 
CW-01M 08-Feb-05 2640 4430 1210 478 91.0 13.0 ND (0.05) 14.4 1.55 570 0.0184 0.836 ------64.0 ---ND (0.05) ND (0.8) ND (0.5) 0.0444 
CW-01M 22-Feb-05 2760 4250 1250 239 94.9 13.3 0.00509 10.3 1.57 732 ND (1.0) 0.772 ------74.5 J ---ND (0.5) ND (0.5) ND (0.5) 0.0509 
CW-02M 09-Feb-05 3220 5620 1550 294 87.8 7.50 ND (0.05) 16.4 1.08 833 0.014 1.12 ------61.0 FD ---0.0533 ND (0.8) ND (0.5) 0.068 
CW-02M 09-Feb-05 3010 5630 1600 280 85.7 7.34 ND (0.05) 15.7 1.08 837 0.0143 1.25 ------61.0 ---ND (0.05) ND (0.8) ND (0.5) 0.0684 
CW-02M 23-Feb-05 3940 5800 1620 289 98.2 7.58 ND (0.005) 10.1 0.945 1190 ND (1.0) 1.08 ------67.1 J ---ND (0.5) ND (0.5) ND (0.5) 0.0596 
CW-03M 10-Feb-05 4600 7390 2370 352 152 14.6 0.0541 24.4 0.87 1080 0.0437 1.58 ------51.0 ---ND (0.05) ND (0.8) ND (0.5) 0.0611 
CW-03M 22-Feb-05 5180 7820 2250 351 186 15.5 0.0232 12.5 0.604 1530 ND (1.0) 1.10 ------87.0 J ---ND (0.5) ND (0.5) ND (0.5) 0.0543 
CW-04M 07-Feb-05 3290 5690 1600 241 124 10.4 ND (0.05) 17.9 1.48 751 0.0203 0.847 ------58.0 ---0.0509 ND (0.8) ND (0.5) 0.0699 
CW-04M 23-Feb-05 3580 5510 1590 237 113 9.48 0.0152 9.80 1.46 1010 ND (1.0) 0.719 ------64.6 J ---ND (0.5) ND (0.5) ND (0.5) 0.0674 

Average:2

Median:2
3810 6000 1760 309 129 10.5 0.0319 15.1 1.041080 0.416 ---------64.7 1.050.202 --- ---0.059

3285 5630 1600 291 100 10.4 0.05 14.4 0.91080 0.04 ---------62.5 1.00.05 --- ---0.060
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TABLE 6-3

Groundwater Analytical Results - General Chemistry Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample 
Date

Total 
Dissolved 

Solids

Specific
Conductance

CalciumChloride Sulfate Magnesium Manganese Potassium Sodium
Nitrate 

as N
Nitrite 
as N

Alkalinity 
(Total) Orthophosphate TOC Boron

Maximum Contaminent Level: 500
1

NA NA NA0.05NANA250250 NANA NANA145
1 1 1

Concentrations  and MCLs in mg/L

(µS/cm) Bromide

NA0.3

Iron TKN

NA NA

Ammonia

1

Barium

1

East Mesa Area - Deep Wells
OW-01D 30-Sep-04 5670 9350 3040 440 340 17.5 0.378 35.4 0.35 2580 0.0446 1.31 ND (3.0) ND (0.02) 39.0 ---ND (0.3) --- ND (0.5) 0.102 
OW-01D 18-Oct-04 6010 --- --- --- --- --- --- --- ------ --- ------------ ------ --- ------
OW-01D 18-Nov-04 5780 --- --- --- --- --- 0.301 --- ------ --- ------------ ND (1.0) ND (0.021) --- ------
OW-01D 21-Dec-04 5830 9530 --- --- 234 18.8 0.332 33.4 ---1250 --- 1.34 --------- ---ND (0.3) --- ---0.113 
OW-01D 10-May-05 --- --- 3170 369 230 19.0 0.299 15.5 0.252 2140 --- ------------ ND (0.5) 0.104 --- ---0.091 
OW-02D 13-Jan-05 7390 12800 --- --- 303 15.2 0.39 46.6 ---2000 --- 1.80 --------- ---0.164 --- ---0.0833 
OW-02D 10-May-05 --- --- 4460 535 319 19.3 0.286 18.6 0.107 3000 --- ------------ ND (0.5) 0.161 --- ---0.0716 
OW-05D 22-Dec-04 6480 9950 --- --- 222 15.2 0.363 32.3 ---1480 --- 1.54 ---------FD ---ND (0.3) --- ---0.0844 
OW-05D 22-Dec-04 6670 10000 --- --- 212 14.6 0.371 30.2 ---1370 --- 1.59 --------- ---ND (0.3) --- ---0.0784 
OW-05D 11-May-05 --- --- 3610 461 254 16.8 0.269 17.0 0.159 2460 --- ------------ ND (0.5) 0.237 --- ---0.0658 
CW-01D 07-Feb-05 5000 9080 3410 344 175 19.4 0.172 26.0 0.58 1320 0.0263 1.43 ------53.0 ---0.168 ND (0.8) ND (0.5) 0.0721 
CW-01D 22-Feb-05 6260 9130 2830 339 225 19.6 0.169 15.1 0.566 1810 ND (1.0) 1.27 ------77.0 J ---ND (0.5) ND (0.5) ND (0.5) 0.0693 
CW-02D 08-Feb-05 7200 13700 5260 571 280 15.7 0.332 37.2 0.28 2080 0.0111 1.77 ------33.0 ---0.0812 ND (0.8) ND (0.5) 0.0766 
CW-02D 23-Feb-05 8610 13400 4160 526 278 16.3 0.245 19.0 ND (0.5) 2590 ND (1.0) 1.58 ------37.3 J ---ND (0.5) ND (0.5) ND (0.5) 0.0702 
CW-03D 08-Feb-05 8800 15100 5100 561 340 29.5 0.628 41.0 0.34 2160 0.02 1.60 ------43.0 ---0.182 ND (0.8) ND (0.5) 0.10 
CW-03D 22-Feb-05 10800 15200 5060 546 346 29.2 0.81 26.4 ND (0.5) 3160 ND (1.0) 1.45 ------77.0 J ---ND (0.5) ND (0.5) ND (0.5) 0.119 
CW-04D 07-Feb-05 7320 12500 4270 530 287 18.6 0.302 34.2 0.27 1890 0.0146 1.59 ------54.0 ---0.114 ND (0.8) ND (0.5) 0.0741 
CW-04D 23-Feb-05 8410 12300 4130 508 282 19.8 0.308 18.0 ND (0.5) 2530 ND (1.0) 1.46 ------39.7 J ---ND (0.5) ND (0.5) ND (0.5) 0.0703 

Average:2

Median:2
7080 11700 4040 478 270 19.0 0.35 27.9 0.3672110 0.457 ---------50.3 1.520.261 --- ---0.0838

6670 12300 4145 517 279 18.7 0.33 28.3 0.32110 0.04 ---------43.0 1.50.17 --- ---0.081

Bat Cave Wash Area - Shallow Wells
MW-13 09-Jun-04 1300 1970 500 150 124 13.3 ND (0.01) 5.47 4.40 300 --- ---ND (3.0) ND (0.5) 79.0 ---ND (0.5) --- ND (0.1) 0.057 
MW-13 24-Sep-04 --- 2120 --- --- --- --- --- --- ------ --- ------------FD ------ --- ------
MW-13 24-Sep-04 --- 2150 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-13 16-Dec-04 --- 1910 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-13 11-Mar-05 --- 1850 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-14 08-Jun-04 880 1570 310 140 73.3 9.10 ND (0.01) 6.93 5.50 262 --- ---ND (3.0) ND (0.5) 88.0 FD ---ND (0.5) --- ND (0.1) 0.10 
MW-14 08-Jun-04 860 1340 310 140 66.5 9.00 ND (0.01) 6.43 5.50 237 --- ---ND (3.0) ND (0.5) 89.0 ---ND (0.5) --- ND (0.1) 0.11 
MW-14 08-Sep-04 --- --- --- --- --- --- --- --- 5.74 --- ND (0.005) 0.31 --------- ---ND (0.021) --- ------
MW-14 20-Sep-04 --- 1540 --- --- --- --- --- --- ------ --- ------------FD ------ --- ------
MW-14 20-Sep-04 --- 1520 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-14 16-Dec-04 --- 1530 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-14 09-Mar-05 --- 1510 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-14 11-May-05 --- --- --- --- 70.7 10.3 0.034 7.81 ---227 --- ------------ ---1.01 --- ---0.0968 

MW-41S 18-Nov-04 2820 --- --- --- --- --- --- --- ------ --- ------------ ND (1.0) --- --- ------
MW-41S 16-Dec-04 2880 4950 1400 282 105 15.4 --- 15.4 1.33 844 --- 0.928 ND (0.5) ---52.5 ND (0.5) --- --- ND (0.5) ---
MW-41S 10-Mar-05 --- 4830 --- --- --- --- --- --- ------ --- ------------ ------ --- ------

Average:2

Median:2
1750 2210 630 178 87.9 11.4 0.034 8.41 4.49374 --- ---------77.1 0.6191.0 --- ---0.091

1300 1850 405 145 73 10.3 0.01 6.9 5.5262 --- ---------83.5 0.60.50 --- ---0.098
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TABLE 6-3

Groundwater Analytical Results - General Chemistry Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample 
Date

Total 
Dissolved 

Solids

Specific
Conductance

CalciumChloride Sulfate Magnesium Manganese Potassium Sodium
Nitrate 

as N
Nitrite 
as N

Alkalinity 
(Total) Orthophosphate TOC Boron

Maximum Contaminent Level: 500
1

NA NA NA0.05NANA250250 NANA NANA145
1 1 1

Concentrations  and MCLs in mg/L

(µS/cm) Bromide

NA0.3

Iron TKN

NA NA

Ammonia

1

Barium

1

Bat Cave Wash Area - Middle-Depth Wells
MW-37S 10-Jun-04 2400 --- 1100 210 144 19.9 0.22 8.63 1.30 701 --- ---ND (3.0) ND (0.5) 69.0 ---ND (0.5) --- ND (0.1) 0.11 
MW-37S 23-Sep-04 --- 4430 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-37S 13-Dec-04 --- 4480 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-37S 11-Mar-05 --- 4260 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-41M 18-Nov-04 8150 --- --- --- --- --- --- --- ------ --- ------------ ND (2.0) --- --- ------
MW-41M 15-Dec-04 8780 13800 4520 524 388 32.9 --- 49.9 0.638 2200 --- 1.48 ND (0.5) ---37.3 ND (0.5) --- --- ND (0.5) ---
MW-41M 11-Mar-05 --- 14500 --- --- --- --- --- --- ------ --- ------------ ------ --- ------

Average:2

Median:2
6440 8290 2810 367 266 26.4 0.22 29.3 0.9691450 --- ---------53.1 1.5--- --- ---0.11

8150 4480 2810 367 266 26.4 0.22 29.3 1.01451 --- ---1.8---53.2 1.5--- --- ---0.110

Bat Cave Wash Area - Deep Wells
MW-37D 11-Jun-04 8900 --- 3800 620 384 19.1 0.09 16.9 2.10 3650 --- 1.65 5.30 ND (0.5) 46.0 ---ND (0.5) --- ND (0.1) 0.055 
MW-37D 24-Sep-04 --- 14200 --- --- --- 20.2 ND (0.5) --- ------ --- ------------FD ------ --- ---0.0659 
MW-37D 24-Sep-04 --- 13900 --- --- --- 20.8 ND (0.5) --- ------ --- ------------ ------ --- ---0.065 
MW-37D 14-Dec-04 --- 13900 --- --- 364 18.8 ND (0.05) 35.4 ---2230 --- 1.79 ---------FD ---ND (0.3) --- ---0.0499 
MW-37D 14-Dec-04 --- 13900 --- --- 387 19.1 ND (0.05) 42.7 ---2180 --- 1.77 --------- ---ND (0.3) --- ---0.0464 
MW-37D 11-Mar-05 --- 13800 --- --- 350 21.9 ND (0.05) 56.1 ---2600 --- 1.88 --------- ---ND (0.05) --- ---0.0539 
MW-41D 18-Nov-04 11700 --- --- --- --- --- --- --- ------ --- ------------ ND (2.0) --- --- ------
MW-41D 15-Dec-04 12400 19500 6910 713 365 30.2 --- 74.5 ND (0.5) 2910 --- 1.88 0.596 J---42.3 ND (0.5) --- --- ND (0.5) ---
MW-41D 11-Mar-05 --- 20700 --- --- --- --- --- --- ------ --- ------------ ------ --- ------

Average:2

Median:2
11000 15700 5360 667 370 21.4 0.09 45.1 2.12710 --- ---2.95---44.1 1.79--- --- ---0.056

11700 13900 5355 667 365 20.2 0.07 42.7 1.32600 --- ---2.9---44.2 1.8--- --- ---0.054

West Mesa Area - Shallow Wells
OW-03S 28-Oct-04 674 --- 280 64.8 27.2 4.53 ND (0.05) 10.3 2.53 J183 0.0106 J 0.296 0.675 ND (0.02) 99.0 ---ND (0.3) --- ND (0.5) 0.0206 
OW-03S 16-Nov-04 675 --- --- --- --- --- ND (0.01) --- ------ --- ------------ 0.39 ND (0.021) --- ------
OW-03S 15-Dec-04 650 1210 --- --- 21.1 4.01 --- 5.35 ---174 --- ------------ ------ --- ---0.0167 
MW-18 09-Jun-04 870 716 340 87.0 106 13.6 ND (0.01) 7.11 3.90 171 --- ---ND (3.0) ND (0.5) 82.0 ---ND (0.5) --- ND (0.1) 0.082 
MW-18 08-Sep-04 --- --- --- --- --- --- --- --- 3.88 --- ND (0.005) 0.184 --------- ---ND (0.021) --- ------
MW-18 24-Sep-04 --- 1300 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-18 16-Dec-04 --- 1270 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-18 09-Mar-05 --- 1180 --- --- --- --- --- --- ------ --- ------------FD ------ --- ------
MW-18 09-Mar-05 --- 1190 --- --- --- --- --- --- ------ --- ------------ ------ --- ------
MW-18 11-May-05 --- --- --- --- 105 16.0 0.00672 8.70 ---178 --- 0.176 --------- ---0.298 --- ---0.0831 

Average:2

Median:2
717 1140 310 75.9 64.8 9.54 0.0067 7.87 3.44177 0.011 0.390.68---90.5 0.2190.3 --- ---0.0506

675 1200 310 76 66 9.1 0.01 7.9 3.9176 0.01 0.391.8---90.5 0.20.30 --- ---0.051
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TABLE 6-3

Groundwater Analytical Results - General Chemistry Parameters

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample 
Date

Total 
Dissolved 

Solids

Specific
Conductance

CalciumChloride Sulfate Magnesium Manganese Potassium Sodium
Nitrate 

as N
Nitrite 
as N

Alkalinity 
(Total) Orthophosphate TOC Boron

Maximum Contaminent Level: 500
1

NA NA NA0.05NANA250250 NANA NANA145
1 1 1

Concentrations  and MCLs in mg/L

(µS/cm) Bromide

NA0.3

Iron TKN

NA NA

Ammonia

1

Barium

1

West Mesa Area - Middle-Depth Wells
OW-03M 28-Oct-04 2100 3970 1080 197 44.8 6.10 ND (0.05) 13.2 1.53 676 0.0114 0.828 0.563 ND (0.02) 61.0 FD ---ND (0.3) --- ND (0.5) 0.056 
OW-03M 28-Oct-04 2110 4010 1060 219 47.4 5.91 ND (0.05) 13.1 1.53 596 0.0122 0.781 0.645 ND (0.02) 62.0 ---ND (0.3) --- ND (0.5) 0.0555 
OW-03M 16-Nov-04 2560 --- --- --- --- --- ND (0.01) --- ------ --- ------------ ND (1.0) ND (0.021) --- ------
OW-03M 15-Dec-04 2750 4790 --- --- 67.3 6.47 --- 12.4 ---723 --- ------------ ------ --- ---0.0734 

Average:2

Median:2
2380 4260 1070 208 53.2 6.16 --- 12.9 1.53665 0.0118 ---0.604---61.5 0.805--- --- ---0.0616

2335 4010 1070 208 47 6.1 --- 13.1 1.5676 0.01 ---0.6---61.5 0.8--- --- ---0.056

West Mesa Area - Deep Wells
OW-03D 28-Oct-04 2420 4630 1240 218 54.5 7.37 0.125 15.8 0.36 743 0.0809 0.942 1.65 ND (0.02) 70.0 ---ND (0.3) --- ND (0.5) 0.0407 
OW-03D 16-Nov-04 3140 --- --- --- --- --- 0.13 --- ------ --- ------------ ND (1.0) 0.132 --- ------
OW-03D 14-Dec-04 3400 6220 --- --- 96.0 8.68 0.136 17.2 ---956 --- 1.08 --------- ---ND (0.3) --- ---0.0634 

Average:2

Median:2
2990 5430 1200 220 75.3 8.03 0.13 16.5 0.36850 0.081 ---1.6---70 1.010.13 --- ---0.0521

3140 5425 1240 218 75 8.0 0.13 16.5 0.4850 0.08 ---1.6---70.0 1.00.30 --- ---0.052

1

2
Secondary California Maximum contaminent level (MCL)
Average concentration.  The reporting limit is used when nondetect.  Rejected data is not included in the calculation.

results in milligrams per liter
field duplicate
parameter not detected at the listed reporting limit.
not applicable
rejected data
estimated value
screening data, level II validation

Notes:

mg/L
FD
ND
 --- 
R
J
S
 
 

4 of 4G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_generalchemistryIM3
Date printed:  6/22/2005



TABLE 6-4

Groundwater Analytical Results - Other Metals

Interim Measures No 3. Injection Area,, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample Date Antimony Arsenic Beryllium Cadmium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

6 50 4 5 NA 151000 NA210050100NA2 5000CA Maximum Contaminent Level :

Concentrations  and MCLs in µg/L

Aluminum

1000 1 2 1 1

East Mesa Area - Shallow Wells
OW-01S 21-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 12.1 ND (15) ND (3.1) ND (10) 8.70 27.3 ND (0.2) 26.4 ND (52) 
OW-02S 29-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 7.00 ND (15) ND (3.1) ND (10) ND (5.0) 89.3 ND (0.2) 33.3 ND (52) 
OW-05S 21-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 12.9 ND (15) 64.9 ND (10) ND (5.0) 21.3 ND (0.2) 25.6 ND (52) 
OW-05S 11-May-05 ND (2.0) 2.22 ND (1.0) ND (1.0) 1.25 ND (1.0) 2.26 5.43 ND (1.0) ND (1.0) 2.82 4.90 19.4 ND (500) 14.5 FD ---
OW-05S 11-May-05 ND (2.0) 1.95 ND (1.0) ND (1.0) 1.07 ND (1.0) 1.55 5.50 ND (1.0) ND (1.0) 2.82 4.14 19.0 ND (500) 16.6 ---

Average:3

Median:3
--- 6.83 --- --- 2.32 ---3.8 8.59---657.135.5535.3--- 23.3---

--- 10.0 --- --- 3.1 ---5.0 7.0---3.110.05.021.3--- 25.6---

East Mesa Area - Middle-Depth Wells
OW-01M 01-Oct-04 --- --- --- --- --- ND (2.1) ND (5.0) ------------ND (5.0) 26.8 --- 46.1 ND (52) 
OW-01M 18-Nov-04 --- --- --- --- --- ------ --------------------- ---ND (52) 
OW-01M 21-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 14.7 ND (15) ND (3.1) ND (10) ND (5.0) 26.8 ND (0.2) 20.9 ND (52) 
OW-01M 10-May-05 ND (2.0) 2.69 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 2.41 5.45 ND (1.0) ND (1.0) ND (1.0) 4.68 23.5 ND (500) 13.1 ---
OW-02M 11-May-05 ND (2.0) 1.65 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) 2.96 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 35.3 ND (500) 11.3 ---
OW-05M 13-Jan-05 11.1 14.4 8.80 10.5 10.0 10.2 10.6 22.9 ND (15) 20.0 18.6 20.1 50.1 ND (0.2) 37.3 ND (52) 
OW-05M 11-May-05 ND (2.0) 1.70 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 1.60 2.61 ND (1.0) ND (1.0) ND (1.0) 1.28 39.0 ND (500) ND (10) ---
CW-01M 08-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 97.7 ND (15) ND (3.0) ND (10) ND (5.0) 19.6 ND (0.2) 80.2 ND (52) 
CW-01M 22-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 20.1 --- ND (20) ND (50) 
CW-02M 09-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 124 ND (15) ND (3.0) ND (10) ND (5.0) 28.0 ND (0.2) 15.8 JFD ND (52) 
CW-02M 09-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 116 ND (15) ND (3.0) ND (10) ND (5.0) 29.2 ND (0.2) 33.2 JND (52) 
CW-02M 23-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 26.7 --- ND (20) ND (50) 
CW-03M 10-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 98.3 ND (15) ND (3.0) ND (10) 5.00 37.8 ND (0.2) 42.4 ND (52) 
CW-03M 22-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 34.2 --- ND (20) ND (50) 
CW-04M 07-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 95.3 ND (15) ND (3.0) ND (10) ND (5.0) 11.5 ND (0.2) 31.6 ND (52) 
CW-04M 23-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 12.3 --- ND (20) ND (50) 

Average:3

Median:3
11 7.17 8.8 10 10 104.7 58.0---20195.4728.1--- 28.1---

5.0 10.0 3.0 3.0 3.0 2.15.0 59.1---3.010.05.028.0--- 31.6---
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TABLE 6-4

Groundwater Analytical Results - Other Metals

Interim Measures No 3. Injection Area,, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample Date Antimony Arsenic Beryllium Cadmium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

6 50 4 5 NA 151000 NA210050100NA2 5000CA Maximum Contaminent Level :

Concentrations  and MCLs in µg/L

Aluminum

1000 1 2 1 1

East Mesa Area - Deep Wells
OW-01D 30-Sep-04 ND (5.0) ND (10) ND (3.0) ND (3.1) ND (3.0) ND (2.1) ND (5.0) ND (3.0) ND (15) ND (3.1) ND (10) ND (5.0) 51.8 ND (0.2) 30.7 ND (52) 
OW-01D 18-Nov-04 --- --- --- --- --- ------ --------------------- ---ND (52) 
OW-01D 21-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 10.7 ND (15) ND (3.1) ND (10) ND (5.0) 35.6 ND (0.2) 36.0 ND (52) 
OW-01D 10-May-05 ND (2.0) 4.77 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 2.52 1.69 ND (1.0) ND (1.0) ND (1.0) 1.05 43.4 ND (500) ND (10) ---
OW-02D 13-Jan-05 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) 2.90 ND (5.0) 17.7 ND (15) 8.50 17.1 13.5 66.5 ND (0.2) 17.4 ND (52) 
OW-02D 10-May-05 ND (2.0) 3.30 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 3.11 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) 57.0 ND (500) ND (10) ---
OW-05D 22-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 11.6 ND (15) ND (3.1) ND (10) 9.30 83.8 ND (0.2) 28.9 FD ND (52) 
OW-05D 22-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 13.3 ND (15) ND (3.1) ND (10) 8.10 81.1 ND (0.2) 24.3 ND (52) 
OW-05D 11-May-05 ND (2.0) 4.41 ND (1.0) ND (1.0) ND (1.0) ND (1.0) 4.09 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) 63.8 ND (500) ND (10) ---
CW-01D 07-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 89.3 ND (15) ND (3.0) ND (10) ND (5.0) 51.8 ND (0.2) 18.5 ND (52) 
CW-01D 22-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 49.9 --- ND (20) ND (50) 
CW-02D 08-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 121 ND (15) ND (3.0) ND (10) 5.60 50.1 ND (0.2) 52.2 ND (52) 
CW-02D 23-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 51.8 --- ND (20) ND (50) 
CW-03D 08-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 115 ND (15) ND (3.0) ND (10) 7.60 59.0 ND (0.2) 27.6 ND (52) 
CW-03D 22-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 59.9 --- ND (20) ND (50) 
CW-04D 07-Feb-05 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (2.1) ND (5.0) 109 ND (15) ND (3.0) ND (10) 5.60 39.1 ND (0.2) 25.7 ND (52) 
CW-04D 23-Feb-05 ND (3.0) ND (5.0) --- --- --- ND (5.0) ND (5.0) ---------ND (5.0) ND (5.0) 44.2 --- ND (20) ND (50) 

Average:3

Median:3
--- 7.65 --- --- --- 2.94.7 41.2---8.5175.4855.6--- 23.2---

--- 10.0 --- --- --- 2.15.0 12.4---3.010.05.354.4--- 25.0---

Bat Cave Wash Area - Shallow Wells
MW-13 09-Jun-04 --- --- --- --- --- ---ND (10) ------------ND (20) ------ ND (76) ---
MW-14 08-Jun-04 --- --- --- --- --- ---ND (10) ------------ND (20) ------ ND (68) FD ---
MW-14 08-Jun-04 --- --- --- --- --- ---ND (10) ------------ND (20) ------ ND (68) ---
MW-14 08-Sep-04 --- --- --- --- --- ND (21) --- ---------------ND (21) --- ---ND (52) 
MW-14 11-May-05 ND (2.0) 1.24 ND (1.0) ND (1.0) 1.01 1.38 3.48 6.52 ND (1.0) ND (1.0) 3.65 12.5 10.8 ND (500) 19.6 J---

Average:3

Median:3
--- 1.2 --- --- 1.0 1.43.5 6.5------3.71311--- 20---

--- 1.2 --- --- 1.0 11.110 6.5------3.720.015.8--- 68.0---

Bat Cave Wash Area - Deep Wells
MW-37D 11-Jun-04 ND (4.2) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (5.0) ND (5.0) ND (3.0) ND (5.0) ND (3.0) 10.0 ND (5.0) 50.0 ND (0.5) ND (10) ND (50) 
MW-37D 24-Sep-04 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (5.0) 9.60 ND (3.0) ND (15) ND (3.0) 10.0 ND (5.0) 46.3 ND (0.2) 24.8 FD ND (500) 
MW-37D 24-Sep-04 ND (5.0) ND (10) ND (3.0) ND (3.0) ND (3.0) ND (5.0) 8.50 ND (3.0) ND (15) ND (3.0) ND (10) ND (5.0) 47.3 ND (0.2) 17.2 ND (500) 
MW-37D 14-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 20.5 JND (15) ND (3.1) ND (10) 8.30 44.6 ND (0.2) 91.8 JFD ND (52) 
MW-37D 14-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 31.4 JND (15) ND (3.1) ND (10) ND (5.0) 43.3 ND (0.2) 33.0 JND (52) 
MW-37D 11-Mar-05 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 326 ND (15) ND (3.1) ND (10) 9.20 34.1 ND (0.2) 38.7 ND (52) 

Average:3

Median:3
--- --- --- --- --- ---6.3 64.5------10.06.2544.3--- 35.9---

--- --- --- --- --- ---5.0 11.8------10.05.045.5--- 28.9---
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TABLE 6-4

Groundwater Analytical Results - Other Metals

Interim Measures No 3. Injection Area,, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Sample Date Antimony Arsenic Beryllium Cadmium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

6 50 4 5 NA 151000 NA210050100NA2 5000CA Maximum Contaminent Level :

Concentrations  and MCLs in µg/L

Aluminum

1000 1 2 1 1

West Mesa Area - Shallow Wells
OW-03S 28-Oct-04 --- --- --- --- --- 4.60 ND (5.0) ------------ND (5.0) 23.9 --- 20.4 ND (52) 
OW-03S 16-Nov-04 --- --- --- --- --- ------ --------------------- ---ND (52) 
OW-03S 15-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 8.70 ND (15) ND (3.1) ND (10) ND (5.0) 22.2 ND (0.2) 30.9 ---
MW-18 09-Jun-04 --- --- --- --- --- ---ND (10) ------------ND (20) ------ ND (150) ---
MW-18 08-Sep-04 --- --- --- --- --- ND (21) --- ---------------ND (21) --- ---ND (52) 
MW-18 11-May-05 ND (2.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) 3.37 ND (1.0) ND (1.0) 2.58 ND (1.0) 3.60 ND (500) 40.4 J84.8 

Average:3

Median:3
--- --- --- --- --- 4.6--- 6.04------2.6---17.6--- 59.985

--- --- --- --- --- 3.3--- 6.0------6.3---21.5--- 35.652

West Mesa Area - Middle-Depth Wells
OW-03M 28-Oct-04 --- --- --- --- --- ND (2.1) ND (5.0) ------------ND (5.0) 20.5 --- ND (10) FD ND (52) 
OW-03M 28-Oct-04 --- --- --- --- --- ND (2.1) ND (5.0) ------------ND (5.0) 20.6 --- ND (10) ND (52) 
OW-03M 16-Nov-04 --- --- --- --- --- ------ --------------------- ---ND (52) 
OW-03M 15-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) ND (2.1) ND (5.0) 9.50 ND (15) ND (3.1) ND (10) ND (5.0) 14.5 ND (0.2) 30.3 ---

Average:3

Median:3
--- --- --- --- --- ------ 9.5------------18.5--- 30---

--- --- --- --- --- ------ 9.5------------20.5--- 10.4---

West Mesa Area - Deep Wells
OW-03D 28-Oct-04 --- --- --- --- --- ND (2.1) ND (5.0) ------------ND (5.0) 43.7 --- 28.8 ND (52) 
OW-03D 16-Nov-04 --- --- --- --- --- ------ --------------------- ---ND (52) 
OW-03D 14-Dec-04 ND (5.0) ND (10) ND (3.1) ND (3.1) ND (3.1) 2.40 ND (5.0) 8.40 ND (15) ND (3.1) ND (10) ND (5.0) 31.0 ND (0.2) 71.2 ND (52) 

Average:3

Median:3
--- --- --- --- --- 2.4--- 8.4------------37.3--- 50.0---

--- --- --- --- --- 2.3--- 8.4------------37.3--- 50.0---

1

3

secondary MCL
action level for lead, if more than 10% of samples exceed action level
average concentration.  The reporting limit is used when nondetect.  Rejected data is not used in the calculation

Notes:

results in micrograms per liter
field duplicate
parameter not detected at the listed reporting limit.
not applicable
rejected data
estimated value

µg/L
FD
ND
 --- 
R
J
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TABLE 6-5

Groundwater Analytical Results - Organic Compounds

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location 
ID

Sample 
Date Benzene

Carbon 
Disulfide Chloroform Toluene

All Other 
Analytes Naphthalene All PCBs

5 NA NA 1000 NA NA NA 0.5Maximum Contaminent Level :

Concentrations  and MCLs in µg/L

VOCs by SW8260B

All Other 
Analytes

SVOCs by SW8270 PCBs by SW8082

East Mesa Area - Shallow Wells

OW-05S 11-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (9.8) ND ---FD

OW-05S 11-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (9.8) ND ---

East Mesa Area - Middle-Depth Wells

OW-01M 10-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (10) ND ---

OW-02M 11-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (9.5) ND ---

OW-05M 11-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (11) ND ---

East Mesa Area - Deep Wells

OW-01D 30-Sep-04 0.8 0.7 ND (0.5) 1.1 ND 1 J ND NDa

OW-01D 10-May-05 ND (1) J ND (1) J ND (1) J ND (1) J ND ND (9.9) ND ND

OW-02D 10-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (9.8) ND ---

OW-05D 11-May-05 ND (1) ND (1) ND (1) ND (1) ND ND (10) ND ---

CW-02D 23-Feb-05 ND (1) ND (1) ND (1) ND (1) ND ND (10) ND ---

Bat Cave Wash Area - Deep Wells

MW-37D 11-Jun-04 ND (0.5) ND (0.5) 0.5 ND (0.5) ND ND (10) ND ---

Notes:
results in micrograms per liter
parameter not detected at the listed reporting limit.
parameter not analyzed

µg/L
ND
 --- 

a result measured using method SW8260

1 of 1G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_organicsIM3
Date printed:  6/22/2005



 

TABLE 6-6  
Input Parameters for PHREEQC Runs 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

 
Average East Mesa 

Groundwater Injected Water 

Constituent All Zones 
Deep 
Only 

Post-
Treatment RO Permeate Blend 

Alkalinity (as CaCO3) 5.69E+01 4.92E+01 4.20E+01 8.40E-01 2.76E+01 

Antimony 2.38E-03 2.21E-03 2.50E-03 7.50E-05 1.65E-03 

Barium 6.39E-02 8.21E-02 2.48E-02 2.48E-04 1.62E-02 

Beryllium 1.48E-03 1.32E-03 1.60E-03 4.80E-05 1.06E-03 

Boron 1.04E+00 1.54E+00 1.56E+00 6.24E-01 1.23E+00 

Cadmium 1.52E-03 1.32E-03 1.60E-03 4.80E-05 1.06E-03 

Calcium 1.55E+02 2.74E+02 2.34E+02 8.86E-01 1.53E+02 

Chloride 2.23E+03 4.04E+03 3.15E+03 3.15E+01 2.06E+03 

Chromium 7.16E-03 6.05E-04 2.50E-02 1.25E-03 1.67E-02 

Cobalt 1.54E-03 1.32E-03 1.60E-03 4.80E-05 1.06E-03 

Copper 2.57E-03 2.66E-03 2.50E-03 7.50E-05 1.65E-03 

Dissolved Oxygen NS NS 8.00E+00 8.00E+00 8.00E+00 

Iron 1.35E-01 1.44E-01 1.50E-01 3.00E-03 9.87E-02 

Lead 1.20E-03 1.08E-03 1.10E-03 3.30E-05 7.27E-04 

Magnesium 1.33E+01 1.93E+01 1.68E+01 1.68E-01 1.10E+01 

Manganese 1.44E-01 3.46E-01 2.50E-02 7.50E-04 1.65E-02 

Molybdenum 4.29E-02 5.40E-02 4.48E-02 4.48E-03 3.07E-02 

Nickel 4.54E-03 4.95E-03 5.10E-03 1.02E-04 3.35E-03 

Nitrate (as N) 1.48E+00 2.80E-01 1.00E+01 3.00E-01 6.61E+00 

Oxidation-Reduction Potential -1.01E+02 -2.05E+02 NS NS NS 

pH 8.01E+00 8.03E+00 7.50E+00 7.00E+00 7.00E+00 

Phosphorus ND ND 3.00E-02 3.00E-04 1.96E-02 

Potassium 1.78E+01 2.75E+01 3.21E+01 3.21E-01 2.10E+01 

Selenium 4.78E-03 5.01E-03 5.00E-03 1.50E-04 3.31E-03 

Silica (as SiO2) 2.30E+01 2.30E+01 2.04E+01 4.08E+00 1.47E+01 

Silver 5.43E-03 1.82E-03 1.50E-03 4.50E-05 9.92E-04 

Sodium 1.38E+03 2.39E+03 2.04E+03 2.03E+01 1.33E+03 

Sulfate 3.01E+02 4.80E+02 8.04E+02 8.04E+00 5.26E+02 

Temperature 2.77E+01 2.89E+01 3.00E+01 3.00E+01 3.00E+01 



TABLE 6-6  
Input Parameters for PHREEQC Runs 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

 
Average East Mesa 

Groundwater Injected Water 

Constituent All Zones 
Deep 
Only 

Post-
Treatment RO Permeate Blend 

Vanadium 4.54E-02 6.50E-02 1.60E-02 1.60E-03 1.10E-02 

Zinc 2.90E-02 2.48E-02 2.87E-02 8.61E-04 1.90E-02 

Notes: 
All values in mg/L, except oxidation-reduction potential (mV), pH, and temperature (degrees C). 

ND = not detected; NS = not specified 

All constituents that were consistently ND were not included in East Mesa chemistry. 

When computing averages, NDs were assigned as one half of reported detection limit. 

Averages of East Mesa Groundwater constituents were computed by averaging concentrations at each well, 
then averaging for each zone, then averaging the three zones. 

Sodium and chloride were adjusted to achieve charge balance and to match measured total dissolved solids. 

Arsenic and fluoride removed due to model convergence issues; they are not expected to influence 
precipitation reactions. 

Post-Treatment concentrations were calculated as average TW-2D concentrations with chromium removed, 
alkalinity reduced, and sodium and chloride slightly increased by the treatment process. 

RO Permeate concentrations were calculated by applying typical percent removal values for each constituent 
to the Post-Treatment concentrations. 

The blend of Post-Treatment and RO Permeate was calculated to match the average TDS of the East Mesa 
groundwater (about 4,200 mg/L). 

 

 

 



TABLES 

SFO\TABLES 7-1 TO 7-6_6-14-05.DOC  
 

TABLE 7-1 
Summary of IM-3 Hydraulic Tests 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

Well Test Date 
Start 
Time 

End 
Time 

Duration 
(min) 

Flow 
Rate(s) 
(gpm) 

Volume 
Extracted/ 

Injected (gal) Comments 

Injection Well IW-2 

 Constant Rate Extraction Test 01/06/05 10:45 AM 3:13 PM 272 188 51,100 
Flow 190 gpm for first hour then 188 
gpm. 

 Constant Rate Injection Test #1 01/08/05 7:50 AM 3:50 PM 480 125-140 66,300 
Flow 140 gpm for first 6 hrs; 125-135 
gpm for final 2 hrs. 

 Constant Rate Injection Test #2 01/09/05 8:00 AM 11:30 AM 270 140 29,400 
Flow constant at 140 gpm for test 
duration. 

 Step Test 12/22/05 2:18 PM 4:44 PM 146 73 - 185 ~19,000 
Flow rates of 73, 97, 125, 152, and 
185 gpm. 

  Spinner Test 12/22/05 9:43 AM 10:45 AM 58 80 ~12,000 
Flow rate measured by time to fill 
bucket. 

Injection Well IW-3 

 Constant Rate Extraction Test 01/14/05 12:15 PM 5:15 PM 300 183 54,900  

 Constant Rate Injection Test 01/20/05 8:00 AM 2:08 PM 368 251 92,400  

 Step Test 01/14/05 7:45 AM 10:20 AM 155 80 - 195 ~21,000 
Flow rates of 80, 100, 125, 155, and 
195 gpm. 

  Spinner Test 01/12/05 3:28 PM 4:39 PM 71 70 ~12,000 
Flow rate measured by time to fill 
bucket. 
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TABLE 7-2 
Summary Step Test Results in IW-2 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

Step 

Average  
Pumping Rate 

(gpm) 

Maximum 
Drawdown 

(cumulative ft) 

Specific 
Capacity 
(gpm/ft) 

Estimated 
Transmissivity 

(ft²/day) 

1 72.2 2.1 33.7 9,000 

2 96.8 3.0 32.7 8,700 

3 124.8 3.8 32.9 8,800 

4 152.2 4.8 31.7 8,500 

5 184.6 6.1 30.5 8,200 

Notes: 
gpm = gallons per minute; ft = feet 

 
 

TABLE 7-3 
Summary Step Test Results in IW-3 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

Step 
Average Pumping 

Rate (gpm) 

Maximum 
Drawdown 

(cumulative ft) 

Specific 
Capacity 
(gpm/ft) 

Estimated 
Transmissivity 

(ft²/day) 

1 80 1.7 47 12,600 

2 100 2.1 48 12,700 

3 125 2.6 48 12,900 

4 155 3.5 44 11,800 

5 195 4.7 41 11,100 

Notes: 
gpm = gallons per minute; ft = feet 
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TABLE 7-4 
IW-2 Velocity Log Interpreted Relative Permeability 

Depth Range 
(ft BTOC) 

Relative Permeability 
(gpm/ft) 

170-183 0.32 

183-192 0.90 

192-209 0.42 

209-247 0.16 

247-273 0.34 

273-291 1.15 

291-305 0.89 

305-321 0.64 

321-330 0.42 

Note: 
ft BTOC = feet below top of casing 
gpm/ft = gallons per minute per foot 

TABLE 7-5 
IW-3 Velocity Log Interpreted Relative Permeability 

Depth Range 
(ft BTOC) 

Relative Permeability 
(gpm/ft) 

160-178 0.30 

178-195 0.27 

195-218 0.17 

218-240 0.12 

240-274 0.13 

274-312 0.65 

312-320 3.01 

Note: 
ft BTOC = feet below top of casing 
gpm/ft = gallons per minute per foot 
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TABLE 7-6 
Maximum Response at Wells During IW-2 Testing 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

    Drawdown or Drawup (ft)1 

    IW-2 OW-1S OW-1M OW-1D OW-2S OW-2M OW-2D OW-5S OW-5M OW-5D 

Test Distance (ft) 0 85 93 93 50 59 39 197 203 208 

Injection Test #1  (125-140 gpm) 5.0 0.1 0.7 1.0 < 0.1 1.0 1.3 < 0.1 0.6 0.7 

Injection Test #2  (140 gpm) 5.7 0.1 0.6 0.9 < 0.1 0.9 1.2 < 0.1 0.6 0.6 

Extraction Test  (188 gpm) 6.1 0.0 0.8 1.1 < 0.1 1.2 1.6 0.0 0.6 0.8 

Notes: 
1 Values are drawdown for extraction tests and drawup for injection tests. 

 

TABLE 7-7 
Maximum Response at Wells During IW-3 Testing 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

Drawdown or Drawup (ft)1 

IW-3 OW-1S OW-1M OW-1D OW-2S OW-2M OW-2D OW-5S OW-5M OW-5D 

Test Distance (ft) 0 184 194 185 200 211 192 52 52 53 

Injection Test  (140 gpm) 6.9 0.2 0.7 1.2 0.33 0.8 1.6 0.5 1.6 2.0 

Extraction Test  (188 gpm) 4.4 < 0.1 0.4 0.8 NM 0.5 1.1 NM 1.0 1.4 

Notes: 
1 Values are drawdown for extraction tests and drawup for injection tests. 
NM = not measured.  
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TABLE 7-8 
Summary of Aquifer Test Analyses 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

 
Pumping 

Rate 

Test 
Duration 
Analyzed Transmissivity (ft2/day) Storativity Top Resistance (day) 

Method/Test (gpm) (minutes) Upper Middle Lower Upper Middle Lower Upper Middle Lower Bottom 

MLUa                  

IW-2 & IW-3 Injection Test 140  
(IW-2) 

251  
(IW-3) 

0 - 350 (IW-2)
0 - 290 (IW-3) 

2,000 3,300 11,000 6.0E-03 1.4E-04 2.9E-04 1E12c 56 211 1E12c 

Cooper Jacobb             

IW-2 Injection Test #1 - Early 140 0 - 100 ------------- 14,500 ------------- NA NA NA NA NA NA NA 

IW-2 Injection Test #1 - Late 125 - 140 215 - 480 -------------- 2,100d -------------- 73 - 185 NA NA NA NA NA NA 

IW-3 Injection Test 251 90 - 300 ------------- 12,500 ------------- NA NA NA NA NA NA NA 

Notes: 
a MLU analyses conducted iteratively using test data from IW-2 and IW-3; analyses used drawup data from both pumping and observation wells. 
b Cooper Jacob assumes fully penetrating wells; analyses used drawup data from pumping well only. 
c Top resistance set to impervious for top layer (i.e., confined aquifer) and bottom (i.e., leakance from bedrock). 
d May be invalid due to partial clogging of injection well. 
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FIGURE 2-1

SITE LOCATION

315994.PS.07.IW_Figure 2-1 SiteLocMap-Final_3/31/05_ccc

PG&E Compressor Station

TOPOCK, AZ

Needles

Parker Dam

San Bernardino

Needles Topock

San Bernardino
County

40

15

NV

AZPacific
Ocean

Project Site

0 25

Scale in Miles

IM-3 GROUNDWATER INVESTIGATION 
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA



!

!

!

!

!!!

!

!

!!

!

!!

!

!

!!

!!

!!

!!

!!!!!!

!!

!!!!!!

@A@A

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!
!

!

#

!!!

!!!

!
!!

!!
!

!?

!?

TW-2S
TW-2D

MW-29

MW-27
MW-25

MW-19

MW-14

MW-13

MW-37S
MW-37D

MW-34-80
MW-34-55

MW-33-90

MW-33-40

MW-32-35
MW-32-20

MW-30-50
MW-30-30

MW-28-90

MW-28-25

MW-35-135
MW-35-060

MW-31-135
MW-31-060

MW-20-130
MW-20-100

MW-39 Cluster

MW-36 Cluster

MW-20-070

TW-2S
TW-2D

MW-29

MW-27
MW-25

MW-19

MW-18

MW-14

MW-13

MW-37S
MW-37D

MW-34-080
MW-34-55

MW-33-90

MW-33-40

MW-32-35
MW-32-20

MW-30-50
MW-30-30

MW-28-90

MW-28-25

MW-35-135
MW-35-060

MW-31-135
MW-31-060

MW-20-130
MW-20-100

MW-36 cluster

MW-20-070

Colorado River

BA
T 

C
AV

E 
W

AS
H

MW-20 
Bench

Park M
oabi Rd.

West
Mesa

Center
Mesa East

Mesa

BLM

Parcel No. 650-151-06

Historic Route 66

BLM

PG&E

OW-3

OW-5
OW-1

OW-2
Treatment
Plant Site

IW-3

IW-2
IW-1

MW-41

PG&E

0 175 350

Feet

±

LEGEND

!? IM-3 Injection Well

!
Groundwater Monitoring and
Observation Well

# Exploratory Boring

@A Groundwater Extraction Well

SFO  \\ZINFANDEL\PROJ\PACIFICGASELECTRICCO\TOPOCKPROGRAM\GIS\MXD\2005\IM3_PROJECT_AREA_SITE_FEATURES.MXD IM3_PROJECT_AREA_SITE_FEATURES.PDF 3/31/2005 13:55:52

FIGURE 2-2
IM-3 PROJECT AREA
SITE FEATURES
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 350 feet
California State Plane 

NAD83 Zone 5 US Feet
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FIGURE 4-1
LOCATIONS OF GROUNDWATER
INVESTIGATIONS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 350.0 feet
California State Plane NAD83 Zone 5 US Feet
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FIGURE 5-2
WELL LOCATIONS IN EAST MESA
INJECTION AREA
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 150 feet

California State Plane NAD83 Zone 5 US Feet
Contour Interval 5 feet
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--------------------------------------- IW-1 Geophysical Logs ---------------------------------------

FIGURE 5-5 
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR BORINGS IW-1 AND OW-1D
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

no recovery
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SonicSonic
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Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole adjacent to IW location.
Core log depths adjusted to match ground surface
datum for IW logs.

Static Water Level

Log Units: 
Sonic (µsecs/ft), SP (mV/div.), Gamma Ray (GR, API units), Resistivity (RLN = 64" Normal (ohm/m), RSN = 16" Normal (ohm/m)
Induction Resistivity (RIL) (ohm/m), Guard (ohm/m), IW-1 Single point resistivity (SPR,ohms)  OW-1D  Induction Conductivity (CIL, µS/m)
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FIGURE 5-6
SUMMARY OF HYDROGEOLOGIC LOGGING 
AND TESTING FOR WELL INJECTION WELL IW-2
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole adjacent to IW location.
Core log depths adjusted to match ground surface
datum for IW logs.

IW-2 Boring Geophysical Log  December 6, 2004
Log Units: 
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Static Water Level

0 2 -- gpm/foot --
350

300

250

200

150

Log Date: December 22, 2004
Pumping Rate: 80 gpm

Calculated Production 
Interval Permeability 
(gpm/ft)

Spinner Log Normalized
Flow Readings Gallons
Per Minute (gpm)

0    ---  gpm ---- 100
350

300

250

200

150

4.1 GPM Entry

7.8 GPM Entry

7.3 GMP Entry

8.9 GPM Entry

5.9 GPM Entry

20.7 GPM Entry

11.3 GPM Entry

10.4 GPM Entry

3.6 GPM Entry

sump

Log and production evaluation 
provided by Welenco Inc..

Static Water Level

6" Well 
Casing Screen 
(170-330 ft)

Bottom of 
borehole 412 ft

Upper Depth
Interval

Middle Depth
Interval

Lower Depth
Interval

BEDROCK

\\zinfandel\proj\PacificGasElectricCo\TopockProgram\GeoData\Logs\Geophysics\Figures\Grapher plots\IM3\IW-2_Figure.grf



0 100--% Coarse--

400

350

300

250

200

150

100

50

0 100--% Gravel--
40 240----Sonic----

   OW-5D Core Log

     --- SP (20 mV/div) ---

50 150    --------Gamma Ray--------------

400

350

300

250

200

150

100

50

0 50--Resistivity-- 0  ---Guard---50
    50  -----------Conductivity------------  -300

400

350

300

250

200

150

100

50

RSN RLN

--------------------------------------- IW-3 Geophysical Logs ---------------------------------------
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FIGURE 5-7
SUMMARY OF HYDROGEOLOGIC LOGGING 
AND TESTING FOR INJECTION WELL IW-3
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Plot shows percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole adjacent to IW location.
Core log depths adjusted to match ground surface
datum for IW logs.
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IW-3 Boring Geophysical Log November 19, 2004

Log Units: 
Sonic (µsecs/ft), SP (mV/div.), Gamma Ray (GR, API units), Resistivity (RLN = 64" Normal (ohm/m), RSN = 16" Normal (ohm/m)) 
Guard (ohm/m), Induction conductivity (µS/m), medium (CILM), and deep (CILD)
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FIGURE 5-8a
GROUNDWATER ELEVATION 
CONTOURS FOR SHALLOW WELLS
MARCH 22, 2005
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Note: Gradients shown on this figure 
show transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.

Groundwater Elevations for Shallow
 Wells in the IM-3 Injection Area
Manual water level measurements collected
March 22, 2005 (9:05 - 9:49 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)
                        (not used for contouring)

                        Groundwater elevation contour
                        feet above MSL (0.2 foot interval)

(454.75)
MW-41M

454.2

454.75
MW-41M
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FIGURE 5-8b
GROUNDWATER ELEVATION
CONTOURS FOR MID-DEPTH WELLS 
MARCH 22,  2005
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Groundwater Elevations for 
Middle Wells in IM3 Injection Area
Manual water level measurements collected
March 22, 2005 (9:05 - 9:49 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in feet
                        above mean sea level (MSL)

                        Salinity and temperature adjusted 
                        groundwater head elevation in feet
                        above mean sea level (MSL)
                        (not used for contouring)

                        Groundwater elevation contour
                        feet above MSL (0.2 foot interval)

(454.05)
CW-1M

454.2

Note: Gradients shown on this figure 
show transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.

454.05
CW-1M
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FIGURE 5-8c
GROUNDWATER ELEVATION 
CONTOURS FOR DEEP WELLS 
MARCH 22, 2005
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Groundwater Elevations for 
Deep Wells in IM3 Injection Area
Manual water level measurements collected
March 22, 2005 (9:05 - 9:49 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)
                        (not used for contouring)

                        Groundwater elevation contour
                        feet above MSL (0.5 foot interval)

454.2

(454.75)
MW-41M

Note: Gradients shown on this figure 
show transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.

454.75
MW-41M
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FIGURE 5-9a
GROUNDWATER ELEVATION 
CONTOURS FOR SHALLOW WELLS 
MAY 18, 2005
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Groundwater Elevations for 
Shallow Wells in IM-3 Injection Area
Manual water level measurements collected
May  18, 2005 (6:00 - 7:30 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in feet
                        above mean sea level (MSL)

                        Groundwater elevation contour
                        feet above MSL (0.2 foot interval)

454.75

454.2

MW-41M

Note: Gradients on this figure show 
transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.  
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FIGURE 5-9b
GROUNDWATER ELEVATION 
CONTOURS FOR MID-DEPTH WELLS
MAY 18, 2005
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Note: Gradients shown on this figure 
show transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.  

Groundwater Elevations for Middle 
Depth Wells in IM-3 Injection Area
Manual water level measurements collected
May 18, 2005 (6:00 -7:30 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in feet
                        above mean sea level (MSL)

                        Salinity and temperature adjusted 
                        groundwater head elevation in feet
                        above mean sea level (MSL)
                        (not used for contouring)

                        Groundwater elevation contour
                        feet above MSL (0.2 foot interval)

454.05
CW-1M

(454.05)
CW-1M

454.2
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FIGURE 5-9c
GROUNDWATER ELEVATION 
CONTOURS FOR DEEP WELLS
MAY 18, 2005 
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 280 feet

California State Plane NAD83 Zone 5 US Feet

Note: Gradients shown on this figure 
show transient conditions in the aquifer at the time of 
measurement and may not reflect the expected 
average annual groundwater flow directions.  

454.2

Groundwater Elevations for Deep
Wells in IM-3 Injection Area
Manual water level measurements collected
May 18, 2005 (6:00 -7:30 am)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)

                        Salinity and temperature adjusted 
                        groundwater head elevation in 
                        feet above mean sea level (MSL)
                        (not used for contouring)

                        Groundwater elevation contour
                        feet above MSL (0.5 foot interval)
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1 inch equals 350 feet
California State Plane NAD83 Zone 5 US Feet

Hexavalent Chromium [Cr(VI)] Sampling Results

Cr(VI) concentrations in micrograms per liter (µg/L)
for sampling dates September 2004 to May 2005

ND   not detected at listed reporting limit (RL)
J      concentration or RL estimated by laboratory or 
        data validation

Cr(VI) Concentrations in Groundwater Samples

ND (1.0)    Not detected at listed reporting limit

23.4          Concentration between reporting limit 
                     and 50 µg/L

608              Concentration greater then 50 µg/L

Note:  See Table 6-1 for additional chromium results
           and field parameters for shallow monitoring 
           wells.

Approximate outline of Cr(VI) in upper depth interval 
of Alluvial Aquifer greater than 50 µg/L50

OW-1S
21-DEC-04  4.90
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1 inch equals 350 feet
California State Plane NAD83 Zone 5 US Feet

Hexavalent Chromium [Cr(VI)] Sampling Results

Cr(VI) concentrations in micrograms per liter (µg/L)
for sampling dates September 2004 to May 2005

ND   not detected at listed reporting limit (RL)
J      concentration or RL estimated by laboratory or 
        data validation

Cr(VI) Concentrations in Groundwater Samples

ND (1.0)    Not detected at listed reporting limit

23.4          Concentration between reporting limit 
                     and 50 µg/L

608              Concentration greater then 50 µg/L

Note:  See Table 6-1 for additional chromium results
           and field parameters for mid-depth monitoring 
           wells.

Approximate outline of Cr(VI) in mid-depth interval 
of Alluvial Aquifer greater than 50 µg/L50
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1 inch equals 350 feet
California State Plane NAD83 Zone 5 US Feet

Hexavalent Chromium [Cr(VI)] Sampling Results

Cr(VI) concentrations in micrograms per liter (µg/L)
for sampling dates September 2004 to May 2005

ND   not detected at listed reporting limit (RL)
J      concentration or RL estimated by laboratory or 
        data validation

Cr(VI) Concentrations in Groundwater Samples

ND (1.0)    Not detected at listed reporting limit

23.4          Concentration between reporting limit 
                     and 50 µg/L

608              Concentration greater then 50 µg/L

Note:  See Table 6-1 for additional chromium results
           and field parameters for deep monitoring wells.

Approximate outline of Cr(VI) in lower depth interval
of Alluvial Aquifer greater than 50 µg/L50
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30-SEP-04  ND (2.0)
18-NOV-04  ND (1.0)
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FIGURE 6-7
AVERAGE CONCENTRATIONS OF 
WATER QUALITY PARAMETERS IN 
EAST MESA INJECTION AREA
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 150 feet
California State Plane NAD83 Zone 5 US Feet

Contour Interval 5 feet

Selected Key Water Quality Parameters
----------------------------------------------------------
TDS - Total Dissolved Solids
ORP - Oxidation Reduction potential
pH
----------------------------------------------------------
SC -  Specific Conductance
Fe  - Iron
Mn - Manganese
----------------------------------------------------------
MA = Mid-depth interval of Alluvial Aquifer
LA = Lower depth interval of Alluvial Aquifer
MA & LA Average  = average concentration
in the middle and lower depth intervals of the 
aquifer ( = approximate interval for injection).

Results in milligrams per liter (mg/L) and 
millivolts (ORP)
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FIGURE A-1
LOCATION MAP OF IM-3
INVESTIGATIONS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

1 inch equals 350 feet
California State Plane NAD83 Zone 5 US Feet



TABLE A-1 
Well Elevations and Construction Summary
Groundwater and Hydrogeologic Investigation
Interim Measures No. 3.  Injection Area, PG&E Topock Compressor Station

Well ID       
LocID_Post Well Note 

Date           
Installed

Measure Pt. 
Elevation 

Ground 
Elevation Depth Elevation Depth Elevation

Well Casing        
& Sump Length

Screen 
Length

(ft MSL) (ft MSL) (ft bgs) (ft bgs) (ft TOC) (ft bgs) (ft MSL) (ft bgs) (feet MSL) feet

 Monitoring, Observation, Compliance & Injection Wells
MW-13 GMP Jul-97 488.64 487 50 49 32 29 458 49 438 4" PVC 20
MW-14 GMP Jul-97 570.99 570 135 131 115 111 459 131 439 4" PVC 20
MW-18 GMP Apr-98 545.32 544 110 105 89 85 459 105 439 4" PVC 20
MW-37S GMP Apr-04 486.72 484 84 84 30 64 420 84 400 2" PVC 20
MW-37D GMP Apr-04 486.75 484 228 225 30 180 304 200 284 2" PVC; 25' sump 20
MW-41S IM Phase 2 - GMP Nov-04 480.07 477 60 60 27 40 437 60 417 2" PVC 20
MW-41M IM Phase 2 - GMP Nov-04 479.84 477 190 190 26 170 307 190 287 2" PVC 20
MW-41D IM Phase 2 - GMP Nov-04 479.42 477 320 311 26 271 206 291 186 2" PVC   -  20' sump 20
CW-1M IM3 compliance MW Jan-05 566.07 563 195 190 112 140 423 190 373 2" PVC 50
CW-1D IM3 compliance MW Jan-05 566.46 564 360 320 112 250 314 300 264 2" PVC   -  20' sump 50
CW-2M IM3 compliance MW Jan-05 / Feb-05 549.45 547 203 202 95 152 395 202 345 2" PVC 50
CW-2D IM3 compliance MW Jan-05 549.43 547 385 355 96 285 262 335 212 2" PVC   -  20' sump 50
CW-3M IM3 compliance MW Feb-05 534.10 532 223 222 80 172 359 222 309 2" PVC 50
CW-3D IM3 compliance MW Jan-05 534.14 532 360 340 80 270 262 320 212 2" PVC   -  20' sump 50
CW-4M IM3 compliance MW Jan-05 518.55 516 170 170 64 120 396 170 346 2" PVC 50
CW-4D IM3 compliance MW Jan-05 518.55 516 337 303 65 233 283 283 233 2" PVC   -  20' sump 50
OW-1S IM3 observation well Nov-04 550.15 548 115 114 95 84 464 114 434 2" PVC 30
OW-1M IM3 observation well Sep-04 550.36 548 186 189 92 165 383 185 363 2" PVC 20
OW-1D IM3 observation well Sep-04 550.37 548 291 277 92 257 291 277 271 2" PVC 20
OW-2S IM3 observation well Dec-04 548.75 546 104 101 94 71 475 101 445 2" PVC 30
OW-2M IM3 observation well Dec-04 548.52 546 210 210 94 190 356 210 336 2" PVC 20
OW-2D IM3 observation well Nov-04 / Dec-04 549.01 547 347 340 95 310 237 330 217 2" PVC   -  10' sump 20
OW-3S IM3 invest (West Mesa) Oct-04 558.58 556 118 116 104 86 470 116 440 2" PVC 30
OW-3M IM3 invest (West Mesa) Oct-04 558.90 556 202 200 104 180 376 200 356 2" PVC 20
OW-3D IM3 invest (West Mesa) Oct-04 558.63 556 275 273 95 243 313 263 293 2" PVC   -  10' sump 20
OW-5S IM3 observation well Nov-04 551.75 549 112 110 97 70 479 110 439 2" PVC 40
OW-5M IM3 observation well Nov-04 551.75 549 252 250 97 210 339 250 299 2" PVC 40
OW-5D IM3 observation well Nov-04 552.35 550 350 350 98 300 250 320 230 2" PVC   -  30' sump 20
IW-2 IM3 injection well Jan-05 550.11 547 412 340 96 170 377 330 217 6" SS  -  10' sump 160
IW-3 IM3 injection well Jan-05 554.44 551 411 330 100 160 391 320 231 6" SS  -  10' sump 160

  Exploration Boring Date Drilled
IW-1 IM3 exploratory boring Nov-04 -- 548 411 -- -- -- -- -- -- no well installed

NOTES:
1.   Well elevations for IM-3 wells in feet above mean sea level (MSL) from PG&E well survey conducted 2/15/05.  
2.   Ground surface elevations and all well/screen depth and elevations rounded-off to whole-foot values.
3.   Depth to water values are average depths in feet below top of well casing (TOC) rounded off to whole-foot values.

Well Elevation BASE of ScreenTOP of Screen
Boring    
Total      
Depth

Approx    
Depth to 

Water
Well      

Depth
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TABLE A-2
Well Survey Report
Groundwater and Hydrogeologic Investigation
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station

Station ID Northing Easting Elevation Elevation Elevation Elevation

Top of PVC  Top of Steel 
Casing North Side

Concrete Pad 
North Side

Ground          
North Side

IM-3 Compliance Monitoring Wells
CW-1D 2102692.93 7613263.17 566.46 567.00 564.34 563.77
CW-1M 2102703.17 7613263.12 566.07 566.83 563.86 563.36
CW-2D 2103097.47 7613798.05 549.43 549.84 547.08 546.72
CW-2M 2103106.51 7613795.76 549.45 549.84 547.07 546.64
CW-3D 2103348.44 7613849.33 534.14 534.74 532.03 531.53
CW-3M 2103351.93 7613858.79 534.10 534.68 531.99 531.55
CW-4D 2103263.03 7612928.74 518.55 518.86 516.11 515.91
CW-4M 2103268.73 7612925.43 518.55 518.67 516.06 515.80

IM-3 Injection Wells
IW-2 2103104.94 7613363.87 N/A 550.11 N/A 546.54
IW-3 2103007.18 7613237.80 N/A 554.44 N/A 551.43

IM-3 Observation Wells
OW-1D 2103030.90 7613420.85 550.37 551.32 548.37 547.77
OW-1M 2103038.38 7613428.89 550.36 551.07 548.07 547.75
OW-1S 2103040.48 7613419.20 550.15 550.65 547.97 547.59
OW-2D 2103142.09 7613374.28 549.01 549.84 547.01 546.68
OW-2M 2103160.57 7613382.67 548.52 549.08 546.45 545.87
OW-2S 2103153.89 7613373.77 548.75 549.42 546.72 546.17
OW-3D 2103286.35 7612161.22 558.63 559.39 556.37 555.91
OW-3M 2103276.78 7612157.98 558.90 559.51 556.62 556.20
OW-3S 2103267.64 7612152.99 558.58 559.29 556.34 555.83
OW-5D 2102998.32 7613185.55 552.35 552.95 550.10 549.52
OW-5M 2103008.06 7613185.86 551.75 552.64 549.62 549.01
OW-5S 2103017.60 7613186.81 551.75 552.43 549.57 549.12
MW-41D 2103536.66 7614578.85 479.42 479.96 477.40 476.88
MW-41M 2103527.41 7614583.19 479.84 480.51 477.81 477.06
MW-41S 2103518.07 7614588.78 480.07 480.79 478.07 477.41

Well survey conducted 2/15/05 by PG&E.  Survey data provided from PG&E 3/8/05.

All observations are on northerly side and are a black mark with red paint dot.
All coordinates and elevations are based on a previous survey by Coast Surveying dated 2-17-04 to 2-19-04.  
Coast surveying used the following datums:

Coordinates are CCS NAD 83, Zone 5, 1991.35 Epoch.
Based on values found on NGS data sheets EU1248 and EU0763.

Elevations are NAVD 88.
Based on values found on NGS data sheet EU0763.
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TABLE A-3

UNIFIED SOIL CLASSIFICATION SYSTEM
GROUNDWATER AND HYDROGEOLOGIC INVESTIGATION

INTERIM MEASURES NO.3 INJECTION AREA,

PG&E TOPOCK COMPRESSOR STATION

CH2MHILL
326128.01.07.AR_Table A-3_3/31/05_ccc_sfo
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10

5

6

5

8

-layers of carbonate cement up to 3" thick, cemented layers are
GM/SM. Cemented zones from 11' to 15' bgs
- 3" metamorphic gneissic cobble

- 10YR6/2 fines decreasing, cemented layers 1-2" thick

- wet color 7.5YR5/3

- think cemented zones

- 50% f-c subrnd to subang gravel, 40% f-c subang sand, moist

SM

GM/SM

GM

GRAVEL WITH SAND AND SILT (SM) - lt brnish gray (10YR 6/2),
50% f-c sand, 25% f-m gravel, 25% fines, subang to subrnd clasts.

WELL GRADED GRAVEL WITH SAND AND SILT (GM/SM) - <= 20%
fines.

WELL GRADED SANDY GRAVEL (GM) - lt brnish gray to lt gray
(10YR 6/2 to 7/2), 50% f-m gravel, 40% f-c sand, 10% fines, schist,
gneiss, metamorphic clasts.

Box 1
Box 2

Box 3

Box 4
Box 5

Box 5
Box 6

Box 6
Box 7
Box 8

11:40, dry-hot core barrel

12:00, 3" cobble at 11 ft bgs,
metamorphic gneiss

15:30, set casing stage bins

hot core barrel

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-1

J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
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Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:
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35
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8

5

5

4.5

6

6

- thin, weakly cemented zones fining upward

- white 10YR8/1, 50% f-c sand, 30% silt, 20% gravel,
subang-subrnd

- igneous/metamorphic rock up to cobble size

- gravel increasing to 40% subang-ang

- some minor cementation, dissolves in water

- metamorphic and gneissic clasts

- lt gray 10YR7/2 50% f-m sand, 30% silt, 20% ang-subang
gravel

GM

SM

SW

ML/CL

SW

SW/GM

WELL GRADED SANDY GRAVEL (GM) - lt brnish gray to lt gray
(10YR 6/2 to 7/2), 50% f-m gravel, 40% f-c sand, 10% fines, schist,
gneiss, metamorphic clasts.

SAND WITH GRAVEL AND SILT (SM) - lt gray (10YR 7/2), 50% f-c
sand, 30% f-c gravel, 20% silt, subrnd to subang, little cementation,
moisture increasing with depth.

WELL GRADED SAND WITH GRAVEL (SW) - very pale brn (10YR
7/3), 75% f-c sand, 25% gravel, subang to subrnd, no cementation.

SILT/CLAY WITH SAND (ML/CL) - pale brn (10YR 6/3), 60% silt,
37% f-c sand, < 3% gravel, wet, decreasing moisture with depth.

SAND WITH GRAVEL AND FINES (SW) -lt gray (2.5Y 7/1), 60% f-c
sand, 30% gravel, 10% silt, subrnd to subang, coarsening
downwards, relatively dry.

SAND/GRAVEL WITH SILT (SW/GM) - lt gray (10YR 7/2), 55% f-c
sand, 40% gravel, 5% silt, ang to subrnd.

Box 8

Box 11

Box 12
Box 13

Box 13
Box 14

Box 14
Box 15
Box 16

Box 16
Box 17

wet sample, decreasing moisture with
increase in depth

sample relatively dry compared to
upper sections, coarsening downward

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-1

J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 9

09/09/2004
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Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:

40

45
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55
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70
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6

6

4

10

12

-calcium carbonate cement caliche 3-5"

- caliche 1-2"

- cemented, not CaCO3

- lt gray 10YR7/2, 65% well graded f-c sand, 20% silt, 15%
subrnd-ang gravel, fairly moist but drying with depth, igneous
and mm clasts

- very pale brn 10YR7/3, 50% sand, 30% silt/clay, 20% gravel,
fining upward, grain supported, quartzite and mm clasts

- composition pale brn, 10YR6/3

-  lt gray 10YR7/2

- 40% silt/clay, 30% f-c sand ang-subang, 10% gravel

SW/GM

SM

ML/SM

SW

SM

ML

SW/SM

SAND/GRAVEL WITH SILT (SW/GM) - lt gray (10YR 7/2), 55% f-c
sand, 40% gravel, 5% silt, ang to subrnd.

SAND WITH SILT AND CLAY (SM) - 80% f-c sand, 20% silt/clay.

SILT WITH SAND (ML/SM) - lt gray (10YR 7/2), 50% silt/clay, 50%
fine sand.
WELL GRADED SAND WITH SILT AND GRAVEL (SW) - 60% f-c
sand, 30% gravel, 10% fines, ang to subang.

SAND WITH SILT (SM) - very pale brn (10YR 7/3), 50% f-m sand,
45% silt, 5% gravel, ang to subang.

SILT WITH SAND AND GRAVEL (ML) - lt brnish gray (10YR 6/2),
50% silt, 40% f-c sand, 10% gravel, ang-subrnd, low plasticity.

WELL GRADED SAND WITH SILT AND GRAVEL (SW/SM) - lt reddish

Box 18

Box 19
Box 20

Box 21

Box 22
Box 23

Box 24
Box 25
Box 26

clay on sides of core from core barrel

5" silt zone

groundwater grab sample collected
from 100-116 ft bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
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J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)
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HOLE DEPTH (ft):

WATER LEVEL (ft):
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Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:
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LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:
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- less cemented zone

- 3-4" sandy silt zone 55% silt, 45% f-c sand, gneissic
cobble-sized subang clasts
- pale brn 10YR6/3, 50% fines, 45% f-c sand, 5% gravels

- alternating units are grain-supported and matrix-supported

- lt olive 2.5Y5/3, 60% silt/clay, 35% f-c sand, 5% gravel, dry

- fining up sequence

- 4" seam of low plasticity silt / clay

SW/SM

SM

CL/ML

SM/SC

ML/CL

SC

SM

10

7

10

6

brn (5YR 6/3), 75% f-c sand, 15% fines, 10% gravels, subrnd, grain
supported, mm clasts.
WELL GRADED SAND WITH SILT AND GRAVEL (SW/SM) - lt reddish
brn (5YR 6/3), 75% f-c sand, 15% fines, 10% gravels, subrnd.
WELL GRADED SAND WITH SILT AND GRAVEL (SM) - lt reddish
gray (5YR 5/2), 70% f-c sand, 25% fines, 5% gravels, subang to
subrnd, grain supported, natural soil moisture.

CLAY AND SILT WITH SAND AND GRAVEL (CL/ML) - olive gray (5Y
5/2), 65% med plasticity silt/clay, 30% f-c sand, 5% gravel, matrix
supported.

WELL GRADED SAND WITH GRAVEL AND SILT AND CLAY (SM/SC)
- 55% f-c sand, 40% silt/clay, 5% gravel.

SILT AND CLAY WITH GRAVEL AND SAND (ML/CL) - olive brn (2.5Y
4/3 to 4/4) to lt yellowish brn (2.5Y 6/4), 65% silt/clay, 25% f-c sand,
10% gravel, subang, low-med plasticity, matrix supported, wet.

SAND WITH SILT, CLAY AND GRAVEL (SC) - pale brn (10YR 6/3) to
lt olive gray (5Y 6/2), 60% f-m sand, 35% silt/clay, 5% gravel, ang to
subang.

SAND AND SILT WITH GRAVEL (SM) - dark grayish brn (2.5Y 4/2),
50% f-c sand, 40% silt/clay, 10% gravel, ang-subang, med plasticity.

Box 27
Box 28
Box 29

Box 30
Box 31

Box 32
Box 33
Box 34

Box 35
Box 36

fell apart in core barrel

hot core barrel

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE
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J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
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DRILLING METHOD:
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-sand with silt and gravel, lt yellowish brn 2.5YR6/3 and
10YR7/1, 60% f-c sand, 40% silt/clay, 5% gravel

- 2.5Y7/2 lt gray, 55% silt, 35% f-c sand, 10% gravel

- grayish brn 10YR5/2 45% f-c sand, 40%silt, 15% gravel,
ang-subang, dry

-silt content increasing with depth, gravel content decreasing

- brn 10YR5/3,C208 50% silt, 48% f-c sand, 2% gravel

-  brn 10YR5/3, 65% f-c sand, 20% silt, 15% gravel,
ang-subang, moist
- gray 2.5Y5/1, 60% silt, 30% sand, 10%gravel, ang-subang,
med plasticity

- wet

- metamorphic clasts

- lt olive brn 2.5Y5/3, 75% well grade f-c sand, 20% silt, 5%
gravel, loose

- lt yellowish brn 2.5YR6/3, 50% sand, 45% silt, 5% gravel,
moist, tight

SM

ML/SM

SM/ML

SM

10

10

8

SAND AND SILT WITH GRAVEL (SM) - dark grayish brn (2.5Y 4/2),
50% f-c sand, 40% silt/clay, 10% gravel, ang-subang, med plasticity,
grain edge contact, grain supported, dry.

SAND AND SILT WITH GRAVEL (ML/SM) - lt gray (10YR 7/1) to lt
gray (2.5Y 7/2) 40% f-c sand, 40% silt, 20% gravel.

SAND AND SILT WITH GRAVEL (SM/ML) - brn (10YR 5/3), 50%
fines, 45% f-c sand, 5% gravel, not cemented, wet.

SAND WITH GRAVEL AND SILT (SM) - brn (10YR 5/3), 55% f-c
sand, 30% silt, 15% gravel.

Box 36
Box 37
Box 38

Box 39
Box 40
Box 41

Box 41
Box 42

groundwater grab sample collected
from 160-180 ft bgs

casing at 160', borehole to 180'

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.
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SURFACE ELEVATION:
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SOIL DESCRIPTION
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IM-3 Hydrogeologic Investigation, PG&E Topock
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- compacted

- lt olive brn 2.5Y5/3, 55% sand, 30% silt, 15% gravel, ang mm
clasts, sample broken and dry

- last sand and gravel, mm origin

- lt yellowish brn 2.5Y6/3, 60% silt/clay, 30% f-c sand, 10%
gravel, subang-subrnd, med plasticity, matrix supported

- dry and loose, oscillating silt and clay

- moist and tight

- moist mm clasts

- lt olive brn 2.5Y5/3, 50% sand ang, clast supported, 45%
silt/clay, 5% gravel

-  65% f-c sand, 20% silt, 15% gravel ang-subang, metamorphic
clasts, loose, wet

SM

SW/SM

ML/SM

SM

ML/CL

8

6.5

10

0

SAND WITH GRAVEL AND SILT (SM) - brn (10YR 5/3), 55% f-c
sand, 30% silt, 15% gravel.

SAND WITH SILT AND GRAVEL (SW/SM) - yellowish brn (10YR
5/4), 70% subang to ang sand, 20% silt, 10% subrnd gravel up to 3".
SILT AND SAND WITH GRAVEL (ML/SM) - yellowish brn (10YR 5/4),
50% silt/clay, 45% sand, 5% gravel, ang to subang.

WELL GRADED SAND AND SILT WITH GRAVEL (SM) - pale brn
(10YR 6/3), 50% sand, 40% fines, 10% coarse gravel up to 1.5",
ang, stiff, grain edge supported, moist to wet.

SILT AND CLAY WITH SAND AND GRAVEL (ML/CL) - lt olive brn
(2.5Y 5/3), 60% silt/clay, 35% f-c sand, 5% gravel, matrix supported,
med plasticity, alternates between clast and matrix supported.

Box 43
Box 44

Box 45
Box 46

Box 47
Box 48
Box 49

Box 50
Box 51
Box 53 8:00, tripping in

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.
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SURFACE ELEVATION:

DRILLING EQUIPMENT:
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WDC Exploration & Wells, Montclair, CA
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NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):
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SOIL DESCRIPTION
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IM-3 Hydrogeologic Investigation, PG&E Topock
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BORING NUMBER:

DRILLING METHOD:
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NO RECOVERY

SAND AND SILTY CLAY WITH GRAVEL (SM/ML) - lt olive brn (2.5Y
5/3), 55% f-c sand, 40% silt/clay, 5% ang to subang gravel up to
1.75", moist, cohesive, soft, mm clasts, increasing sand and clay with
depth.

NO RECOVERY

- gravel up to 3"

- 3" sand zone, 65% sand, 30% silt, 5% gravel up to 3", stiff

- lt yellowish brn 2.5Y6/3, 80% f-c sand subang-ang, 15% gravel
subrnd-subang, 5% silt, soft, loose and moist

- 80% silt/clay, 10% gravel to cobble, 10% f-m sand, m-h
plasticity

- 60% sand, 20% silt, 20% gravel, 3" sand / silt seam

- lt yellowish brn 2.5Y6/3, 85% f-c sand, 10% silt, 5% gravel

- grayish brn 2.5Y5/2, 45% f-c sand, 40% silt/clay, 15% gravel,
subrnd-ang, mm

SM/ML

6

12

0

Box 54

Box 55
Box 56
Box 57

Box 53

sample fell out of core barrel and was
redrilled

drilling is hard

groundwater grab sample collected
from 220-236 ft bgs

sample went from hard to soft

drilling is hard, broke casing at drill
head at depth, casing at 180 ft bgs,
had to shake core barrel to get out of
hole, lost sample

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-1

J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 7 of 9

09/09/2004
IN

TE
R

V
A

L

Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,030.90 7,613,420.85



NO RECOVERY

SAND AND GRAVEL WITH FINES (SW/GP) - grayish brn (2.5Y 5/2),
55% m-c subang to subrnd sand, 40% f-m subang to rnd gravel, 5%
silt.

SILT AND CLAY WITH SAND (ML/CL) - lt olive brn (2.5Y 5/3), 70%
m. plasticity fines, 35% f-c sand, 5% gravel, ang to subang.
SAND WITH SILT AND CLAY (SM/ML) - lt olive brn (2.5Y 5/3), 50%
fines, 48% f-c sand, 2% gravel, ang to subang, med plasticity,
alternating zones of matrix and grain supported.

GRAVEL WITH SILT (GM) - grayish brn (2.5Y 5/2), 90% f-c gravel,
10% fines, bimodal distribution.

SANDY SILTY CLAY WITH GRAVEL (ML/CL) - dark grayish brn (2.5Y
4/2), 60% silt, 35% f-c sand, 5% gravel, subrnd to subang, matrix
supported, metamorphic, stiff, moist.

SILT AND CLAY WITH SAND (CL) - lt olive brn (2.5Y 5/3), 80%
silt/clay, 15% sand, 5% gravel.
WELL GRADED SAND WITH GRAVEL (SW)  - grayish brn (2.5Y 5/2),
75% f-c sand, 20% gravel, 5% fines, bimodal distribution.

SILTY SAND WITH GRAVEL (SM/ML) - lt olive brn, 55% f-c sand,
40% fines, 5% f-gravel, edge supported, increasing silt with depth.

- gravely well graded sand with silt, lt olive brn 2.5Y5/3, 65% f-c
sand, 20% f gravel ang-subang grain supported

- silty well graded sand with gravel, 55% f-c sand, 35% silt/clay,
10% f-m gravel, 2.5" max gravel size

- sandy silty clay with gravel, grayish brn, 60% fines, 30% f-c
sand, 10% ang-subang gravel

SW/GP

ML/CL

SM/ML

GM

ML/CL

CL

SW

SM/ML

11

0

3

5

Box 59
Box 60
Box 61

no
sample
return

Box 62

Box 63

246 ft bgs - formation tight, water
flows out of casing while tripping in
core barrel
drilling is hard

drilling is hard, tried to wash down with
casing from 246 to 266 ft bgs, cement
casing broke on washdown, core barrel
stuck -- had to vibrate to get it out, lost
sample

hard and tight

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-1

J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 8 of 9

09/09/2004
IN

TE
R

V
A

L

Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

2,103,030.90 7,613,420.85



SILTY SAND WITH GRAVEL (SM/ML) - lt olive brn, 55% f-c sand,
40% fines, 5% f-gravel, edge supported.

NO RECOVERY

- calcium carbonate cement

- gravely silt/clayey sand, 40% f-c sand, 35% silt/clay, 25%
f-gravel, subang-subrnd, grain supported, l-m dense, wet

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

SM/ML

6

0

Boring Terminated at 291 ftBoring Terminated at 291 ft

Box 65

no
sample
return

ran casing after core barrel became
stuck, casing broke, lost sample

EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 9 of 9

09/09/2004
IN

TE
R

V
A

L

Sonic SS-15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

547.8 ft. MSL

291.0

---

BORING NUMBER:

DRILLING METHOD:

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

09/22/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-1

J. Weigel

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5):

285

290

2,103,030.90 7,613,420.85



SUMP LENGTH:

SEAL TYPE:
30-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

113.5

OW-1S

M. Godwin

Rotosonic

WDC Exploration & Wells, Montclair, CA

115.4       BOTTOM DEPTH OF BOREHOLE

2103040.48

7613419.20

11/16/2004

547.59

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

11/18/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

83.5

WELL MATERIAL:

SEAL

GROUT

113.5

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

550.15

73.0       TOP DEPTH OF SEAL

115.4       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 11/18/2004

79.5       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets



OW-1M

J. Weigel

Rotosonic

WDC Exploration & Wells, Montclair, CA

291.0       BOTTOM DEPTH OF BOREHOLE

2103038.38

7613428.89

09/24/2004

547.75

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

09/25/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

185.8

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

165.5

WELL MATERIAL:

SEAL

GROUT

185.5

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

550.36

155.4       TOP DEPTH OF SEAL

188.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 09/25/2004

160.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets



OW-1D

J. Weigel

Rotosonic

WDC Exploration & Wells, Montclair, CA

291.0       BOTTOM DEPTH OF BOREHOLE

2103030.90

7613420.85

09/09/2004

547.77

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

09/24/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

257.0

WELL MATERIAL:

SEAL

GROUT

277.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

550.37

244.0       TOP DEPTH OF SEAL

279.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 09/24/2004

249.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

270.0

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):



10

GW

GM

GW

SG

GW

GRAVELLY SAND (GW)  - dark olive gray 5YR3/2, 80% gravel, 20%
sand, ang gneiss, qtz and k-spar fragments from cuttings, loose, wet.

SILTY GRAVEL (GM)  - dk grayish brn 2.5YR4/2, 50% ang gravel,
50% silt supported, caliche layer, gneiss and qtz, cobbles to 2",
cemented with CaCO3, loose to hard, dry.

SANDY GRAVEL (GW)  - lt brn 7.5YR6/4, to dk greenish gray
5.6YR4/1(rock), 50% ang c sand, 40% gravel, 10% fines, ang to
subrnd clasts to 3", caliche cemented clasts,  gneiss, qtz and
chalcedony, loose to cemented, dry.

GRAVELLY SAND (SG)  - brn 7.5YR5/4, 70% sand,25% gravel, 5%
fines, cemented subang qtz, lithic c sand, firm, dry.

SANDY GRAVEL (GW)  - grayish brn 2.5YR5/2, 80% gravel, 20% m
c sand,  gneiss, granodiorite, qtz and volcanics, loose to cemented,
dry.

CC01

cutting return from setting 20 ft
conductor casing for core sampling,
water used as drilling fluid

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

12/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-2

M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 1 of 11

11/22/2004
IN

TE
R

V
A

L

6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:

5

10

15

20

25

30

35

2,103,142.09 7,613,374.28



10

10

0

10

SW

GW

GP

GC

SM

GW

GW

GW

SW

GC

GRAVELLY SAND (SW)  - lt yellowish brn 10YR6/4, 80% sand, 15%
gravel, 5% fines, clasts up to 1", gneiss, qtz and lithics, firm, dry,
thick with silty sand.
SANDY GRAVEL (GW) - brn 7.5YR5/4, 60% gravel, 35% f c ang
sand, 5% fines, subang to subrnd clasts to 3", matrix supported,
loose to firm, dry, upward fining.

GRAVEL (GP)  - gray, 95% gravel, 5% sand, subang, gneiss,
granodiorite, qtz, clasts 1/2"-1", loose, wet.
CLAYEY GRAVEL (GC)  - grayish brn 2.5YR5/2, 40% m sand, 30%
gravel, 30% fines, subang clasts to 2", gneiss, granodiorite, qtz, low
plasticity, soft, moist.

SILTY SAND (SM)  - lt brn 7.5YR6/4, (sand is pale yellow
2.5YR7/3), 45% sand, 45% fines, 10% gravel, imbricated clasts,
medium grained qtz and lithic sand, loose, dry, rhythmic bed to 1/4"
thick.
SANDY GRAVEL (GW)  - grayish brn 2.5YR5/2, 60% f gravel, 30%
m c sand, 10% fines, subang clasts up to 2", soft, moist, upward
coarsening.

GRAVEL (GW)  - grayish brn 2.5YR5/2, 60% gravel, 30% sand,
10% fines, subang clasts to 4" at base, silty matrix at base, gneiss
and granodiorite, loose, wet, upward fining.

SANDY GRAVEL (GW)  - brn 7.5YR5/4, 50% f subang to subrnd
gravel, 40% c sand, 10% fines, gneiss, granodiorite and qtz, loose,
moist to dry.

SAND (SW) - grayish brn 2.5YR5/2, 90%, 10% gradational with
below, upward fining to v f sand, subrnd, qtz, lithic and biotite, soft,
wet.

CLAYEY GRAVEL (GC)  - lt olive brn 2.5YR5/3, 70% gravel, 20%
sand, 10% fines, >clay content at base, clasts to 3" at base, gneiss,
granodiorite, qtz, upward fining,  low plasticity, firm, moist.

CC02

CC03

CC04

CC05

not cored, large cobble at 50 ft,
advance casing without sampling

on 12/6/04 at 7:00: At 50' with casing
cuttings show sand with silt from 50-60
ft, 40% c sand? 10-15% fines?

groundwater grab sample collected
from 60-80 ft bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

12/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-2

M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 11

11/22/2004
IN

TE
R

V
A

L

6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:

40

45

50

55

60

65

70

2,103,142.09 7,613,374.28



10

8

- cemented at 75-76.5 ft, upward coarsening

- clay matrix mottled with 5% red 10YR4/3 after 90 ft

- brn 10YR4/3, 15% f to c sand, trace caliche, trace red mottling,
firm, moist to wet

GW

CL

SM

SW

GC

GM

CL

SM

CL

12

SANDY GRAVEL (GW)  - brn 7.5YR5/4, 60% gravel, 40% vf to c
sand, ang to subang, qtz, lithic, biotite, gneiss, granodiorite and
volcanics loose, dry.

SANDY CLAY WITH GRAVEL (CL)  - grayish brn 10YR5/2, ang to
subang gravel up to 1"   (mm clasts), medium plasticity, soft, moist,
massive.

SILTY SAND WITH GRAVEL (SM)  - dk grayish brn 10YR4/2, 20%
fines, 10% subang to ang gravel up to 1.5"  (mm clasts), majority f
sand, increasing clay with depth, moist to wet, silty cemented.

SAND WITH GRAVEL AND SILT (SW)  - grayish brn 10YR5/2, 60%
sand, 30% subang to subrnd gravel (mm clasts) up to 3/4"  but most
<1/2" , dry, moderately cemented.

CLAYEY GRAVEL WITH SAND (GC)  - brn 7.5YR4/2, 40% fines,
20% f to c sand, ang to subrnd gravel up to 2.5" but most <1" (mm
clasts), medium dense, moist.

SILTY GRAVEL WITH SAND (GM)  - brn 7.5YR3/3, 50% f sand,
25% c subang sand, gravel ang to subrnd up to 1"   (mm clasts),
<10% caliche mottling, clasts > weathered with depth, loose, dry to
moist.

SANDY CLAY WITH GRAVEL (CL)  - brn 7.5YR4/2, 25% c sand, ang
to subang gravel up to 1.5"   (mm clasts), dense, soft, moist, less clay
with depth.

SILTY SAND WITH GRAVEL AND CLAY (SM)  - grayish brn 10YR5/2,
15% fines, subang gravel <3/4" (mm clasts), highly weathered,
medium dense.

SANDY CLAY WITH GRAVEL (CL)  - brn 10YR5/3, 20% f to c sand,
ang to subang gravel up to 1/4"   (mm clasts), soft, wet, massive.

CC06

CC07

CC08

bail and sample borehole OW-2D-80,
collected OW-2D-80 @ 14:15 for
analysis
wet at 82-82.5 ft

at 8:22 pull core, driller notes tough
drilling at 8:55
rig down at 9:00, tightening parts and
at 9:11 rig running again

collect bag sample from 93-94'

difficult to break core with putty knife

pull rods at 9:38, core up at 9:47, push
casing at 10:00

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

12/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-2

M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 3 of 11

11/22/2004
IN

TE
R

V
A

L

6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,103,142.09 7,613,374.28



- 6" layer of clayey gravel, ang to subang gravel up to 1/2"  (mm
clasts), loose, dry
- moist, firm

- same as above but more gravel, color dk grayish brn 10YR4/2

- no gravel observed

CL

SM

SC

SM

SC

SW

CL

ML

CL

20

12

SANDY CLAY WITH GRAVEL (CL)  - brn 10YR5/3, 20% f to c sand,
ang to subang gravel up to 1/4"   (mm clasts), soft, wet, massive.

CLAY (CL) - white 10YR8/1, <5% mm gravel, clay, and white
powdery clasts up to 3", loose to moderately cemented, dry.
SILTY SAND WITH GRAVEL (SM)  - very pale brn 10YR8/2, 40% m
to f sand, 20% subang gravel up to 3" (most<1"), 15% c sand, loose,
dry.
CLAYEY SAND WITH GRAVEL (SC)  - dk grayish brn 10YR4/2, 15%
c sand, subang to subrnd gravel up to 1", dense, moist.
SILTY SAND WITH GRAVEL (SM)  - very pale brn 10YR8/2, 40% m
to f sand, 20% subang gravel up to 3" (most<1"), 15% c sand, loose,
dry.
CLAYEY SAND WITH GRAVEL (SC)  - grayish brn 10YR5/2, ang
gravel up to 1.5"   (mm clasts), sand mostly fine grained, decreased
clay with depth, dense, dry to moist.
GRAVELLY SAND WITH CLAY (SW)  - grayish brn 10YR5/2, 40% c
sand, 30% ang gravel up to 1"  , 20% fines, increasing clay with
depth, dense, moist, moderately cemented.

SANDY CLAY WITH GRAVEL (CL)  - brn 10YR5/3, 20% c sand, 5%
subang gravel up to 1"  , less c sand with depth, plastic, firm
(increasing firmness with depth), moist.

SILT WITH GRAVEL (ML)  - lt gray 5YR7/1, 10% ang to subang
gravel up to 2"  , loose, dry.
SANDY CLAY (CL)  - dk grayish brn 10YR4/2, 30% c sand, 10% f to
m sand, moderately plastic, wet.

CC09

CC10

bag sample up to 3" from 110-112 ft

collect grain size sample from 116-117
ft

groundwater grab sample collected
from 120-140 ft bgs

drier at 123

no core recovery from 132-140 ft bgs,
collect sample OW2D-132', driller notes
productive zone

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.
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PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.
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SURFACE ELEVATION:
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WDC Exploration & Wells, Montclair, CA

COMMENTS
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NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock
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6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,142.09 7,613,374.28



- more f gravel

- lt gray 10YR7/2 to very pale brn 10YR7/3, f to c ang to subang
sand, 5% ang to subang gravel up to 1" , dry to moist, silty to
moderately cemented

- very pale brn 10YR8/2, 10-20% fines, 10% ang gravel up to
1.5" (mm clasts), dry, silty cemented
- dk gray 10YR4/1, 15% fines, <10% ang to subang gravel up to
1", damp, moderately cemented
- very dense

CL

SP

CL

GW

SC

CL

SW

CL

SC

19.5

20

GRAVELLY CLAY (CL)  - brn 10YR5/3, 30% ang to subang gravel up
to 3/4" (mm clasts), >20% fines, 10% c subrnd sand, medium dense,
moist.

SAND (SP)  - pale brn 10YR7/2, 10% c sand, <10% fines, trace ang
to subang gravel up to 3/4", dry, silty indurated.

GRAVELLY CLAY (CL)  - dk grayish brn 10YR4/2, 20% f to c subang
to subrnd sand, >20% fines, ang to subang gravel (mm clasts) up to
1.5" but most <1/2", dense, moist.

SANDY GRAVEL (GW)  - lt brnish gray 10YR6/2, 20% c subang to
subrnd sand, 10-20% fines, ang to subang gravel up to 3", dry, silty
cemented.

CLAYEY SAND WITH GRAVEL (SC)  - brn 10YR4/3, 10-20% fines, m
to f subang sand, subang gravel up to 1.5" but most <1/2", medium
dense, moist.

SANDY CLAY (CL)  - lt brnish gray 10YR6/2, 40% f sand, <10% ang
to subang gravel up to 1/4", dry to damp, silty to moderately
cemented, increased cementation with depth.

GRAVELLY SAND WITH CLAY (SW)  - grayish brn 10YR5/2, 10-20%
fines, 10% c subang sand, subang gravel up to 2.5" (mm clasts),
medium to dense, dry to damp.

SANDY CLAY (CL)  - lt gray to brn 10YR7/1, 50% fines, 30% f sand,
<10% c sand, <10% subang gravel up to 3/4", firm, moderately
cemented.

CLAYEY SAND (SC)  - dk grayish brn 10YR4/2, ~20% fines, ~15%
ang to subang gravel up to 1/4"   (gets up to 2"   with depth), c ang
to subang sand, dense, damp, some dk green mottling.

CC11

CC12

grain size sample from 154-155 ft
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347.0

---

BORING NUMBER:

DRILLING METHOD:
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155
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- brn 10YR4/3, 15% gravel up to 1" (mafic and MM clasts), c
subang sand, clast supported, loose to medium dense, wet

- more clay, 10-20% fines

- gravel up to 2"  at 209 ft

SW

SW

SC

CL

SP

SC

SW

SW

GW

19

GRAVELLY SAND (SW)  - dk grayish brn 10YR4/2, 50% c sand,
<10% fines, more fines with depth, ang to subang gravel and sand
grains, very dense, damp, moderately cemented, weathered clasts.

SAND WITH SILT AND GRAVEL (SW)  - brn 7.5YR5/3, 10-15%
fines, 10% ang to subang gravel up to 1.5"   (mm clasts), c subang to
subrnd sand, medium dense, moist to wet.

CLAYEY SAND (SC)  - brn 7.5YR5/3 with a layer of 5YR5/2, 30% f
to m sand, 20% c sand, 20% fines, subang to ang mm gravel to 3",
loose, moist to dry.

SANDY CLAY (CL)  - brn 10YR4/4, 25% c ang to subang sand,
>20% fines, <10% ang to subang gravel up to 2" but most <1", firm,
damp.

SAND (SP)  - lt gray 10YR7/2, <10% c sand, trace subang gravel
up to 1/2", dry, silty cemented.

CLAYEY SAND WITH GRAVEL (SC)  - brn 7.5YR5/3, 50% c to f
sand, 15% f gravel to c sand, ang to subang gravel up to 3", mm
clasts, dense, damp, moderately cemented, moderately weathered.

SAND (SW)  - grayish brn 10YR5/2, 50% c ang to subang sand,
<10% fines, 5% ang gravel up to 3/4"  , loose, wet.

GRAVELLY SAND (SW)  - grayish brn 10YR5/2, 40% ang to subang
gravel up to 1/2"  , <10% fines, mafic MM clasts, loose to moderately
cemented, wet.

SANDY GRAVEL (GW)  - dk gray 10YR4/1, 50% ang to subang
gravel up to 1.5"   (mm clasts), 35% c sand, <10% fines, clasts
supported, medium dense, loose, wet.

CC13

difficult drilling

more cemented at 183 ft

grain size sample from 188-190 ft

grain size sample from 190-192 ft

no recovery from 199-200

groundwater grab sample collected
from 200-220 ft bgs
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- 2" clay around gravel layer, ang to subang mm clasts
(weathered) up to 1.5"
- mottled, 40% lt yellowish brn 10YR6/4 and 15% dk gray
10YR4/1, intermittent gravel zones from 213-214.5
ft(weathered), ang, up to 1" -clay supported 1/2" to 1" thick

- 2 ft recovery - not sure where from between 220 to 230 ft

- clayey sand with gravel (SC), same as above except >20%
fines, less sand and gravel
- same as 240', but 30% c sand to f gravel, more m sand

SC

SW/SM

SW/SC

15

2

CLAYEY SAND WITH GRAVEL (SC)  - brn 10YR5/3, 10-20% fines,
ang gravel up to 1"   (mm clasts), clay matrix, firm, damp to moist.

GRAVELLY SAND WITH SILT (SW/SM)  - brn 10YR5/3, 40% ang to
subang gravel, 30% c ang to subrnd sand, 20% f to m sand,10-20%
fines, felsic and mafic mm clasts up to 1"  , weathered clasts, medium
dense, moist to wet.

SAND WITH GRAVEL AND CLAY (SW/SC)  - brn 10YR5/3, 40% c
subang to subrnd sand to f gravel, 10-20% fines, 5% c gravel up to
1.5"   (most <1"), ang to subang, mm clasts (felsic and mafic),
weathered, loose to medium dense, wet.

CC14

CC15 hard drilling, no recovery due to hard
shaking to remove core, lost most
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- pale yellow 2.5YR7/3, 10% c ang to subrnd sand, <10% ang to
subang gravel (mm, mostly mafic) up to 1/2" , dry to damp, silty
cemented,

- 30-35% c sand

SC

SW/SM

SW/SC

SC

SW

GW/GC

SW/SC

SC

CL

SC

SW/SC

20

20

SAND WITH GRAVEL AND CLAY (SW/SC)  - brn 10YR5/3, 40% c
subang to subrnd sand to f gravel, 10-20% fines, 5% c gravel up to
1.5"   (most <1"), ang to subang, mm clasts (felsic and mafic),
weathered, loose to medium dense, wet.

CLAYEY SAND WITH GRAVEL (SC)  - brn 10YR5/3, >20% fines,
15% c subang to subrnd sand (rest f to m), 10% ang to subang
gravel mm clast up to 3"   (mostly mafic), matrix supported, medium
dense, moist.

SAND WITH SILT AND GRAVEL (SW/SM) - dk yellowish brn (10YR
4/4) mottled with gray 10YR5/1 with trace of reddish brn, 30% m to f
sand, 25% c sand, ~15% f gravel, ~10% fines, 5% c ang gravel up
to 3"   (felsic MM), medium dense, silty cemented, moist.
GRAVELLY SAND WITH CLAY (SW/SC)  - brn 10YR5/3, 15-25%
gravel up to 3"   (ang mm), ~15% c ang to subrnd sand, 10-20%
fines, dense, moist.
CLAYEY SAND WITH GRAVEL (SC)  - brn 10YR5/3, 35% f to m ang
to subrnd sand, >20% fines, 15% c sand, ang gravel up to 1"
(mafic), dense, moist.

GRAVELLY SAND (SW)  - yellowish brn 10YR5/4, ~65% sand, 40%
c ang to subrnd sand, 30% f ang to subang gravel up to 1"   (mm
clast - felsic and mafic), <10% fines, loose to medium dense, moist
to wet.

SANDY GRAVEL WITH CLAY (GW/GC)  - brn 10YR5/3, ~40% f
gravel, 30% c ang to subrnd sand, 10-20% fines, ~10% c ang to
subang gravel up to 2"   (mm clasts - mostly mafic), medium dense,
moist.
SAND WITH CLAY AND GRAVEL (SW/SC)  - dk grayish brn, 10-20%
fines, 10-15% f gravel up to 1", 10% c sand (mainly f to m sand),
medium dense, moist.
CLAYEY SAND WITH GRAVEL (SC)  - pale brn 10YR6/3 and gray
10YR5/1 mottled 50/50, 35% f to m sand, >20% fines, 20% c ang to
subrnd sand, 15% f ang to subang gravel, 5% ang gravel up to 1"
(mm clasts), medium dense, damp.
SANDY CLAY WITH GRAVEL (CL)  - yellowish brn 10YR5/4, >50%
fines, 40% f to c sand (10-15% c ang to subrnd sand), 15% c to f
ang to subang gravel up to 1.5"   (mm clasts), medium stiff, moist.
CLAYEY SAND WITH GRAVEL (SC)  - yellowish brn 10YR5/4, >20%
fines, 15% f to c ang to subrnd sand, 15% f to c ang to subang
gravel up to 2"   (mm clast), medium dense, moist.

SAND WITH CLAY, SILT AND GRAVEL (SW/SC)  - brn 10YR4/3,
20% f ang to subang gravel up to 1"   (mm clast), 10-20% fines,
10% c subang to subrnd sand, medium dense, damp to moist.

CC16

CC17

difficult drilling - cobble

lots of rig chatter

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:
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6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR
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546.7 ft. MSL

347.0

---
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- brn 10YR5/3, gravel and c sand increasing with depth

- 10YR4/2 to 4/3, silty cemented, less gravel with depth

SW/SM

SC

SW

SC

SW

SW/SC

SW

SW/SC

SW/SM

SW/SC

SC

20

18

SAND WITH SILT AND GRAVEL (SW/SM)  - brn 10YR5/3, >50%
ang to subrnd sand (35% c sand and rest f to m), 15% ang to subang
gravel up to 1"   (mm clast), 10-20% fines, loose to medium dense,
moist to wet, weathered.

CLAYEY SAND WITH GRAVEL (SC)  - dk grayish brn 10YR4/2,
~20% fines, 10% c sand, 10% m to f sand, 15% f to c ang to subang
gravel up to 3"   (mm clast-felsic and mafic), medium dense, moist.

GRAVELLY SAND WITH SILT (SW)  - brn 7.5YR5/3, 40% c ang to
subrnd sand, ~40% ang to subang gravel up to 1.5"   (mm clast), up
to 20% fines with depth, ~10% fines, ~10% m to f sand, medium
dense, moist to wet.

CLAYEY SAND WITH GRAVEL (SC)  - brn 10YR4/3, 10-30% ang to
subang gravel up to 3/4"   (mm clasts) increased gravel with depth,
~20% fines, 20% c ang to subrnd sand (rest f to m sand), silty
cemented, medium dense, moist to wet.
SAND WITH GRAVEL (SW)  - reddish brn 5YR4/4, 30-40% c ang to
subrnd sand, 30% m sand (rest f sand), 25% ang to subrnd gravel up
to 3/4"   (mostly mafic mm clast), ~10% fines, loose to medium
dense, wet.
SAND WITH CLAY AND GRAVEL (SW/SC)  - brn 10YR5/3, 30% c
ang to subrnd sand, 20% ang to subang gravel up to 2"  (mm clast),
20% m sand, 10% f sand, 10-20% fines, medium dense, wet.
SANDY GRAVEL WITH SILT (SW)  - brn 10YR5/3, >50% ang to
subang gravel up to 3" mostly mafic (mm clast), 40% ang to subrnd
sand (25% c sand), ~10% fines, intermittent zones with up to 20%
fines, trace cobble, grain supported, loose, wet.

GRAVELLY SAND WITH CLAY (SW/SC)  - brn 10YR4/3, 40% c sand,
30% ang to subang gravel up to 1.5"   (mm mostly mafic), 20% m to
f sand, 10-20% fines (increased fines with depth), loose, wet.

SAND WITH SILT AND GRAVEL (SW/SM)  - brn to dk yellowish brn
10YR5/3 to 4/4, 10-20% fines, 15% ang to subang gravel up to 3/4"
(mm clast), f to c sand, medium dense, moist to wet.
GRAVELLY SAND WITH CLAY (SW/SC)  - brn 7.5YR4/3, 30% ang to
subang gravel up to 2"   (mm clast), 10-20% fines (increased clay), f
to c sand, medium dense, moist to wet.
CLAYEY SAND WITH GRAVEL (SC)  - brn 7.5YR4/3, ~ 30% ang to
subang gravel up to 1.5"   (mm weathered clasts), f to m sand
(~10% c sand), matrix supported, medium dense, moist (trace wet).

CC18

CC19

boring continues in hole 20 ft south
((280-340'), move 20' south of
OW-2M(was OW-2D until but refusal at
260' with casing cored to 280')
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- less gravel and more c sand with depth

- up to 3" past 325', gravel size increases with depth, mafic and
felsic mm clast, coarsens with depth (sand and gravel but
amount of fines increases
- cobble layer (subang, mafic mm, >4" ) at 327.4 ft

ABBREVIATIONS
cc = continuous core run

SW/SC

SC

GW

GC

CL

SW/SC

SC

SM

CL

18

7

Boring Terminated at 347 ftBoring Terminated at 347 ft

GRAVELLY SAND WITH CLAY (SW/SC)  - brn 7.5YR5/3 with 5-10%
reddish brn 5YR4/4 (from weathered clast), 40% ang to subang
gravel up to 1"   (mm clast), 25% c ang to subrnd sand (rest f to m),
30% f ang to subang gravel up to 3/4"  , 10-20% fines, loose to
medium dense, moist to wet.

CLAYEY SAND WITH GRAVEL (SC)  - brn 7.5YR4/3, 40% f to m
sand, >20% fines, 10% c ang to subrnd sand, 10% ang to subang
gravel up to 1/2"   (mm clast), matrix supported, silty cemented,
medium dense, moist.
GRAVEL WITH SAND AND SILT (GW)  - grayish brn 10YR5/2,
50-60% ang to subang gravel up to 3/4"  , 30-50% sand (up to 40%
c sand), ~10% fines, clast supported, loose, wet.

CLAYEY SILTY GRAVEL (GC)  - lt brnish gray 10YR6/2, ~50% ang
to subang gravel up to 2"   (most <1"), 25% f to c sand, >20% fines,
loose (soft), wet.

SANDY CLAY WITH GRAVEL (CL)  - mottled brn to dk yellowish brn
10YR5/3 to 4/4 with 10% greenish gray 5/10GY, >50% fines, 30%
sand (10% c ang to subang sand), 15% ang to subang gravel up to
2" most 1" or less (felsic, mafic and mm), increased sand with depth,
stiff, moist.
SAND WITH CLAY AND GRAVEL (SW/SC)  - brn 10YR5/3, 40% c
sand, 15% f ang to subang gravel up to 3/4"  (weathered mm mostly
mafic), 10-20% fines, medium dense, moist.

CLAYEY SAND WITH GRAVEL (SC)  - mottled brn 10YR5/3 to 4/3
with up to 20% reddish brn 5YR4/4 and up to 20% greenish gray
5/10GY,>20% fines, 25% ang to subang gravel up to 1"   (most
<1/2"), 10-15% f to c sand, weathered clast, matrix supported,
medium to tightly cemented, dense, dry to damp, gravel size
increases with depth up to 2", red and green colors increase with
depth.

SILTY SAND WITH GRAVEL (SM)  - brn 10YR4/3, 40% f to m sand,
25% ang to subang gravel up to 1.5", 10-20% fines, 15% c sand,
medium dense, moist.

SANDY CLAY (CL)  - mottled greenish gray 6/10GY and 15%
reddish brn 5YR4/4, >50% fines, 20% f to m sand, 15% c sand, 15%
ang to subang gravel up to 1" (mm, mafic), soft to med stiff, moist.

CC20

CC21

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

12/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-2

M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 10 of 11

11/22/2004
IN

TE
R

V
A

L

6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

340

345

2,103,142.09 7,613,374.28



brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

12/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-2

M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 11 of 11

11/22/2004
IN

TE
R

V
A

L

6" casing w/ 4" cont. core

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

347.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,142.09 7,613,374.28



OW-2S

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

104.0       BOTTOM DEPTH OF BOREHOLE

2103153.89

7613373.77

12/13/2004

546.17

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

12/13/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
30-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

71.0

        BOTTOM DEPTH OF FILTER PACK

WELL MATERIAL:

SEAL

GROUT

101.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

548.75

59.0       TOP DEPTH OF SEAL

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 12/13/2004

63.5       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

   



OW-2M

K. Brown

Rotosonic

WDC Exploration & Wells, Montclair, CA

209.9       BOTTOM DEPTH OF BOREHOLE

2103160.57

7613382.67

12/01/2004

545.87

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

12/01/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

210.3

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

190.0

WELL MATERIAL:

SEAL

GROUT

210.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

548.52

178.0       TOP DEPTH OF SEAL

212.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
190 and 210

BOTTOM DEPTH OF SCREEN

LOGGER: 12/05/2004

173.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets



OW-2D

M. Godwin

Rotosonic

WDC Exploration & Wells, Montclair, CA

347.0       BOTTOM DEPTH OF BOREHOLE

2103142.09

7613374.28

11/22/2004

546.68

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

12/05/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

340.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

310.0

WELL MATERIAL:

SEAL

GROUT

330.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

549.01

296.0       TOP DEPTH OF SEAL

341.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
310, 320 and 330

BOTTOM DEPTH OF SCREEN

LOGGER: 12/01/2004

301.0       TOP DEPTH OF FILTER PACK

PROJECT:

10-ft
#3 Monterey Sand

Bentonite Pellets



10

5

5

3

5

6

- no recovery from 10-11.5 ft

- increase in gravel % to ~10% from 18-20 ft

- increase gravel % to 20% from 23-25 ft

- metamorphic gravel

SP

SW

SW

ML

POORLY GRADED SAND WITH GRAVEL (SP)  - yellowish brn
10YR5/4, 50% m sand, 15% c sand,10% f sand, 10% silt, 10% f
gravel, 5% c gravel, ang, loose, dry.

GRAVELLY SAND (SW)  - grayish brn 2.5YR5/2, 60% f subrnd
sand,20% f ang gravel, 10% m to c subrnd sand, 10% c ang gravel,
loose, dry.

WELL GRADED SAND (SW)  - lt olive brn 2.5YR5/3, 60% f sand,
30% m to c sand, 5% fines, 5% gravel up to 1", subang to ang.

SANDY SILT (ML)  - yellowish brn 10YR5/4, 50% silt, 20% f subang
sand, 20% m subang sand, 10% subrnd gravel, qtz and mm.

WELL GRADED SAND WITH GRAVEL (SW)  - grayish brn 2.5YR5/2,
40% f subrnd to subang sand, 30% c subrnd to subang sand, 20%
ang gravel, 10% fines (silt).

Box 1
 2
 3

Box 3
 4

Box 5
 6

Box 6
 7

Box 7
 8

Box 9
 10

each sleeve holding slightly more than
2

lost 2' off the bottom of core barrel
while cooling

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 1 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

5

10

15

20

25

30

35

2,103,286.35 7,612,161.22



6

4

4

- qtz rich sand, metamorphic gravel, weathered granite

- caliche layer

SW

SW

SW

SC

SW

SP

4

0

4

WELL GRADED SAND WITH GRAVEL (SW)  - grayish brn 2.5YR5/2,
40% f subrnd to subang sand, 30% c subrnd to subang sand, 20%
ang gravel, 10% fines (silt).

WELL GRADED SAND (SW)  - yellowish brn 10YR5/4, 60% m sand,
20% f sand, 10% c sand, 10% gravel, trace silt (1%), subang.

WELL GRADED SAND WITH GRAVEL (SW)  - grayish brn 2.5YR5/2,
40% f ang to subang sand, 20% m ang to subang sand, 15% c ang
to subang sand, 20% ang to subang gravel, 5% silt.

CLAYEY SAND (SC)  - olive brn, 60% f sand, 30% fines (silt and
clay), 10% gravel.

WELL GRADED SAND WITH GRAVEL (SW)  - grayish brn 2.5YR5/2,
40% f ang to subang sand, 20% m ang to subang sand, 15% c ang
to subang sand, 20% ang to subang gravel, 5% silt.

POORLY GRADED SAND (SP)  - lt olive brn, 85% f sand, 10% silt,
5% c sand, trace gravel to 2".

Box 10
 11

Box 12

Box 13

Box 14

Box 15
 16
 17

Box 18

lost formation too tight and had to
vibrate out

light brown dry loose

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

40

45

50

55

60

65

70

2,103,286.35 7,612,161.22



- qtz, epidote sand, metamorphic gravel

- caliche

- qtz, hornblende, metamorphic gravel

- caliche at 86 ft

- yellowish brn 10YR5/4, 40% f subang sand, 25% c subang
sand, 20% m subang sand

- gneiss gravel

- lt olive brn 2.5YR5/3, 40% f subang sand, 30% m subang sand,
15% c subang sand, <1% fines

- qtz, hornblende

SW

SC

SW

4

5

5

6

6

11

WELL GRADED SAND (SW)  - lt olive brn 2.5YR5/3, 35% m subang
sand, 30% f subang sand, 20% c subang sand, 10% ang gravel, 5%
silt.

CLAYEY SAND (SC)  - olive brn, 60% f sand, 30% fines (silt and
clay), 10% gravel.

WELL GRADED SAND (SW)  - grayish brn 2.5YR5/2, 30% m subang
sand, 30% f subang sand, 25% c subang sand, 10% ang gravel, 5%
silt.

Box 19
 20

Box 20
 21

Box 22
 23

Box 23
 24

Box 25
 26

Box 26
 27
 28

core barrel wafers

moisture increasing probably from
running core barrel down

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 3 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,103,286.35 7,612,161.22



- increase in f sand % to 60%, 5% m sand, 10% c sand, 5% silt,
lots of secondary caliche cementation

SC

SP

CL

SW

8

7

8

16

WELL GRADED SAND (SW)  - grayish brn 2.5YR5/2, 30% m subang
sand, 30% f subang sand, 25% c subang sand, 10% ang gravel, 5%
silt.

CLAYEY SAND (SC)  - olive brn 2.5YR4/3, 65% f sand, 15% clay,
10% gravel, 5% m sand, 5% c sand, silty plastic.

POORLY GRADED SAND (SP)  - lt olive brn 2.5YR5/3, 85% m ang to
subrnd sand, 10% c ang to subrnd sand, 5% clay, trace of c ang to
subrnd gravel, igneous and metamorphic gravel.

CLAY (CL)  - olive brn 2.5YR4/3, 5% f sand, medium plasticity (rolls
easily), soft-firm.

WELL GRADED SAND WITH GRAVEL (SW)  - lt olive brn 2.5YR5/3,
40% c sand, 25% m sand, 15% c gravel, 10% clay, 10% f sand.

Box 29
 30
 31

Box 31
 32
 33

Box 33
 34
 35

Box 35
 36
 37

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 4 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,286.35 7,612,161.22



- metamorphics volcanics

- increase in fines to ~15%, 15% c gravel from 150-152 ft

- debris flow deposits

- brn 10YR5/3, 60% c subrnd sand, 20% m subrnd sand, 15%
subrnd to subang gravel, 5% f subrnd sand

CL

SW

SC

SW

SC

SW

CL

10

10

5

SANDY CLAY (CL)  - brn 10YR5/3, 15% m to c rnd to subrnd sand,
trace gravel, low plasticity.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR4/3, 25% c
sand, 20% m sand, 20% f gravel, 20% c gravel, 10% fines, 5% f
sand, subang to subrnd.

CLAYEY SAND (SC)  - brn 10YR4/3, 40% f sand, 25% clay, 20%
gravel, 10% m sand, 5% c sand.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR4/3, 60% m
sand, 15% f gravel, 10% fines, 10% c sand, 5% c gravel, subrnd to
subang.

CLAYEY SAND (SC)  - brn 10YR4/3, 40% f sand, 25% clay, 15% m
sand, 10% c sand, 10% f gravel.
WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR4/3, 60% m
sand, 15% f gravel, 10% fines, 10% c sand, 5% c gravel, subrnd to
subang.
SANDY CLAY (CL)  - brn 10YR4/3, 75% clay, 20% sand, 5% gravel,
silty plastic, wet (rolls easily when wet).

NO RECOVERY

Box 38
 39
 40
 41

Box 41

Box 41

core barrel outward migration of f

lost core to 180' casing broke

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 5 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

2,103,286.35 7,612,161.22



- matrix supported

- 192-194 ft : slough

- meta gravels, qtz rich sands

- same as above from 196-200 ft, 15% gravel, 10% cobble to 3"

SC

CL

SC

SW

CL

SM

ML

GW

SW/SM

8

12

NO RECOVERY

CLAYEY SAND (SC)  - lt olive brn 2.5YR5/3, 20% clay, 20% f
subrnd sand, 20% m subrnd sand, 20% c subrnd sand, 10% subang
gravel.

SANDY CLAY (CL)  - brn 10YR5/3, 60% clay, 20% f sand, 20%
gravel, silty plastic.

CLAYEY SAND (SC)  - lt olive brn 2.5YR5/2, 40% f subrnd sand,
20% m subrnd sand, 20% clay, 10% c subrnd sand, 10% f subang
gravel.

WELL GRADED SAND WITH GRAVEL (SW)  - lt olive brn 2.5YR5/3,
50% m sand, 20% gravel, 10% fines, 10% c sand, 10% f sand,
weakly cemented.

SANDY CLAY (CL)  - brn 10YR5/3, 60% clay, 20% f sand, 20% ang
gravel, silty plastic.

WELL GRADED SAND WITH GRAVEL (SM)  - dk greyish brn
2.5YR4/2, 30% m subang sand, 25% fines, 20% c subang sand, 10%
f subang sand, 5% f to c gravel, qtz, metamorphic, moist.

SANDY SILT (ML)  - dk greyish brn 2.5YR1/2, 60% silt, 30% f ang
sand, 10% f ang gravel, moist.
SANDY GRAVEL (GW)  - 70% c gravel to cobble 1" to 3", 20% m
ang sand, 10% clay/silt, gravel metamorphic (schist).
WELLL GRADED SAND WITH SILT AND GRAVEL (SW/SM)  - dk
greyish brn 2.5YR4/2, few mottles of brn 7.5YR4/5 (~10%), 30% m
ang to subang sand, 20% c ang to subang sand, 20% clay/silt, 15% f
ang to subang gravel, 10% f ang to subang sand, 5% c ang to
subang gravel, gravel are primarily gneiss with occasional schist, sand
is qtz, metamorphic, moist.

CC29

CC30

f gravel: 0.19 - 0.75" (4.8 = 18 mm) e
gravel 0.75" - 2.8" (19-75 mm) cobble:
2.9 - 11.8" (75 - 300 mm)

groundwater grab sample collected
from 192-202 ft bgs

stop drilling, bail 25 gallons and collect
water sample

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 6 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

2,103,286.35 7,612,161.22



- silt percentage lowers from 219-221 ft

- 5-10% silt from 229-230ft and 234-236 ft

ML

SM

GW

SM

ML

ML

ML

8

10

6

SANDY SILT WITH GRAVEL (ML)  - dk greyish brn to brn 10YR4/2
to 4/3, 50% silt/clay, 20% f ang to subang gravel, 20% c ang to
subang sand, 10% m ang to subang sand, metamorphic,
predominantly gneiss, qtz/epidote metamorphic sand, moist.

SILTY SAND (SM)  - brn 7.5YR4/2 to 4/3, 50% c ang to subang
sand, 20% silt, 10% m ang to subang sand, 10% f ang to subang
sand, 10% f ang to subang gravel, metamorphic, moist to wet.

WELL GRADED GRAVEL WITH SAND (GW)  - dk greyish brn
10YR4/2, 65% f gravel, 20% c sand, 10% c gravel, 5% m sand, ang
to slightly subang, metamorphic, wet.

SILTY SAND (SM)  - brn 10YR5/3 to 4/3, 50% c ang  to subang
sand, 25% m ang  to subang sand, 15% silt, 5% f ang  to subang
gravel, 5% c ang  to subang gravel, metamorphic, wet.

SANDY SILT WITH GRAVEL (ML)  - brn 7.5YR4/3 to 4/4 mottling of
blueish grey 5/5B and reddish brn 5YR5/4 in top one foot, 60% silt,
20% c ang  to subang sand, 10% m ang  to subang sand, 10% f ang
to subang gravel, metamorphic, moist.

SILT (ML)  - brn 7.5YR, 5% f sand, <5% c sand, slightly plastic,
slightly sticky, very few clast of indurated silty sand, dry (baked
during drilling) with few slightly moist block of unbaked native
material.
GRAVELLY SILT WITH SAND (ML)  - brn 7.5YR4/3 to 4/4, 55% silt,
20% c ang to subang gravel, 10% f ang to subang gravel, gravel up
to 6-7 cm, 10% c ang to subang sand, 5% m ang to subang sand,
metamorphic, moist.

CC31

CC32

CC33

top 2 ft of cc appears to be slough

sand w/silt (SM)

groundwater grab sample collected
from 230-253 ft bgs

collect sample at 1640 for geotech
analysis collected into foil sleeve

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 7 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,286.35 7,612,161.22



- top 1 foot gradational from gravelly silt with sand above, larger
gravels at base but no percent increase

- reddish brn 5YR5/4 to red 2.5YR5/6, 30% f sand, 25% silt/clay,
20% m sand, 15% c sand, 15% f gravel to 1 cm, large clast of
indurated sand with gravel at 263 ft

- 10YR4/4 color and very homogenous silty sand texture, very
loose and wet, core appears to be all worked

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark

SW

SM

SW/SM

ML

9.5

6

5

Boring Terminated at 275 ftBoring Terminated at 275 ft

WELL GRADED SAND (SW)  - brn 7.5YR4/3 to 5/3, 60% c ang to
subang sand, 20% m ang to subang sand, 10% f ang to subang sand,
5% silt/clay, 5% f ang gravel up to 7mm, metamorphic, moist to wet.

SILTY SAND (SM)  - brn 7.5YR4/3, 40% silt, 25% m ang to subang
sand, 20% f ang to subang sand, 10% c ang to subang sand, 5% f
ang to subang gravel up to 5 cm, metamorphic, moist to wet.

WELL GRADED SAND WITH SILT (SW/SM)  - brn 7.5YR4/3, 35% c
ang to subang sand, 25% m ang to subang sand, 15-20% f ang to
subang gravel, 10-15% silt, 10% f ang to subang sand, metamorphic,
moist to wet.

SANDY SILT WITH GRAVEL (ML)  - brn 7.5YR4/3, 20% mottling
yellowish red 5YR4/6, 45% silt, 25% f ang to subang gravel up to 2-4
cm, 20% f m ang to subang sand, 10% c ang to subang sand,
metamorphic, moderate induration.

CC34

CC35

CC36

top 1 ft core from 243 to 253 appears
to be slough

collect ziplock bag sample for grain size
analysis

hole open 230 to 253 ft

collect sample in foil sleeve for pore
water analysis at 1517 OW-3D-258

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 8 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

2,103,286.35 7,612,161.22



vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

10/07/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-3

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

West Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 9 of 9

09/26/2004
IN

TE
R

V
A

L

Standard Truck-Mounted Rig

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

555.9 ft. MSL

275.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,286.35 7,612,161.22



OW-3S

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

118.0       BOTTOM DEPTH OF BOREHOLE

2103267.64

7612152.99

10/20/2004

555.83

 326128.01.07.AR

West Mesa, Parcel No. 650-151-06

10/21/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
30-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

116.3

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

86.0

WELL MATERIAL:

SEAL

GROUT

116.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

558.58

71.0       TOP DEPTH OF SEAL

118.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 10/21/2004

76.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets



Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

200.3

FILTER PACK

OW-3M

T. McDonald

Rotosonic

GROUT

200.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

WDC Exploration & Wells, Montclair, CA

202.0       BOTTOM DEPTH OF BOREHOLE

2103276.78

7612157.98

10/19/2004

556.20

 326128.01.07.AR

West Mesa, Parcel No. 650-151-06

10/19/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

DRILLING END DATE:

BOTTOM OF WELL CASING

180.0

WELL MATERIAL:

SEAL

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

558.90

172.5       TOP DEPTH OF SEAL

202.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 10/19/2004

176.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets



BOTTOM OF WELL CASING

242.5

WELL MATERIAL:

SEAL

GROUT

262.5

OW-3D

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

275.0       BOTTOM DEPTH OF BOREHOLE

2103286.35

7612161.22

09/26/2004

555.91

 326128.01.07.AR

West Mesa, Parcel No. 650-151-06

10/07/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

272.5

FILTER PACK

DRILLING END DATE:

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

558.63

235.0       TOP DEPTH OF SEAL

275.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 10/11/2004

238.0       TOP DEPTH OF FILTER PACK

PROJECT:

10-ft
#3 Monterey Sand

Bentonite Pellets



- coarser grained sand from 16' to 17'

SP

SM

SP

0

5

6

0

GRAVELLY SAND (SP) - lt brnish gray (10YR6/2) 30% f sand, 30%
m sand, 25% gravel up to 1", 10% c sand, 5% fines, subang, dry.

SILTY SAND (SM) - dk gray (10YR4/1) 30% m sand, 20% fines,
20% c sand, 15% f sand, 15% gravel up to 1/2", subang, dense,
damp.

POORLY GRADED SAND (SP) - pale brn (10YR 6/3) 70% f-c sand,
20% gravel up to 2" in layers, 10% fines, subang, dry.

CC-1

CC-2

CC-3

0-8' logged from conductor pipe

broke drill pipe tapered fishing tool (1
hr downtime)

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 1 of 11

11/09/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

549.5 ft. MSL

350.0

---

BORING NUMBER:

DRILLING METHOD:

5

10

15

20

25

30

35

2,102,998.32 7,613,185.55



- lt brnish gray (10YR 6/2) 50% sand, 40% gravel, subang,
damp

- layer of silty cemented sand

- decreased fines to 20%

SP

GP

SW

SM

SW

SM

SG

SW

10

9

10

5

POORLY GRADED SAND (SP) - pale brn (10YR 6/3) 70% f-c sand,
20% gravel up to 2" in layers, 10% fines, subang, dry.

SANDY GRAVEL (GP) - grayish brn (10YR5/2) 55% subang gravel
up to 2", 30% m c sand, 10% f sand, 5% fines, damp.

WELL GRADED SAND (SW) - grayish brn (10YR 5/2) 30% m sand,
20% f sand,  20% c sand, 20% gravel up to 1/2", 10% fines.

SILTY SAND (SM) - dk gray (10YR4/1) 40% f-m sand, 30% fines,
20% subang gravel up to 1/2", 10% c sand, damp.
GRAVELLY SAND (SW) -  50% f-c sand, 40% subang to ang gravel
up to 2",10% fines, gneiss, damp.

SILTY SAND (SM) - dk yellowish brn (10YR4/8) 50% f-c sand, 30%
fines, 20% subrnd gravel up to 1/2", moist.

GRAVELLY SAND (SG) - dk gray (10YR4/1) 50% f-c sand, 30%
subrnd gravel up to 1.5", 20% fines, dense, damp.

WELL GRADED SAND (SW) - grayish brn (10YR5/2)  60% f-c sand,
20% fines, 20% subang gravel up to 1/2", mm, dry.

CC-3

CC-4

CC-5

CC-6

potential boulder

driller notes hard drilling

layer of increased times @56'

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 11

11/09/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

549.5 ft. MSL

350.0

---

BORING NUMBER:

DRILLING METHOD:

40

45

50

55

60

65

70

2,102,998.32 7,613,185.55



- dry crushed boulder

- becoming moderately indurated

- moderately cemented

SP

SW

SM

GW

SW

SM

15

0

10

POORLY GRADED SAND (SP) - brn (10YR4/3) 70% f-m sand, 20%
fines, 10% subang gravel up to 1/2", silty cemented, dry.

WELL GRADED SAND (SW) - brn (10YR4/3)  70% f-c sand, 15%
fines, 15% ang to subang gravel, silty cemented, dry .

SILTY SAND (SM) - grayish brn (10YR 5/2) 65% f-c sand, 25% silt,
10% ang to subang gravel, feldspar, wet.

SANDY GRAVEL (SW) - lt gray (10YR 7/2) 60% subrnd-subang
gravel, 30% f-c sand, 10% fines, dry.

WELL GRADED SAND (SW) - dk yellowish brn (10YR4/4) 75% m-c
sand, 15% subang gravel up to 1/2", 10% fines, silty cemented,
moist.

SILTY SAND (SM) - brn (7.5YR5/2) 60% f-c sand, 30% fines, 10%
gravel, subang to ang, wet.

CC-7

CC-8

CC-9

hit water @ 80'

potential confining layer @ 86

Driller notes hard drilling

layer of silt @ 92 dry light gray (10YR
7/2)

broken drill pipe/wash down casing to
100' to remove it lost 95-100' core

groundwater grab sample collected
from 100-120 ft bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 3 of 11

11/09/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

549.5 ft. MSL

350.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,102,998.32 7,613,185.55



- increasing subang gravel

- increase in grain size of sand

- grayish brn (10YR 5/2) 60% m-c sand, 20% fines,  20% ang
gravel up to 1/2", m dense, wet

dk yellowish brn (10YR4/4), wet

SM

SW

SM

SG

SW

10

0

SILTY SAND (SM) - brn (7.5YR5/2) 60% f-c sand, 30% fines, 10%
gravel, subang to ang, wet.
WELL GRADED SAND (SW) - dk yellowish brn (10YR4/4) 75% m-c
sand, 15% fines, 10% subang gravel up to 1/2", silty cemented,
moist to damp.

SILTY SAND (SM) - brn (7.5YR4/3) 60% c sand, 30 fines, 10% m
ang gravel up to 1/2", dense, wet.

GRAVELLY SAND (SG) - brn (7.5YR4/4) 65% f-c sand, 30% ang
gravel up to 6", 5% fines, damp.

WELL GRADED SAND (SW) - brn (7.5YR4/4) 75% m c sand, 15%
fines, 10% m ang loose gravel up to 1/2", wet.

CC-10

CC-11

Grain size sample collected 11:00
11/10/04

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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N
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ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
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DRILLING CONTRACTOR:PROJECT NAME:

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

326128.01.07.AR

LOCATION:

549.5 ft. MSL

350.0

---

BORING NUMBER:

DRILLING METHOD:

110
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140
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- layer of subrnd gravel

- denser

- cobble

- lt grayish brn 10YR6/2 70% f-m sand, 20% fines, 10% subang
subrnd gravel up to 3/4", damp to dry

SM

SG

SM

SW

SM

GM

SM

SW

20

10

10

SILTY SAND (SM) - dk gray (10YR4/1) 65% m c sand, 30% fines,
5% subang gravel up to 1/4", m dense, wet.

GRAVELLY SAND (SG) - grayish brn (10YR5/2) 50% f-c sand, 35%
subang gravel up to 3/4", 25% fines, damp.

SILTY SAND (SM) - dk grayish brn (10YR5/2) 60% f-m sand, 25%
fines, 15% subang to ang gravel up to 1/2", m dense, wet.

WELL GRADED SAND (SW) dk grayish brn (10YR5/2) 50% c sand,
25-30% m sand, 5-10% f sand 10% gravel from 1/2" to 2 1/2", 5%
silt, subang mm, wet.

SILTY SAND (SM) - dk grayish brn (10YR4/2) 25% c sand, 25%
mm gravel, 20% f sand, 15% m sand, 15% silt, subang from 1/4" to
2 1/2", moist.

SILTY GRAVEL (GM) - gray (7.5YR5/11), 65% ang gravel up to 2
1/2", 30% silt, 15% f-m sand, v dense, damp.
SILTY SAND (SM) - brn (10YR4/4) 70% f-m sand, 20% fines, 10%
subang gravel up to 1/2", dense, moist.
WELL GRADED SAND (SW) W/GRAVEL - brn (10YR5/3) 60% m-c
sand, 20% fines, 20% subang gravel, loose, wet.

CC-12

CC-13

CC-14

groundwater grab sample collected
from 150-170 ft bgs

potentially a cobble pulverized drilling

grain size sample collected 11/11/04
11:00

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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P
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N
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M
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ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
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WATER LEVEL (ft):
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350.0

---

BORING NUMBER:

DRILLING METHOD:
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- subtle color change

- cored through ~1' of gneissic cobbles

brn (7.5YR4/3) 50% f-c sand, 30% silt, 20% subang gravel,
trace caliche, dense, mm, moist

SW

SM

0

18

20

WELL GRADED SAND (SW) W/GRAVEL - brn (10YR5/3) 60% m-c
sand, 20% fines, 20% subang gravel, loose, wet.

SILTY SAND (SM) - brn (7.5YR4/3) 60% f-m sand, 30% silt, 10%
subang gravel up to 1/2", sand fining, mm, dense, wet.

CC-14

CC-15

CC-16

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock
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- dk grayish brn (10YR4/2) 60% f-c grained sand, 20% silt
15-20% subang gravel, dry

- gray SG/S2 grayish green 10R4/8 red weathered mms

- brn 50% m sand, 20% c sand, 10-15% silt, 10-15% gravel, 5%
f sand, traces of caliche, mm, dry

ML

SM

SW

20

10

SILTY SAND (SM) - brn (7.5YR4/3) 60% f-m sand, 30% silt, 10%
subang gravel up to 1/2", sand fining, mm, dense, wet.

SANDY SILT WITH GRAVEL (ML) - 15% gravel 30% f c sand 55%
silt .
SILTY SAND (SM) - brn (7.5YR4/3) 50% f-c sand, 30% silt, 20%
subang gravel, trace caliche, dense, mm, moist.

WELL GRADED SAND No loggable core, USCS type determined from
washed grab sample.

WELL GRADED SAND  brn 50% m sand, 20% c sand, 10-15% silt,
10-15% gravel, 5% f sand, traces of caliche, mm, dry.

CC-16

CC-17

refusal due to cobbles

1225: grab sample for grain size
analysis at 245'

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
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DRILLING METHOD:

215

220

225

230

235

240

245
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- brn (7.5YR4/2) 50% m sand, 20% c sand, 10-20% f sand,
10-20% silt, wet

- metamorphic cobble

- caliche development

SW

SM

SP

SW

SW

GW-GM

SW

SW-SM

10

6

19

WELL GRADED SAND  brn 50% m sand, 20% c sand, 10-15% silt,
10-15% gravel, 5% f sand, traces of caliche, mm, dry.

SILTY SAND (SM) WITH GRAVEL - grayish brn (10YR5/2) 40% m
sand, 15% gravel avg 3/4", 15% f sand, 15% c sand, 15% silt,
subang, mm, moist.

POORLY GRADED SAND (SP) - brn (7.5YR4/2) gradually coarsening
subang sand, 5% silt, mm, moist.

No recovery - quartzite cobble / broken boulder.

POORLY GRADED SAND (SP) - brn (7.5YR5/2) 50% m sand, 45% c
sand, 5% silt, subang to ang, mm, wet.
WELL GRADED SAND (SW) - brn (7.5YR 5/2) 65% c sand, 20% m
sand, 5% f sand, 5% silt, 5% gravel, subang, mm, wet.

WELL GRADED GRAVEL WITH SILT AND SAND (GW-GM) - brn
(7.5YR5/2) 50% gravel from 1/2" to 2", 20% m sand, 20% c sand,
5% silt, 5% f sand, subang to ang, wet.

WELL GRADED SAND (SW) - brn (7.5YR 5/2) 65% c sand, 20% m
sand, 5% f sand, 5% silt, 5% gravel, subang, mm, wet.

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM) - brn
(7.5YR4/3) 330% m sand, 25% c sand, 20% f sand, 10-15% gravel,
10-15% silt, subang-ang, weathered mm (gray 5F4/2, red 2.5YR4/8),
dry.

CC-17

CC-18

CC-19

very hard drilling, cobbles or boulders

shut down due to lightning

grab sample for grain size analysis @
253 ft

fining upwards sequence 11/13/04:
began drilling at 0640 0712: collected
core

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.
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East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock
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- caliche development and increasing silt

- cemented unit burned by drilling

SW

SC

SW

20

20

WELL GRADED SAND (SW) - brn (7.5YR4/3) 40% m sand, 20% c
sand, 20% f gravel, 10% f sand, 10% silt ang to subang, weathered
mm, wet  .

CLAYEY SAND (SC) - brn (7.5YR 4/3) 65% f c sand, 30% clay, 5%
gravel, subang to ang, wet.

WELL GRADED SAND (SW) dark reddish brn (2.5YR3/4) 40% m
sand, 30% c sand, 10% gravel, 10% f sand, 5% silt, subang to ang,
mm, wet.

CC-20

CC-21

collecting core, drill bit melted

weathered red fanglomerate

strong color change to dark red-brown

photo

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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N
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M
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ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock
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SW

SC

ML

SC

SC

SW / SC

SC

SW

SC

BR

- brn (7.5YR7/2) traces of (2.5YR3/4)

- indurated

SW

20

10

10

WELL GRADED SAND (SW) dark reddish brn (2.5YR3/4) 40% m
sand, 30% c sand, 10% gravel, 10% f sand, 5% silt, subang to ang,
mm, wet.

WELL GRADED SAND (SW) - reddish brn (2.5YR4/4) 30% m sand,
30% c sand, 20% f sand, 10% fines, 10% gravel.
CLAYEY SAND (SC) - brn (7.5 YR 7/2)  30% m sand, 30% c sand,
15% clay, 15% f gravel, 10% f sand, mm, wet.
SILT (ML) greenish gray (GGCY5G5/1) stiff.

CLAYEY SAND (SC) -brn, (7.5 YR 414), 15% gravel, 15% fines,
70% fine-coarse sand, 326-328 as logged 324-326, brn (7.5 YR 414),
traces of 2.5 YR 314, dark reddish brn,327-328 indurated.

CLAYEY SAND WITH GRAVEL(SC) with gravel, (7.5 YR 414), 25%
gravel, 15% clays, 60% fine to coarse sand, subangular,
metamorphic, wet, avg grain size gravel: 2cm, stiff.

 WELL GRADED SAND WITH CLAY AND GRAVEL (SW-SC) brn (7.5
YR 414), 10% fines, 20% gravel, 70% fine to coarse sand,
subangular, metamorphic, wet, grayish green, weathered
metamorphics.

 CLAYEY SAND  (SC)  dark reddish brn (2.5 YR 313), 15% clay,
60% m sand, 20% fine gravel.

 WELL GRADED SAND WITH SILT AND GRAVEL (SW)  dark reddish
brn (2.5 YR 313), 20%  gravel, 10% silt, 65-70% fine to coarse sand,
subangular, metamorphic.

 CLAYEY SAND WITH GRAVEL (SC)  dark reddish brn (7.5 YR 413),
15%  gravel, 15% clay, 70% fine to coarse sand, subangular,
metamorphic gravel 1-6 cm dry.

CONGLOMERATE (BR) - dk reddish brn (1.5YR3/3) 35% m sand,
25% gravel, 20% f sand, 10% fines, subang, weathered metamorphic
clasts,  indurated, dry.

CC-22

CC-23

CC-24

becoming SM > 315

Sand with gravel

groundwater grab sample collected
from 330-150 ft bgs

reworked fanglomerate deeply
weathered mm clasts (photo)

collected grab sample for grain size
analysis @ 344 ft

Miocene conglomerate bedrock at 346',
hard drilling noted

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
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OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
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WATER LEVEL (ft):
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---
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DRILLING METHOD:
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350
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ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

Boring Terminated at 350 ftBoring Terminated at 350 ft

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/14/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

OW-5

B. Shearer

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG
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N
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M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
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OW-5S

M. Godwin

Rotosonic

111.5       BOTTOM DEPTH OF BOREHOLE

2103017.60

7613186.81

11/20/2004

549.12

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

11/21/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
SCH 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
40-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

110.3

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

70.0

WELL MATERIAL:

SEAL

GROUT

110.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

551.75

59.6       TOP DEPTH OF SEAL

111.5       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 11/21/2004

64.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

WDC Exploration & Wells, Montclair, CA



NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

551.75

199.0       TOP DEPTH OF SEAL

251.8       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

OW-5M

M. Godwin

Rotosonic

251.8       BOTTOM DEPTH OF BOREHOLE

2103008.06

7613185.86

11/19/2004

549.01

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

11/20/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
SCH 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
40-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

250.3

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

210.0

WELL MATERIAL:

SEAL

GROUT

250.0

WELL COMPLETION DATE:

DRILLING METHOD:

BOTTOM DEPTH OF SCREEN

LOGGER: 11/20/2004

204.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

WDC Exploration & Wells, Montclair, CA



OW-5D

B. Shearer

Rotosonic

WDC Exploration & Wells, Montclair, CA

350.0       BOTTOM DEPTH OF BOREHOLE

2102998.32

7613185.55

11/09/2004

549.52

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

11/14/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

350.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

300.0

WELL MATERIAL:

SEAL

GROUT

320.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

552.35

290.0       TOP DEPTH OF SEAL

350.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 11/16/2004

295.0       TOP DEPTH OF FILTER PACK

PROJECT:

30-ft
#3 Monterey Sand

Bentonite Pellets



SW

GW-GM

SC

11

WELL GRADED SAND WITH GRAVEL (SW)  - 45% rnd to ang
gravel/cobbles up to 0.75", 40% f-m sand,  10% coarse sand,  5%
silty clay.

WELL GRADED GRAVEL WITH SILT AND SAND (GW-GM) - 65% f-c
gravel avg 2.5" up to 3", 20% c sand, 10% silt/clay, 5% f-m sand,
sand and gravel ang to subang, metamorphic, 50% of gravels are
highly weathered, moist, abrupt lower boundary.
SILTY SAND WITH GRAVEL (SC) - olive brn (2.5Y 4/3), 30% c
sand, 25-30% silt, 20% m sand, 10% f gravel (0.2" to 0.75"), 10% f
sand, sand and gravel ang to subang, metamorphic, moist.

CC1

0 to 20 ft not collected in core barrel
during conductor casing set.
Description is from homogenized
cuttings

Appears to be fining upward

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 1 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

5

10

15

20

25

30

35

2,103,536.66 7,614,578.85



- lt to moderate caliche

- 20% f gravel

- 5% gravel, 15% silt

- 30% f gravel, 25% vf sand, 15% silt, 15% f sand, 5% m sand,
10% c sand

- brn (10YR 4/3), 40% c sand , 15% f sand, 15% m sand, 15% f
gravel, 10% c gravel, 5% silt, ang to subang, metamorphic, wet

- 5% silt, 10% f sand, 10% m sand, 60% c sand, 5-10% f gravel

- increasing silt content, 10% silt at 70 ft bgs, 15% silt at 71 ft
bgs

SW-SC

SW

SW-SM

SW

8.5

9.5

10

10

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SC) - olive brn
(2.5Y 4/3), 40% f sand, 30% m sand, 10-15% silt, 10% c sand,
5-10% f gravel, sand and gravel ang to subang, metamorphic, moist,
abrupt lower boundary.

WELL GRADED SAND WITH GRAVEL (SW) - brn (7.5YR 4/4), 50%
m sand, 20% f sand, 15% c sand, 10% f gravel coarsening with
depth, 5% silt, moderate caliche development, sand and gravel ang
to subang, metamorphic, moist.
SAND WITH SILT AND GRAVEL (SW-SM) - brn (10YR 4/4), 40% m
sand, 25% c sand, 10-15% f gravel, 10-15% silt, 10% f sand well
graded, sand and gravel ang to subang, metamorphic.

WELL GRADED SAND WITH GRAVEL (SW) - dark grayish brn to brn
(10YR 4/2-4/3), 60% m sand, 15% f sand, 15% f-m gravel, 10% f
sand, ang to subang, metamorphic, wet.

CC2

CC3

CC4

CC5

Appears to encounter water table at 45
to 46 ft bgs

groundwater grab sample collected
from 60-70 ft bgs

Collect grain size sample at 62 to 64 ft,
ID: MW-41D-63

Collect grain size sample at 65 to 66 ft,
ID: MW-41D-66

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

40

45

50

55

60

65

70

2,103,536.66 7,614,578.85



- 10-15% silt

- 5-10% silt

- silt caliche

- 15% silt, 5% f-m gravel

ML

SW

SM

SW-SM

9.5

10

10

5

WELL GRADED SAND WITH GRAVEL (SW) - dark grayish brn to brn
(10YR 4/2-4/3), 60% m sand, 15% f sand, 15% f-m gravel, 10% f
sand, ang to subang, metamorphic, wet.

SANDY SILT WITH GRAVEL (ML) - greenish gray (GLEY1 5/5GY),
50% silt, 20% vf sand, 10% f sand, 10% m sand, 10% f gravel, sand
and gravel ang to subang, metamorphic, silty plastic, silty sticky to
not sticky, moist to wet.  Abrupt lower boundary (< 2 cm).
WELL GRADED SAND WITH GRAVEL (SW) - brn (7.5YR 4/4), 40% f
sand, 20% m sand, 20% c sand, 10% silt, 10% f gravel, sand and
gravel ang to subang, metamorphic, moist, distinct layers of 15-20%
silt < 2 cm thick.

SILTY SAND WITH GRAVEL (SM) - brn (10YR 5/3-4/3), 35% f sand,
20% silt, 15% f gravel 0.2" to 1", 10% vf sand, 10% m sand, 10% c
sand, sand and gravel dominantly ang to subang, v few subrnd,
metamorphic and v few conglomerate, moist.

SAND WITH SILT AND GRAVEL (SW-SM) - brn (7.5YR 4/3), 30% m
sand, 20% f sand, 20% c sand, 20% f-m gravel, 10% silt, sand and
gravel ang to subang, metamorphic, moist to wet, silt caliche.

CC6

CC7

CC8

CC9

Stop drilling at 80 ft bgs on 10/22/04,
continue drilling on 10/23/04

Collect grain size sample at 93 ft, ID:
MW-41D-93

Drilled 100 to 110 ft but dropped core
during retrieval and recovered on next
run

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 3 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,103,536.66 7,614,578.85



- 20% silt

- interbedded sand with gravels, brn (7.5YR 4/3), 30% c sand,
20% f gravel, 20% m sand, 20% f gravel, 10% silt, well graded

- 80% silt, 10% f sand, 10% c sand

- 10% silt, slit horizontal fabric in gravels

SW

SW

SW

MH

SW

14

10

10

WELL GRADED SAND WITH GRAVEL (SW) - brn (7.5YR 4/4), 30%
m sand, 30% c sand, 20% f sand,  15% f-m gravel, 5% silt, sand and
gravel ang to subang, metamorphic, moist.  Moderate caliche
development, silty cemented throughout.  Distinct 1/8" silt layers are
dark gray (5Y4/1), 90% silt, 10% vf sand.
WELL GRADED SAND (SW) - brn (10YR 4/3), 30% f sand, 30% m
sand, 15% silt, 15% c sand, 10% f gravel, ang to subang,
metamorphic, wet.

WELL GRADED SAND WITH GRAVEL (SW) - brn (10YR 4/3 at top,
7.5YR 4/3 at bottom), 30% m sand, 30% c sand, 25% f-c gravel,
10% f sand, 5% silt, sand ang to subang and fining downwards,
gravel ang to subrnd, metamorphic, wet.

SILT WITH GRAVEL (MH) - dark brn (2.5Y 4/3 or 4/4), 65% silt,
30% f-m ang to subang gravel up to 2.75", 5% clay, 5% c sand,
metamorphic, med-high elasticity, sticky, plastic, dry, caliche on
gravels, abrupt lower boundary.

SILTY SAND (SW) - dark greenish gray (Y2 4/10G), 30% vf sand,
30% f sand, 20% silt, 10% m-c sand, 10% ang to subang gravel,
metamorphic, moist.  Moderate caliche development.  Mottled brn
(7.5YR 4/4) over 10% of surface, mottling increases to 50% of
surface at bottom 3".

WELL GRADED SAND WITH GRAVEL (SW) - 40% m sand, 25% f-c
gravel (1/5" to 1"), 20% c sand, 10% f sand, 5% silt, ang to subang,
metamorphic, wet.

CC10

CC11

CC12

Collect grain size sample at 122 to 124
ft, ID: MW-14D-123

groundwater grab sample collected
from 130-140 ft bgs

Collect grain size sample at 136.5 to
137.5 ft, ID: MW-14D-137

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 4 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,536.66 7,614,578.85



- dark grayish brn (10YR 4/2), 40% f sand, 20% f-c gravel 1/5"
up to 3", 10% m sand, 5-10% silt,  moist.  Mottling in blocks of
brn (7.5YR 4/3)

- 35% m sand, 25% c sand, 25% f sand, 15% gravel, 5-10%
silt, well graded, caliche development throughout and increased
cementation with depth

- brn (10YR 4/3 to 7.5YR 4/3), 5% silt, 10% f sand, 40% m
sand, 35% c sand, 10% f gravel, well graded, sand and gravel
ang to subang - metamorphic.  Gravels less than 2 cm

SW

SW-SM

15

10

WELL GRADED SAND WITH GRAVEL (SW) - 40% m sand, 25% f-c
gravel (1/5" to 1"), 20% c sand, 10% f sand, 5% silt, ang to subang,
metamorphic, wet.

WELL GRADED SAND WITH SILT (SW-SM) - brn (7.5YR 4/2 to 4/3),
35% m sand, 30% f sand, 15% c sand, 10-15% silt, 5-10% f-c gravel
(0.2" avg, up to 2"), ang to subang with v few subang gravel, moist
to wet.

CC13

CC14

Appears to be reworked due to drilling

Reworking at 140 to 176 indicated by
lack of fabric, no silt layers around
gravels, color, and blocks of mottled
brown

Collect grain size sample at 172.5 to
173.5 ft, ID: MW-41D-173

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 5 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

2,103,536.66 7,614,578.85



- < 5% red mottling (2.5YR 4/6), < 5% silt, 20% f sand, 50% m
sand, 20% c sand, 5% gravel

SW

SP

SW

SM

SW-SM

10

18

WELL GRADED SAND WITH SILT (SW-SM) - brn (7.5YR 4/2 to 4/3),
35% m sand, 30% f sand, 15% c sand, 10-15% silt, 5-10% f-c gravel
(0.2" avg, up to 2"), ang to subang with v few subang gravel, moist
to wet.

WELL GRADED SAND WITH GRAVEL (SW) - brn (10YR 5/3), 50% m
sand, 20% c sand, 20% f sand, 5% silt, 5% gravel avg 0.5", ang to
subang, metamorphic, wet.

POORLY GRADED SAND (SP) - grayish brn (10YR 5/2), 85% m
sand, 10% f sand, < 5% silt, ang to subang, metamorphic, wet.
WELL GRADED SAND WITH GRAVEL (SW) - brn (10YR 5/3), 50% m
sand, 20% f sand, 20% c sand,  5% silt, 5% gravel avg 0.5", ang to
subang, metamorphic, wet.

SILTY SAND WITH GRAVEL (SM) - brn (7.5YR 4/3) with 15% dark
greenish gray (GLEY1 4/10Y) and 10% red (10R 4/6) mottling, 25%
m sand, 25% c sand, 20% silt, 15% f sand, 15% gravel 0.5" - 2.5",
ang to subang with v few subrnd, metamorphic.  Silty caliche
development, faint fabric with aligned gravels.

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM) - brn
(7.5YR 4/3) with 10% dark greenish gray (GLEY1 4/10Y) mottling,
30% m sand, 25% c sand, 20% f sand, 15% gravel from 0.5" - 2.5",
10% silt, sand and gravel ang to subang, metamorphic, silt caliche
development, abrupt lower boundary.

CC15

CC16

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 6 of 10

10/22/2004
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L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

2,103,536.66 7,614,578.85



- 10% silt

- reddish brn (5YR 4/3), 45% m sand, 5-10% silt, 10% f sand,
5-10% gravel .5 to 8 cm, moderate caliche development

- 60-70% m sand, 20% c sand, 5% silt, 5% gravel 0.5 - 2 cm

- 45% m sand, 30% c sand, 5-10% silt, 10% f sand, 5-10%
gravel 0.5 to 8 cm

- 30% m sand, 30% c sand, 10-15% silt, 15% f sand, 10-15%
gravel, some caliche, wet

GW-GM

SW-SM

SW

SP

18

17

WELL GRADED GRAVEL WITH SILT AND SAND (GW-GM) - brn
(7.5YR 4/2), 50% gravel up to 2" , 20% m sand, 20% c sand, 5%
silt, 5% f sand, sand and gravel ang to subang, metamorphic.

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM) - brn
(7.5YR 4/3) with 10% dark greenish gray (GLEY1 4/10Y) mottling,
30% m sand, 25% c sand, 20% f sand, 15% gravel from 0.5" to 2",
10% silt, ang to subang, metamorphic with lt caliche development.

WELL GRADED SAND WITH SILT AND GRAVEL (SW) - brn (7.5YR
4/3), 40% m sand, 30% f sand, 20% c sand, 5% silt, 5% gravel,
sand and gravel ang to subang, metamorphic, wet, moderate to
strong caliche development, silt fabric with horizontally aligned
gravels and c sand.
POORLY GRADED SAND (SP) - dark grayish brn (2.5Y 4/2), 50% m
sand, 50% c sand, subang, metamorphic, wet.

WELL GRADED SAND (SW) - brn (7.5YR 5/3), 40% m sand, 30% c
sand, 15% f sand, 10% gravel, 5% silt, sand and gravel ang to
subang, metamorphic, wet, silt cementation.

CC17

CC18

Appears to be coarsening upward
sequence 210 to 213 ft bgs

Core from 220 to 233 appears to be
washed out from drilling process

groundwater grab sample collected
from 240-250 ft bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
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O
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Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 7 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,536.66 7,614,578.85



- reddish brn (5YR 4/4), 5% red (10R 4/8), 5% grayish green
(GLEY1 4/5G) mottled, 60-70% m sand, 10-15% silt, 15% f
sand, 5% gravel, some caliche, silty consolidated
- 40% f sand, 40% m sand, 10% c sand, 5% silt, 5% f gravel,
very few c gravel of 4 to 5 cm, silty indurated, slit fabric with
horizontal gravel, strongest at base

- brn (10YR 5/3) matrix, 60% yellowish red (5YR 4/6), 20% v
dark greenish gray GLEY2 3/5BG mottling, 30% f sand, 20% vf
sand, 20% m sand, 15-20% silt, 5% c sand, 5% c gravel, few
thin layers of 25-30% silt, abrupt lower boundary

- reddish brn (5YR 4/4), 40% f sand, 35% c sand, 10% m sand,
10% f gravel up to 2 cm, 5% silt, gravel ang to subang, c sand
ang to subround, metamorphic, wet, slit clay films on gravels

- red (2.5YR 4/4 to 4/6), 5-10% silt/clay, 30% f sand, 30% c
sand, 20% m sand, 15% gravel, increased induration, v few
weak clay films around gravels
- strong caliche

- 2 to 6 cm gravels from 267 to 268 ft bgs

- brn (5YR 4/4), 50% c sand, 25% f gravel up to 0.5", 10% f
sand, 10% m sand, 5% clay/silt

- v few spots of dk greenish gray (GLEY2 4/5BG) mottling, 40% f
sand, 20% m sand, 20% c sand, 10% silt, 10% f gravel, well
graded, silty indurated, moderate caliche, strongest in top 6
inches

SW

10

9

9

5

WELL GRADED SAND (SW) - brn (7.5YR 5/3), 40% m sand, 30% c
sand, 15% f sand, 10% gravel, 5% silt, sand and gravel ang to
subang, metamorphic, wet, silt cementation.

SILTY SAND WITH GRAVEL (SM) - dark reddish brn (2.5YR 3/3),
30% f sand, 25% silt, 20% c sand, 15% gravel, 10% m sand,
subang, little metamorphic, wet, silty indurated, weathered.

CC19

CC20

CC21

CC22

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 8 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

2,103,536.66 7,614,578.85



SM

SW

SM

SW

BR

BR

BR

5

15

15

SILTY SAND WITH GRAVEL (SM) - dark reddish brn (2.5YR 3/3),
30% f sand, 25% silt, 20% c sand, 15% gravel, 10% m sand,
subang, little metamorphic, wet, silty indurated, weathered.

WELL GRADED SAND (SW) - grayish brn (10YR 5/2), 40% m sand,
25% c sand, 15% f sand, 10% fines, 10% gravel to 0.5", sand and
gravel ang to subang, some metamorphic, wet, silty indurated, trace
caliche.

SILTY SAND (SM) - grayish brn (10YR 5/2), 30% m sand, 25%
fines, 25% gravel, 20% c sand, 10% f sand, ang to subang, some
metamorphic, wet,  moderately indurated.

SAND (SW) - dark red (2.5YR 3/6) with brn (7.5YR4/3 clay layer,
30% m sand, 25% gravel up to 1.5", 20% c sand, 15% fines, 10% f
sand, weathered bedrock, moderately indurated, wet.

CONGLOMERATE (BR) - dark reddish brn (2.5YR 3/3), 30% m sand,
30% c sand, 20% f sand, 10% fines, 10% gravel up to 1.5", ang to
subang, dry,  strongly indurated.

CONGLOMERATE (BR) - reddish brn (2.5YR 4/4), 30% m sand,
30% c sand, 20% f sand, 10% fines, 10% gravel, gravel subrnd, dry.

CONGLOMERATE (BR) - reddish brn (2.5YR 4/3), 30% f sand, 20%
fines, 20% c sand, 20% subang gravel up to 1", 10% m sand, wet.

CONGLOMERATE (BR) - dark reddish brn (2.5YR 3/3), 30% m sand,
30% subang gravel to 1.5", 20% f sand, 10% fines, 10% c sand, dry,
silty indurated, weathered.

CC23

CC24

CC25

Angled bedding plane seen at 301'
(photo)

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 9 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,536.66 7,614,578.85



- silty more indurated, moist

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

BR

5

Boring Terminated at 320 ftBoring Terminated at 320 ft

CONGLOMERATE (BR) - dark reddish brn (2.5YR 3/3), 30% m sand,
30% subang gravel to 1.5", 20% f sand, 10% fines, 10% c sand, dry,
silty indurated, weathered.

CC26

Well Completion: TD = 311.5' bgs;
Screen Interval = 271 to 291 ft bgs;
Filter Pack = 299 - 261 ft bgs; Stick-up
Approx = 2.6 ft; Sump = 291 to 311
bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

11/05/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

MW-41

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Bat Cave Wash, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 10 of 10

10/22/2004
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

476.9 ft. MSL

320.0

---

BORING NUMBER:

DRILLING METHOD:

320

2,103,536.66 7,614,578.85



MW-41S

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

60.0       BOTTOM DEPTH OF BOREHOLE

2103518.07

7614588.78

11/01/2004

477.41

 326128.01.07.AR

Bat Cave Wash, Parcel No. 650-151-06

11/01/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

40.0

60.0

WELL MATERIAL:

SEAL

GROUT

60.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

480.07

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

          TOP DEPTH OF FILTER PACK

BOTTOM OF WELL CASING

BOTTOM DEPTH OF SCREEN

LOGGER: 11/01/2004

PROJECT:

          BOTTOM DEPTH OF FILTER PACK

#3 Monterey Sand

Bentonite Pellets

          TOP DEPTH OF SEAL

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):



MW-41M

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

190.0       BOTTOM DEPTH OF BOREHOLE

2103527.41

7614583.19

11/01/2004

477.06

 326128.01.07.AR

Bat Cave Wash, Parcel No. 650-151-06

11/01/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

170.0

WELL MATERIAL:

SEAL

GROUT

190.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

479.84

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

          TOP DEPTH OF FILTER PACK

190.0

BOTTOM DEPTH OF SCREEN

LOGGER: 11/01/2004

PROJECT:

          BOTTOM DEPTH OF FILTER PACK

#3 Monterey Sand

Bentonite Pellets

          TOP DEPTH OF SEAL

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE



MW-41D

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

320.0       BOTTOM DEPTH OF BOREHOLE

2103536.66

7614578.85

10/22/2004

476.88

 326128.01.07.AR

Bat Cave Wash, Parcel No. 650-151-06

11/05/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
20-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

311.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

271.0

WELL MATERIAL:

SEAL

GROUT

291.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

479.42

299.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 11/01/2004

261.0       TOP DEPTH OF FILTER PACK

PROJECT:

20-ft
#3 Monterey Sand

Bentonite Pellets

          TOP DEPTH OF SEAL

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:
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326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,026.39 7,613,368.09

-see boring log for well OW-1 completed ~60 ft east of IW-1

-1" angular metadiorite pieces in shoe
270

275

280

-3 rocks in first few inches of core barrel

Conductor casing set to 10 ft bgs, wash
casing to 270 ft bgs without collection
of core or chips.

Mud Properties: viscosity=43 sec,
density =95 lbs/gal, sand=4.5% cake
c/ml, ph=7, filter press=7.8 ml

chattering, slow drilling, drill rate =
15ft./hr

0

0

NO FORMAL LOG

core 1

core 2

SHEET 1 of 6

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

easier drilling, some cobbles to 270'

0

continuous 94 mm core started at 270
ft bgs, drilling rate=20ft/hr



SOIL DESCRIPTION

LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,026.39 7,613,368.09

SHEET 2 of 6

-several 1" cobbles in core barrel of metadiorite rock

-1.5" diameter rock in core barrel, metadiorite rock

- angular metadiorite cobbles up to 1"

-more gravely

-sand w/gravel, fines, red in color, up to 1.5", subang

-metadiorite cobbles cored, .5" w/loose cobbles, ang

-metadiorite cobbles

note: using finger bit to core

drilling rate=30ft/hr

dropped core barrel in hole

drilling rate=15ft/hr

drilling rate=10ft/hr

drilling rate=10ft/hr

SW/GP

SW/SP

SW/SM

0

0

0.5

0.08

0.25

0.25

0.33

0.5

0.67

0.33

NO FORMAL LOG

GRAVELY WELL GRADED SAND -lt olive brn 2.5YR5/3, 8% gravel,
ang-subang.

GRAVELLY WELL GRADED SAND

WELL GRADED SAND WITH SILT AND GRAVEL -med olive brn
5Y4/4, 15% gravel, up to .5", ang-subang, 8% fines.

POORLY GRADED FINE SAND WITH GRAVEL -dk reddish-brn
10R3/4, up to .25" gravel ang-subang, <10%fines.

core 3

core 4

core 5

core 6

core 7

core 8

core 9

core 10

core 11

core 12

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06



DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

340

345

350

2,103,026.39 7,613,368.09

SHEET 3 of 6

-8-10% gravel, fine sand

-dk reddish brn 10R2/4

-Hard consolidated material, metadiorite quartzite and
metamorphic bedrock, very uniform size, angular, "salt &
pepper" appearance

drilling rate=12ft/hr

chattering

chattering

drilling rate=8ft/hr

drilling rate=15ft/hr

drilling rate=20ft/hr

drilling rate =15ft/hr

softer drilling

drilling rate =20ft/hr

drilling rate=15ft/hr

very hard

SP

0.25

0.25

0

0

0

0

0

POORLY GRADED FINE SAND WITH GRAVEL -dk reddish-brn
10R3/4, up to .25" gravel ang-subang, <10%fines.

core 13

core 14

tricone
cuttings

tricone
cuttings

tricone
cuttings

tricone
cuttings

tricone
cuttings

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004



drilling rate=12ft/hr

harder

drilling rate=12ft/hr

drilling rate=6ft/hr

drilling rate=30ft/hr

drilling rate=19ft/hr. cuttings coarser

375-377 cuttings coarser

drilling rate=19ft/hr

drilling rate=19ft/hr

0

-Hard consolidated material, "salt & pepper" appearance

0

0.17

0.04

0

0

0

0

0

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06 LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:

355

360

365

370

375

380

385

2,103,026.39 7,613,368.09

SHEET 4 of 6

BEDROCK (BR) - mixture of metamorphic rocks, consolidated
reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.

SOIL DESCRIPTION

POORLY GRADED FINE SAND WITH GRAVEL -dk reddish-brn
10R3/4, up to .25" gravel ang-subang, <10%fines.

tricone
cuttings

tricone
cuttings

core 15

core 16

tricone
cuttings

tricone
cuttings

tricone
cuttings

tricone
cuttings

tricone



326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:

390

395

400

405

410

2,103,026.39 7,613,368.09

SHEET 5 of 6

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained

drilling rate=19ft/hr

drilling rate=14ft/hr, chatter

drilling rate=14ft/hr

BR

0

0.08

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

BEDROCK (BR) - mixture of metamorphic rocks, consolidated
reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.

0

0

0

Boring Terminated at 411 ftBoring Terminated at 411 ft

cuttings

tricone
cuttings

core
button
bit 1

core
button
bit 2

core
button
bit 3

core
button
bit 4



ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

11/19/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-1

D. Thomas

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Investigation PG&E Topock Injection Area

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
11/12/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.DO

LOCATION:

548.0 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,026.39 7,613,368.09

SHEET 6 of 6



- began collecting chips at 200 ft at 10 ft intervals

- metamorphic angular rock fragments, typical chip size 5mm

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,104.94 7,613,363.87

-see boring log for well OW-2 completed ~50 ft north of IW-2

200

205

210

0

SHEET 1 of 8

Conductor casing set to 10 ft bgs, wash
casing to 200 ft bgs without collection
of core or chips.

hard chatter from 178-186 ft, viscosity
= 33sec, density = 8.8 lbs/gal, pH=8

penetration rate from 180-2000' is 100
ft/hr

chatter from 200-210 ft, slow hard
drilling, penetration rate from 200-220
ft is 33 ft/hr

NO FORMAL LOG

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):



- ang to subang metamorphic rock chips, typical chip size ~3 mm

- ang to subang metamorphic rock fragments, typical chip size
~5 mm

slow drilling but no chatter, possible
circulation problems

slow drilling but no chatter, penetration
rate from 220-240 ft is 46 ft/hr, not
running sanders, sand = 2%

penetration rate from 240-260' is 46
ft/hr, viscosity = 43 sec, density 9
lbs/gal, sand <0.5%, pH=8

NO FORMAL LOG

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/200412/13/2004
IN

TE
R

V
A

L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,104.94 7,613,363.87

SHEET 2 of 8

DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):



HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

- ang to subang metamorphic rock fragments, typical chip size
~3 mm

- typical chip size ~5 mm

- typical chip size ~10 mm

improved pump circulation and
penetration rate (~2100psi was 1300
psi); penetration rate from 260-280 ft
is 100 ft/hr

NO FORMAL LOG

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

2,103,104.94 7,613,363.87

SHEET 3 of 8

DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER



- ang to subang metamorphic rock fragments, typical chip size
~15 mm

- ang to subang metamorphic rock fragments, typical chip size
5-10 mm

- same as above, typical chip size ~3 mm

viscosity = 33 sec, density 9 lbs/gal,
pH=8, sand <0.5%

chatter

NO FORMAL LOG

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,104.94 7,613,363.87

SHEET 4 of 8

12/16/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA



- sediments felt too soft for good recovery

- typical chip size ~5 mm

- core black green gray metamorphic rock. Rock types include
gneiss, quartzite, some evidence of oxidation at joint faces, slim
veins (>1 mm) various orientation

- black green metamorphic rock, salt and pepper look
(metadiorite?), some oxidation at joints, some qtz veins (<1mm),
minor felsic rock fragments

- chips ang to subang metamorphic rock fragments. Typical chip
size ~5mm, core gneiss, black white rock, oxidation surfaces at
some joints, minor felsic rock fragments

DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

continuous coring started at 330 ft bgs.
viscosity = 36 sec, density 9 lbs/gal,
pH=8, sand <0.5%, 30 ft/hr

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

340

345

350

2,103,104.94 7,613,363.87

SHEET 5 of 8

- core same, less felsic rock fragments

tripping out to set up split core barrel
and kriss bit, attempting to core from
320 ft

43 ft/hr

11 ft/hr

0.75

0.5

0.5

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004
DATE STARTED:

possible bedrock encountered

0.17

viscosity = 36 sec, density 8.9 lbs/gal,
pH=8, sand <0.5%, 75 ft/hr

NO FORMAL LOG



- metamorphic rock, black green gray, 1 mm wide fractures veins
(qtz filled) oblique to core axis

- chips same, typical chip size ~ 5mm

- metamorphic rock with oxidation on some joint surfaces gneiss,
4 mm wide qtz vein

- metamorphic rock black green gray, salt and pepper look
(gneiss or metadiorite), 1 mm wide qtz filled vein parallel with
core axis

- same with oxidation on joint surface

- same but with traces of consolidated alluvial material (c sand,
red brn)

- same but larger piece of consolidated alluvial material, well
graded f sand to f gravel, grain supported

switched to solid core barrel

trying slower rotation

viscosity = 42 sec, density 8.8 lbs/gal

trying faster rotation

viscosity = 37 sec, density 8.8 lbs/gal

6.8 ft/hr

5.8 ft/hr

21 ft/hr

21.4 ft/hr

BR

0.67

0.42

0.58

0

0

0.38

0.33

0

0.33

0.63

0.46

0

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

- chips same, typical chip size 3 mm, core is black white
metamorphic rock, oxidation on some joint surfaces

BORING NUMBER:

DRILLING METHOD:

355

360

365

370

375

380

385

2,103,104.94 7,613,363.87

SHEET 6 of 8

BEDROCK (BR) - mixture of metamorphic rocks, consolidated
reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.

DATE STARTED: DATE COMPLETED:



- mixture of broken up rock ~0.5" to 2" combination of
metamorphic rock and consolidated alluvial material - grains
supported

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained

25 ft/hr

25 ft/hr

19 ft/hr

viscosity = 39 sec, density 8.8 lbs/gal,
pH=8, sand <0.5%

0.13

0

0

0

0

0

0.42

0

Boring Terminated at 412 ftBoring Terminated at 412 ft

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

- metamorphic rock, salt and pepper look (metadiorite?)
oxidation on joint surface

BORING NUMBER:

DRILLING METHOD:

390

395

400

405

410

2,103,104.94 7,613,363.87

SHEET 7 of 8

BEDROCK (BR) - mixture of metamorphic rocks, consolidated
reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06



SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/16/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-2

S. Mellon

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/13/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.5 ft. MSL

412.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,104.94 7,613,363.87

SHEET 8 of 8



IW-2

S. Mellon

Mud Rotary

WDC Exploration & Wells, Montclair, CA

412.0       BOTTOM DEPTH OF BOREHOLE

2103104.94

7613363.87

12/13/2004

546.54

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

12/16/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):TOP OF WELL CASING (NGVD 29):

340.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

170.0

WELL MATERIAL:

SEAL

GROUT

330.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

550.11

143.0       TOP DEPTH OF SEAL

347.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

BOTTOM DEPTH OF SCREEN

LOGGER: 12/16/2004

150.0       TOP DEPTH OF FILTER PACK

PROJECT:

10-ft
6/12 Sand

Bentonite Pellets

304 HT20TB Mild Steel

Portland Cement Mix

SLOT TYPE:
PACK TYPE:

6-in

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
160-ft

MONUMENT MOUNTED LOCKING WELL

304 SS HT20TB, 60-slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

CENTRALIZER DEPTH(S)
Mild Steel = 29, 89;
SS = 149, 209, 269, 335



DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-3

E. Gray, M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/16/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

551.4 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,007.18 7,613,237.80

-see boring log for well OW-5 completed ~50 ft west of IW-3
0

- very hard consolidated material, "salt and pepper" look

- very uniform cuttings, all ang cuttings

large cobbles? drilling rate 12 ft/hr

continuous coring started at 355 ft bgs

lost circulation, bit plugged

drilling rate 24 ft/hr

very hard

0.83

355

360

365

370

375

380

385

SHEET 1 of 3

NO FORMAL LOG

CONGLOMERATE (BR) - mixture of metamorphic rocks,
consolidated reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.  Brn 7.5YR4/3 with reddish brn 5YR5/4 mottling, 20% f to
m sand, 20% c ang to subang gravel up to 1/4", mostly metadiorite
fragments.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/18/2004

BR



ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained

DATE STARTED: DATE COMPLETED:

USCS
CODE

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/16/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

551.4 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:

390

395

400

405

410

2,103,007.18 7,613,237.80

SHEET 2 of 3

BEDROCK (BR) - mixture of metamorphic rocks, consolidated
reddish brown conglomerate, and silty sandstone, v hard
metamorphic / felsic rock fragments, may be some megabreccia
deposits.  Brn 7.5YR4/3 with reddish brn 5YR5/4 mottling, 20% f to
m sand, 20% c ang to subang gravel up to 1/4", mostly metadiorite
fragments. drilling rate 21 ft/hr

Boring Terminated at 411 ftBoring Terminated at 411 ft

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/18/2004

BR

IW-3

E. Gray, M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):



ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Mud Rotary

12/18/2004
DATE STARTED: DATE COMPLETED:

USCS
CODE

IW-3

E. Gray, M. Godwin

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
12/16/2004

IN
TE

R
V

A
L

WDC 30K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

551.4 ft. MSL

411.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,007.18 7,613,237.80

SHEET 3 of 3



IW-3

E. Gray, M. Godwin

Mud Rotary

WDC Exploration & Wells, Montclair, CA

411.0       BOTTOM DEPTH OF BOREHOLE

2103007.18

7613237.80

12/16/2004

551.43

 326128.01.07.AR

East Mesa, Parcel No. 650-151-06

12/18/2004

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

TOP OF WELL CASING (NGVD 29):

330.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

160.0

WELL MATERIAL:

SEAL

GROUT

320.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

554.44

142.0       TOP DEPTH OF SEAL

333.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

BOTTOM DEPTH OF SCREEN

LOGGER: 12/18/2004

146.5       TOP DEPTH OF FILTER PACK

PROJECT:

10-ft
6/12 Sand

Bentonite Pellets

304 HT20TB Mild Steel

Portland Cement Mix

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

6-in

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
160-ft

MONUMENT MOUNTED LOCKING WELL

305 SS HT20TB, 60-slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

CENTRALIZER DEPTH(S)
Mild Steel = 35, 95;
 SS = 155, 215, 275, 325
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Compliance Well Drilling and Construction Logs 
 



Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:
2,102,692.93

SHEET 1 of 9

100

105

0 Conductor casing set to 10 ft bgs, wash
casing to 100 ft bgs without collection
of core.  Per work-plan, drilled interval
in unsaturated zone was not logged.

SP

SP-SC

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L

563.8 ft. MSL 7,613,263.17

POORLY GRADED SAND WITH GRAVEL (SP)  -brn (7.5YR5/4), 40%
gravel m-c, 30% c sand, 20% m sand, 5% f sand, <5% silt,
ang-subang, wet sand and gravel, igneous / metamorphic, massive.

POORLY GRADED SAND WITH SILTY CLAY (SP-SC)  -reddish brn
5YR4/4, 40% m-sand, 20% c-sand, 15% f-gravel, 15% clay-silt, 10%
f-sand, ang-subang, igneous / metamorphic, mottles of dk
reddish-brn 5YR3/4 and grnish-gry GLEY1 5/5GY, massive.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005

groundwater grab sample collected
from 100-118 ft bgs
possible slough and all core may not
have been retrieved from 100-106 ft
bgs

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5):

DEPTH BGS
(feet)

EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land



- brn7.5YA 4/3-5/3, 25% c-sand, 25% m-sand, 20% clay/silt,
15% f-gravel, 15% f-sand, ang-subang, igneous and
metamorphic, massive, .5 cm-3cm, wet

- brn 10YR 4/3-5/3, 30% m-sand, 25% c-sand, 25% clay/silt,
10% f-gravel, 10% f-sand, ang-subang, igneous/metamorphic,
.5-1cm, massive

100-120ft bgs open hole, bailed and
collect water sample, sample ID:
CW1-120 @14:15

SP

SM

SP

16

20

POORLY GRADED SAND WITH GRAVEL (SP) -reddish brn 5YR4/4 to
5/4, 50% m sand, 20% c-sand, 15% f-c gravel, 10% f-sand, 5%
clay/silt, ang-subang, igneous/meta., faint gravel-fabric and v-faint
bedding, soft-firm in intervals.

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

SHEET 2 of 9

SILTY SAND (SM) -lt yellowish-gry 2.5Y 6/2, 40% m-sand, 30%
f-sand, 15% silt, 10% m-sand, 5% c-sand, soft, dry, massive.

POORLY GRADED SAND WITH SILT AND GRAVEL (SP) -dk
reddish-gray (5YR4/3) to dk-gray (7.5YR4/1), 50% m-sand, 20%
c-sand, 10% f-sand, 10% clay/silt, 10% f-c gravel, hard w/caliche
development, moist to drier.

S1

S2

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

2,102,692.93563.8 ft. MSL 7,613,263.17



-10% more clay/silt

-75% m-sand, 10% f-sand, 5% c-sand, 5% gravel, 5% clay/silt

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

SHEET 3 of 9

stop drilling at 140 ft on 1/5/05, but
core not removed, continue drilling on
1/6/05

very hard drilling 165-170 ft

SP

SM

SW

20

16

POORLY GRADED SAND WITH SILT AND GRAVEL (SP) - brn (7.5YR
5/3) with mottles of reddish-brn (5YR4/3), 65% m-sand, 20% c-sand,
10% f-gravel, <5% clay/silt, ang-subang, igneous/meta., massive,
wet.

SILTY SAND WITH GRAVEL (SM) -brn (7.5YR4/3), 30% f-sand,
20% silt/clay, 20% m-sand, 15% f-c-gravel, ang-subang,
igneous/meta, 1-2cm., 10% mottling dk reddish gry(5YR4/3).

WELL GRADED SAND (SW) -gray-brn (10YR5/2) 30% c-gravel, 30%
m-sand, 25% f-sand, 15% gravel, <5% clay/silt, ang-subang,
igneous/meta, color homogenized to high permeability, ave-1-3cm.

S3

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

S4

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/20052,102,692.93563.8 ft. MSL 7,613,263.17

groundwater grab sample collected
from 160-176 ft bgs

160-180ft open hole, bailed one hour
(130 gallons)



-75% c-gravel

-weak caliche 196-199 ft

-sand layer, brn 7.5YR4/4, 80% m-f sand

-yellowish-brn 10YR5/4, 60% m-sand, 20% c-sand, 10% f-sand,
,5% gravel, 5% clay/silt, ang-subang, igneous/meta, soft-firm,
wet

lost core from 175-180 ft

200-204 ft sand not typical, sand end
possibly reworked slough

SM

SC

SW-SM

MH

SP

DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

SHEET 4 of 9

20

WELL GRADED SAND (SW) -gray-brn (10YR5/2) 30% c-gravel, 30%
m-sand, 25% f-sand, 15% gravel, <5% clay/silt, ang-subang,
igneous/meta, color homogenized to high permeability, ave-1-3cm.

SILTY SAND WITH GRAVEL (SM)  -reddish brn 5YR5/3, 30%
m-sand, 30% f-sand, 20% clay/silt, 10% f-gravel, 10% c-sand,
ang-subang, igneous./meta., massive, moist-wet.

 CLAYEY SAND (SC) dk grayish-brn 10YR4/2, 50% m-sand, 20%
silt/clay, 10% f-sand, 5% f-gravel, 5% c-sand, ang-subang,
igneous/meta, silty sticky/plastic, wet.

 WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM) -reddish
brn 5YR5/3, 30% m-sand, 30% f-sand, 20% c-sand, 10% f-gravel,
10% clay/silt, 5% mottles of reddish-brn 2.5YR4/4, ang-subang,
igneous/meta, moist-wet.

 SILT (MH) -dk grayish brn 10YR4/2, 75% silt, 15% f-sand, 10%
clay, sticky/plastic, moist-wet.
POORLY GRADED SAND (SP) -brn 10YR5/3, 50% m-sand, 45%
f-sand, 5% clay/silt, v-soft, massive, wet.

S3

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005
DATE STARTED:

2,102,692.93563.8 ft. MSL 7,613,263.17



-10% clay/silt

-shift in color, reddish brn, 7.5YR4/4 to 5YR 4/4

-brn 7.5YR4/4 to 5YR4/4

-6" caliche zone 10-20% clay/silt

SW-SM

SP-SM

20

20

WELL GRADED SAND WITH SILT (SW-SM)  -brn 10YR5/3, 10%
mottles of brn 7.5YR4/4 weak caliche, 40% m-sand, 25% f-sand,
20% c-sand, 10% f-gravel, 10% clay/silt, ang-subang, massive, wet,
igneous/metamorphic, abrupt lower boundary, firm.

POORLY GRADED SAND WITH SILT AND GRAVEL (SP-SM) -brn
7.5YR5/3-4/3, 35% f-sand, 20% m-sand, 15% c-sand, 15% f-gravel,
10% clay/silt, 30% mottling reddish-brn 5YR4/4, ang-subang,
igneous/metamorphic, hard-v. hard.
WELL GRADED SAND (SW) -brn 7.5YR5/3, 60% m-sand, 20%
f-sand, 15% c-sand, 5% clay/silt, ang-subang, igneous/metamorphic,
massive, wet.

S4

S5

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

SHEET 5 of 9

2,102,692.93

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005563.8 ft. MSL 7,613,263.17

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

groundwater grab sample collected
from 220-240 ft bgs

open hole 220 to 240 ft bgs, bail one
hour (~110 gals)

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA
NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L



-40-50% gravel

-20% silt/clay

260-280 ft bgs core may have been
fully recovered, but same bags filled
with >2 ft of core

SW

0

16

WELL GRADED SAND (SW) -brn 7.5YR5/3, 60% m-sand, 20%
f-sand, 15% c-sand, 5% clay/silt, ang-subang, igneous/metamorphic,
massive, wet.

S6

S7

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005
DATE STARTED:NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

SHEET 6 of 9

2,102,692.93563.8 ft. MSL 7,613,263.17
DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE



-reddish brn, 7.5 YR4/4

300-309 ft appears core is washed cut
and not representative
300-320 ft only received 16ft of core

SW

SW-SC

SW

SC-SM

SW

SW-SM

20

15

WELL GRADED SAND (SW) -brn 7.5YR5/3, 10-15% yellowish-red
5YR4/6 mottling, 60% m-sand, 20% f-sand, 15% c-sand, 5%
clay/silt, ang-subang, igneous/metamorphic with weak caliche
development, massive, firm-hard, wet.

 WELL GRADED SAND WITH CLAY (SW-SC) -brn 7.5YR4/4, 30%
m-sand, 20% f-sand, 20% c-sand, 15% f-gravel, 15% clay/silt,
ang-subang, heterogeneous w/sand layers, igneous/metamorphic,
massive, wet.

WELL GRADED SAND (SW) -brn 7.5YR4/4, 40% m-sand, 30%
c-sand, 15% f-gravel, 15% f-sand, 5% clay/silt, ang-subang,
igneous/metamorphic, massive, wet.

SILTY CLAYEY SAND (SC-SM) - 40% dk greenish-gray (Gley1
4/104), 40% brown (7.5YR4/4), 20% yellowish red (5YR4/5), 10%
f-c gravel, 5-10% c sand, 20% m sand, 30% f sand, 30-35% clay/silt,
subang to ang, m plastic to plastic, m sticky, massive, ig and mm
gravels up to 1 cm (one 9 cm), weak to mod. caliche at 306'
WELL GRADED SAND (SW) -brn 7.5YR4/4, 40% m-sand, 30%
c-sand, 15% f-gravel, 15% f-sand, 5% clay/silt, ang-subang,
igneous/metamorphic, massive, wet.
WELL GRADED SAND WITH SILT (SW-SM)  - brn 7.5YR4/3-5/3,
30-35% f sand, 30% m sand, 10-15% c sand, 10% f gravel, 10-15%
silt/clay, subang to ang, massive, wet, igneous and metamorphic,
max silt at 311', 313', 316',

S9

S10

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

SHEET 7 of 9

2,102,692.93563.8 ft. MSL 7,613,263.17
DRILLING EQUIPMENT:

Rotosonic

01/13/2005
DATE STARTED:

groundwater grab sample collected
from 280-300 ft bgs

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L



very hard drilling conditions from
320-330 ft, only 10 foot run possible,
observed discharged, changed to
reddish brn/red

very hard drilling from 340-350 ft

SC

SM

SW-SM

SC

10

WELL GRADED SAND WITH SILT (SW-SM)  - brn 7.5YR4/3-5/3,
30-35% f sand, 30% m sand, 10-15% c sand, 10% f gravel, 10-15%
silt/clay, subang to ang, massive, wet, igneous and metamorphic,
max silt at 311', 313', 316',

CLAYEY SAND WITH GRAVEL (SC)  - gray (10YR5/1), 30% gravel
up to 6 cm (freshly broken), 25% f sand, 20% clay, 15% m sand, 5%
c sand, 5% silt, massive, soft, wet, decreasing sand with depth.  80%
gravel at 321'.

groundwater grab sample collected
from 340-347 ft bgs

SILTY SAND (SM) - brn 7.5YR5/2-4/2 with reddish brown 5YR5/4 at
324', 35% f sand, 25% m sand, 15% c sand, 20% silt, 5% f very
weathered in-place gravel, subang to ang, firm to hard, weak
bedding, massive, igneous and metamorphic, moist.  At 325',
in-ground igneous / metamorphic rock, v pale brn (10YR3/2), broken
to clay / silt size dust, whitish, few gravels

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM) yellowish
red to red (7.5YR5/6 to 5YR5/6), 40% m sand, 20% f sand, 10-15% f
gravel, 10-15% c sand, 5-10% clay / silt, weak caliche throughout,
subang to ang, m hard to hard, massive, igneous / metamorphic,
moist.

CLAYEY SAND (SC) - greenish gray (Gley1 5/10GY), 30% m sand,
30% f sand, 15% f-c gravel, 10-15% clay, 10% c sand, subang to
ang, massive, igneous / metamorphic, wet.

CONGLOMERATE (BR) - reddish brn (5YR5/4), 40% m sand, 20% f
sand, 15% f-c gravel, 15% c sand, 5-10% clay / silt, hard, massive

WATER LEVEL (ft):
01/04/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

S11

DRILLING METHOD:

320

325

330

335

340

345

350

SHEET 8 of 9

2,102,692.93563.8 ft. MSL 7,613,263.17

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005

appears to be weathered Miocene
conglomerate from 348-360 ft

EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

lost bottom 3 ft of core from 340-345 ft

NORTHING (CCS NAD 27 Z 5):
IN

TE
R

V
A

L

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

BORING NUMBER:

HOLE DEPTH (ft):



- 8 cm igneous gravel cored through

12 ft core recovered from 350-360 ft, 2
ft from core lost with previous run

BR

12

Boring Terminated at 360 ftBoring Terminated at 360 ft

CONGLOMERATE (BR) - reddish brn (5YR5/4), 40% m sand, 20% f
sand, 15% f-c gravel, 15% c sand, 5-10% clay / silt, hard, massive

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/13/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-1

T. McDonald

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

Speedstar 15K

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

360.0

---

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
mm = metamorphic
comptd = compacted
qtz = quartz

BORING NUMBER:

DRILLING METHOD:

355

360

SHEET 9 of 9

2,102,692.93563.8 ft. MSL 7,613,263.17
NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, BLM Land

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/04/2005

IN
TE

R
V

A
L



CW-1M

Rotosonic

WDC Exploration & Wells, Montclair, CA

190.8       BOTTOM DEPTH OF BOREHOLE

2102703.17

7613263.12

01/01/2005

563.36

 326128.01.07.AR

East Mesa Area, BLM Land

01/01/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

140.0

          BOTTOM DEPTH OF FILTER PACK

WELL MATERIAL:

SEAL

GROUT

190.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

566.07

127.0       TOP DEPTH OF SEAL

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
165

BOTTOM DEPTH OF SCREEN

LOGGER: 01/01/2005

133.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

J. Weigel

SLOT TYPE:
PACK TYPE:

190.0

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout



PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

300.2

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

250.0

WELL MATERIAL:

SEAL

GROUT

300.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

566.46

239.0       TOP DEPTH OF SEAL

320.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
250, 300, 319

BOTTOM DEPTH OF SCREEN

LOGGER: 01/13/2005

244.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

CW-1D

T. McDonald

Rotosonic

WDC Exploration & Wells, Montclair, CA

360.0       BOTTOM DEPTH OF BOREHOLE

2102692.93

7613263.17

01/04/2005

563.77

 326128.01.07.AR

East Mesa Area, BLM Land

01/13/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:



- more coarse 2.5-3", 60% sand, 35% subang gravel, 5% fines

- becomes moist

- 4-4.5 inch cobbles at 94', 96' and 97'

- brn 7.5YR4/4, 55% ang to subang sand, 30% subang gravel,
10% subang cobbles, 5% fines, dense, moist to wet

Conductor casing set to 10 ft bgs, wash
casing to 88 ft bgs without collection of
core.  Per work-plan, drilled interval in
unsaturated zone was not logged.
Drilling returns in unsaturated zone
were primarily well-graded sand with
silt and gravel.

continuous coring started at 88 ft bgs

SW

SW

SW

GW

10

8.5

WELL GRADED SAND WITH GRAVEL (SW)  - pale brn (10YR6/3),
65% sand, 15% igneous and metamorphic gravel, 10% silt, 10%
cobbles up to 4.3" long, ang, medium density, dry-silty moist.

WELL GRADED SAND WITH SILT AND GRAVEL (SW)  - brn
7.5YR4/3, 60% sand, 30% subang gravel, 10% fines, medium
density, wet.

WELL GRADED SAND WITH SILT (SW)  - brn 7.5YR4/3, 80% sand,
10% gravel, 10% silt, medium density, wet.

WELL GRADED GRAVEL (GW)  - brn 7.5YR5/3, 55% mostly f gravel,

CC1

CC2

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:

0

PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,097.47 7,613,798.05

SHEET 1 of 10

85

90

95

100

105



- 4.5" metamorphic cobbles, possibly larger, fractured by core

- becomes coarser below 121.5 ft, more silt, less fine sand, 60%
sand, 32% gravel, 8% silt

collect sample CW2-118 at 13:30

core settles in bags and looks shorter

bail 30 gals at 128 ft bgs

no core 138-140 ft bgs - seemed
similar not preserved, fell into cutting
pipe

SW

SW

SW

SW

SW

SW

SW

SW

8

10

9

42% sand, 3% fines, ang metamorphic, dense, wet.
WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 55%
sand, 40% gravel, 3% fines, subang igneous and metamorphic
grains, medium density, wet.

WELL GRADED SAND WITH SILT AND GRAVEL (SW)  - gray
7.5YR5/1, 70% sand, 15% gravel, 10% fines, cobbles up to 4",
subang, medium density, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/2, 70%
subrnd m sand, 27% c gravel up to 2.2" long, 3% fines, hard, wet.

WELL GRADED SAND WITH SILT (SW)  - brn, 70% sand, 20% silt,
10% gravel, medium density, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/2, 70%
sand, 27% gravel, 3% fines, occasional cobbles up to 4" long, subrnd
to subrnd, hard, wet.

WELL GRADED SAND WITH SILT AND GRAVEL (SW)  - brn
7.5YR4/2, 65% subrnd sand, 20% subang gravel, 15% fines, cobbles
up to 3.3" long, medium density, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn, 80% subrnd sand,
12% subang gravel up to 2" long, 8% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - brn
7.5YR4/2, 55% subrnd sand, 25% subang gravel, 15% fines, 5%
cobbles up to 4.2" long, hard, wet.

CC3

CC4

CC5

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,097.47 7,613,798.05

SHEET 2 of 10

groundwater grab sample collected
from 108-128 ft bgs

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:



- more gravel below 146 ft, 70% sand, 25% gravel, 5% fines

- material fell back into hole when pipe breaks, appears to be
well graded sand with gravel and silt

- grades to more and c gravel

- 157-158.5 ft: 70% sand, 25% gravel up to 2.2 inch long, 5%
fines

- sand grades to gravel

- 60% sand, 20-25% gravel, 15-20% fines

core barrel breaks on 148-158 ft run,
retrieve, end day 1/19/05

logging on 1/20/05

SW

SW

SW

SW

SW

SM

GM

SW

SW

7.2

18

WELL GRADED SAND (SW)  - gray 7.5YR5/1, 93% sand, 5% gravel,
2% fines, subang to ang igneous and metamorphic, medium density,
wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 75%
sand, 17% subang gravel up to 2.5" long, 8% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR5/2, 84% f
sand, 12% f gravel, 4% fines, subang to ang, medium density, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - brn, 60%
sand, 25% gravel, 15% clay, subang, hard, wet.
WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - brn
7.5YR5/2, 60% sand, 30% gravels up to 2.3" long, 10% fines,
subang igneous and metamorphic grains, medium hard, wet.

SILTY SAND WITH GRAVEL (SM)  - brn 7.5YR4/3, 60% sand, 12%
gravel, 23% silt, subang to subrnd, medium density, non-plastic, wet.

SILTY GRAVEL (GM)  - brn, 45% gravel, 30% silt, 25% sand, hard,
wet.
WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR5/2, 70%
sand, 25% gravel up to 2.5" long, 5% fines, occasional cobbles,
subang, metamorphic, medium density, wet .

SILTY SAND WITH GRAVEL (SW)  - brn 7.5YR5/2, 60% sand, 20-25
% silty and silty plastic fines, 15-20% gravel which is predominantly
<1" long, no cobbles, subang, hard, wet.

CC6

CC7

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

2,103,097.47 7,613,798.05

SHEET 3 of 10

groundwater grab sample collected
from 168-188 ft bgs

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE



- more sandy below 183 ft

- more brn and silty more silty from 196.5-199 ft

- more gravel below 202.5 ft, 50% sand, 25% gravel, 25% silt
and clay

- evidence of clay infiltration by water

GW

GW/SW

SW

GW

SW

SW

GM

SW

SM

GW

SC

18

17

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

2,103,097.47 7,613,798.05

SILTY SAND WITH GRAVEL (SW)  - brn 7.5YR5/2, 60% sand, 20-25
% silty and silty plastic fines, 15-20% gravel which is predominantly
<1" long, no cobbles, subang, hard, wet.

WELL GRADED GRAVEL WITH CLAY (GW)  - brn 7.5YR4/3, 50%
gravel, 35% sand, 15% fines, no cobbles, clay and silt present, ang,
hard, wet.

WELL GRADED GRAVEL AND SAND (GW/SW)  - brn, 45% gravel,
45% sand, 10% fines, subang, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn, 70% sand, 20%
subang f gravel, 10% fines, medium density, wet.
WELL GRADED GRAVEL (GW)  - brn 7.5YR5/2, 60% f c gravel, 30%
sand, 10% fines, subrnd, hard, wet.
WELL GRADED SAND WITH SILT AND GRAVEL (SW)  - brn
7.5YR5/2, 58% sand, 30% subrnd gravel up to 2.5" long, 12% silty
fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn, 60% sand, 35%
gravel, 5% fines, subrnd, hard, wet.
SILTY GRAVEL AND COBBLES (GM and COBBLES)  - 30% gravel,
25% cobbles, 25% sand, 20% silty fines.
WELL GRADED SAND WITH GRAVEL (SW)  - reddish brn 5YR4/4,
70% sand, 20% subrnd gravel, 5% fines, 5% cobbles up to 3.7"
long, subang igneous and metamorphic grains, medium hard, wet.

SILTY SAND WITH GRAVEL (SM)  - reddish brn 5YR4/4, 55-60%
sand, 25% silty fines, 15-20% gravel, predominantly silt to f gravel,
medium density, wet.

WELL GRADED GRAVEL WITH CLAY (GW)  - gray 7.5YR5/1, 65%
gravel, 25% sand, 10% fines, ang metamorphic sand and gravel,
hard, moist, clay lenses and coatings on gravel.

CLAYEY SAND WITH GRAVEL (SC)  - brn 5YR4/3, 65% sand, 25%
clay and silt, 15% f gravel, subrnd to subang, medium density, wet.

CC8

CC9

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR
SHEET 4 of 10



- some larger gravels

-  75% sand, 55% gravel, 25% cobbles, 5% fines

- well graded sand with gravel, as above with less fines and
gravel, brn 7.5YR4/4, 75% sand, 20% gravel, 5% fines

- becomes gray 7.5YR5/1

core through 6+ inches intact rock hard

SM

GW

SW

SW

GW

SW

ML

SM

SW

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:

8.5

8.5

17

SILTY SAND WITH GRAVEL (SM)  - brn 5YR4/3, 60-65% sand,
20-25% silty fines, 15% gravel, subrnd, medium density, wet.

WELL GRADED GRAVEL WITH CLAY (GW)  - brn, 50% gravel, 35%
sand, 15% fines, hard, wet, some clay coatings on gravel, silt and
clay lenses.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 70%
sand, 20% gravel, 10% fines, subrnd, hard, wet.

WELL GRADED SAND WITH SILT AND GRAVEL (SW)  - brn, 50%
sand, 35% gravel, 15% fines, subang, hard, wet.
WELL GRADED GRAVEL WITH SAND (GW)  - brn, 55% gravel, 40%
sand, 5% fines, clay coatings, ang, hard, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - reddish brn
5YR4/4, 60% sand, 30% gravel up to 2.3" long, 10% fines, subrnd
igneous and metamorphic grains, medium density, wet.

SANDY SILT (ML)  - dk greenish gray 10BG4/1, 30% sand, silty
plastic, soft, wet.
SILTY SAND WITH GRAVEL (SM)  - brn 5YR5/2, 60% sand, 20%
gravel, 20% fines, subrnd, medium density, wet.

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - reddish brn
5YR4/3, 67% sand, 30% gravel, 13% fines including some clay,
subang, medium hard, wet.

CC10

CC11

CC12

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,097.47 7,613,798.05

SHEET 5 of 10

groundwater grab sample collected
from 228-248 ft bgs

Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER



-increasing sand, decreasing silt, gravels ang to 3 cm

- color change to brn 10YR5/3

- same as above with fewer fines, 70-80% sand, 10-20% gravel,
<10% fines

- cobble with fines - silt/clay, fragments up to 9 cm

- very soft clay with cobble fragments up to 10cm

hard, slow and steady drilling

ML

SP

SW

SW

SP

SW

250

255

260

265

270

275

280

2,103,097.47 7,613,798.05

20

20

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - reddish brn
5YR4/3, 67% sand, 30% gravel, 13% fines including some clay,
subang, medium hard, wet.

WELL GRADED SAND WITH SILT AND GRAVELS (ML)  - grayish brn
2.5YR5/2, 60% subrnd sand, 20% subang gravel, 20% fines, m
dense, damp.

POORLY GRADED SAND WITH SILT (SP)  - brn 7.5YR5/3, 85-90%
sand, 5-10% gravel, <5% fines, subrnd, loose, damp.
WELL GRADED SAND WITH GRAVEL (SW)  - olive gray 5YR5/2,
gravels to 7 cm, few cobbles to 10cm, subang, medium dense, damp.

WELL GRADED SAND WITH SILT AND GRAVELS (SW)  - grayish brn
2.5YR5/2, 60% subrnd sand, 20-25% subang gravel, 15-20% fines,
low density, moderate plasticity, damp.

POORLY GRADED SAND (SP)  - brn 10YR5/3, 90% f to m sand, 5%
gravel, <5% fines, loose, damp.

WELL GRADED SAND WITH GRAVEL (SW)  - reddish brn 5YR4/3,
60-70% m sand, 35-25% subang gravel to 4cm, <5% fines, damp.

MODERATELY GRADED SAND WITH GRAVEL (SW/SP)  - reddish brn
5YR4/3, 80-90% sand, 5-15% subang gravel, <5% fines, damp.

CC13

CC14

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

SHEET 6 of 10



- same as above, damp to wet

- cobble, same as 270-272 ft, damp to wet

- wet grading to damp at 302.5 to 308 ft bgs

SW/SP

SM

SP

SM

SM/SP

SW

SM

SW

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005

20

MODERATELY GRADED SAND WITH GRAVEL (SW/SP)  - reddish brn
5YR4/3, 80-90% sand, 5-15% subang gravel, <5% fines, damp.

SAND WITH SILT AND GRAVEL (SM)  - grayish brn 2.5YR5/2, 70%
subrnd sand, 20% gravel, 10% fines, loose.

POORLY GRADED SAND WITH GRAVEL (SP)  - grayish brn
2.5YR5/2, m sand, few gravels, wet.

SAND WITH SILT AND GRAVEL (SM)  - grayish brn 2.5YR5/2, 70%
sand, 15% gravel, 15% fines, low plasticity, loose, wet.

MODERATELY GRADED SAND WITH GRAVEL (SM/SP)  - grayish brn
2.5YR5/2, gravels subang to 5cm, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR5/3, 80%
subrnd sand, 15% subang gravel up to 4 cm, <5% fines, loose, moist
to wet.

SILTY SAND WITH COBBLES (SM) 

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/4, 80%
subrnd m to c sand, 15% subang gravel up to 4cm, <5% fines, loose,
moist to wet.

CC15

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,097.47 7,613,798.05

SHEET 7 of 10

groundwater grab sample collected
from 288-308 ft bgs



- f-m sand, medium density

- color grades to dk gray 5YR4/1

SP/GP

SW

SW/SP

SW

GW

CL

SP

SM

SW

20

20

POORLY GRADED SAND WITH GRAVEL (SP/GP)  - gley 2.5/5BG,
greenish black, 95% sand and gravel, <5% fines, gravels up to 3 cm
when cleaned gravels resemble gneissic clasts, gravels mottled with
red oxidation, subrnd to subang.
WELL GRADED SAND WITH GRAVEL (SW)  - reddish brn 5YR4/4,
60% subrnd f to m sand, 30-35% subang to ang gravel up to 5 cm,
5-10% fines, few cobbles that resemble gneiss when cleaned, moist.
MODERATELY GRADED SAND WITH GRAVEL (SW/SP) - reddish brn
5YR5/4, 85% subrnd f to m sand, 10% subang to ang gravels to 3
cm, <5% fines.

WELL GRADED SAND WITH GRAVEL (SW)  - olive brn 2.5YR4/3,
70-80% subrnd f to m sand, 15-25% subang gravel to 5 cm, <5%
fines, loose, moist to wet.

GRAVELLY SAND/GRAVEL WITH SAND (GW)  - reddish brn 5YR4/4,
gravels subang to ang to 6 cm, increasing fines content with depth
from 5-10% to 20%, low plasticity, dense.

CLAY WITH GRAVEL (CL)  - brn 10YR4/3, few f to m sand, few
gravels up to 2 cm, low to medium plasticity.
POORLY GRADED SAND (SP)  - reddish brn 5YR4/4, fine to
medium, subrnd, <5% fines, damp.
SILTY SAND WITH GRAVEL (SM)  - olive brn 2.5YR4/3, 50% sand,
35-30% gravel, 15-20% fines, dense, low plasticity, damp.
WELL GRADED SAND WITH GRAVEL (SW)  - dk grayish brn
2.5YR4/2, 70% subrnd sand, 15-20% subang gravel, 10-15% fines,
dense, low plasticity, dry to damp.

MODERATELY GRADED SAND WITH GRAVEL (SW/SP)  - brn
7.5YR4/4, 80% m to c subrnd sand, 15% subang gravel to 5 cm,
<5% fines, very low plasticity, loose, damp.

CC16

CC17

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

01/18/2005
IN

TE
R

V
A

L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

340

345

350

2,103,097.47 7,613,798.05

SHEET 8 of 10

groundwater grab sample collected
from 348-368 ft bgs

01/21/2005



- 60-70% m sand, 10-30% gravel, 10-20% fines

- large cobbles

- increasing c sand, mottling with reddish brn 5YR4/4

- mottling with reddish brn 5YR4/4, decreasing gravel, increasing
c and m sand

lots of chatter during drilling, drilling is
hard

distinct sweet odor noted from 378-380
ft in one sleeve when cut open on
1/21/05

SW/SP

SM/ML

SW

SM/SP

SW

CONGLOMERATE (BR)  - reddish brn 5YR4/4, 35% m sand, 20% c
sand, 10% gravel, clasts ang to subangBR

20

17

MODERATELY GRADED SAND WITH GRAVEL (SW/SP)  - brn
7.5YR4/4, 80% m to c subrnd sand, 15% subang gravel to 5 cm,
<5% fines, very low plasticity, loose, damp.

SANDY SILT WITH GRAVEL (SM/ML)  - brn 7.5YR4/4, 50-60%
sand, >20% fines, remainder subang gravel, well graded, dense,
damp.

WELL GRADED SAND (SW)  - reddish brn 5YR5/3, 40% m sand,
25% c sand, 25% f sand, 5% gravel, 5% fine, soft, saturated.

SILTY SAND (SM/SP)  - greenish gray 5GY6/1, 40% silty clay, 30%
f sand, 25% m sand, <5% c sand, <5% gravel, moderately soft,
moist.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR5/3, 30% c
sand, 30% m sand, 25% f sand, 10% gravel, 5% silt and clay, clasts
subang to subrnd up to 4 cm, saturated, soft.

SILTY SAND WITH GRAVEL (SP/SM)  - greenish gray 5GY6/1, 30%
f sand, 30% silt, 20% m sand, 10% c gravel, 5% f gravel, 5% c
sand.

CC18

CC19

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:

355

360

365

370

375

380

385

2,103,097.47 7,613,798.05

SHEET 9 of 10

groundwater grab sample collected
from 368-385 ft bgs

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SP/SM

appears to be weathered Miocene
conglomerate.  Very hard drilling from
380-385 ft



ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

Boring Terminated at 385 ftBoring Terminated at 385 ft

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/21/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-2

B. Moayyad

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/18/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

546.7 ft. MSL

385.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,097.47 7,613,798.05

SHEET 10 of 10



CW-2M

E. Gray

Rotosonic

WDC Exploration & Wells, Montclair, CA

203.0       BOTTOM DEPTH OF BOREHOLE

2103106.51

7613795.76

02/05/2005

546.64

 326128.01.07.AR

East Mesa Area, Parcel No. 650-151-06

02/05/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

202.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

152.0

WELL MATERIAL:

SEAL

GROUT

202.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

549.45

134.0       TOP DEPTH OF SEAL

207.5       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
200.5, 195.5, 190.5,
185.5, 175.5, 165.5,
155.5

BOTTOM DEPTH OF SCREEN

LOGGER: 02/05/2005

139.5       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE



CW-2D

B. Moayyad

Rotosonic

Prosonic Corp. Maretta, OH

385.0       BOTTOM DEPTH OF BOREHOLE

2103097.47

7613798.05

01/18/2005

Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout 23 - 50lb bags

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

355.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

285.0

WELL MATERIAL:

SEAL

GROUT

335.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

549.43

265.0       TOP DEPTH OF SEAL

WELL COMPLETION DIAGRAM

          TOP DEPTH OF FILTER PACK

BOTTOM DEPTH OF SCREEN

LOGGER: 01/01/2005

PROJECT:

          BOTTOM DEPTH OF FILTER PACK

20-ft
#3 Monterey Sand

Bentonite Pellets

CENTRALIZER DEPTH(S)
285,245,205,165,
125,85,45,15

546.72

 326128.01.07.AR

East Mesa Area, Parcel No. 650-151-06

01/21/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in



- mostly f sand and silt

Conductor casing set to 10 ft bgs, wash
casing to 70 ft bgs without collection of
core.  Per work-plan, drilled interval in
unsaturated zone was not logged.

logged from cuttingsWELL GRADED SAND (SW)  - olive gray (5YR4/2) 50% m sand,
20% f sand, 5% gravel, ang.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 1 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

5

10

15

20

25

30

35

2,103,348.44 7,613,849.33



SW

- grayish brn (10YR,5/2), 50% m sand, 30% f ang sand, no
gravel

cutting not monitored continuously

WELL GRADED SAND (SW)  - olive gray (5YR4/2) 50% m sand,
20% f sand, 5% gravel, ang.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 2 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

40

45

50

55

60

65

70

2,103,348.44 7,613,849.33



SP

SW-SM

SM

- silty more silt and clay in thin layers

- gravel increasing in size to 6-7 cm, silty more clay

- some caliche, slit imbrication of fine gravel at base of core, dry

- decreasing silt and increasing c sand

- silt and clay increased to 20%, 15% decreased c sand

continuous coring started at 70 ft bgs

large gravel possibly cobble fragments?

10

20

POORLY GRADED SAND WITH SILT AND GRAVEL (SP)  - brn
10YR5/3, 40% f-m sand, 20% c sand, 10-15% silt, 10% subang
gravel, gnessis as large as 4 cm, firm, moist.

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM)  - brn
10YR5/3, 30% m sand, 25% f sand, 20% ang c sand, 15% ang to
subang gravel up to 6 cm size, 10% silt-clay, firm moist.

SILTY SAND (SM)  - brn 10YR5/3, 50% f sand, 25% m and c ang
sand, 20% silt,  5% subang gravel, firm, clasts are gneiss-few larger
than 2 cm, moist.

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM)  - brn
10YR5/3, 30% m sand, 30% f sand, 25% ang c sand, 10% silt-clay,
5% subang gravel generally 2 cm or less, firm moist.

CC1

CC2

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 3 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,103,348.44 7,613,849.33



SW-SM

SW

SM

SM

- increased 10% gravel content, color mottled with brn
(7.5YR4/4)

- dry

- increased gravel content

- slit increase in clay

- lt large 2 inch gravel

20

16

WELL GRADED SAND WITH SILT AND GRAVEL (SW-SM)  - brn
10YR5/3, 30% m sand, 30% f sand, 25% ang c sand, 10% silt-clay,
5% subang gravel generally 2 cm or less, firm moist.

WELL GRADED SAND (SW)  brn 10YR5/3, 10% c sand,  5% silt and
clay, <5% gravel, saturated, clasts are ang.

SILTY SAND WITH GRAVEL (SM)  - brn 7.5YR5/3, 30% f sand, 20%
ang gravel up to 4cm, 20% c sand, 20% m sand, 15% silt, firm,
moist, gradational contact above, abrupt below.

SILTY SAND (SM)  - brn 10YR4/3, 30% m sand, 25% f sand, 20%
ang c sand, 20% silt, 5% subang gravel up to 2cm size, firm.

NO RECOVERY

CC3

CC4

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 4 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,348.44 7,613,849.33

groundwater grab sample collected
from 120-136 ft bgs



SM

SC

SM

SW

- 9 cm cobble

- brn 10YR5/3, 30% f sand, 25% silt, 15% ang c sand, <5% ang
gravel

- moderately firm, dry, moist

- increasing c sand 25%

- increasing gravel 5-10%

- several 2cm to 4cm gravel, less gravel below 152ft, Increased
clay at 152-153.5 ft, very moist

- silty sand, brn 7.5YR5/4, 5% ang gravel up to 2 cm or less,
25% silt, 20% c sand, 20% f sand

- caliche, moist

- color mottled with reddish brn 2.5YR4/4, decreasing 65% m
and f sand, increasing 15% c sand

- some reddish brn 2.5YR4/4 mottling, large 4-6cm gravel

cobble possibly part of larger rock

hard drilling

drill pipe broken when just starting to
push core

20

20

SILTY SAND (SM)  - brn 10YR4/3, 30% m sand, 25% f sand, 20%
ang c sand, 20% silt, 5% subang gravel up to 2cm size, firm.

CLAYEY SAND (SC)  - brn 10YR5/3, 70% f to m sand, 20% silt and
clay,<10% c sand, <5% gravel, firm, moist to wet.

SILTY SAND (SM)  - brn 10YR5/3, 50% f and m sand, 25% c sand,
15% silt, 10% f gravel, silty soft, moist to wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR4/3, 40% c
sand, 35% f and m sand, 15% f gravel, 5% silt, ang to subang, loose.

CC5

CC6

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 5 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

2,103,348.44 7,613,849.33



SW-SM

SM

- thin zone of dark greenish gray (5GY4/1), silt, some caliche

- pale brn (10YR6/3), 35% c sand, 15% gravel, saturated, soft,
clasts are angular up to 6 cm size

- larger gravel clasts (2-4 cm)

- larger gravel clasts (2-4 cm)

lost core due to broken core barrel
down hole

hard drilling

20

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR4/3, 40% c
sand, 35% f and m sand, 15% f gravel, 5% silt, ang to subang, loose.

WELL GRADED SAND WITH SILT (SW-SM) - brn 10YR 4/3 and dk
reddish brn (2.5YR3/4) mottled, 40% c sand, 40% f and m sand,
10% f gravel, 10% silt, moderately firm.

SILTY SAND (SM)  - mottled dk grayish brn 2.5YR4/2 and brn
7.5YR4/4, 60% f and m sand, 15% silt, 15% c sand, 10% f gravel,
firm, moist.

NO RECOVERY

CC7

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 6 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

2,103,348.44 7,613,849.33

groundwater grab sample collected
from 180-200 ft bgs



SW-SM

SM

- large gravel 3-4 cm, also increasing c sand

- mottling with reddish brn 5YR4/4

- dry

- 7 cm cobble

periodic hard drilling

dry, maybe from drilling friction heat?

collected grab groundwater sample, ID:
CW-3-260 at 14:40 hrs, pH=8.9/8.7,
conductivity = 730/850 ms, TDS =
4500/5100 ppm

hard drilling

0

20

NO RECOVERY

WELL GRADED SAND WITH SILT (SW-SM)  - dk grayish brn
2.5YR4/2, 40% m ang sand, 25% c ang sand, 20% f ang sand, 10%
silt, 5% f subang gravel up to 2 cm, moderately firm, moist to wet.

SILTY SAND (SM)  - brn 7.5YR4/4, 50% f to m sand, 25% c sand,
20% silt, 5% gravel, moderately soft, moist.

CC8

CC9

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 7 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,348.44 7,613,849.33



GW

SW-SM

GW

SM

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

- some f gravel (<5%), less silt, grades into SW below

- coarse gravel present (3cm in size- rock fragments)

- increasing silt, less c sand

- caliche and mottling with reddish br (5YR4/4)

periodic hard drilling

very hard drilling

SW-SM

6

16

NO RECOVERY

 WELL GRADED GRAVEL WITH SAND (GW)  - grayish brn 2.5YR5/2,
35% f ang to subang gravel, 30% c ang sand, 20% c ang to subang
gravel, 15% f sand, 5% silt, soft, saturated, clasts are metamorphic
rock.
WELL GRADED SAND WITH SILT (SW-SM)  - grayish brn 2.5YR5/2,
40% f and m sand, 30% c sand, 20% silt, 10% f gravel, soft,
saturated.
 WELL GRADED GRAVEL WITH SAND (GW)  - grayish brn 2.5YR5/2,
35% f ang to subang gravel, 30% c ang sand, 20% c ang to subang
gravel, 15% f sand, 5% silt, soft, saturated, clasts are metamorphic
rock.
SILTY SAND (SM)  - brn 10YR5/3, 40% m sand, 20% silt, 20% c
sand, 20% f sand, very soft, saturated.

WELL GRADED SAND WITH SILT (SW-SM)  - brn 10YR5/3, 30% f
sand, 25% c sand, 10% silt, 5% f gravel, soft, saturated.

NO RECOVERY

CC10

CC11

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 8 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

2,103,348.44 7,613,849.33

groundwater grab sample collected
from 246-260 ft bgs



- increased gravel 10%

- caliche

- increasing 15% gravel and c sand

- 6 inch thick zone of silt and gravel, brn 10YR5/3, 3-5cm ang
gravel

rig chatter

core recovered, appears to be slough
material

SW

SC

SW

SM

SW-SM

20

20

WELL GRADED SAND (SW)  - brn 7.5YR5/4, 45% f and m sand,
40% c sand, 10% subang to subrnd gravel, 5% silt, soft, wet.

CLAYEY SAND (SC)  - brn 10YR4/3, 65% f and m sand, 20% silt
and clay, 10% c sand, 5% f gravel, firm, moist.

WELL GRADED SAND (SW)  - brn 7.5YR5/3, 40% m sand, 25% c
sand,  20% f sand, 10% fine ang to subang gravel, 5% silt,
moderately firm, moist to wet.

SILTY SAND (SM)  - brn 10YR5/3, 40% m sand, 35% f sand, 20%
silt and clay, 5% c sand, <5% gravel,  moderately soft, moist.

WELL GRADED SAND WITH SILT (SW-SM)  - brn 7.5YR5/3, 40% m
sand, 30% f sand, 25% c sand, 25% m sand, 10% silt, 10% gravel,
soft, wet.

CC12

CC13

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 9 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,348.44 7,613,849.33

groundwater grab sample collected
from 300-322 ft bgs

no recovery due to over drilling with
casing to remove broken drill pipe



- few clasts of lithified matrix

- slit color change to 5YR4/3, 25-30% increasing sand, 20% f
sand, increasing gravels to 15%, c sand, 5% silt

- few clasts of lithified matrix

- 40% gravel up to 9 cm, multiple lithologies

collected grab groundwater sample, ID:
CW-3-320 at 9:32 hrs, from 300-320 ft
interval

SW

WELL GRADED SAND (SW)  - reddish brn 5YR5/3, 40% m subang
to ang sand, 25% c subang to ang sand, 20% f subang to ang sand,
10% subang to subrnd gravel, 5% silt, soft, wet.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 10 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

340

345

350

2,103,348.44 7,613,849.33

groundwater grab sample collected
from 340-360 ft bgs

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)



total drilled depth

- color to 5YR4/3

- brn (7.5YR5/2), 45% m sand, 30% c sand, 10% f sand, 10%
gravel, <5% silt

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone
conglom = conglomerate
comptd = compacted
qtz = quartz

Boring Terminated at 360 ftBoring Terminated at 360 ft

WELL GRADED SAND (SW)  - reddish brn 5YR5/3, 40% m subang
to ang sand, 25% c subang to ang sand, 20% f subang to ang sand,
10% subang to subrnd gravel, 5% silt, soft, wet.

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/25/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-3

C. Dougherty

WDC Exploration & Wells, Montclair, CA

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

East Mesa Area, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):

SHEET 11 of 11

01/19/2005
IN

TE
R

V
A

L

Gefco SS-15K-HL

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

531.5 ft. MSL

360.0

---

BORING NUMBER:

DRILLING METHOD:

355

360

2,103,348.44 7,613,849.33



CW-3M

B. Moayyad

Rotosonic

WDC Exploration & Wells, Montclair, CA

223.0       BOTTOM DEPTH OF BOREHOLE

2103351.93

7613858.79

02/07/2005

531.55

 326128.01.07.AR

East Mesa Area, Parcel No. 650-151-06

02/07/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

222.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

172.0

WELL MATERIAL:

SEAL

GROUT

222.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

534.10

153.0       TOP DEPTH OF SEAL

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
195

BOTTOM DEPTH OF SCREEN

LOGGER: 02/07/2005

160.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

          BOTTOM DEPTH OF FILTER PACK

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE



CW-3D

C. Dougherty

Rotosonic

WDC Exploration & Wells, Montclair, CA

360.0       BOTTOM DEPTH OF BOREHOLE

2103348.44

7613849.33

01/19/2005

531.53

 326128.01.07.AR

East Mesa Area, Parcel No. 650-151-06

01/25/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):

TOP OF WELL CASING (NGVD 29):

340.0

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

270.0

WELL MATERIAL:

SEAL

GROUT

320.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

534.14

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

          TOP DEPTH OF FILTER PACK

BOTTOM DEPTH OF SCREEN

LOGGER: 01/01/2005

PROJECT:

          BOTTOM DEPTH OF FILTER PACK

20-ft
#3 Monterey Sand

Bentonite Pellets

          TOP DEPTH OF SEAL

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in



- becomes moist

- sand becomes more coarse. Pale brn 10YR6/3, 60% sand, 30%
gravel, 10% fines

- becomes subang with more clay, 65% sand, 20% gravel, 5%
fines

- <5% fines

Conductor casing set to 10 ft bgs, wash
casing to 48 ft bgs without collection of
core.  Per work-plan, drilled interval in
unsaturated zone was not logged.

cuttings well graded sand with gravel,
brn 10YR5/3, medium hard, dry

continuous coring started at 48 ft bgs

saturated (water table)

some decomposing MM gravels

drilling becomes difficult

collect CW-4-68 @ 10:40 on 1/11/05

SW

SW

SW

10

10

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - brn
10YR3/2, 50% sand, 35% gravel up to 2.2" long, 15% fines (silt), no
clay (predominantly f sand), subang Igneous and metamorphic.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 10YR5/3, 70-75%
sand, 15-20% gravel, 10% fines (some clay), subrnd, igneous and
metamorphic, hard, wet.

WELL GRADED SAND WITH CLAY AND GRAVEL (SW)  - brn
10YR4/3, 55% f sand, 25% fines, 20% gravel, subang, one cobble 4"
long, metamorphic, hard, wet.

CC1

CC2

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,263.03 7,612,928.74

SHEET 1 of 10

45

50

55

60

65

70

0

groundwater grab sample collected
from 58-78 ft bgs



DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

- no cobbles, 60% sand, 25% gravel, 15% fines

stop drilling at 78ft to bail from 58-78 ft

very difficult drilling

cleaner, grayer zone

decomposing MM cobbles

SW

SW

SW

SW-GW

SW

9.5

9.5

9

9

WELL GRADED SAND WITH CLAY AND GRAVEL (SW)  - brn
10YR4/3, 70% sand, 20% gravel, 10% fines, subang, one cobble 4"
long, metamorphic, hard, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - dk grayish
brn 10YR4/2, 45% ang sand with med c grains, 25% gravel, 20%
fines, 10% cobbles up to 4.5", igneous and metamorphic, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - dk grayish brn
10YR4/5, 72% subrnd sand, 25% subang to subrnd gravel, < 3%
fines, m dense, wet.

WELL GRADED SAND AND GRAVEL (SW)  - dk grayish brn 10YR4/3,
50% sand, 40% gravel, 10% fines, subang to ang metamorphic,
hard, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - dk brn
7.5YR3/3, 65% sand, 20% gravel, 15% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 75%
subang to subrnd sand, 20% subang gravel, 5% fines, medium
density.

CC3

CC4

CC5

CC6

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

75

80

85

90

95

100

105

2,103,263.03 7,612,928.74

SHEET 2 of 10



- 65% sand, 5% fines, gravel is predominantly gneiss

- 58% c subrnd sand, 10% gravel, 5% fines

- silty layer, 60% sand, 25% gravel, 5% fines

- well graded sand with gravel (SW), grayish brn 10YR 5/2, 75%
subrnd sand, 20% subang gravel, 5% fines, igneous and
metamorphic, medium density, wet

- cobbles

- color changes to brn 7.5YR4/3

-  75% sand, 15% gravel, 10% fines

- cobble zone

collect sample CW-4-128 on 1/11/05.
End of 1/11/05 drilling day

at 15:45 stop drilling to bail for sample

SW

GW

SW

ML

SW

SW

9.5

10

10

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 75%
subang to subrnd sand, 20% subang gravel, 5% fines, medium
density.

WELL GRADED GRAVEL AND COBBLES (GW)  - 40% gravel, 10%
sand, 10% fines, subrnd.
WELL GRADED SAND WITH GRAVEL (SW)  - 75% sand, 20%
gravel, 5% fines.
SANDY SILT (ML)  - brn 7.5YR4/3, 35% sand, 5% gravel, non
plastic, firm, wet.
WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 60%
sand, 30% gravel, 10% fines, subang, medium density, wet.

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - brn
7.5YR4/3, 65% sand, 20% gravel, 15% fines, subang, igneous and
metamorphic, hard, wet.

CC7

CC8

CC9

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

110

115

120

125

130

135

140

2,103,263.03 7,612,928.74

SHEET 3 of 10

groundwater grab sample collected
from 118-138 ft bgs



- gray sand

- gravel is mostly coarse, cobbles present up to 5.5 inch

- 60% sand, 10% fines

- color change to gray and brn 7.5YR5/1 and 5/2

slough not kept for core box

fines wash into cobbles and gravel?

SW

GW

SW

SW

SW

SW

10

9.5

10

9.5

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 75% f
and c sand, 20% predominantly f gravel, 5% fines, subang, igneous
and metamorphic, medium density, wet, occasional cobble 3".

WELL GRADED GRAVEL WITH COBBLES (GW)  - gray 10YR6/1,
55% gravel, 35% subang cobbles up to 5.7" long, 5% sand, igneous
and metamorphic, hard, dry.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - 55% sand,
25% gravel, 20% fines.

WELL GRADED SAND WITH GRAVEL (SW)  - gray 5YR5/1 sand and
gravel, strong brn 7.5YR4/6 fines, 65% sand, 30% gravels up to 2.5",
5% fines, subang to ang, igneous and metamorphic, hard, wet.

WELL GRADED SAND (SW)  - dk gray 7.5YR4/2, 85% sand, 10%
fines, 5% gravel, subang, medium.
WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - brn
7.5YR4/4, 55% sand, 30% gravel, 15% fines, subang, medium hard,
wet.

WELL GRADED SAND WITH GRAVEL (SW)  -brn 7.5YR4/4, 65%
sand, 30% gravel which is mostly fine, 5% fines, subang, igneous and
metamorphic, medium density, wet.

CC10

CC11

CC12

CC13

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

145

150

155

160

165

170

175

2,103,263.03 7,612,928.74

SHEET 4 of 10



- less gravel, 75% sand, 20% gravel, 5% fines

- gray 7.5YR5/1, 55% sand, 35% gravels, 10% fines, cobbles up
to 3.3 inch

- less gravel, 75% sand, 20% gravel, 5% fines

- brn 7.5YR4/4, better grading below 185.5ft, cobbles up to 3-4
inch,  80% sand, 10% gravel, 5% cobbles,  5% fines

- grades to subrnd c sand

- fine gravel

- becomes brn with more gravel and cobbles up to 3 inch long,
70% sand, 20% gravel, 5-10% fines

SW

SP

GP

SW

SC

SW

9.5

9

18

WELL GRADED SAND WITH GRAVEL (SW)  -brn 7.5YR4/4, 65%
sand, 30% gravel which is mostly fine, 5% fines, subang, igneous and
metamorphic, medium density, wet.

POORLY GRADED SAND (SP)  - gray, f sand fining upwards, <3%
fines, subang, clean, wet.
POORLY GRADED GRAVEL (GP)  - gray 7.5YR5/1.

WELL GRADED SAND WITH GRAVEL (SW)  - gray, 80% sand, 15%
subang to subrnd c gravel, 5% fines, wet.

CLAYEY SAND WITH GRAVEL (SC)  - brn 7.5YR4/4, 40% sand, 30%
f to c gravel, 30% fines, ang, igneous and metamorphic, medium
density, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - brn
7.5YR4/4, 50% subang sand, 30% ang gravel, 20% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - strong brn 7.5YR4/6,
60% sand, 35% gravel, 5% fines, subrnd igneous and metamorphic,
hard, wet.

CC14

CC15

CC16

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

180

185

190

195

200

205

210

2,103,263.03 7,612,928.74

SHEET 5 of 10

groundwater grab sample collected
from 178-198 ft bgs



- gravels up to 1.5 inch

- cobble zone, 35% sand, 30% cobbles, 20% gravel, 15% fines

- brn 7.5YR4/3

- becomes strong brn 7.5YR4/6 with more c sand, 65% sand,
25% gravel, 10% fines

refusal in metamorphic bedrock

SW

SW

SW

SW

SW

19

WELL GRADED SAND WITH GRAVEL (SW)  - strong brn 7.5YR4/6,
60% sand, 35% gravel, 5% fines, subrnd igneous and metamorphic,
hard, wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - strong brn
7.5YR4/6, 55% sand, 30% gravel, 15% fines, subang, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/4, 60%
sand, 30% gravel, 10% fines, subang to subrnd, medium density,
wet.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - brn
7.5YR4/3, 45% sand, 35% gravel, 20% fines, subang, igneous and
metamorphic, medium hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/3, 78%
subrnd sand, 15% subang gravel up to 2" long, 7% fines, medium
density, wet.

CC17

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

215

220

225

230

235

240

245

2,103,263.03 7,612,928.74

SHEET 6 of 10

groundwater grab sample collected
from 238-258 ft bgs



- cobble zone, 45% sand, 25% gravel, 20% cobbles, 10% fines

- 50% sand, 40% gravel, 10% fines

- gravel becomes more coarse and subang below 273 ft

GW

SW

SW

SW

GW

SW

GW

GW

SW

GW

18

9

18

WELL GRADED GRAVEL WITH COBBLES AND SAND (GW)  - brn
7.5YR4/3, 40% gravel, 30% sand, 20% cobbles, 10% fines, ang,
wet.
WELL GRADED SAND WITH GRAVEL (SW)  - 75% sand, 20%
gravel.

WELL GRADED SAND WITH GRAVEL AND CLAY (SW)  - brn
7.5YR4/2, 50% sand, 30% gravel, 10% fines, 10% cobbles, ang to
subang, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/2, 65%
sand, 30% gravel, 5% fines, subang to ang, hard, wet.

WELL GRADED GRAVEL WITH SILT AND SAND (GW)  - brn, 60%
subang to ang gravel, 20-25% sand, 15-20% fines (silt), hard, wet.

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - 45% sand,
40% gravel, 15% fines.
WELL GRADED GRAVEL WITH SAND AND SILT (GW)  - brn, 60%
gravel, 20-25% sand, 15-20% fines, hard.

WELL GRADED GRAVEL (GW)  - bluish gray 10YR36/1, 65% ang
gravel, 32% sand, 3% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR5/6, 75%
sand, 20% fine gravel, subrnd igneous and metamorphic, medium
density, wet.

COBBLES WITH SAND  - bluish gray, 25% sand, 5% fines, ang
cobbles.
WELL GRADED SAND WITH GRAVEL (SW)  - reddish brn 7.5YR4/4,
55% subang sand, 40% c gravel, 5% reddish brn silt, ang, medium
hard, wet.

CC18

CC19

CC20

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

250

255

260

265

270

275

280

2,103,263.03 7,612,928.74

SHEET 7 of 10



- silty zone, 50% gravel, 35% sand, 15% fines

- metamorphic, boulder? cobbles? weathered

- weathered MM bedrock, bolder? cobbles?

- cobbles

- more silt below 312 ft, 60% sand, 25% gravel, 15% fines

red fanglomerate (reworked)

red fanglomerate (reworked)

oldest alluvium?

SW

SW

SW / GW

SW

GC / SC

SW

9.5

9

9.5

WELL GRADED SAND WITH GRAVEL (SW)  - reddish brn 7.5YR4/4,
55% subang sand, 40% c gravel, 5% reddish brn silt, ang, medium
hard, wet.

WELL GRADED SAND WITH GRAVEL AND COBBLES (SW)  - bluish
gray 10B6/1, 55% sand, 25% cobbles, 15% gravel, 5% fines, hard,
wet.

WELL GRADED SAND AND GRAVEL (SW / GW)  - brn 7.5YR5/4, ang
45-50% gravel, 45-50% sand, 3-5% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL AND SILT (SW)  - reddish brn
5YR4/4 and 2.5YR4/4, 50% sand, 25% gravel, 25% silty fines,
subang, medium density, wet.

CLAYEY SAND AND GRAVEL (GC / SC)  - reddish brn 5YR4/4,
35-40% ang gravel, 35-40% subang sand, 25% fines, hard, wet.

WELL GRADED SAND WITH GRAVEL (SW)  - brn 7.5YR4/4, 60%
sand, 25% f gravel, 5% fines, subang to ang, medium, wet.

CC21

CC22

CC23

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:

285

290

295

300

305

310

315

2,103,263.03 7,612,928.74

SHEET 8 of 10

groundwater grab sample collected
from 298-318 ft bgs



---

BORING NUMBER:

DRILLING METHOD:

320

325

330

335

2,103,263.03 7,612,928.74
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BEDROCK (BR)  - weathered, fractured metamorphic rock with fill

BR

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

- cobbles and ang rock fragments are metamorphic

ABBREVIATIONS
cc = continuous core run
brn = brown
lt = light
dk = dark
vf = very fine-grained
f = fine-grained
m = medium-grained
c = coarse-grained
vc = very coarse-grained
ang = angular
subang = subangular
subrnd = subrounded
rnd = rounded
br = bedrock formation
ss = sandstone

top Miocene conglomerate estimated at
315 ft bgs

encountered rocks at 323'

BR

BR

17.1

Boring Terminated at 337 ftBoring Terminated at 337 ft

CONGLOMERATE (BR)  - brn 7.5YR4/4, 55% fines, 20% cobbles,
15% sand, 10% gravel, subang, non plastic, hard.

CONGLOMERATE (BR)  - reddish brn (5YR4/14), hard, 25% gravel,
subang, 30% rnd, 45% fines.

CONGLOMERATE (BR)  - brn 7.5YR4/4, hard, 20% subang gravel,
15% cobbles, 25% sand, 40% fines

BR

CC24

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):

Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)



Wash Between East & West Mesas, Parcel No. 650-151-06

SOIL DESCRIPTION

LOGGED BY:

IM-3 Hydrogeologic Investigation, PG&E Topock

DEPTH BGS
(feet)

R
EC

O
V

ER
Y

(f
t)

HOLE DEPTH (ft):

WATER LEVEL (ft):
01/10/2005

IN
TE

R
V

A
L

Sonic AT (track mounted)

DRILLING CONTRACTOR:PROJECT NAME:

326128.01.07.AR

LOCATION:

515.9 ft. MSL

337.0

---

BORING NUMBER:

DRILLING METHOD:
2,103,263.03 7,612,928.74

SHEET 10 of 10

conglom = conglomerate
comptd = compacted
qtz = quartz

DRILLING OBSERVATIONS AND OPERATIONS,
DAILY START AND END TIMES , DRILL RATE,
REFUSALS, SAMPLING AND TESTING NOTES.

SOIL NAME, USCS SYMBOL, COLOR,
PERCENT COMPOSITION, GRADING, GRAIN SHAPE, MINERALOGY,

DENSITY/CONSISTENCY, STRUCTURE, MOISTURE.

PROJECT NUMBER:

SURFACE ELEVATION:

DRILLING EQUIPMENT:
Rotosonic

01/14/2005
DATE STARTED: DATE COMPLETED:

USCS
CODE

CW-4

B. Moayyad, B. Trebble

Prosonic Corp. Maretta, OH

COMMENTS

SOIL BORING LOG

TY
P

E/
N

U
M

B
ER

SAMPLE

NORTHING (CCS NAD 27 Z 5): EASTING (CCS NAD 27 Z 5):



CW-4M

B. Moayyad, B. Trebble

Rotosonic

Prosonic Corp. Maretta, OH

169.8       BOTTOM DEPTH OF BOREHOLE

2103268.73

7612925.43

01/17/2005

515.80

 326128.01.07.AR

Bat Cave Wash Between East & West Mesas, Parcel No. 650-151-06

01/01/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

TOP OF WELL CASING (NGVD 29):

169.8

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

119.5

WELL MATERIAL:

SEAL

GROUT

169.5

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

518.55

219.5       TOP DEPTH OF SEAL

169.8       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)

BOTTOM DEPTH OF SCREEN

LOGGER: 01/17/2005

110.0       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):



CW-4D

B. Moayyad, B. Trebble

Rotosonic

Prosonic Corp. Maretta, OH

337.0       BOTTOM DEPTH OF BOREHOLE

2103263.03

7612928.74

01/10/2005

515.91

 326128.01.07.AR

Bat Cave Wash Between East & West Mesas, Parcel No. 650-151-06

01/14/2005

 IM-3 Hydrogeologic Investigation, PG&E Topock

DRILLING CONTRACTOR:

WELL NO:

TOP OF WELL CASING (NGVD 29):

FILTER PACK

DRILLING END DATE:

BOTTOM OF WELL CASING

233.0

20-ft

WELL MATERIAL:

SEAL

GROUT

283.0

WELL COMPLETION DATE:

DRILLING METHOD:

NOTES:
1. ALL DEPTHS ARE REPORTED AS
FEET BELOW GROUND SURFACE.

TOP DEPTH OF SCREEN

PROJECT NO:

EASTING COORDINATE (CCS NAD 27 ZONE 5):

DRILLING START DATE:

518.55

219.5       TOP DEPTH OF SEAL

307.0       BOTTOM DEPTH OF FILTER PACK

WELL COMPLETION DIAGRAM

CENTRALIZER DEPTH(S)
110, 150, 190, 231, 283 & 302

BOTTOM DEPTH OF SCREEN

LOGGER: 01/15/2005

224.3       TOP DEPTH OF FILTER PACK

PROJECT:

#3 Monterey Sand

Bentonite Pellets

303.0

NORTHING COORDINATE (CCS DAND 27, ZONE 5):

SLOT TYPE:
PACK TYPE:

2-in
Sch 40 PVC

SCREEN LENGTH:

WELL CONSTRUCTION & SCREEN DETAILS

CASING DIAMETER:
GROUT TYPE:

SUMP LENGTH:

SEAL TYPE:
50-ft

Cement bentonite grout 570

MONUMENT MOUNTED LOCKING WELL

Sch 40 PVC, 0.02" slot

LOCATION:

WELL DIAGRAM IS NOT TO SCALE

GROUND SURFACE ELEVATION (NGVD 29):
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TABLE B-1 
Summary of Grain-Size Analyses 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station 

 Particle-Size Distribution  (percentage)  

Boring 
ID 

Sample  
Depth  

(feet bgs) Gravel Sand 
Total 
Fines Silt Clay Description 

USCS 
Designation 

OW-1D 105 22.0 50.1 27.9 17.1 10.8 silty sand with clay and gravel SC/SM 

  125 34.0 41.3 24.7 11.6 13.1 clayey sand with silt and gravel SC/SM 

  173 20.0 65.8 14.2 -- -- silty sand with gravel SM/SC 

  200 35.0 49.5 15.5 -- -- silty sand with gravel SM 

  219 14.0 56.6 29.4 15.4 14.0 silty sand with clay and gravel SM/SC 

  224 11.0 59.1 29.9 14.0 15.9 clayey sand with silt and gravel SC/SM 

  235 11.0 57.0 32.0 16.1 15.9 silty sand with clay and gravel SM/SC 

  249 76.0 18.3 5.7 -- -- sandy gravel GP 

  278 34.0 59.7 6.3 -- -- sandy gravel GP 

OW-2D 94 23.0 46.8 30.2 16.2 14.0 silty sand with clay and gravel SM/SC 

  155 22.0 41.6 36.4 18.9 17.5 silty sand with clay and gravel SM/SC 

  190 14.0 44.4 41.6 20.2 21.4 clayey sand with silt and gravel SC/SM 

  192 24.0 65.6 10.4 -- -- silty sand with gravel SM/SC 

  230 22.0 52.8 25.2 15.1 10.1 silty sand with clay and gravel SM/SC 

OW-3D 141 8.0 54.3 37.7 16.6 21.1 clayey sand with silt and gravel SC/SM 

  157 17.0 77.1 5.9 -- -- gravelly sand with clay SP/SC 

  163 26.0 47.0 27.0 10.9 16.1 clayey sand with silt and gravel SC/SM 

  253 27.0 62.7 10.3 -- -- gravelly sand with clay SC/SP 

  238 26.0 47.0 27.0 13.7 13.3 silty sand with clay and gravel SM/SC 

OW-5D 107 23.0 45.0 32.0 -- -- silty sand with gravel and clay SM/SC 

  165 35.0 54.7 10.3 -- -- silty sand with gravel SM/SC 

  179 29.0 58.4 12.6 -- -- silty sand with gravel and clay SM/SC 

  245 49.0 33.3 17.7 -- -- silty sand with gravel and clay SM/SC 

Notes: 
1. Results of grain-size sieve and hydrometer analyses, IM-3 hydrogeologic investigations, Oct. 2004 - Jan. 2005 
2. All core samples from saturated Alluvial Aquifer, Tertiary Oldest Alluvium (Toa) stratigraphic unit.   
     Sample depths in feet below ground surface (bgs); (--) denotes particle size not analyzed 
3. Refer to Appendix A for boring locations, boring logs, and Unified Soil Classification System (USCS) descriptions 

 



TABLE B-2

Water Level Measurements and Groundwater Elevations

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Date

Measuring Point
Elevation
(ft MSL) Time

Depth to 
Water 
(ft btoc)

Salinity 
(%)

Adjusted 
Groundwater 

Elevation
(ft MSL)

Raw Water 
Elevation
(ft MSL)

CW-01M 566.07 08-Feb-05 12:50 PM 111.59 0.2 454.31454.48
CW-01M 566.07 22-Feb-05 10:51 AM 111.73 0.2 454.18454.34
CW-01M 566.07 22-Mar-05 9:17 AM 112.02 0.2 453.89454.05
CW-01M 566.07 18-May-05 6:36 AM 110.35 0.2 455.56455.72

CW-01D 566.46 07-Feb-05 10:09 AM 112.07 0.7 454.71454.39
CW-01D 566.46 22-Feb-05 11:45 AM 112.22 0.7 454.52454.24
CW-01D 566.46 22-Mar-05 9:18 AM 112.40 0.7 454.34454.06
CW-01D 566.46 18-May-05 6:37 AM 110.86 0.7 455.88455.60

CW-02M 549.45 09-Feb-05 8:53 AM 95.12 0.4 454.24454.33
CW-02M 549.45 23-Feb-05 9:25 AM 95.43 0.4 453.97454.02
CW-02M 549.45 22-Mar-05 9:32 AM 95.58 0.4 453.82453.87
CW-02M 549.45 18-May-05 6:35 AM 93.60 0.4 455.79455.85

CW-02D 549.43 08-Feb-05 10:35 AM 95.38 0.9 454.72454.05
CW-02D 549.43 23-Feb-05 10:23 AM 95.53 0.9 454.62453.90
CW-02D 549.43 22-Mar-05 9:30 AM 95.65 0.9 454.50453.78
CW-02D 549.43 18-May-05 6:33 AM 93.89 0.9 456.27455.54

CW-03M 534.10 10-Feb-05 9:08 AM 79.95 0.6 454.18454.15
CW-03M 534.10 22-Feb-05 1:43 PM 80.06 0.6 454.08454.04
CW-03M 534.10 22-Mar-05 9:35 AM 80.30 0.6 453.84453.80
CW-03M 534.10 18-May-05 6:42 AM 78.31 0.6 455.83455.79

CW-03D 534.14 08-Feb-05 9:15 AM 80.40 1.2 454.96453.74
CW-03D 534.14 22-Feb-05 2:30 PM 80.38 1.2 454.95453.76
CW-03D 534.14 22-Mar-05 9:36 AM 80.64 1.2 454.69453.49
CW-03D 534.14 18-May-05 6:40 AM 78.84 1.2 456.50455.30

CW-04M 518.55 07-Feb-05 2:40 PM 63.92 0.4 454.52454.63
CW-04M 518.55 23-Feb-05 12:32 PM 64.25 0.4 454.21454.30
CW-04M 518.55 22-Mar-05 9:10 AM 64.45 0.4 454.02454.10
CW-04M 518.55 18-May-05 6:12 AM 62.69 0.4 455.77455.86

CW-04D 518.55 07-Feb-05 12:40 PM 64.42 0.9 454.80454.13
CW-04D 518.55 23-Feb-05 1:21 PM 64.55 0.9 454.69454.00
CW-04D 518.55 22-Mar-05 9:25 AM 62.73 0.9 456.52455.82
CW-04D 518.55 18-May-05 6:11 AM 63.11 0.9 456.14455.44

OW-01S 550.15 21-Dec-04 1:34 PM 95.34 0.2 454.76454.81
OW-01S 550.15 06-Jan-05 9:07 AM 95.51 0.2 454.59454.64
OW-01S 550.15 13-Jan-05 7:31 AM 95.78 0.2 454.32454.37
OW-01S 550.15 22-Mar-05 9:43 AM 96.32 0.2 453.80453.83
OW-01S 550.15 10-May-05 8:44 AM 94.40 0.2 455.72455.75
OW-01S 550.15 18-May-05 6:31 AM 94.37 0.2 455.75455.78

1 of 4G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_WL
Date printed:  6/17/2005



TABLE B-2

Water Level Measurements and Groundwater Elevations

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Date

Measuring Point
Elevation
(ft MSL) Time

Depth to 
Water 
(ft btoc)

Salinity 
(%)

Adjusted 
Groundwater 

Elevation
(ft MSL)

Raw Water 
Elevation
(ft MSL)

OW-01M 550.36 01-Oct-04 9:00 AM 94.52 0.3 455.69455.84
OW-01M 550.36 18-Nov-04 1:08 PM 95.13 0.3 455.12455.23
OW-01M 550.36 21-Dec-04 12:29 PM 95.44 0.3 454.79454.92
OW-01M 550.36 06-Jan-05 9:03 AM 95.61 0.3 454.61454.75
OW-01M 550.36 13-Jan-05 7:28 AM 95.81 0.3 454.41454.55
OW-01M 550.36 22-Mar-05 9:45 AM 94.64 0.3 455.58455.72
OW-01M 550.36 10-May-05 11:14 AM 94.61 0.3 455.60455.75
OW-01M 550.36 18-May-05 6:32 AM 94.61 0.3 455.60455.75

OW-01D 550.36 30-Sep-04 11:10 AM 94.65 0.6 455.75455.71
OW-01D 550.36 18-Oct-04 9:18 AM 95.02 0.6 455.38455.35
OW-01D 550.36 18-Nov-04 11:58 AM 95.30 0.6 455.16455.07
OW-01D 550.36 21-Dec-04 10:58 AM 95.67 0.6 454.84454.70
OW-01D 550.36 06-Jan-05 9:09 AM 95.78 0.6 454.72454.58
OW-01D 550.36 13-Jan-05 7:33 AM 95.90 0.6 454.60454.46
OW-01D 550.36 22-Mar-05 9:42 AM 96.36 0.6 454.05454.01
OW-01D 550.36 10-May-05 12:20 PM 94.84 0.6 455.57455.52
OW-01D 550.36 18-May-05 6:30 AM 94.83 0.6 455.58455.53

OW-02S 548.75 29-Dec-04 3:06 PM 93.98 0.1 454.69454.77
OW-02S 548.75 06-Jan-05 8:40 AM 94.20 0.1 454.47454.55
OW-02S 548.75 13-Jan-05 7:25 AM 94.04 0.1 454.65454.71
OW-02S 548.75 22-Mar-05 9:45 AM 94.90 0.1 453.79453.85
OW-02S 548.75 11-May-05 9:48 AM 92.92 0.1 455.76455.83
OW-02S 548.75 18-May-05 6:26 AM 92.95 0.1 455.73455.80

OW-02M 548.52 06-Jan-05 8:42 AM 93.83 0.5 454.66454.69
OW-02M 548.52 13-Jan-05 7:23 AM 94.35 0.5 454.14454.17
OW-02M 548.52 27-Jan-05 2:43 PM 94.20 0.5 454.30454.32
OW-02M 548.52 22-Mar-05 9:49 AM 96.40 0.5 452.10452.12
OW-02M 548.52 11-May-05 8:46 AM 92.90 0.5 455.57455.62
OW-02M 548.52 18-May-05 6:24 AM 92.88 0.5 455.59455.64

OW-02D 549.01 06-Jan-05 8:44 AM 94.71 1.0 455.05454.30
OW-02D 549.01 13-Jan-05 7:21 AM 94.90 1.0 454.90454.11
OW-02D 549.01 13-Jan-05 9:31 AM 95.00 1.0 454.80454.01
OW-02D 549.01 22-Mar-05 9:48 AM 95.33 1.0 454.31453.68
OW-02D 549.01 10-May-05 1:21 PM 93.86 1.0 455.76455.15
OW-02D 549.01 18-May-05 6:27 AM 93.82 1.0 455.80455.19

OW-03S 558.58 28-Oct-04 12:10 PM 103.20 0.1 455.33455.38
OW-03S 558.58 16-Nov-04 12:14 PM 103.18 0.1 455.35455.40
OW-03S 558.58 15-Dec-04 9:52 AM 103.57 0.1 454.96455.01
OW-03S 558.58 22-Mar-05 9:07 AM 104.28 0.1 454.26454.30
OW-03S 558.58 18-May-05 6:03 AM 102.61 0.1 455.92455.97

OW-03M 558.90 28-Oct-04 10:38 AM 103.40 0.2 455.23455.50
OW-03M 558.90 16-Nov-04 11:35 AM 103.48 0.2 455.15455.42
OW-03M 558.90 15-Dec-04 8:58 AM 103.80 0.2 454.86455.10
OW-03M 558.90 22-Mar-05 9:05 AM 104.55 0.2 454.11454.35
OW-03M 558.90 18-May-05 6:05 AM 102.95 0.2 455.70455.95

2 of 4G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_WL
Date printed:  6/17/2005



TABLE B-2

Water Level Measurements and Groundwater Elevations

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Date

Measuring Point
Elevation
(ft MSL) Time

Depth to 
Water 
(ft btoc)

Salinity 
(%)

Adjusted 
Groundwater 

Elevation
(ft MSL)

Raw Water 
Elevation
(ft MSL)

OW-03D 558.63 28-Oct-04 8:27 AM 103.04 0.3 455.18455.58
OW-03D 558.63 16-Nov-04 10:26 AM 103.10 0.3 455.12455.52
OW-03D 558.63 14-Dec-04 2:00 PM 103.30 0.3 454.94455.33
OW-03D 558.63 22-Mar-05 9:22 AM 104.15 0.3 454.08454.48
OW-03D 558.63 18-May-05 6:06 AM 102.60 0.3 455.62456.02

OW-05S 551.75 21-Dec-04 2:48 PM 96.83 0.1 454.87454.92
OW-05S 551.75 06-Jan-05 8:48 AM 97.09 0.1 454.61454.66
OW-05S 551.75 13-Jan-05 7:17 AM 97.28 0.1 454.42454.47
OW-05S 551.75 22-Mar-05 9:42 AM 97.74 0.1 453.96454.01
OW-05S 551.75 11-May-05 10:56 AM 95.92 0.1 455.77455.83
OW-05S 551.75 18-May-05 6:18 AM 95.95 0.1 455.74455.80

OW-05M 551.75 06-Jan-05 8:53 AM 96.93 0.5 454.72454.82
OW-05M 551.75 13-Jan-05 7:13 AM 97.09 0.5 454.57454.66
OW-05M 551.75 13-Jan-05 11:40 AM 97.12 0.5 454.54454.63
OW-05M 551.75 22-Mar-05 9:41 AM 97.54 0.5 454.19454.21
OW-05M 551.75 11-May-05 11:44 AM 95.95 0.5 455.70455.80
OW-05M 551.75 18-May-05 6:19 AM 96.07 0.5 455.58455.68

OW-05D 552.35 22-Dec-04 10:22 AM 97.63 0.7 454.97454.72
OW-05D 552.35 06-Jan-05 8:57 AM 97.61 0.7 454.95454.74
OW-05D 552.35 13-Jan-05 7:12 AM 97.74 0.7 454.82454.61
OW-05D 552.35 22-Mar-05 9:40 AM 98.20 0.7 454.25454.15
OW-05D 552.35 11-May-05 1:03 PM 96.92 0.7 455.50455.43
OW-05D 552.35 18-May-05 6:20 AM 96.93 0.7 455.49455.42

MW-13 488.64 24-Sep-04 10:09 AM 32.33 0.1 456.25456.31
MW-13 488.64 16-Dec-04 12:24 PM 32.00 0.1 456.58456.64
MW-13 488.64 11-Mar-05 11:14 AM 35.38 0.1 453.21453.26
MW-13 488.64 22-Mar-05 9:11 AM 35.24 0.1 453.35453.40
MW-13 488.64 18-May-05 6:12 AM 32.81 0.1 455.77455.83

MW-14 570.99 20-Sep-04 1:30 PM 115.26 0.1 455.67455.73
MW-14 570.99 16-Dec-04 12:59 PM 116.50 0.1 454.43454.49
MW-14 570.99 09-Mar-05 12:43 PM 117.05 0.1 453.88453.94
MW-14 570.99 22-Mar-05 9:20 AM 117.26 0.1 453.67453.73
MW-14 570.99 07-Apr-05 9:04 AM 116.48 0.1 454.45454.51
MW-14 570.99 11-May-05 7:24 AM 115.40 0.1 455.53455.59
MW-14 570.99 18-May-05 7:25 AM 115.29 0.1 455.64455.70

MW-18 545.32 24-Sep-04 8:54 AM 89.33 0.1 455.92455.99
MW-18 545.32 16-Dec-04 2:12 PM 90.42 0.1 454.83454.90
MW-18 545.32 09-Mar-05 11:21 AM 91.03 0.1 454.22454.29
MW-18 545.32 22-Mar-05 9:14 AM 91.13 0.1 454.12454.19
MW-18 545.32 11-May-05 8:10 AM 89.60 0.1 455.65455.72
MW-18 545.32 12-May-05 8:10 AM 89.60 0.1 455.65455.72
MW-18 545.32 18-May-05 6:56 AM 89.41 0.1 455.83455.91

3 of 4G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_WL
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TABLE B-2

Water Level Measurements and Groundwater Elevations

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Location ID Date

Measuring Point
Elevation
(ft MSL) Time

Depth to 
Water 
(ft btoc)

Salinity 
(%)

Adjusted 
Groundwater 

Elevation
(ft MSL)

Raw Water 
Elevation
(ft MSL)

MW-37S 485.97 23-Sep-04 8:54 AM 31.30 0.2 454.51454.67
MW-37S 485.97 13-Dec-04 1:00 PM 32.42 0.2 453.40453.55
MW-37S 485.97 11-Mar-05 10:15 AM 34.29 0.2 451.53451.68
MW-37S 485.97 22-Mar-05 9:08 AM 33.23 0.2 452.59452.74
MW-37S 485.97 07-Apr-05 12:57 PM 32.20 0.3 453.63453.77
MW-37S 485.97 18-May-05 6:20 AM 31.00 0.3 454.83454.97

MW-37D 486.19 24-Sep-04 9:42 AM 31.41 0.8 454.93454.78
MW-37D 486.19 14-Dec-04 12:07 PM 32.39 0.8 453.96453.80
MW-37D 486.19 11-Mar-05 10:48 AM 33.28 0.8 453.07452.91
MW-37D 486.19 22-Mar-05 9:25 AM 33.16 0.8 453.19453.03
MW-37D 486.19 18-May-05 6:18 AM 31.25 0.9 455.35454.94

MW-41S 480.07 18-Nov-04 11:00 AM 25.42 0.5 454.65454.65
MW-41S 480.07 16-Dec-04 11:26 AM 25.92 0.5 454.14454.15
MW-41S 480.07 10-Mar-05 2:51 PM 26.87 0.5 453.19453.20
MW-41S 480.07 22-Mar-05 9:15 AM 26.58 0.5 453.48453.49
MW-41S 480.07 18-May-05 6:27 AM 24.13 0.2 455.84455.94

MW-41M 479.83 18-Nov-04 10:05 AM 24.80 1.1 455.82455.04
MW-41M 479.83 15-Dec-04 12:28 PM 25.21 1.1 455.34454.63
MW-41M 479.83 11-Mar-05 10:08 AM 26.14 1.1 454.37453.70
MW-41M 479.83 22-Mar-05 9:16 AM 26.31 1.1 454.20453.52
MW-41M 479.83 18-May-05 6:26 AM 24.16 1.1 456.35455.67

MW-41D 479.42 18-Nov-04 8:45 AM 24.95 1.4 456.27454.47
MW-41D 479.42 15-Dec-04 11:16 AM 25.32 1.4 455.83454.10
MW-41D 479.42 11-Mar-05 8:55 AM 26.25 1.4 454.88453.17
MW-41D 479.42 22-Mar-05 9:30 AM 26.33 1.4 454.80453.09
MW-41D 479.42 18-May-05 6:25 AM 24.36 1.4 456.65455.06

IW-02 550.10 06-Jan-05 10:24 AM 95.53 --- ---454.57
IW-02 550.10 07-Jan-05 7:25 AM 95.52 --- ---454.58
IW-02 550.10 09-Jan-05 7:30 AM 95.98 --- ---454.12
IW-02 550.10 10-Feb-05 12:44 PM 95.80 --- ---454.30

IW-03 554.44 14-Jan-05 7:35 AM 100.00 --- ---454.44
IW-03 554.44 15-Jan-05 7:46 AM 100.08 --- ---454.36
IW-03 554.44 10-Feb-05 1:16 PM 100.05 --- ---454.39

All water level data are manual measurements of static water levels collected during groundwater sampling and IM-3 
testing activities.

Notes:

feet mean sea level
feet below top of casing
micro siemens per centimeter
not available

ft MSL
ft btoc
µS/cm
---
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B1: 
MW-41 and OW-3 Well Clusters 



   MW-41D Core Log

RIL

--------------------------- MW-41D Cased Well Geophysical Logs -------------------------- Monitoring Well Cluster MW-41 

FIGURE B1-1
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR MW-41 WELL CLUSTER
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in MW-41D core.

Static Water Level

Cased Well Geophysical Log November 5, 2004

Log Units:  Gamma Ray (API units), Induction Resistivity (ohm/m),  Induction Conductivity (µS/cm)
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   OW-3D Core Log

RIL

---------------------------------- OW-3D Cased Well Geophysical Logs -----------------------------------

CIL

Observation Well Cluster OW-3 

FIGURE B1-2
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR OW-3 WELL CLUSTER 
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole.

Static Water Level

OW-3D Geophysical Log November 10, 2004

Log Units:  Gamma Ray (GR, API units), Induction Resistivity (RIL, ohm/m),  Induction Conductivity (CIL, uS/cm)
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 B2: 
Compliance Wells CW-1, CW-2, CW-3, and CW-4 



   CW-1D Core Log

RIL

---------------------------------- CW-1D Cased Well Geophysical Logs -----------------------------------

CIL

Compliance Well Cluster CW-1 

FIGURE B2-1
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR CW-1 COMPLIANCE WELLS  
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole. CW1 Geophysical Log March 2, 2005

Log Units:  Gamma Ray (GR, API units),  Resistivity (RIL, ohm/m),  Conductivity (CIL, mS/cm)
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   CW-2D Core Log

RIL

---------------------------------- CW-2D Cased Well Geophysical Logs -----------------------------------

CIL

Compliance Well Cluster CW-2 

FIGURE B2-2
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR CW2 COMPLIANCE WELLS 
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole. CW2-D Geophysical Log March 2, 2005

Log Units:  Gamma Ray (GR, API units),  Resistivity (RIL,ohm/m),  Conductivity (CIL, mS/cm)
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   CW-3D Core Log

RIL

---------------------------------- CW-3D Cased Well Geophysical Logs -----------------------------------

CIL

Compliance Well Cluster CW-3 

FIGURE B2-3
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR CW-3 COMPLIANCE WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole. CW3-D Geophysical Log March 2, 2005

Log Units:  Gamma Ray (GR, API units),  Resistivity (RIL,ohm/m),  Conductivity (CIL, mS/cm)
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Appendix B 
Hydrogeologic and Geophysical Logging Data 



   CW-4D Core Log

RIL

---------------------------------- CW-4D Cased Well Geophysical Logs -----------------------------------

CIL

Compliance Well Cluster CW-4 

FIGURE B2-4
SUMMARY OF HYDROGEOLOGIC LOGGING 
FOR CW-4 COMPLIANCE WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

GR

Plots show percentages of coarse sediment 
(> No. 200 sieve) and gravel-size fragments
logged in OW corehole. CW4-D Geophysical Log March 2, 2005

Log Units:  Gamma Ray (GR, API units),  Resistivity (RIL, ohm/m),  Conductivity (CIL, mS/cm)
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Appendix C 
Additional Groundwater Sampling Data and 

Water Chemistry Plots  
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C1: 
Groundwater Samples Collected from Boreholes 

During Drilling 
 



TABLE C1-1

Water Quality Results for Groundwater Samples Collected from Boreholes During Drilling

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Boring 
ID

Sample 
Date

Dissolved 
Total 

Chromium

Laboratory Concentrations

pH 
Specific 

Conductance
(pH units) (µS/cm)

Total 
Dissolved 

Solids

Borehole 
Interval
(ft bgs)

Field Measurements

Hexavalent 
Chromium

(ug/L)

Field Test 
Analysis Certified Lab Data

CW-01 05-Jan-05 13.1 --- 2400 920 100-118 ---
CW-01 06-Jan-05 ND (1.0) 8.30 3900 1890 160-176 ---
CW-01 07-Jan-05 ND (1.0) 8.50 5700 2980 220-240 ---
CW-01 09-Jan-05 ND (1.0) 8.30 7400 2980 280-300 ---
CW-01 11-Jan-05 ND (1.0) 7.90 1100 5960 340-347 ---
CW-02 19-Jan-05 --- 8.10 2300 ---108-128 ---
CW-02 20-Jan-05 ND (1.0) ^ 7.60 4300 2400 ^168-188 ---
CW-02 20-Jan-05 ND (1.0) ^ 8.10 5400 2860 ^228-248 ---
CW-02 21-Jan-05 ND (1.0) ^ 8.10 8300 4770 ^288-308 ---
CW-02 21-Jan-05 ND (1.0) ^ 7.80 13300 7810 ^348-368 ---
CW-02 22-Jan-05 ND (1.0) ^ --- ---13200 ^368-385 ---
CW-03 20-Jan-05 ND (1.0) ^ 8.10 3400 1830 ^120-136 ---
CW-03 21-Jan-05 ND (1.0) ^ 8.10 4600 2240 ^180-200 ---
CW-03 22-Jan-05 ND (1.0) ^ 8.70 8500 5330 ^246-260 ---
CW-03 24-Jan-05 ND (1.0) ^ 7.60 9800 5910 J^300-322 ---
CW-03 25-Jan-05 ND (1.0) ^ 6.90 13900 10500 ^340-360 ---
CW-04 11-Jan-05 4.90 ^ 8.10 1700 745 ^58-78 ---
CW-04 11-Jan-05 ND (1.0) ^ 8.40 4100 2020 J^118-138 ---
CW-04 12-Jan-05 ND (1.0) ^ 8.30 5800 2910 ^178-198 ---
CW-04 13-Jan-05 ND (1.0) ^ 8.30 8700 6500 J^238-258 ---
CW-04 13-Jan-05 ND (1.0) ^ 8.30 9000 5320 J^298-318 ---
MW-41D 23-Oct-04 ND (1.0) ^* 8.20 4100 2200 J^60-70 ND (10) S^
MW-41D 24-Oct-04 31.3 ^* 7.50 6400 4300 J^130-140 44.0 S^
MW-41D 26-Oct-04 2.30 ^* 8.30 11700 9410 ^240-250 ND (10) S^
OW-01D 11-Sep-04 5.00 ^* 7.60 1700 1030 ^100-116 14.0 S^
OW-01D 12-Sep-04 ND (1.0) ^* 7.90 4300 2620 ^160-180 ND (10) S^
OW-01D 14-Sep-04 ND (1.0) ^* --- 7500 4550 J^220-236 ND (10) S^
OW-02D 22-Nov-04 ND (1.0) ^ 10.0 1900 820 J^60-80 ---
OW-02D 30-Nov-04 ND (1.0) ^ 8.40 2400 972 ^120-140 ---
OW-02D 02-Dec-04 --- 8.30 3900 ---200-220 ---
OW-03D 05-Oct-04 ND (1.0) * --- ---2550 192-202 ND (10) S^
OW-03D 10-Oct-04 ND (1.0) * --- ---2770 230-253 ND (10) S^
OW-05D 10-Nov-04 17.6 ^* 7.90 1700 944 ^100-120 ---
OW-05D 14-Nov-04 ND (1.0) ^ 8.30 2700 6560 J^150-170 ---
OW-05D 14-Nov-04 ND (1.0) ^ --- ---7500 ^330-350 ---

Notes:
results in milligrams per liter
results in micrograms per liter
field filtered
parameter not analyzed
parameter not detected at the listed reporting limit.
Screening level data
concentration estimated by laboratory or validation
autovalidation

mg/L
ug/L
*
 --- 
ND
S
J
^

1 of 1G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_IM3Rev3.mdb - rpt_grabs
Date printed:  6/17/2005
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C2: 
Stiff Water Chemistry Diagrams 



SFO\APPENDIXC2_STIFF_DIAGRAMS.DOC C2-1 

FIGURE C2-1 
Stiff Water Quality Diagrams for Bat Cave Wash Area Well Samples 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station   

 7.5 7.5  15 (meq/l) 15

Na Cl

Ca HCO3

Mg SO4

MW-13  06/09/04

 5.5 5.5  11 (meq/l ) 11

Na Cl

Ca HCO3

Mg SO4

MW-14  06/08/04

 80 80  160 (meq/l) 160

Na Cl

Ca HCO3

Mg SO4

MW-37D  06/11/04

 15.55 15.55  31.1 (meq/l) 31.1

Na Cl

Ca HCO3

Mg SO4

MW-37S  06/10/04

 100 100  200 (meq/l) 200

Na Cl

Ca HCO3

Mg SO4

MW-41D  12/15/04

 65 65  130 (meq/l) 130

Na Cl

Ca HCO3

Mg SO4

MW-41M  12/15/04

Note the different concentration scales for each sample. 
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FIGURE C2-2 
Stiff Water Quality Diagrams for East Mesa Area Well Samples 
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station   

 50 50  100 (meq/l) 100

Na Cl

Ca HCO3

Mg SO4

CW-01D  02/07/05

 17.5 17.5  35 (meq/l) 35

Na Cl

Ca HCO3

Mg SO4

CW-01M  02/08/05

 75 75  150 (meq/l) 150

Na Cl

Ca HCO3

Mg SO4

CW-02D  02/08/05

 23 23  46 (meq/l ) 46

Na Cl

Ca HCO3

Mg SO4

CW-02M  02/09/05

 75 75  150 (meq/l) 150

Na Cl

Ca HCO3

Mg SO4

CW-03D  02/08/05

 35 35  70 (meq/l) 70

Na Cl

Ca HCO3

Mg SO4

CW-03M  02/10/05

 65 65  130 (meq/l) 130

Na Cl

Ca HCO3

Mg SO4

CW-04D  02/07/05

 25 25  50 (meq/l) 50

Na Cl

Ca HCO3

Mg SO4

CW-04M  02/07/05

 60 60  120 (meq/l) 120

Na Cl

Ca HCO3

Mg SO4

OW-01D  09/30/04

 30 30  60 (meq/l ) 60

Na Cl

Ca HCO3

Mg SO4

OW-01M  10/01/04

Note the different concentration scales for each sample. 
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FIGURE C2-3 
Stiff Water Quality Diagrams for West Mesa Area Well Samples   
Groundwater and Hydrogeologic Investigation 
Interim Measures No. 3 Injection Area, PG&E Topock Compressor Station   

 5 5  10 (meq/l) 10

Na Cl

Ca HCO3

Mg SO4

MW-18  06/09/04

 17.5 17.5  35 (meq/l) 35

Na Cl

Ca HCO3

Mg SO4

OW-03D  10/28/04

 15.5 15.5  31 (meq/l) 31

Na Cl

Ca HCO3

Mg SO4

OW-03M  10/28/04

 3.98 3.98  7.96 (meq/l) 7.96

Na Cl

Ca HCO3

Mg SO4

OW-03S  10/28/04

 
Note the different concentration scales for each sample. 
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Appendix D 
Soil and Groundwater Analytical Data  

for CW-2D Boring and Well 
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D1: 
VOC and SVOC Analyses for Borehole CW-2 

Soil and Groundwater Samples 
 



TABLE D-1

Borehole CW-2D Soil Samples 380 ft and 385 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result

VOCs SW 8260

Units

CW-2-380
1,1,1,2-tetrachloroethane ND (0.2) mg/kg
1,1,1-trichloroethane ND (0.2) mg/kg
1,1,2,2-tetrachloroethane ND (0.2) mg/kg
1,1,2-trichloroethane ND (0.2) mg/kg
1,1-dichloroethane ND (0.2) mg/kg
1,1-dichloroethene ND (0.2) mg/kg
1,1-dichloropropene ND (0.2) mg/kg
1,2,3-trichlorobenzene ND (0.2) mg/kg
1,2,3-trichloropropane ND (0.2) mg/kg
1,2,4-trichlorobenzene ND (0.2) mg/kg
1,2,4-trimethylbenzene ND (0.2) mg/kg
1,2-dibromo-3-chloropropane ND (0.5) mg/kg
1,2-dibromoethane ND (0.2) mg/kg
1,2-dichlorobenzene ND (0.2) mg/kg
1,2-dichloroethane ND (0.2) mg/kg
1,2-dichloropropane ND (0.2) mg/kg
1,3,5-trimethylbenzene ND (0.2) mg/kg
1,3-dichlorobenzene ND (0.2) mg/kg
1,3-dichloropropane ND (0.2) mg/kg
1,4-dichlorobenzene ND (0.2) mg/kg
2,2-dichloropropane ND (0.2) mg/kg
2-butanone ND (1.0) mg/kg
2-chlorotoluene (o-chlorotoluene) ND (0.2) mg/kg
2-hexanone ND (1.0) mg/kg
Acetone ND (1.0) mg/kg
Acrolein ND (2.0) mg/kg
Acrylonitrile ND (1.0) mg/kg
Benzene ND (0.2) mg/kg
Braomochloromethane ND (0.2) mg/kg
Bromobenzene ND (0.2) mg/kg
Bromodichloromethane ND (0.2) mg/kg
Bromoform ND (0.2) mg/kg
Bromomethane ND (0.2) mg/kg
Carbon tetrachloride ND (0.2) mg/kg
Chlorobenzene ND (0.2) mg/kg
Chloroethane ND (0.5) mg/kg
Chloroform ND (0.2) mg/kg
Chloromethane ND (0.5) mg/kg
Cis-1,2-dichloroethene ND (0.2) mg/kg
Cis-1,3-dichloropropene ND (0.2) mg/kg
Di-isopropyl ether ND (0.5) mg/kg

Analyte Result

VOCs SW 8260

Units

CW-2-380
Dibromochloromethane ND (0.2) mg/kg
Dibromomethane ND (0.2) mg/kg
Dichlorodifluoromethane ND (0.5) mg/kg
Ethyl-t-butyl ether ND (0.5) mg/kg
Ethylbenzene ND (0.2) mg/kg
Freon 113 ND (0.5) mg/kg
Hexachlorobutadiene ND (0.2) mg/kg
Isopropylbenzene ND (0.2) mg/kg
M+p-xylenes ND (0.4) mg/kg
Methyl t-butyl ether (mtbe) ND (0.5) mg/kg
Methylene chloride ND (0.2) mg/kg
N-butylbenzene ND (0.2) mg/kg
N-propylbenzene ND (0.2) mg/kg
Naphthalene ND (0.2) mg/kg
O-xylene ND (0.2) mg/kg
P-chlorotoluene ND (0.2) mg/kg
P-isopropyltoluene ND (0.2) mg/kg
Sec-butylbenzene ND (0.2) mg/kg
Styrene ND (0.2) mg/kg
T-amyl methyl ether ND (0.5) mg/kg
T-butylbenzene ND (0.2) mg/kg
Tetrachloroethene ND (0.2) mg/kg
Toluene ND (0.2) mg/kg
Trans-1,2-dichloroethene ND (0.2) mg/kg
Trans-1,3-dichloropropene ND (0.2) mg/kg
Trichloroethene ND (0.2) mg/kg
Trichlorofluoromethane ND (0.5) mg/kg
Vinyl chloride ND (0.5) mg/kg

1 of 4G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_
IM3.mdb - rpt_graborganicssoil
Date printed:  3/31/2005

Notes:
volatile organic compound
semi-volatile organic compound
results in milligrams per kilogram
parameter not detected at the listed reporting limit.

VOC
SVOC
mg/kg
ND



TABLE D-1

Borehole CW-2D Soil Samples 380 ft and 385 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result

SVOCs SW 8270C

Units

CW-2-380
1,2,4-trichlorobenzene ND (0.33) mg/kg
1,2-dichlorobenzene ND (0.33) mg/kg
1,3-dichlorobenzene ND (0.33) mg/kg
1,4-dichlorobenzene ND (0.33) mg/kg
2,4,5-trichlorophenol ND (0.33) mg/kg
2,4,6-trichlorophenol ND (0.33) mg/kg
2,4-dichlorophenol ND (0.33) mg/kg
2,4-dimethylphenol ND (0.33) mg/kg
2,4-dinitrophenol ND (0.83) mg/kg
2,4-dinitrotoluene ND (0.33) mg/kg
2,6-dinitrotoluene ND (0.33) mg/kg
2-Chloronaphthalene ND (0.33) mg/kg
2-chlorophenol ND (0.33) mg/kg
2-methylnaphthalene ND (0.33) mg/kg
2-methylphenol ND (0.33) mg/kg
2-nitroaniline ND (0.33) mg/kg
2-nitrophenol ND (0.33) mg/kg
3,3'-dichlorobenzidene ND (0.83) mg/kg
3-nitroaniline ND (0.83) mg/kg
4,6-dinitro-2-methylphenol ND (0.33) mg/kg
4-bromophenyl phenyl ether ND (0.33) mg/kg
4-chloro-3-methylphenol ND (0.33) mg/kg
4-chloroaniline ND (0.33) mg/kg
4-chlorophenyl phenyl ether ND (0.33) mg/kg
4-methylphenol ND (0.33) mg/kg
4-nitroaniline ND (0.83) mg/kg
4-nitrophenol ND (0.83) mg/kg
Acenaphthene ND (0.33) mg/kg
Acenaphthylene ND (0.33) mg/kg
Anthracene ND (0.33) mg/kg
Benzidene ND (0.83) mg/kg
Benzo(a)anthracene ND (0.33) mg/kg
Benzo(a)pyrene ND (0.33) mg/kg
Benzo(b)fluoranthene ND (0.33) mg/kg
Benzo(ghi)perylene ND (0.33) mg/kg
Benzo(k)fluoranthene ND (0.33) mg/kg
Benzoic acid ND (0.83) mg/kg
Benzyl alcohol ND (0.33) mg/kg
Bis (2-chloroethoxy) methane ND (0.33) mg/kg
Bis (2-ethylhexyl) phthalate ND (0.33) mg/kg
Bis(2-chloroethyl)ether ND (0.33) mg/kg

Analyte Result

SVOCs SW 8270C

Units

CW-2-380
Bis(2-chloroisopropyl)ether ND (0.33) mg/kg
Butyl benzyl phthalate ND (0.33) mg/kg
Carbazole ND (0.33) mg/kg
Chrysene ND (0.33) mg/kg
Di-N-butyl phthalate ND (0.33) mg/kg
Di-N-octyl phthalate ND (0.33) mg/kg
Dibenzo(a,h)anthracene ND (0.33) mg/kg
dibenzofuran ND (0.33) mg/kg
diethyl phthalate ND (0.33) mg/kg
dimethyl phthalate ND (0.33) mg/kg
Fluoranthene ND (0.33) mg/kg
Fluorene ND (0.33) mg/kg
Hexachlorobenzene ND (0.33) mg/kg
Hexachlorobutadiene ND (0.33) mg/kg
Hexachlorocyclopentadiene ND (0.33) mg/kg
Hexachloroethane ND (0.33) mg/kg
Indeno(1,2,3-cd)pyrene ND (0.33) mg/kg
Isophorone ND (0.33) mg/kg
N-Nitroso-di-n-propylamine ND (0.33) mg/kg
N-Nitrosodimethylamine ND (0.33) mg/kg
N-nitrosodiphenylamine ND (0.33) mg/kg
Naphthalene ND (0.33) mg/kg
Nitrobenzene ND (0.33) mg/kg
Pentachlorophenol/pcp ND (0.83) mg/kg
Phenanthrene ND (0.33) mg/kg
Phenol ND (0.33) mg/kg
Pyrene ND (0.33) mg/kg
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Notes:
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parameter not detected at the listed reporting limit.
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TABLE D-1

Borehole CW-2D Soil Samples 380 ft and 385 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result

VOCs SW 8260

Units

CW-2-385
1,1,1,2-tetrachloroethane ND (0.2) mg/kg
1,1,1-trichloroethane ND (0.2) mg/kg
1,1,2,2-tetrachloroethane ND (0.2) mg/kg
1,1,2-trichloroethane ND (0.2) mg/kg
1,1-dichloroethane ND (0.2) mg/kg
1,1-dichloroethene ND (0.2) mg/kg
1,1-dichloropropene ND (0.2) mg/kg
1,2,3-trichlorobenzene ND (0.2) mg/kg
1,2,3-trichloropropane ND (0.2) mg/kg
1,2,4-trichlorobenzene ND (0.2) mg/kg
1,2,4-trimethylbenzene ND (0.2) mg/kg
1,2-dibromo-3-chloropropane ND (0.5) mg/kg
1,2-dibromoethane ND (0.2) mg/kg
1,2-dichlorobenzene ND (0.2) mg/kg
1,2-dichloroethane ND (0.2) mg/kg
1,2-dichloropropane ND (0.2) mg/kg
1,3,5-trimethylbenzene ND (0.2) mg/kg
1,3-dichlorobenzene ND (0.2) mg/kg
1,3-dichloropropane ND (0.2) mg/kg
1,4-dichlorobenzene ND (0.2) mg/kg
2,2-dichloropropane ND (0.2) mg/kg
2-butanone ND (1.0) mg/kg
2-chlorotoluene (o-chlorotoluene) ND (0.2) mg/kg
2-hexanone ND (1.0) mg/kg
Acetone ND (1.0) mg/kg
Acrolein ND (2.0) mg/kg
Acrylonitrile ND (1.0) mg/kg
Benzene ND (0.2) mg/kg
Braomochloromethane ND (0.2) mg/kg
Bromobenzene ND (0.2) mg/kg
Bromodichloromethane ND (0.2) mg/kg
Bromoform ND (0.2) mg/kg
Bromomethane ND (0.2) mg/kg
Carbon tetrachloride ND (0.2) mg/kg
Chlorobenzene ND (0.2) mg/kg
Chloroethane ND (0.5) mg/kg
Chloroform ND (0.2) mg/kg
Chloromethane ND (0.5) mg/kg
Cis-1,2-dichloroethene ND (0.2) mg/kg
Cis-1,3-dichloropropene ND (0.2) mg/kg
Di-isopropyl ether ND (0.5) mg/kg

Analyte Result

VOCs SW 8260

Units

CW-2-385
Dibromochloromethane ND (0.2) mg/kg
Dibromomethane ND (0.2) mg/kg
Dichlorodifluoromethane ND (0.5) mg/kg
Ethyl-t-butyl ether ND (0.5) mg/kg
Ethylbenzene ND (0.2) mg/kg
Freon 113 ND (0.5) mg/kg
Hexachlorobutadiene ND (0.2) mg/kg
Isopropylbenzene ND (0.2) mg/kg
M+p-xylenes ND (0.4) mg/kg
Methyl t-butyl ether (mtbe) ND (0.5) mg/kg
Methylene chloride ND (0.2) mg/kg
N-butylbenzene ND (0.2) mg/kg
N-propylbenzene ND (0.2) mg/kg
Naphthalene ND (0.2) mg/kg
O-xylene ND (0.2) mg/kg
P-chlorotoluene ND (0.2) mg/kg
P-isopropyltoluene ND (0.2) mg/kg
Sec-butylbenzene ND (0.2) mg/kg
Styrene ND (0.2) mg/kg
T-amyl methyl ether ND (0.5) mg/kg
T-butylbenzene ND (0.2) mg/kg
Tetrachloroethene ND (0.2) mg/kg
Toluene ND (0.2) mg/kg
Trans-1,2-dichloroethene ND (0.2) mg/kg
Trans-1,3-dichloropropene ND (0.2) mg/kg
Trichloroethene ND (0.2) mg/kg
Trichlorofluoromethane ND (0.5) mg/kg
Vinyl chloride ND (0.5) mg/kg
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TABLE D-1

Borehole CW-2D Soil Samples 380 ft and 385 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result

SVOCs SW 8270C

Units

CW-2-385
1,2,4-trichlorobenzene ND (0.33) mg/kg
1,2-dichlorobenzene ND (0.33) mg/kg
1,3-dichlorobenzene ND (0.33) mg/kg
1,4-dichlorobenzene ND (0.33) mg/kg
2,4,5-trichlorophenol ND (0.33) mg/kg
2,4,6-trichlorophenol ND (0.33) mg/kg
2,4-dichlorophenol ND (0.33) mg/kg
2,4-dimethylphenol ND (0.33) mg/kg
2,4-dinitrophenol ND (0.83) mg/kg
2,4-dinitrotoluene ND (0.33) mg/kg
2,6-dinitrotoluene ND (0.33) mg/kg
2-Chloronaphthalene ND (0.33) mg/kg
2-chlorophenol ND (0.33) mg/kg
2-methylnaphthalene ND (0.33) mg/kg
2-methylphenol ND (0.33) mg/kg
2-nitroaniline ND (0.33) mg/kg
2-nitrophenol ND (0.33) mg/kg
3,3'-dichlorobenzidene ND (0.83) mg/kg
3-nitroaniline ND (0.83) mg/kg
4,6-dinitro-2-methylphenol ND (0.33) mg/kg
4-bromophenyl phenyl ether ND (0.33) mg/kg
4-chloro-3-methylphenol ND (0.33) mg/kg
4-chloroaniline ND (0.33) mg/kg
4-chlorophenyl phenyl ether ND (0.33) mg/kg
4-methylphenol ND (0.33) mg/kg
4-nitroaniline ND (0.83) mg/kg
4-nitrophenol ND (0.83) mg/kg
Acenaphthene ND (0.33) mg/kg
Acenaphthylene ND (0.33) mg/kg
Anthracene ND (0.33) mg/kg
Benzidene ND (0.83) mg/kg
Benzo(a)anthracene ND (0.33) mg/kg
Benzo(a)pyrene ND (0.33) mg/kg
Benzo(b)fluoranthene ND (0.33) mg/kg
Benzo(ghi)perylene ND (0.33) mg/kg
Benzo(k)fluoranthene ND (0.33) mg/kg
Benzoic acid ND (0.83) mg/kg
Benzyl alcohol ND (0.33) mg/kg
Bis (2-chloroethoxy) methane ND (0.33) mg/kg
Bis (2-ethylhexyl) phthalate ND (0.33) mg/kg
Bis(2-chloroethyl)ether ND (0.33) mg/kg

Analyte Result

SVOCs SW 8270C

Units

CW-2-385
Bis(2-chloroisopropyl)ether ND (0.33) mg/kg
Butyl benzyl phthalate ND (0.33) mg/kg
Carbazole ND (0.33) mg/kg
Chrysene ND (0.33) mg/kg
Di-N-butyl phthalate ND (0.33) mg/kg
Di-N-octyl phthalate ND (0.33) mg/kg
Dibenzo(a,h)anthracene ND (0.33) mg/kg
dibenzofuran ND (0.33) mg/kg
diethyl phthalate ND (0.33) mg/kg
dimethyl phthalate ND (0.33) mg/kg
Fluoranthene ND (0.33) mg/kg
Fluorene ND (0.33) mg/kg
Hexachlorobenzene ND (0.33) mg/kg
Hexachlorobutadiene ND (0.33) mg/kg
Hexachlorocyclopentadiene ND (0.33) mg/kg
Hexachloroethane ND (0.33) mg/kg
Indeno(1,2,3-cd)pyrene ND (0.33) mg/kg
Isophorone ND (0.33) mg/kg
N-Nitroso-di-n-propylamine ND (0.33) mg/kg
N-Nitrosodimethylamine ND (0.33) mg/kg
N-nitrosodiphenylamine ND (0.33) mg/kg
Naphthalene ND (0.33) mg/kg
Nitrobenzene ND (0.33) mg/kg
Pentachlorophenol/pcp ND (0.83) mg/kg
Phenanthrene ND (0.33) mg/kg
Phenol ND (0.33) mg/kg
Pyrene ND (0.33) mg/kg
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TABLE D-2

Borehole CW-2D Groundwater Grab Sample 375 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result Units

CW-2-375

SVOCs E 625

1,2,4-trichlorobenzene ND (50) µg/L
1,2-dichlorobenzene ND (50) µg/L
1,2-diphenylhydrazine ND (50) µg/L
1,3-dichlorobenzene ND (50) µg/L
1,4-dichlorobenzene ND (50) µg/L
2,4,5-trichlorophenol ND (50) µg/L
2,4,6-trichlorophenol ND (50) µg/L
2,4-dichlorophenol ND (50) µg/L
2,4-dimethylphenol ND (50) µg/L
2,4-dinitrophenol ND (130) µg/L
2,4-dinitrotoluene ND (50) µg/L
2,6-dinitrotoluene ND (50) µg/L
2-Chloronaphthalene ND (50) µg/L
2-chlorophenol ND (50) µg/L
2-methylnaphthalene ND (50) µg/L
2-methylphenol ND (50) µg/L
2-nitroaniline ND (50) µg/L
2-nitrophenol ND (50) µg/L
3,3'-dichlorobenzidene ND (50) µg/L
3-nitroaniline ND (130) µg/L
4,6-dinitro-2-methylphenol ND (50) µg/L
4-bromophenyl phenyl ether ND (50) µg/L
4-chloro-3-methylphenol ND (50) µg/L
4-chloroaniline ND (50) µg/L
4-chlorophenyl phenyl ether ND (50) µg/L
4-methylphenol ND (50) µg/L
4-nitroaniline ND (130) µg/L
4-nitrophenol ND (130) µg/L
Acenaphthene ND (50) µg/L
Acenaphthylene ND (50) µg/L
Anthracene ND (50) µg/L
Benzidene ND (130) µg/L
Benzo(a)anthracene ND (50) µg/L
Benzo(a)pyrene ND (50) µg/L
Benzo(b)fluoranthene ND (50) µg/L
Benzo(ghi)perylene ND (50) µg/L
Benzo(k)fluoranthene ND (50) µg/L
Benzoic acid ND (130) µg/L
Benzyl alcohol ND (50) µg/L
Bis (2-chloroethoxy) methane ND (50) µg/L
Bis (2-ethylhexyl) phthalate ND (50) µg/L

Analyte Result Units

CW-2-375

SVOCs E 625

Bis(2-chloroethyl)ether ND (50) µg/L
Bis(2-chloroisopropyl)ether ND (50) µg/L
Butyl benzyl phthalate ND (50) µg/L
Carbazole ND (50) µg/L
Chrysene ND (50) µg/L
Di-N-butyl phthalate ND (50) µg/L
Di-N-octyl phthalate ND (50) µg/L
Dibenzo(a,h)anthracene ND (50) µg/L
dibenzofuran ND (50) µg/L
diethyl phthalate ND (50) µg/L
dimethyl phthalate ND (50) µg/L
Fluoranthene ND (50) µg/L
Fluorene ND (50) µg/L
Hexachlorobenzene ND (50) µg/L
Hexachlorobutadiene ND (50) µg/L
Hexachlorocyclopentadiene ND (50) µg/L
Hexachloroethane ND (50) µg/L
Indeno(1,2,3-cd)pyrene ND (50) µg/L
Isophorone ND (50) µg/L
N-Nitroso-di-n-propylamine ND (50) µg/L
N-Nitrosodimethylamine ND (50) µg/L
N-nitrosodiphenylamine ND (50) µg/L
Naphthalene ND (50) µg/L
Nitrobenzene ND (50) µg/L
Pentachlorophenol/pcp ND (130) µg/L
Phenanthrene ND (50) µg/L
Phenol ND (50) µg/L
Pyrene ND (50) µg/L

Analyte Result Units

CW-2-375

VOCs SW 8260

1,1,1,2-tetrachloroethane ND (2.0) µg/L
1,1,1-trichloroethane ND (2.0) µg/L
1,1,2,2-tetrachloroethane ND (2.0) µg/L
1,1,2-trichloroethane ND (2.0) µg/L
1,1-dichloroethane ND (2.0) µg/L
1,1-dichloroethene ND (2.0) µg/L
1,1-dichloropropene ND (2.0) µg/L
1,2,3-trichlorobenzene ND (2.0) µg/L
1,2,3-trichloropropane ND (2.0) µg/L
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TABLE D-2

Borehole CW-2D Groundwater Grab Sample 375 ft - VOC and SVOC Analyses

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result Units

CW-2-375

VOCs SW 8260

1,2,4-trichlorobenzene ND (2.0) µg/L
1,2,4-trimethylbenzene ND (2.0) µg/L
1,2-dibromo-3-chloropropane ND (5.0) µg/L
1,2-dibromoethane ND (2.0) µg/L
1,2-dichlorobenzene ND (2.0) µg/L
1,2-dichloroethane ND (2.0) µg/L
1,2-dichloropropane ND (2.0) µg/L
1,3,5-trimethylbenzene ND (2.0) µg/L
1,3-dichlorobenzene ND (2.0) µg/L
1,3-dichloropropane ND (2.0) µg/L
1,4-dichlorobenzene ND (2.0) µg/L
2,2-dichloropropane ND (2.0) µg/L
2-butanone ND (10) µg/L
2-chlorotoluene (o-chlorotoluene) ND (2.0) µg/L
2-hexanone ND (10) µg/L
Acetone ND (10) µg/L
Acrolein ND (20) µg/L
Acrylonitrile ND (10) µg/L
Benzene ND (2.0) µg/L
Braomochloromethane ND (2.0) µg/L
Bromobenzene ND (2.0) µg/L
Bromodichloromethane ND (2.0) µg/L
Bromoform ND (2.0) µg/L
Bromomethane ND (5.0) µg/L
Carbon tetrachloride ND (2.0) µg/L
Chlorobenzene ND (2.0) µg/L
Chloroethane ND (5.0) µg/L
Chloroform ND (2.0) µg/L
Chloromethane ND (5.0) µg/L
Cis-1,2-dichloroethene ND (2.0) µg/L
Cis-1,3-dichloropropene ND (2.0) µg/L
Di-isopropyl ether ND (5.0) µg/L
Dibromochloromethane ND (2.0) µg/L
Dibromomethane ND (2.0) µg/L
Dichlorodifluoromethane ND (5.0) µg/L
Ethyl-t-butyl ether ND (5.0) µg/L
Ethylbenzene ND (2.0) µg/L
Freon 113 ND (5.0) µg/L
Hexachlorobutadiene ND (2.0) µg/L
Isopropylbenzene ND (2.0) µg/L
M+p-xylenes ND (4.0) µg/L

Analyte Result Units

CW-2-375

VOCs SW 8260

Methyl t-butyl ether (mtbe) ND (5.0) µg/L
Methylene chloride ND (2.0) µg/L
N-butylbenzene ND (2.0) µg/L
N-propylbenzene ND (2.0) µg/L
Naphthalene ND (2.0) µg/L
O-xylene ND (2.0) µg/L
P-chlorotoluene ND (2.0) µg/L
P-isopropyltoluene ND (2.0) µg/L
Sec-butylbenzene ND (2.0) µg/L
Styrene ND (2.0) µg/L
T-amyl methyl ether ND (5.0) µg/L
T-butylbenzene ND (2.0) µg/L
Tetrachloroethene ND (2.0) µg/L
Toluene ND (2.0) µg/L
Trans-1,2-dichloroethene ND (2.0) µg/L
Trans-1,3-dichloropropene ND (2.0) µg/L
Trichloroethene ND (2.0) µg/L
Trichlorofluoromethane ND (5.0) µg/L
Vinyl chloride ND (5.0) µg/L
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TABLE D-3

VOC and SVOC Analytical Results, Well CW-2D, Groundwater Sampling February 23, 2005

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result Units

CW-2D - 2/23/2005

VOCs SW 8260

1,1,1,2-tetrachloroethane ND (1.0) µg/L
1,1,1-trichloroethane ND (1.0) µg/L
1,1,2,2-tetrachloroethane ND (1.0) µg/L
1,1,2-trichloroethane ND (1.0) µg/L
1,1-dichloroethane ND (1.0) µg/L
1,1-dichloroethene ND (1.0) µg/L
1,2,3-trichloropropane ND (1.0) µg/L
1,2,4-trichlorobenzene ND (1.0) µg/L
1,2,4-trimethylbenzene ND (1.0) µg/L
1,2-dibromo-3-chloropropane ND (2.0) µg/L
1,2-dibromoethane ND (1.0) µg/L
1,2-dichlorobenzene ND (1.0) µg/L
1,2-dichloroethane ND (1.0) µg/L
1,2-dichloropropane ND (1.0) µg/L
1,3,5-trimethylbenzene ND (1.0) µg/L
1,3-dichlorobenzene ND (1.0) µg/L
1,4-dichlorobenzene ND (1.0) µg/L
2-butanone ND (10) µg/L
2-chlorotoluene (o-chlorotoluene) ND (1.0) µg/L
Acetone ND (10) R µg/L
Acrolein ND (10) R µg/L
Acrylonitrile ND (10) µg/L
Benzene ND (1.0) µg/L
Bromobenzene ND (1.0) µg/L
Bromodichloromethane ND (1.0) µg/L
Bromoform ND (1.0) µg/L
Bromomethane ND (1.0) µg/L
Carbon disulfide ND (1.0) µg/L
Carbon tetrachloride ND (1.0) µg/L
Chlorobenzene ND (1.0) µg/L
Chloroethane ND (1.0) µg/L
Chloroform ND (1.0) µg/L
Chloromethane ND (1.0) µg/L
Cis-1,2-dichloroethene ND (1.0) µg/L
Dibromochloromethane ND (1.0) µg/L
Dichlorodifluoromethane ND (1.0) µg/L
Ethylbenzene ND (1.0) µg/L
Freon 113 ND (1.0) µg/L
Isopropylbenzene ND (1.0) µg/L
M+p-xylenes ND (1.0) µg/L
Methyl isobutyl ketone ND (10) µg/L

Analyte Result Units

CW-2D - 2/23/2005

VOCs SW 8260

Methyl t-butyl ether (mtbe) ND (1.0) µg/L
Methylene chloride ND (1.0) µg/L
N-butylbenzene ND (1.0) µg/L
N-propylbenzene ND (1.0) µg/L
O-xylene ND (1.0) µg/L
Sec-butylbenzene ND (1.0) µg/L
Styrene ND (1.0) µg/L
T-butylbenzene ND (1.0) µg/L
Tetrachloroethene ND (1.0) µg/L
Toluene ND (1.0) µg/L
Total xylenes ND (2.0) µg/L
Trans-1,2-dichloroethene ND (1.0) µg/L
Trichloroethene ND (1.0) µg/L
Vinyl chloride ND (1.0) µg/L
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TABLE D-3

VOC and SVOC Analytical Results, Well CW-2D, Groundwater Sampling February 23, 2005

Interim Measures No 3. Injection Area, PG&E Topock Compressor Station
Groundwater and Hydrogeologic Investigation

Analyte Result Units

CW-2D - 2/23/2005

SVOCs SW 8270C

1,2,4-trichlorobenzene ND (10) µg/L
1,2-dichlorobenzene ND (10) µg/L
1,3-dichlorobenzene ND (10) µg/L
1,4-dichlorobenzene ND (10) µg/L
2,4,5-trichlorophenol ND (10) µg/L
2,4,6-trichlorophenol ND (10) µg/L
2,4-dichlorophenol ND (10) µg/L
2,4-dimethylphenol ND (10) µg/L
2,4-dinitrophenol ND (20) µg/L
2,4-dinitrotoluene ND (10) µg/L
2,6-dinitrotoluene ND (10) µg/L
2-Chloronaphthalene ND (10) µg/L
2-chlorophenol ND (10) µg/L
2-methylnaphthalene ND (10) µg/L
2-methylphenol ND (10) µg/L
2-nitroaniline ND (10) µg/L
3,3'-dichlorobenzidene ND (10) µg/L
3-nitroaniline ND (10) µg/L
4,6-dinitro-2-methylphenol ND (20) µg/L
4-chloroaniline ND (10) µg/L
4-methylphenol ND (10) µg/L
4-nitroaniline ND (10) µg/L
4-nitrophenol ND (20) µg/L
Acenaphthene ND (10) µg/L
Acenaphthylene ND (10) µg/L
Anthracene ND (10) µg/L
Benzo(a)anthracene ND (10) µg/L
Benzo(a)pyrene ND (10) µg/L
Benzo(b)fluoranthene ND (10) µg/L
Benzo(ghi)perylene ND (10) µg/L
Benzo(k)fluoranthene ND (10) µg/L
Bis (2-ethylhexyl) phthalate ND (10) µg/L
Bis(2-chloroethyl)ether ND (10) µg/L
Bis(2-chloroisopropyl)ether ND (10) µg/L
Butyl benzyl phthalate ND (10) µg/L
Chrysene ND (10) µg/L
Di-N-butyl phthalate ND (10) µg/L
Di-N-octyl phthalate ND (10) µg/L
Dibenzo(a,h)anthracene ND (10) µg/L
dibenzofuran ND (10) µg/L
diethyl phthalate ND (10) µg/L

Analyte Result Units

CW-2D - 2/23/2005

SVOCs SW 8270C

dimethyl phthalate ND (10) µg/L
Fluoranthene ND (10) µg/L
Fluorene ND (10) µg/L
Hexachlorobenzene ND (10) µg/L
Hexachlorobutadiene ND (10) µg/L
Hexachloroethane ND (10) µg/L
Indeno(1,2,3-cd)pyrene ND (10) µg/L
Isophorone ND (10) µg/L
N-Nitroso-di-n-propylamine ND (10) µg/L
N-nitrosodiphenylamine ND (10) µg/L
Naphthalene ND (10) µg/L
Nitrobenzene ND (10) µg/L
Pentachlorophenol/pcp ND (20) µg/L
Phenanthrene ND (10) µg/L
Phenol ND (10) µg/L
Pyrene ND (10) µg/L

2 of 2G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\IM3\Topock_
IM3.mdb - rpt_cw-2dorganicswater

Notes:
volatile organic compound
semi-volatile organic compound
results in micrograms per liter
parameter not detected at the listed reporting limit.
rejected data

VOC
SVOC
µg/L
ND
R
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E1: 
Step Test Results 
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FIGURE E1-1

IW-2 STEP TEST DRAWDOWN AT IW-2 

IM-3 GROUNDWATER INVESTIGATION

PG&E TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA

Q = 73 gpm

SC = 33 gpm/ft

Q = 97 gpm

SC = 33 gpm/ft

Q = 125 gpm

SC = 33 gpm/ft

Q = 152 gpm

SC = 32 gpm/ft

Q = 185 gpm

SC = 30 gpm/ft

Notes:

Step test conducted at IW-2 on 12/22/2005.
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FIGURE E1-2 

IW-3 STEP TEST DRAWDOWN AT IW-3 

IM-3 GROUNDWATER INVESTIGATION

PG&E TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA

Q=80 gpm

SC = 47 gpm/ft 

Q=100 gpm

SC = 48 gpm/ft 

Q=125 gpm

SC = 48 gpm/ft 

Q=155 gpm

SC = 44 gpm/ft 

Q=195 gpm

SC = 42 gpm/ft 

Notes:

Step test conducted at IW-3 on 1/14/2005.



FIGURE E1-3
HANTUSH-BIERSHENK PLOT OF IW-2 
STEP TEST
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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IW-2-step_test.xls\FigureE-1-3



FIGURE E1-4
HANTUSH-BIERSHENK PLOT OF IW-3 
STEP TEST
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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IW-3_StepTest_Eval (2).xls\FigureE-1-4



FIGURE E1-5
PREDICTED WATER LEVEL CHANGE WITH CHANGE IN 
PUMPING/INJECTION RATE BASED ON BIERSHENK 
ANALYSIS OF STEP TEST DATA
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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E2: 
Spinner Test Results 



FIGURE E2-1
IW-2 SPINNER TEST 
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Spinner test conducted at IW-2 on 12/22/2004 at 80 gpm.
Log and Production Evaluation provided by Walenco  Inc.
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FIGURE E2-2
IW-3 SPINNER TEST 
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Spinner test conducted at IW-3 on 1/12/2005 at 70 gpm.
Log and Production Evaluation provided by Walenco  Inc.
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E3: 
IW-2 Extraction Well Test Results 



FIGURE E3-1
IW-2 EXTRACTION TEST 
DRAW DOWN AT IW-2 AND DEEP MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Notes:
Pumping conducted from IW-2 at 188 gpm
starting on 1/06/2005 10:45AM.
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FIGURE E3-2
IW-2 EXTRACTION TEST 
DRAWDOWN AT OW-1 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Pumping conducted from IW-2 at 188 gpm
starting on 1/06/2005 10:45AM.
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FIGURE E3-3 
IW-2 EXTRACTION TEST 
DRAWDOWN AT OW-2 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Pumping conducted from IW-2 at 188 gpm
starting on 1/06/2005 10:45AM.
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FIGURE E3-4
IW-2 EXTRACTION TEST 
DRAW DOWN AT OW-5 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Pumping conducted from IW-2 at 188 gpm
starting on 1/06/2005 10:45AM.
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E4: 
IW-2 Injection Well Test #1 Results 
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FIGURE E4-1
IW-2 INJECTION TEST  #1 
DRAWUP AT IW-2 AND DEEP MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 125-140 gpm
starting on 1/08/2005 7:50AM.
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FIGURE E4-2 
IW-2 INJECTION TEST  #1 
DRAWUP AT OW-1 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 125-140 gpm
starting on 1/08/2005 7:50AM.
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FIGURE E4-3 
IW-2 INJECTION TEST  #1 
DRAWUP AT OW-2 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 125-140 gpm
starting on 1/08/2005 7:50AM.
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FIGURE E4-4 
IW-2 INJECTION TEST  #1 
DRAWUP AT OW-5 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 125-140 gpm
starting on 1/08/2005 7:50AM.
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E5: 
IW-2 Injection Well Test #2 Results 



FIGURE E5-1
IW-2 INJECTION TEST  #2 
DRAW UP AT IW-2 AND DEEP MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Notes:
Injection conducted into IW-2 at 140 gpm
starting on 1/09/2005 8:00AM.
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FIGURE E5-2 
IW-2 INJECTION TEST #2 
DRAWUP AT OW-1 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 140 gpm
starting on 1/09/2005 8:00AM.
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FIGURE E5-3 
IW-2 INJECTION TEST  #2 
DRAWUP AT OW-2 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 140 gpm
starting on 1/09/2005 8:00AM.
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FIGURE E5-4 
IW-2 INJECTION TEST  #2 
DRAWUP AT OW-5 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes:
Injection conducted into IW-2 at 140 gpm
starting on 1/09/2005 8:00AM.
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E6: 
IW-3 Extraction Well Test Results 



FIGURE E6-1
IW-3 EXTRACTION TEST 
DRAWDOWN AT IW-3 AND DEEP MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Notes: Extraction from IW-3 at 183 gpm
starting on 1/14/2005 12:15 PM.
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FIGURE E6-2 
IW-3 EXTRACTION TEST 
DRAWDOWN AT OW-1 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes: Extraction from IW-3 at 183 gpm
starting on 1/14/2005 12:15 PM.



FIGURE E6-3
IW-3 EXTRACTION TEST 
DRAWDOWN AT OW-2 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Notes: Extraction from IW-3 at 183 gpm
starting on 1/14/2005 12:15 PM.
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FIGURE E6-4 
IW-3 EXTRACTION TEST 
DRAWDOWN AT OW-5 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes: Extraction from IW-3 at 183 gpm
starting on 1/14/2005 12:15 PM.
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E7: 
IW-3 Injection Well Test Results 



Figure E7-1
IW-3 INJECTION TEST 
DRAWUP AT IW-3 AND DEEP MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Notes: Injection into IW-3 at 251 gpm
starting on 1/20/2005 8:00 AM.
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Figure E7-2 
IW-3 INJECTION TEST 
DRAWUP AT OW-1 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes: Injection into IW-3 at 251 gpm
starting on 1/20/2005 8:00 AM.
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Figure E7-3 
IW-3 INJECTION TEST 
DRAWUP AT OW-2 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes: Injection into IW-3 at 251 gpm
starting on 1/20/2005 8:00 AM.
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FIGURE E7-4 
IW-3 INJECTION TEST
DRAWUP AT OW-5 MONITORING WELLS
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

Notes: Injection into IW-3 at 251 gpm
starting on 1/20/2005 8:00 AM.
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E8: 
Cooper-Jacob/MLU Test Results 



 

 

FIGURE E8-1

DRAWUP AT IW-2 INJECTION WELL
IM-3 GROUNDWATER INVESTIGATION

PG&E TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA

326128.01.07.DO _Fig E8-1Drawup at IW_3/17/05_ccc_sfo
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IW-2 Injection Test Description

Test Started: 01/08/05 7:50 AM

Test Ended: 01/20/05 3:50 PM 

Duration: 480 minutes (0.33 days)

Pumping Rate: 140 gpm (decreased to ~125 gpm after 330 minutes) 

  Cooper-Jacob - Early-time Data

T = 264 x Q (gpm) / S (ft)

    = 264 x 140 gpm / (3.87 - 3.53 ft)

    = 108,700 gpd/ft

    = 14,500 ft
2
/day

  Cooper-Jacob - Late-time Data

T = 264 x Q (gpm) / S (ft)

    = 264 x 135 gpm / (5.65 - 3.40 ft)

    = 15,840 gpd/ft

    = 2,100 ft
2
/day



 

 

FIGURE E8-2

DRAWUP AT IW-3 INJECTION WELL
IM-3 GROUNDWATER INVESTIGATION

PG&E TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA

326128.01.07.DO _Fig E8-2 Drawup at IW3_3/17/05_ccc_sfo
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                 Cooper-Jacob

T = 264 x Q (gpm) / S (ft)

    = 264 x 251 gpm / (7.14 - 6.43 ft)

    = 93,300 gpd/ft

    =12,500 ft
2
/day

IW-3 Injection Test Description

Test Started: 01/20/05 8:00 AM

Test Ended: 01/20/05 14:08 PM

Duration: 648 minutes (0.45 days)

Pumping Rate: 251 gpm 



Note: OW-2S, OW-2M, and OW-5S were not analyzed with MLU.
IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

LEGEND

IW-2 MLU SIMULATION

FIGURE E8-3

Observed Drawup at Well

MLU Simulated Drawup
at Well



IM-3 GROUNDWATER INVESTIGATION
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

LEGEND

IW-3 MLU SIMULALATION

FIGURE E8-4

Observed Drawup at Well

MLU Simulated Drawup
at Well
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APPENDIX F 

Model Simulation of the Effects of Treated 
Groundwater Injection 

Introduction 
At the request of the Department of Toxic Substances Control, the Topock groundwater 
model was used to simulate injection of treated water at the East Mesa wells IW-2 and IW-3.  
The main objective of this simulation was to evaluate whether planned injection at the East 
Mesa could compromise plume capture at extraction well TW-2D. 

Test data from these wells and surrounding observation wells was used to estimate 
hydraulic parameters using the MLU software, as described in the main body of the report. 
The results, listed in Table 7-6 in the main document and described in more detail in 
Appendix E, were assigned to the injection region of the model.  Model simulation of the 
hydraulic testing produced reasonably good matches to the observed data. 

The groundwater flow model that was developed for the Topock site is described in detail 
in a report that is currently in preparation.  The report is to be released in July 2005.  The 
model is briefly described below, along with its application for the injection procedure. 

The model is composed of five layers, the top four being unconsolidated materials, and the 
bottom layer being bedrock. Wells IW-2 and IW-3 are screened in the middle and lower 
zones of the Alluvial Aquifer, corresponding to layers 2, 3, and 4 of the model. For the 
simulations, it was assumed that 50 gallons per minute (gpm) were pumped from TW-2D, 
and 50 gpm were injected at the East Mesa, evenly divided between the two injection wells 
(25 gpm each). In reality, the actual injection rate will be somewhat less than the extraction 
rate because some of the water will be trucked from the site as reverse osmosis concentrate. 
The volume or concentrate to be trucked is yet to be determined. An injection rate equal to 
the extraction rate was assigned to make the simulations more conservative. If more water is 
pumped than is injected, the capture zone of the extraction wells would be enhanced. The 
injection rate was distributed among the model layers on the basis of measured hydraulic 
properties. 

Two scenarios were simulated to evaluate the potential movement of water from the 
injection points.  The first scenario included pumping year round at 50 gpm which is the 
minimum pumping rate specified by DTSC by letter of February 14, 2005.  The second 
scenario incorporated pumping at 50 gpm for 6 months of the year and pumping at 
treatment system capacity of 135 gpm for periods of lower river levels (typically during fall 
and winter) which corresponds to an average annual pumping rate of 92.5 gpm.  This 
greater rate was simulated separately and produced results that were effectively identical to 
the 50 gpm simulations, described below.  These two scenarios bracket the anticipated 
pumping rates and intermediate rates are also expected to give identical results. 
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Injection Simulation Results 
Injection simulation results are presented in the form of particle tracking maps on 
Figures F-1 through F-3. These figures show the paths of groundwater “particles” starting at 
the injection wells in layer 2 (Figure F-1), layer 3 (Figure F-2), and layer 4 (Figure F-3) and 
moving forward in time. As injected water moves through the aquifer, it travels upward 
according to the natural gradient at the site. The particle tracks change color as they move 
into different model layers. Tick marks on the particle tracks are assigned at travel intervals 
of 1 year, assuming an effective porosity of 0.05. This value of effective porosity results in 
greater travel velocity than would be calculated from measured parameters in order to 
account for any preferred pathways in the subsurface that could have much higher 
conductivity than the average values measured with the aquifer test data. According to the 
results, injected water reaches the observation wells within a few months and reaches the 
compliance wells in 1 to 5 years (see Table F-1). Approximately 40 percent of the injected 
water is captured by well TW-2D, and the remainder follows the natural regional hydraulic 
gradient in an easterly direction.  Modeled travel times are estimates and will be refined 
following the start of injection, when sampling results from observation wells can provide 
data on actual travel times of injected water. 

DTSC has required that a shallow compliance monitoring well be added to each of the CW- 
clusters in order to document movement in this zone of the aquifer.  A workplan for these 
installations will be submitted to DTSC for approval. 

Effect of Injection on Particles within Plume 
To evaluate whether injection will have an effect on plume capture, particles were started 
from all model nodes within the plume boundaries, defined as hexavalent chromium 
[Cr(VI)] concentrations equal to or greater than 50 micrograms per liter (µg/L). As shown 
on Figures F-4, F-5, F-6, and F-7, particles from all nodes in all four  model layers in the 
plume area terminate at well TW-2D, even with both IW-2 and IW-3 actively injecting water. 
Any escaping particles would have been evident as lines extending out of the plume area. 
The figures show all particle tracks contained within the plume boundaries are ultimately 
extracted by well TW-2D.  These simulations predict that injection will not have an adverse 
impact on the extraction of affected groundwater, that is, it will not reduce the ability for 
TW-2D to capture the plume over its full lateral and vertical extent. 
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TABLE F-1 
Forecasted Travel Time to Compliance Wells (Simulation at Injection Rate of 50 gpm) 

Well Layer Injection Well Average Travel Time (years) 

CW-1M 1 IW-3 NA1 

CW-1M 2 IW-3 1.8 

CW-1D 3 IW-3 1.3 

CW-1D 4 IW-3 1.2 

CW-2M 1 IW-2 5.6 

CW-2M 2 IW-2 2.9 

CW-2D 3 IW-2 2.0 

CW-2D 4 IW-2 1.7 

CW-3M 1 IW-2 5.3 

CW-3M 2 IW-2 3.4 

CW-3D 3 IW-2 2.4 

CW-3D 4 IW-2 2.0 

CW-4M 1 IW-3 NA1 

CW-4M 2 IW-3 4.9 

CW-4D 3 IW-3 3.1 

CW-4D 4 IW-3 2.5 

Notes:  
1 Not applicable—simulated injection water did not reach this well at this model layer. 
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MODEL SIMULATION OF GROUNDWATER
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1. TRAVEL-TIME TICKS A 1-YEAR INTERVALS.
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Appendix G 

This information refers to the model output files contained on the attached CD-ROM. 

 

 

Model Output from PHREEQC Runs 

Scenario 1:  Mixing of blended injection water with average East Mesa groundwater 

Scenario 2:  Mixing of post-treatment water with average East Mesa groundwater 

Scenario 3:   Mixing of RO permeate water with average East Mesa groundwater  

Scenario 4:   Mixing of blended water with lower-depth interval East Mesa 
groundwater 

Scenario 5:   Mixing of post-treatment water with lower-depth interval East Mesa 
groundwater 

  

Note: file extention “.pqi” indicates model input file, and extension “.pqo” indicates output 
file 
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