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1.0 Introduction 

This technical memorandum presents an information review and evaluation of geologic and 
hydrogeologic data regarding groundwater conditions in bedrock formations at Pacific Gas 
and Electric Company’s (PG&E’s) Topock Compressor Station near Needles, California. In 
the January 6, 2006 letter, Requirement for Technical Memorandum Evaluating Potential Bedrock 
Fracture Porosity and Preferential Groundwater Migration Pathways, Pacific Gas and Electric 
Company, Topock Compressor Station, Needles, California (EPA ID No. Cat080011729), the 
California Department of Toxic Substances Control (DTSC) requested that PG&E prepare a 
technical memorandum that presents and reviews available site data and published 
geologic and hydrogeologic literature on bedrock formations in the region. DTSC 
anticipates that information in this technical memorandum may be incorporated into the 
final RCRA Facility Investigation and Remedial Investigation (RFI/RI) report after review 
by DTSC and the Topock Geo/Hydro Technical Workgroup.  

1.1 Study Area Location and Regional Setting  
The PG&E Topock site and study area lie at the southern end of Mohave Valley in eastern 
San Bernardino County, California and western Mohave County, Arizona. Figure 1 shows 
the location of the study area, and portions of the surrounding groundwater basins. 
Following the nomenclature of Anderson and Freethey (1992), the study area is within the 
Mohave groundwater basin, which is bisected by the Colorado River. The Sacramento 
Valley groundwater basin lies to the east, in Arizona. Sacramento Wash is the principal 
surface drainage in the Sacramento Valley basin, and enters the Colorado River at Topock. 
The general groundwater flow directions in the Mohave and Sacramento Valley basins are 
shown on Figure 1. The study area includes the portions of California and Arizona where 
well log information is available. This information was reviewed for this technical 
memorandum. The published literature that was reviewed for this report covers territory 
beyond the study area. 

1.2 Hydrogeologic Setting  
This section introduces the geohydrologic setting of the study area (adapted primarily from 
Metzger and Loeltz 1973) and the terminology for the bedrock and hydrostratigraphic units 
addressed in this memorandum. Figure 2 presents a generalized geologic map of the study 
area. The oldest rocks in the Topock area are pre-Tertiary metamorphic and igneous rocks, 
which are exposed in the Chemehuevi Mountains and other basin-bounding ranges in the 
region. Miocene-age sedimentary and volcanic rocks, associated with the tectonic uplift and 
faulting in the region, were deposited on the metamorphic and igneous bedrock complex. 
Late Miocene-age and younger alluvium, and Colorado River fluvial deposits, 
unconformably overlie the faulted and steeply-dipping Miocene sedimentary and volcanic 
rocks. The “Fanglomerate” of Metzger and Loeltz (1973) refers to the consolidated basal 
alluvial fan sediments that were deposited on the unconformity. This regional unconformity 
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separates the bedrock formations from the overlying, flat-lying (undeformed) alluvial and 
fluvial deposits in the Mohave and Sacramento Valley basins (Metzger and Loeltz 1973).  

Bedrock, as here used, refers to all rocks that are older than, and unconformably underlie, 
the Fanglomerate of Metzger and Loeltz. The undeformed Fanglomerate (believed to be late 
Miocene in age) is referred to as “Oldest Alluvium” on the study area geologic map 
(Figure 2). The geologic and hydrostratigraphic unit terminology used in PG&E’s February 
2005 RFI/RI Report (CH2M HILL 2005a) is summarized as follows: 

• Pre-Tertiary Metamorphic and Igneous bedrock: includes primarily metadiorite 
(typically dark green to gray, hard), gneiss (light to dark gray, hard, layered felsic/mafic 
metamorphic rock), and granitic rocks (light gray, hard, fine- to medium-grained felsic 
plutonic rocks).  

• Miocene Conglomerate bedrock: includes indurated, primarily cemented, reddish-
brown, poorly-sorted conglomerate and gravelly sandstone, with 10 to 30 percent 
clay/silt content. The Miocene Conglomerate is massive to thick-bedded and typically 
contains angular clasts (sand to boulder size) of the pre-Tertiary metamorphic/igneous 
rocks exposed in the Chemehuevi Mountains. As noted in published geologic maps, this 
unit locally includes megabreccia (inferred landslide deposits). In outcrops, the Miocene 
Conglomerate bedrock is well-consolidated and locally fractured.  

• Oldest Alluvium: includes moderately-consolidated and locally cemented, sandy gravel 
and silty/clayey gravel (characteristically subangular fragments of rock types found in 
the local bedrock). The Oldest Alluvium forms deeply-dissected alluvial terraces with 
desert pavement and steep canyon walls. 

• Bouse Formation: includes well-bedded, moderately-indurated, green to bluish-gray 
clay, siliceous claystone, and tan to pink fine-grained sandstone (Metzger and Loeltz 
1973). The Bouse Formation is exposed in dissected alluvial terraces and local outcrops 
only in the western portion of the study area (Figure 2).  

• Younger Alluvium: includes unconsolidated, sandy gravel and silty/clayey gravel 
alluvial fan deposits and surficial deposits.  

• Colorado River sediments: includes unconsolidated and moderately-consolidated 
fluvial sand, gravel, and floodplain silt/clay deposits. 

1.3 Evaluation Approach 
The primary purpose of this technical memorandum is to summarize and review the 
available site data and published geologic and hydrogeologic literature on bedrock 
formations in the region. Figure 3 shows the locations of the PG&E Topock site and the 
study area. This memorandum is organized as follows: 

• Section 2 summarizes the geologic reports and mapping of bedrock geology and 
structure in the study area and surrounding region. Additionally, published water 
resource reports for the Mohave basin and adjoining region are summarized regarding 
the occurrence and characteristics of groundwater in bedrock geologic formations.  
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• Section 3 presents and describes the available drilling, well log, testing and 
characterization data for the wells and borings at PG&E’s Topock site that have been 
completed in bedrock formations. Drilling records and well information for selected 
water supply wells in western Mohave County, Arizona were also reviewed, and this 
information was included in the evaluation of groundwater conditions in the study area. 
Available vertical hydraulic gradient data and water quality data for wells completed in 
bedrock are also considered. 

• Section 4 presents the conceptual hydrogeologic site model for the study area, which 
includes defining the framework and characteristics of bedrock units at the Topock site. 
Additional review of published literature on the regional faulting and groundwater flow 
in comparable geologic settings is provided. 

• Section 5 provides a summary and conclusions of this evaluation of geologic and 
hydrogeologic data regarding bedrock groundwater conditions in the study area. 
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2.0 Review of Published Reports on Bedrock 
Geology and Hydrogeology  

2.1 Geologic Reports and Mapping 
The U.S. Geological Survey (USGS) and other authors have issued a number of reports and 
maps on the geology, structure, and bedrock tectonic framework and setting of the study 
area. The available mapping and reporting documentation relevant for this review include: 

Miller and others (1983) - Mineral Resources Potential of the Chemehuevi Mountains Wilderness 
Study Area. Provides a geologic map of the Chemehuevi Mountains that describes the 
geologic structure and low-angle normal (detachment) faults that encircle the Chemehuevi 
Mountains. 

John (1987a) - Geologic Map of the Chemehuevi Mountains area, San Bernardino County, 
California and Mohave County, Arizona. Provides detailed mapping and description of the 
geology and structure of the metamorphic basement rocks and detachment faults that are 
exposed in the Chemehuevi Mountains, including the mapping of bedrock formations and 
detachment faults near PG&E’s Topock Compressor Station. Excerpts of this mapping 
report are included in Appendix A1 of this memorandum. 

John (1987b) - Geometry and evolution of a mid-crustal extensional fault system: Chemehuevi 
Mountains, southeastern California. Provides a description and interpretation of the structure 
and characteristics of the detachment faults in the Chemehuevi Mountains, and includes 
interpretative geologic cross sections of the detachment faulting south and east of the 
Topock site. Excerpts from this publication are included in Appendix A1. 

Howard and others (1997) - Preliminary Geologic Map of the Eastern and Northern Parts of the 
Topock 7.5-minute Quadrangle, Arizona and California. Provides mapping and description of 
the geology and structure of the metamorphic basement rocks and detachment faults that 
are exposed in the Mohave Mountains, including the mapping of Quaternary deposits and 
geologic structure in Mohave County, Arizona. Excerpts of this mapping report are 
included in Appendix A2.  

Miller and John (1999) - Sedimentation Patterns Support Seismogenic Low-Angle Normal 
Faulting, Southeastern California and Western Arizona. Provides geologic maps, data, and 
discussion of the Miocene sedimentary and volcanic rocks that were deposited during the 
extensional faulting in the Chemehuevi Mountains. The publication describes the lithology 
and depositional setting of the Miocene Conglomerate and associated megabreccia deposits 
(bedrock units at Topock site). 
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2.2 Water Resource and Supply Reports 
The USGS, agencies of Arizona, and other authors have issued a number of 
geohydrology/water resources reports, maps, and assessments for the Mohave and 
Sacramento Valley groundwater basins. Table 1 provides a summary of the information on 
groundwater conditions of bedrock formations in the region. The published reports and 
mapping relevant for this review include: 

Metzger and Loeltz (1973) - Geohydrology of the Needles Area, Arizona, California, Nevada. This 
is the “benchmark” publication on the hydrostratigraphy, groundwater conditions, water 
resources, and surface water-groundwater supply history for the study area. This 
publication provides description and data pertaining to the limited capacity of water yield 
from bedrock formations in the study area. 

Gillespie and Bentley (1971) - Geohydrology of Hualapai and Sacramento Valleys, Mohave 
County, Arizona. Provides water resource evaluation and maps for the Sacramento Valley 
groundwater basin, including description and data pertaining to groundwater occurrence in 
bedrock formations in the Sacramento Valley area. 

Anderson and others (1992) - Geohydrology and Water Resources in Alluvial Basins in South-
Central Arizona and Parts of Adjacent States. This report, and related publications completed 
under the USGS Alluvial Basins Regional Aquifer-System Analysis (RASA) program, 
addresses groundwater conditions in the Mohave and Sacramento Valley groundwater 
basins, including a description of valley-bounding bedrock formations serving as alluvial 
aquifer boundaries.  

Robertson (1991) - Geochemistry of Ground Water in Alluvial Basins of Arizona and Adjacent 
Parts of Nevada, New Mexico, and California. Provides data and discussion of geochemistry 
and hydrologic characteristics of groundwater in 72 alluvial basins in the RASA study area, 
includes data from Sacramento Valley, Arizona. 

Wilson and Owen-Joyce (1994) - Method to identify Wells that Yield Water that will be replaced 
by Colorado River Water in Arizona, California, Nevada, and Utah. Provides discussion, maps, 
and data regarding a methodology for river-aquifer “accounting surface” evaluation for the 
Lower Colorado River, and includes a description of bedrock formations that serve as 
alluvial aquifer boundaries. This publication includes data and discussion of gravity studies 
used to delineate buried bedrock ridges that act as subsurface barriers to flow, and affect the 
extent and thickness of the river-aquifer in the La Posa Plain, Vidal Valley, and other areas 
in the Lower Colorado River region. 

Rascona (1991) - Map Showing Groundwater Conditions in the Sacramento Valley Basin, Mohave 
County, Arizona – 1991. Provides data and a 1990 water table elevation map of the 
Sacramento Valley, including water table elevations and geochemical data for water wells in 
the vicinity of Topock. 

Towne and Freark (2001) - Ambient Groundwater Quality of the Sacramento Valley Basin: a 1999 
Baseline Study. Provides data and discussion on water quality sampling and assessment of 
alluvial basin and hardrock (bedrock) wells in the Sacramento Valley area. 
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Refer to Table 1 and Section 6 (References) for more information on the water resources 
publications available for the regional study area. 
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3.0 Evaluation of Existing Bedrock Data in 
Study Area 

This hydrogeologic review focuses on the available drilling records, well information, and 
site characterization data for the bedrock groundwater wells, and investigations conducted 
to date at PG&E’s Topock site. The wells completed in bedrock at the Topock site include 
three groundwater monitoring wells (MW-23, MW-24BR, and MWP-2RD) and two inactive 
wells (PGE-7 and the former injection well PGE-8) (Table 2). Figure 4 shows the locations of 
the wells that are completed in bedrock, the borings that have encountered bedrock 
formations, and general features of the site. This section also provides a review of the 
available well logs and hydrogeologic data for the adjoining portion of the study area in 
western Mohave County, Arizona (Table 3).  

3.1 Groundwater Monitoring Wells Completed in Bedrock  
Monitoring and characterization data on bedrock groundwater conditions at the Topock site 
are provided from boring logs for monitoring wells MW-23 and MW-24BR (completed in 
pre-Tertiary metamorphic bedrock). Data are also available for monitoring well MW-2RD 
(completed in metadiorite bedrock), which was decommissioned in 1995. Figure 4 shows the 
location of the three bedrock groundwater monitoring wells, and Table 2 provides a 
summary of the drilling and construction records for these wells. The drilling and well 
elevations for the bedrock monitoring wells are shown in a schematic hydrogeologic cross 
section in Figure 5. 

3.1.1 Well MW-23 
Well MW-23 is completed in the Miocene Conglomerate unit (referred to in some previous 
PG&E reports as Red Fanglomerate), with a 20-foot well screen. The formation is described 
as cemented, pebble conglomerate and sandstone. In 2002, a rising head slug-test was 
conducted to estimate the hydraulic properties of this bedrock formation. After a short 
duration of pumping generated 10.8 feet of drawdown, the well required almost 15.5 hours 
for water levels to fully recover. Based on this test, the estimated hydraulic conductivity of 
the formation was estimated to be 1.5 x 10-6 centimeter per second (cm/sec) (4.3 x 10-3 

ft/day), similar to that of silt or poorly fractured bedrock (Ecology & Environment [E&E] 
2002). 

3.1.2 Well MW-24BR 
Well MW-24BR is completed with a 60-foot screen in pre-Tertiary(?), cemented sandstone 
and/or crystalline metamorphic bedrock, which underlies the Miocene Conglomerate unit. 
The well is located immediately northwest of PG&E’s Topock Compressor Station 
(Figure 4). In 2002, the well was pumped for one minute, resulting in an initial drawdown of 
11.1 feet. The water level in the well almost fully recovered in 37 hours. During routine 
groundwater sampling, well MW-24BR typically takes up to six days to fully recover after a 
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3-casing-volume purge. Based on the 2002 rising-head test, the estimated hydraulic 
conductivity for the bedrock formation is 9.7 x 10-7 cm/sec (2.8 x 10-3 ft/day), similar to that 
of clay or well-cemented, unjointed sandstone (E&E 2002). 

3.1.3 Old Ponds Site and Well MWP-2RD  
During the period of 1985 through 1995, PG&E conducted hydrogeologic investigations and 
groundwater monitoring at the former wastewater evaporation ponds (Old Ponds site), 
located approximately 1,800 feet west of the Compressor Station (Figure 4). A total of 12 
groundwater monitoring wells were installed and used for compliance monitoring when the 
Old Ponds site was in operation. In 1995, as part of site closure, all but three of the 
monitoring wells were decommissioned.  

The specific hydrogeologic and geotechnical investigations, and extensive groundwater 
monitoring data available for the Old Ponds site, are presented in several project reports 
(PG&E 1993; PG&E 1995; Alisto 1997). These reports, and the individual site investigations 
and studies cited in these reports, were reviewed for characterizing bedrock groundwater 
conditions. Appendix B1 includes excerpted figures from these reports, which illustrate the 
hydrogeology and bedrock conditions in this portion of the Topock site.  

In 1985, site investigations and preliminary geotechnical evaluations of potential 
evaporation pond sites were conducted (Alpha Geotechnical Consultants 1986a, 1986b) and 
a refraction seismic survey of the Old Ponds site was performed (Louke & Associates 1986). 
One of the purposes of these studies was to investigate the depth and characteristics of 
bedrock in the Old Ponds area. The seismic survey delineated the approximate depth and 
subsurface configuration of crystalline bedrock at the Old Ponds site, and nearby at upper 
Bat Cave Wash (see Appendix B2 for the seismic investigation figures). Both weathered and 
sheared zones in the metadiorite bedrock were inferred from the seismic refraction 
investigation. 

At the Old Ponds site, an initial deep boring was drilled to a depth of 500 feet below ground 
surface (bgs), and a 280-foot interval of metadiorite bedrock was logged (1985 well log 
MWP-2, Appendix B1). The bedrock interval, drilled with air percussion method, was 
generally logged as dry, hard/fresh to slightly weathered metadiorite, with occasional moist 
to wet rock (potentially indicative of fractured) zones. This location was subsequently 
redrilled in 1992, and bedrock monitoring well MWP-2RD was installed (see Table 2 for well 
construction details).  

As shown on Figure 5, well MWP-2RD exhibited very low permeability characteristics and 
inconsistent/erratic water level data; in fact, the recovery response of this well was so slow 
that insufficient recharge prevented routine quarterly sampling during the Old Ponds 
monitoring program (PG&E 1993). Water chemistry for bedrock well MWP-2RD is 
discussed in Section 3.5. This well was permanently abandoned in 1995. 
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3.2 Former Injection Well PGE-8 

3.2.1 Well Construction and History  
The former injection well PGE-8 was completed in June 1969. The original boring extended 
530 feet bgs (ground surface is 593 feet mean sea level [MSL]), drilled with a combination of 
mud and air rotary techniques. Water levels measured during air rotary drilling were 
consistently around 138 feet bgs, indicating to observers that the bedrock was sufficiently 
fractured and that there were no isolated, confined water-bearing zones in the bedrock 
(Dames & Moore 1969). The alluvium-Miocene conglomerate contact was estimated at 504 
feet MSL, and the alluvium/conglomerate-metadiorite contact at 421 feet MSL. During 
drilling, a sharp increase in groundwater specific conductance was noted at and below 320 
feet MSL (Dames & Moore 1969). Well records for PGE-8 are included in Appendix C1. 

The boring was originally completed with 6-inch steel casing to 405 feet MSL, with the 
remainder of the borehole open. Soon after wastewater injection began (June 1970; detailed 
below), collapse of the bottom 15 feet of the well was noted (PG&E 1995). The well was 
subsequently cleaned and deepened from 530 to 562 feet bgs via air rotary drilling. A 
Johnson well screen and liner assembly, composed of 4-inch diameter stainless steel, was 
installed from 405 to 550 feet bgs.  

3.2.2 Well Testing 
As originally completed, PGE-8 was tested on various occasions for short durations (12-60 
minutes) at flow rates ranging from 20 to 51 gallons per minute (gpm), then for a longer 
period (26 hours) at 26 gpm. Dames & Moore (1969) calculated a transmissivity of 10,000 
gpd/ft (~1,300 ft2/d), based on the longer duration test (using a porous media analysis). The 
results from the 26-hour test, rapid drawdown in early time followed by stabilized water 
levels for an extended period of time, show a response typical of double-porosity aquifers or 
leakage from overlying layers. In either case, a porous media approach is inappropriate, and 
will yield erroneously high permeability values. Data and records from the 1969 well 
pumping test at PGE-8 are included in Appendix C1. 

Injection tests were performed in April 1970, when fresh water was injected at rates as high 
as 40 gpm for 24 hours with no pressure buildup. The results from this injection test have 
similar problems in quantitative analysis as the 1969 pumping data. From a strictly 
qualitative perspective the aquifer takes water over a 24-hour period, but the data do not 
allow for quantitative analysis using either porous or fractured media techniques. The tests 
were designed to give the driller a general idea of whether the wells had sufficient capacity 
to achieve the pumping or injecting goals, and were not of sufficient quality or duration to 
allow for fractured media analysis.  

3.2.3 Injection Operations 
Wastewater injection began on May 30, 1970 (Dames & Moore 1970). Pump pressure soon 
reached 30 psi, and by June 4, 1970, the pressure had reached 180 psi despite the addition of 
38 percent hydrochloric acid into the injection tubing. After the deepening and completion 
with stainless steel screen in June 1970 as detailed above, PGE-8 was used as a destination 
for treated wastewater disposal until August 1973. After this time, treated wastewater was 
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disposed in the well and in the former Old Evaporation Ponds on a 3-day alternating cycle 
(PG&E 1995). The last record of injection was in a February 8, 1974 report, noting the 
injection of 1,100 gallons since the last report on January 15, 1974 (PG&E 1995). 

3.3 Inactive Supply Well PGE-7 

3.3.1 Well Construction and Bedrock Characteristics 
Well PGE-7 is located approximately 200 feet northwest of the north gate to the Topock 
Compressor Station (Figure 4), in an area known as the MW-24 bench. PGE-7 was originally 
installed in 1964 to 182 feet bgs, as a replacement industrial water supply well for the 
Topock Compressor Station. The original well was constructed with 14-inch steel casing, 
with perforations from 110 feet to 180 feet bgs. In 1969, the well was deepened to 
330 feet bgs, with a 7-inch-diameter blank steel liner installed to 195 feet bgs, and the 
remainder of the hole uncased to 330 feet bgs. Table 2 summarizes well construction 
information for PGE-7. The depth of the contact of the alluvial aquifer with the Miocene 
Conglomerate (bedrock) at the PGE-7 location is estimated at 220 feet bgs. Therefore, 
approximately 25 feet of the open-hole portion of PGE-7 is exposed to the base of the 
alluvial aquifer. 

However, a 1998 video log indicates angular rock with possible fractures is visible in the 
open borehole from 234 feet to the top of fill at 303 feet bgs (video log report included in 
Appendix C2). Based on logs from nearby borings (MW-24BR and TW-1), the bedrock 
formation present in PGE-7 is believed to be consolidated/cemented Miocene 
Conglomerate. The lower portion of the PGE-7 deepened borehole may have also 
encountered the pre-Tertiary metadiorite bedrock that was logged in the former injection 
well PGE-8 (located approximately 750 feet south of PGE-7).  

At DTSC’s request, PG&E submitted a technical assessment of the conditions and feasibility 
of hydrogeologic investigation, and of the potential for re-completing the openhole interval 
as a bedrock groundwater monitoring well. If reconstruction is pursued, existing PGE-7 
could provide an additional bedrock groundwater monitoring well to assess and monitor 
bedrock groundwater conditions at the Topock site.  

In November 2003, PG&E drilled and installed pilot test well TW-1 at a location 
approximately 200 feet south of PGE-7, and 650 feet north of PGE-8 (Figure 4). TW-1 was 
drilled to a depth of 312 feet bgs, and encountered 41 feet of Miocene Conglomerate 
bedrock. The boring was geophysically logged and selectively cored, and spinner log testing 
was performed in the alluvial aquifer well installed at TW-1 (CH2M HILL 2003). The 
geophysical logs for TW-1 are included in Appendix C3. 

Additional geophysical logging data were collected for the Miocene Conglomerate bedrock 
unit at well TW-2D. The geophysical logs are provided in Appendix C3, and include a P- 
and S-wave borehole velocity log. The Miocene Conglomerate bedrock exhibits average 
shear-wave velocities over 1,700 meters per second (compared to 1,000 meters per second 
for the Oldest Alluvium saturated deposits). The collective set of geophysical logs for wells 
TW-1 and TW-2D indicate that the Miocene Conglomerate is distinct (in terms of 
geophysical properties) from the alluvial basin deposits at the Topock site. 
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3.4 Vertical Hydraulic Gradients 
Locations available for quantification of vertical hydraulic gradients between bedrock and 
unconsolidated material are limited to the MW-24 well cluster (Figure 4). The bedrock 
monitoring well MW-24BR has consistently recorded a higher total hydraulic head 
(corrected for salinity and temperature) than MW-24A and MW-24B over four years of 
monitoring, with calculated upward hydraulic gradients ranging from 0.002 to 0.006 
(Table 4).  

Water level data from PGE-8 also indicate an upward hydraulic gradient exists between the 
bedrock and the alluvial aquifer at this location. The groundwater elevations measured in 
2004 in PGE-8 (well screen 405-500 feet bgs) ranged from 1 to 2 feet higher than 
groundwater elevations measured in nearby alluvial aquifer wells MW-24B and TW-1 
(water level data adjusted for salinity).  

As presented in PG&E’s February 2005 RFI/RI Report (CH2M HILL 2005a), the water levels 
in well clusters completed in unconsolidated alluvial aquifer (MW-20, MW-32, MW-33, and 
MW-34) typically indicate upward hydraulic gradients up to an order of magnitude greater 
than horizontal gradients. While these wells are not completed within the bedrock saturated 
zone, upward gradients in the alluvium immediately above the bedrock lend support to 
discharging conditions within the site bedrock. 

3.5 Water Quality Data 
To supplement this information review, water quality data for the PG&E wells that were 
completed in bedrock formations are summarized in Table 5. The groundwater sampled in 
bedrock wells MW-24BR and PGE-8 is very saline, and exhibits a pH between 8 and 9 and 
negative oxidation-reduction potential (indicating reducing conditions). The groundwater 
sampled from MW-23 is saline, has lower pH, and is isotopically lighter than the deeper 
bedrock well MW-24BR. Due to current well construction, the water chemistry for PGE-7 
likely reflects water contribution from the overlying alluvial aquifer (see Table 2).  

Also listed on Table 5 are water quality data in the Arizona water wells that were reviewed 
for this hydrogeologic compilation. Groundwater samples for the Arizona wells show much 
lower total dissolved solids (TDS), chloride, and sulfate than the bedrock wells at the 
Topock site. 

3.6 Water Supply Wells in Western Mohave County, Arizona 
As part of this hydrogeologic review, drilling records and well information for selected 
water supply wells in western Mohave County, Arizona were reviewed. Figure 3 shows the 
locations of Arizona water wells that were reviewed for this study. Seven of the wells are 
active supply wells, with drilling logs and relevant production/testing data. The well data 
was obtained from the Arizona Department of Water Resources, the Arizona Department of 
Environmental Quality (ADEQ), and PG&E records.  
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3.6.1 City of Needles Wells Topock-2 and Topock-3 
At Topock, Arizona, the City of Needles owns and operates two municipal water supply 
wells, informally designated Topock-2 and Topock-3. These wells supply the water needs of 
the Topock community and PG&E’s Topock Compressor Station. Figure 3 shows the 
location of the City of Needles wells. Table 3 provides a summary of the drilling, well 
construction, and reported production rates for these wells. Well records and driller’s logs 
are included in Appendix D1. The drilling and well elevations for the Topock-2 and 
Topock-3 are shown in a schematic hydrogeologic cross-section in Figure 6. 

The Topock wells are currently completed to depths of 140 and 150 feet bgs, in materials 
that appear to be coarse-grained alluvial deposits. The high production rates (consistent 
daily operations at 200 to 350 gpm per well) support this assessment. Based on the driller’s 
log, the hydrostratigraphic assignment of the drilled interval below 150 feet (broken and 
decomposed granite) can not be determined with confidence. The deeper interval may be a 
very coarse alluvial boulder zone or Miocene-age granitic megabreccia (bedrock unit), as 
described by John (1987) and Miller and John (1999). 

3.6.2 Mojave Pipeline Company Wells at Mojave Topock Compressor Station 
At the Mojave Topock Compressor Station, the Mojave Pipeline Company operates two 
industrial supply wells (installed in 1991), informally designated MTS-1 and MTS-2 
(Figure 3). The drilling, well completion, and production information are summarized in 
Table 3, and illustrated on Figure 6. Drilling records, borehole geophysical logs, and well 
completion aquifer testing data for MTS-1 and MTS-2 are included in Appendix D2.  

As shown on the driller’s logs, both wells are completed at depths of approximately 600 to 
700 feet bgs, in material that was logged as sand, reddish rock, hard reddish rock, and clay. 
The borehole geophysical log for MTS-2 (Appendix D2) indicates overall uniform natural 
gamma log response from 160 to the total log depth of 725 feet bgs. The short and normal 
resistivity logs show very consistent increasing resistivity (indicative of increased 
consolidation) with depth. Based on the drilling and geophysical logs for MTS-2, no abrupt 
formation change was observed.  

The geophysical log for MTS-1 shows overall decreasing gamma ray and short and normal 
resistivity log responses from 150 to the total log depth 591 feet bgs. The reported pumping 
test data demonstrates that the screen intervals in MTS-1 and MTS-2 are within significantly 
permeable formations (see Appendix D2 test reports). Hydrostratigraphic assignment of the 
well completion zones in MTS-1 and MTS-2 is inconclusive based on the logging data alone. 
In wells at the PG&E Topock site, the Miocene Conglomerate bedrock typically shows a 
strong signal in the gamma ray log. This signal is not seen in gamma ray logs from MTS-1 
and MTS-2. The hydraulic test data (Appendix D2) suggest similarities to the reported 
production characteristics for Sacramento Valley basin wells that are completed in the 
Oldest Alluvium (Gillespie & Bentley 1971). It is unclear if either of the MTS wells 
penetrates bedrock. 

3.6.3 El Paso Natural Gas Wells at Topock Camp 
At Topock Camp, drilling logs and production records are available for two active supply 
wells, owned by El Paso Natural Gas, and informally designated EPNG-1 and EPNG-2 
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(Figure 3). Both wells were originally installed in the early 1950s, and have subsequently 
been relined and/or rehabilitated for domestic supply. The drilling, well completion, and 
production information are summarized in Table 3, and illustrated on Figure 6. Drilling 
records, well completion, and pumping test data for EPNG-1 and EPNG-2 are included in 
Appendix D3.  

As shown on the driller’s logs, both wells encountered comparable intervals of blue and 
gray clay to depths of 350 to 400 feet bgs, overlying a sequence of sand and gravel (to 500 
feet) and interbedded shale/clay and fine to coarse sand to total depth of 880 feet bgs 
(Figure 6). Metzger and Loeltz (1973) assigned the clay interval and underlying sand and 
gravel sequence in EPNG-2 as the Bouse Formation and Fanglomerate (undeformed Oldest 
Alluvium). It is likely that neither of the EPNG wells penetrates bedrock. 

3.6.4 Arizona Department of Transportation (ADOT) Wells 
At the Needle Mountain facility, well records for two Arizona Department of 
Transportation (ADOT) supply wells, informally designated ADOT-New and ADOT-Old, 
were reviewed (see Figures 3 and 6). Well information for the ADOT wells is summarized in 
Table 3, and well logs are included in Appendix D4. 

As shown on the driller’s logs, both ADOT wells encountered comparable intervals of blue 
and gray clay to an approximate depth of 300 feet bgs, overlying a sequence of hard sand 
and gravel, locally reddish, to drill depths of 396 and 530 feet bgs (Figure 6). Based on the 
drilling depths and correlation with the nearby EPNG-2 well, the ADOT wells appear to be 
completed in the pre-Bouse Fanglomerate unit (undeformed Oldest Alluvium), and not in 
bedrock. 

3.7 Bedrock Elevation Data and Mapping 
Figure 4 shows the locations of well borings and exploratory borings that encountered 
Miocene Conglomerate and the pre-Tertiary crystalline bedrock during the site 
investigations completed through March 2005. The data shown on Figure 4 are from the 
following sources: 

• 1988-1992 Old Ponds site drilling and investigations (PG&E 1993, 1995) 
• 1996-2003 RFI drilling programs (E&E 2004) 
• 2004-2005 Interim Measures (IM) drilling program (CH2M HILL 2005a) 
• 2004-2005 IM No. 3 drilling program (CH2M HILL 2005b) 
• Early 1960s boring logs for the I-40 bridge crossing at Topock (Caltrans 1962) 

Additional information for bedrock elevation mapping comes from the 2004 seismic 
reflection survey along the Colorado River, which was conducted for the Topock project by 
the USGS.  

For preliminary review, Figure 7 is a structure elevation contour map of the Miocene 
bedrock surface that underlies the floodplain area, based on drilling data obtained through 
March 2005. The map shows the boring locations and elevations of the top of the cemented, 
hard Miocene Conglomerate bedrock.  

In February 2006, PG&E initiated additional drilling under the IM performance monitoring 
program. The objectives of the 2006 drilling are to confirm the depth and conditions of 
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bedrock at additional locations in the floodplain and adjoining IM area, and to install 
additional wells for monitoring the performance of the IM.  

Following the completion of the current IM drilling program, an updated Miocene bedrock 
elevation map will be prepared in Spring 2006 to support ongoing site characterization 
activities, the groundwater numerical model, and preparation of the final RFI/RI report for 
the Topock site. 
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4.0 Conceptual Hydrogeologic Site Model 

Figure 8 is a generalized site cross-section that illustrates the conceptual hydrogeologic site 
model (the cross-section location shown on the inset map on Figure 8). This hydrogeologic 
section illustrates the elevations of the upper, middle, and lower depth intervals of the 
alluvial aquifer, the elevation of the top Miocene bedrock surface, and inferred bedrock 
structure along this section. Also shown are the screened intervals of monitoring well 
clusters and other key wells, and the hexavalent chromium (Cr[VI]) results from the October 
2005 monitoring event. The sampling data show a wide range of Cr(VI) concentrations 
within the alluvial aquifer sampling locations and depths. The wells that monitor 
groundwater in the Miocene and older bedrock formations (MW-24 cluster deep well, 
PGE-7, and PGE-8) were non-detect for Cr(VI) in 2005.  

Upward hydraulic gradients would be expected near the lower end of the Mohave basin, 
where the study area is located. In this area, the bedrock becomes shallower and the basin 
becomes narrower. Groundwater flowing southward down the basin would be forced 
upward as the bedrock becomes shallower. Upward hydraulic gradients are observed at 
several locations - in alluvial well clusters, and between bedrock and the alluvial aquifer at 
the MW-24 well cluster. Contour plots provided by ADEQ in a presentation to the Topock 
Geo/Hydro Technical Workgroup in October 2005 indicate that groundwater levels in deep 
wells MTS-1 and MTS-2 near the Mojave Topock Compressor Station are more than 10 feet 
higher than water levels in the shallower Topock-2 and Topock-3 wells located less than a 
mile away. This suggests upward gradients probably exist on both sides of the river. 
Upward gradients would limit or prevent the movement of water from the alluvial system 
downward into the bedrock.  

4.1 Faulting and Bedrock Structure in the Study Area 
The most prominent geologic structure in the study area is a Miocene-age, low-angle 
detachment fault system, which forms the northern boundary of the Chemehuevi 
Mountains (Figure 2). The Chemehuevi detachment fault is part of a series of low-angle 
detachment faults that formed in the middle-Miocene (approximately 23 to 15 million years 
ago), and have offset lower plate Pre-Cambrian and Mesozoic-age metamorphic and 
plutonic rocks from overlying upper plate pre-Tertiary metamorphic/plutonic, and Miocene 
volcanic and sedimentary rocks (Miller & others 1983; John 1987a, 1987b; see Appendix A1).  

The surface expression of the Chemehuevi detachment fault is evident as the pronounced 
northeast-southwest lineament that can be traced along the northern boundary of the 
Chemehuevi Mountains, terminating at an abrupt bend in the Colorado River east of the 
compressor station (Figure 2). The surface trace of the detachment fault is partially 
concealed by younger alluvial deposits in the southwestern portion of the study area. 
According to the geologic literature, there is no evidence of continued fault movement on 
the detachment faults, or evidence of other more recent active faulting in the study area 
(Howard & John 1997; Howard & others 1999). Based on published geologic reports, the 
Chemehuevi detachment fault slopes away from the Chemehuevi Mountains, and is 
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projected to extend to the northeast into Arizona (John 1987b). According to the 
interpretation presented by John (1987b) and Howard & others (1999), the low-angle 
regional detachment fault east of the Colorado River is projected at depths ranging from 
1,000 to 2,000 feet bgs (see Appendix A1 published information).  

A regional unconformity separates the Miocene and older bedrock formations from the 
overlying unconsolidated alluvial/fluvial deposits (Metzger and Loeltz 1973). As noted 
above, faulting and deformation are confined to the metamorphic bedrock core complex and 
the consolidated Miocene Conglomerate. In the area east of PG&E’s Compressor Station, the 
Miocene Conglomerate has a structural dip up 40° to the northeast beneath the 
unconformity. North of the Compressor Station, the Miocene bedrock surface plunges in the 
subsurface steeply to the north, as shown on Figure 7.  

The bedrock structure map for the Topock site and adjoining area will be updated in 2006 
with data from the ongoing IM drilling investigations. 

4.1.1 Groundwater Conditions in Bedrock Formations at Topock Site 
Based on hydrogeologic investigations and hydraulic characteristics observed in the 
bedrock wells at the site, groundwater locally occurs in weathered and fractured areas that 
are highly variable laterally and vertically. No areas or locations have been identified where 
saturated bedrock formations are capable of significant storage, or sustained production or 
yield. The available data indicate that bedrock formations below the water table are poorly 
permeable. The short-term performance of the former injection well PGE-8 (capable of 
accepting an average of 600,000 gallons [14 gpm] of treated wastewater per month, over an 
approximately 4-year pressure-injection operation period), suggest that the bedrock 
formation at this location was sufficiently fractured to provide modest permeability. The 
data collected from the short duration tests run at the well are insufficient to determine 
whether the storage for this water is within the fractured bedrock, or if it moved through 
leakage to overlying layers.  

The ability of the bedrock to convey water is dependant upon the interconnectedness of the 
fracture system(s) in the rock. The very low to exceedingly slow well recharge 
characteristics observed in the crystalline bedrock monitoring wells demonstrate that the 
bedrock formations exist without any significant secondary permeability. As noted in 
surface lineament mapping (PG&E 1995), two principal directions of bedrock fractures and 
joints have been mapped at the site: one set runs sub-parallel to the northern front of the 
Chemehuevi Mountains, and the other is sub-perpendicular to the front of the range. 
However, as shown by the extremely low bedrock permeability exhibited in areas where 
substantial shear zones and fracture systems were recognized in the vicinity of the mapped 
detachment fault structures (i.e., at the PGE-8 borehole, and from the Old Ponds area 
seismic investigations), it appears that these fracture systems are not laterally persistent or 
extensive. 

4.1.2 Hydrogeologic Evaluation of Supply Wells in Western Mohave County, 
Arizona 

The lithologic and geophysical logs from the water supply wells in western Mohave County 
within the study area suggest that these wells are not completed in bedrock. The 
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hydrogeologic, and hydraulic testing and sustained well yield data suggest that these wells 
are producing most (if not all) of their yield from the alluvial basin deposits, specifically the 
undeformed Oldest Alluvium hydrostratigraphic unit (the pre-Bouse Fanglomerate unit of 
Metzger and Loeltz 1973). As reported by Gillespie and Bentley (1971), the principal aquifer 
in the Sacramento Valley basin is the Older Alluvium. Reported yields from wells drilled 
into the Older Alluvium in this basin range from less than 100 to over 1,000 gpm (Rascona 
1991). The direction of groundwater flow in the principal aquifer parallels the flow of 
Sacramento Wash (see Figure 1 and Rascona 1991; Anderson 1992). The water quality data 
for the supply wells in western Mohave County, Arizona (Table 5) are also consistent with 
the reported spatial groundwater quality patterns as groundwater migrates downgradient 
within the basin (Robertson 1991; Towne & Freark 2001).  

4.1.3 Faulting and Influence on Groundwater Flow 
There is no site-specific evidence of faults acting as barriers or conduits to groundwater flow 
at the Topock site. Impedance to groundwater flow has been observed in several southwest 
U.S. groundwater basins, and possible mechanisms have been noted as 1) offsetting of 
permeable beds against less permeable beds, 2) the presence of low-permeability fault 
gouge, 3) local deformation and/or compaction of permeable beds in the vicinity of faults, 
and 4) cementation/chemical precipitation in and around the fault zone (Schaefer 1978; 
Londquist & Martin 1991). 

There are several published examples of this phenomenon in groundwater basins to the 
west and south of the Topock site; faults have been noted as barriers to groundwater flow in 
the Mojave River, Fort Irwin, and Morongo groundwater basins by Mendez and Christensen 
(1997); and in the Deadman Valley and Twentynine Palms Valley basins by Schaefer (1978).  

Impedance to groundwater flow is usually indicated by a steep drop in head across a fault 
in the direction of flow, sometimes accompanied by artesian conditions or springs on the 
upward side of the fault. In the Mojave River basin, the Calico-Newberry Fault creates a 
dramatic 60-foot drop in water level in the direction of flow about 10 miles east of Barstow. 
Across the Surprise Spring Fault in the Morongo groundwater basin (about 10 miles east of 
Landers), the groundwater drops more than 300 feet in the direction of flow (Mendez & 
Christensen 1997). Furthermore, numerous springs have been observed at these and other 
fault boundaries in the above basins, indicating that groundwater flow has been blocked 
and diverted to the surface (Mendez & Christensen 1997).  

The Helendale fault also bisects the Mojave River basin, and is a significant barrier to 
groundwater flow to the point where it defines the boundary between two water 
management subareas (Stamos & others 2003). In this area, the fault impedes groundwater 
flow in the older regional aquifer and basement rocks, but not in the younger floodplain 
aquifer.  

These examples provide evidence of faulting as a barrier to groundwater flow in settings 
similar to those at the Topock site, and provide reasonable mechanisms for these 
impediments to flow. This supports the position that faults occurring in and near the 
Topock site (e.g., the Chemehuevi detachment fault) likely act as barriers to groundwater 
flow, particularly in the Miocene Conglomerate and bedrock complex. 
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5.0 Conclusions 

As stated in the introduction, the purpose of this technical memorandum is to present the 
available geologic and hydrogeologic data regarding groundwater conditions in bedrock 
formations at PG&E’s Topock Compressor Station. This information was provided in 
Sections 2 and 3, and evaluated with respect to the site conceptual model in Section 4. While 
the information was presented in its entirety to facilitate a comprehensive review of the 
issues, several conclusions can be made that summarize the results of evaluating the data. 

• A total of five Topock wells have been completed in the bedrock at the PG&E Topock 
site; three monitoring wells (MW-23, MW-24BR and decommissioned well MWP-2RD), a 
former supply well (PGE-7) and a former injection well (PGE-8). The three monitoring 
wells were completed solely in bedrock, and when pumped for sampling could be 
rapidly purged dry with recovery being measured in days. PGE-7 is completed in both 
alluvium and bedrock, which is reflected in its hydraulic response and precludes the 
historic data from this well being used to characterize bedrock. Of the Topock 
site bedrock wells, only PGE-8 shows a hydraulic response that indicates moderate 
permeability. The field test results for PGE-8 show a response typical of double-porosity 
fractured aquifers or leakage from overlying layers. In either case, only general 
statements on the hydraulic response can be made with these data. A quantitative 
approach for test analysis is inappropriate and would yield erroneous permeability 
values. 

• Eight water supply wells on the Arizona side of the Colorado River (Topock-2, 
Topock-3, MTS-1, MTS-2, EPNG-1, EPNG-2, ADOT-new and ADOT-old) were initially 
included in the review of bedrock groundwater conditions in the study area. These wells 
were not included in the final analysis after a review of the available geologic and 
geophysical information showed that they were most likely not completed in bedrock 
formations. The reported high pumping rates for testing and current production for the 
majority of these wells support completion in the more permeable alluvium. Overall, the 
water quality characteristics for the Arizona wells (lower TDS, chloride, and sulfate) are 
distinct from the Topock site bedrock wells.  

• Large scale faults occurring in and near the Topock site (e.g., the Chemehuevi 
detachment fault) have not been identified within the bedrock wells at the site. PGE-8 is 
the only well that has been projected to intersect the detachment fault, at shallow depth 
(see Figure 8), but was not geologically logged with sufficient detail to identify the fault. 
Site-specific information on the effect of large scale faulting does not exist, but regional 
examples show that such faults are likely to be impediments to flow. 

• The ability of the bedrock to convey water is dependant upon the interconnectedness of 
the fracture system(s) in the rock. Based on hydrogeologic investigations and hydraulic 
characteristics observed in the bedrock wells at the site, groundwater locally occurs in 
weathered and fractured areas that are highly variable laterally and vertically. No areas 
or locations have been identified where saturated bedrock formations are capable of 
significant storage, or sustained production or yield.   
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• Consistently upward vertical hydraulic gradients are observed between the Topock site 
bedrock and alluvial wells. The bedrock monitoring well MW-24BR has consistently 
recorded a higher total hydraulic head than alluvial wells MW-24A and MW-24B over 
four years of monitoring. Water level data from PGE-8 also indicate upward movement 
between the bedrock and the alluvium at this location. The groundwater elevations 
measured in 2004 in PGE-8 ranged from 1 to 2 feet higher than groundwater 
elevations measured in nearby wells MW-24B and TW-1. 

• Water levels in well clusters completed in unconsolidated alluvium (MW-20, MW-32, 
MW-33, and MW-34) typically indicate upward flow within the alluvium. While these 
wells are not completed within the bedrock saturated zone, upward gradients in the 
alluvium immediately above the bedrock lend support to discharging conditions within 
the site bedrock. Upward gradients would inhibit or prevent downward movement of 
contaminated groundwater from the alluvium into the bedrock.
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TABLE 1
Summary of Published Reports on Regional Geohydrology
Technical Memorandum: Review of Bedrock Groundwater Conditions
PG& E Topock Compressor Station

Water Resources              
Assessment Report Study Area Bedrock Formations in Basin (geologic age) Groundwater Occurrence in Bedrock Formations 

Metzger & Loeltz, 1973 Mohave Groundwater Basin  
Needles area, CA to western             
Mohave County, AZ       

Consolidated, cemented igneous, metamorphic, 
volcanic & sedimentary rocks

All rocks that are collectively referred to as bedrock are 
relatively impermeable.  Thus only small yields are likely to 
be developed and these principally from fractures

Gillespie & Bentley, 1971 Hualapai & Sacramento Valley 
Groundwater Basins                         
Western Mohave County, AZ

Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks  (Miocene & older)

The granitic and metamorphic rocks generally do not yield 
water except along fractures and in weathered zones.  
Yields average from 1 to 5 gpm.

Tertiary volcanic rocks (layered basaltic flows,             
basaltic andesite flows and tuff) in Kingman area

The younger volcanic rocks comprise a productive aquifer 
that has been utilized for municipal supply in the Kingman 
area.

Rascona, 1991 Sacramento Valley Basin                   
Western Mohave County, AZ

Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks  (Miocene & older)

The igneous rocks of the Black Mountains (western 
boundary of Sacramento Valley) contain water in fracture 
zones and interbedded tuffs, but yield little water to wells.

Tertiary volcanic rocks in Kingman area The younger volcanic rocks comprise a productive aquifer 
that has been utilized for municipal supply in the Kingman 
area.

Anderson & others, 1992 Southwest Alluvial Basins                 
AZ and portions of CA, NV, NM

Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks  (Miocene & older)

Nearly impermeable except for some Tertiary sedimentary 
rocks.  Bedrock ranges form the hydraulic boundaries to 
alluvial basins in the study area. 

Robertson, 1991 Southwest Alluvial Basins                 
AZ and portions of CA, NV, NM

Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks  (Miocene & older)

In general, well yields of intrusive and metamorphic rocks 
are limited to a few gallons per minute.

Towne & Freark, 2001 Sacramento Valley Basin  Western 
Mohave County, AZ

Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks  (Miocene & older)

The granitic and metamorphic rocks generally do not yield 
water except along fractures and in weathered zones.  
Yields average from 1 to 5 gpm.

Tertiary volcanic rocks in Kingman area The younger volcanic rocks comprise a productive aquifer 
that has been utilized for municipal supply in the Kingman 
area.

Wilson & Owen-Joyce, 1994 Lower Colorado River Basins Consolidated & cemented igneous, metamorphic, 
volcanic & sedimentary rocks (Miocene & older)            
that are commonly are tilted, faulted & folded

Nearly impermeable except for some Tertiary sedimentary 
rocks.  Buried bedrock ridges act as subsurface barriers to 
flow in the river-aquifer system.



TABLE 2
Information for PG&E Wells Completed in Bedrock
Technical Memorandum: Review of Bedrock Groundwater Conditions 
PG&E Topock Compressor Station

Well ID
Completion 

Date
Ground  

Elevation
Well    

Depth Drilling Method Well       
Material Depth Elevation  Screen 

Length   Remarks
monitored zone ft MSL ft bgs ft MSL ft bgs ft MSL feet

PGE-7 Jun-64 561 180 mud rotary? 14" steel 455.8 (1) --- --- installed as replacement 
supply well for Station

 Miocene & older Bedrock;  
& base of Alluvial Aquifer

Jul-69 330 7" steel    
liner to 195'

195 - 330     
6.7" openhole

368 - 283 135 re-completed for monitoring 
wastewater injection at PGE-8

March 1998 video log: liner to 
195' , openhole in bedrock

PGE-8 Apr-69 595 562
mud rotary, air 
rotary & air 
percussion

4" steel 
liner 457.0 404 - 550 461 - 441 146

for injection of treated 
wastewater; operated May 
1970 to December 1973

  Metadiorite Bedrock

MW-23 Apr-98 505 80 Stratex/air rotary 4" PVC 454.5 60 - 80 369 - 349 20

Miocene Bedrock

MW-24BR Apr-98 565 438 Stratex/air rotary 4" PVC 455.0 378 - 438 185 - 125 60
  Miocene & older Bedrock

MWP-2RD Jun-92 674 279 air percussion 5" PVC 443.0 265 - 275 409 - 399 10
monitoring well at Old Ponds 
site; well decommissioned in 
1995

  Metadiorite Bedrock

NOTES:
(1)  well perforation depths on original completion of PGE-7 are not available; assume similar 70-foot perforated well completion as PGE-6 (80-180 feet bgs)
 MSL = mean sea level.   ft bgs  = feet below ground surface.   (--) = data not available.   PVC = polyvinyl chloride. 
Ground surface elevations and well depths are rounded-off to whole-foot.

Well Perforation / Screen IntervalTypical 
Groundwater 

Elevation



TABLE 3
Information for Selected Water Supply Wells in Mohave County, Arizona
Technical Memorandum:  Review of Bedrock Groundwater Conditions
PG&E Topock Compressor Station

Well ID Well Reg. No.
Completion 

Date
Well Location      

Mohave County, AZ Depth Elevation   Well Use
feet MSL feet bgs feet bgs feet MSL feet bgs

PGE-9N 15N/21W3A Apr-97 Topock 460 95 25 - 95 435 - 365 28 inactive PG&E supply well --

PGE-9S 15N/21W3B Apr-97 Topock 460 100 30 - 100 430 - 360 29 inactive PG&E supply well --

Smith 565878 Feb-98 Topock 80 48 - 68 50 private well; inactive 
(abandoned?) --

Topock-2 85599 Sep-80 Topock 520 140 100 - 140 420 - 380 47 original Old Well #2 400 gpm

Topock-2 600189 -- Topock 520 140 100 - 140 420 - 380 47 City Needles active 
supply --

Topock-3 600187 May-74 Topock 520 250 85 - 250 435 - 270 48 City Needles active 
supply 300 gpm

85 - 150 435 - 370 recompletion by sealing     
off 150-250' perforations

350 gpm

MTS-1 531889 Jul-91 Mojave Topock 
Compressor Station 638 744 605 - 705 33 - (-67) 174 active industrial & 

domestic supply 300 gpm

MTS-2 531890 Oct-91 Mojave Topock 
Compressor Station 638 720 603 - 703 35 - (-65) 174 active industrial & 

domestic supply 200 gpm

EPNG-1 611577 Sep-50 Topock Camp 710 880 617 - 819 93 - (-109) 218 active EPNG supply

Apr-95 617 - 819 218 well cleaned & new pump 73 gpm

EPNG-2 611578, orig. Jun-53 Topock Camp 725 503 331 - 493 394 - 232 214 original well completion 70-85 gpm
529685, relined Oct-90 322 - 482 403 - 243 240 active rehab'd supply

ADOT-New 577479 Nov-99 Needle Mountain 760 530 330 - 530 430 - 230 220 active domestic well 55 gpm

ADOT-Old 628108 Jun-72 Needle Mountain 760 396 290 - 385 470 - 375 217 inactive domestic well 34 gpm 

NOTES:
 See Figure 3 for well locations.  MSL = mean sea level.   feet bgs  = feet below ground surface.  gpm = gallons per minute 
Ground surface elevations and well depths are rounded-off to whole-foot.  (--) = data not available

Reported 
Production

Well Perforation or           
Screen IntervalApproximate 

Ground  
Elevation

Drilled 
Boring 
Depth

Static 
Water 
Level



TABLE 4
Vertical Hydraulic Gradients at MW-24 Well Cluster
Technical Memorandum: Review of Bedrock Groundwater Conditions
PG&E Topock Compressor Station

Shallower    
Well

Deeper    
Well            Date

Shallower     
Well 

Groundwater 
Elevation 
feet MSL

Deeper        
Well          

Groundwater 
Elevation  
feet MSL

Water    
Level  

Elevation 
Difference  

feet        

Vertical 
Distance 
between 
Screens   

feet

Vertical  
Hydraulic 
Gradient   
feet/foot

MW-24B MW-24BR 21-Aug-01 456.20 456.72 0.52 205 0.003
27-Nov-01 454.41 455.08 0.67 0.003

basal zone Bedrock 4-Mar-02 454.76 455.40 0.64 0.003
Alluvial Aquifer 10-Jun-02 456.25 457.10 0.84 0.004

16-Sep-02 455.77 456.41 0.63 0.003
9-Dec-02 454.45 455.14 0.69 0.003

17-Mar-03 455.17 456.05 0.87 0.004
9-Jun-03 456.57 457.60 1.02 0.005
8-Sep-03 456.18 456.92 0.74 0.004
8-Dec-03 455.20 456.43 1.23 0.006

15-Mar-04 455.25 455.93 0.68 0.003
8-Jun-04 456.48 457.22 0.73 0.004

21-Sep-04 455.64 456.66 1.02 0.005
17-Dec-04 454.60 455.46 0.86 0.004

7-Mar-05 454.12 455.03 0.91 0.004
18-May-05 455.43 456.28 0.85 0.004

MW-24A MW-24BR 21-Aug-01 455.98 456.72 0.73 294 0.002
27-Nov-01 454.29 455.08 0.79 0.003

upper zone Bedrock 4-Mar-02 454.82 455.40 0.58 0.002
Alluvial Aquifer 10-Jun-02 456.24 457.10 0.86 0.003

16-Sep-02 455.66 456.41 0.75 0.003
9-Dec-02 454.44 455.14 0.70 0.002

17-Mar-03 455.12 456.05 0.92 0.003
9-Jun-03 456.52 457.60 1.08 0.004
8-Sep-03 456.10 456.92 0.81 0.003
8-Dec-03 455.12 456.43 1.31 0.004

15-Mar-04 455.19 455.93 0.74 0.003
8-Jun-04 456.51 457.22 0.71 0.002

21-Sep-04 455.47 456.66 1.19 0.004
17-Dec-04 454.58 455.46 0.89 0.003

7-Mar-05 454.05 455.03 0.98 0.003
18-May-05 455.38 456.28 0.90 0.003

NOTE:
MSL = relative to mean sea level
Positive hydraulic gradient is upward



TABLE 5
Selected Groundwater Chemistry Results for Wells in Study Area

PG&E Topock Compressor Station
Technical Memorandum: Review of Bedrock Groundwater Conditions

Well ID
Sample 

Date

g Total Dissolved 
Solids
mg/L

Specific 
Conductance

µS/cm
Chloride 

mg/L
Sulfate
mg/L

Field 
Temperature

°C
pH

pH units

Field Oxidation 
Reduction Potential

mV
Fluoride

mg/L
Oxygen 18

0/00
Deuterium

0/00
Data 

Source

PG&E Wells Completed in Bedrock Formations
MW-23 30-Nov-01 6210 1.80 491 --- ---6.88 16100 12200 --- --- E&E (2004)

MW-23 12-Jun-03 5560 ND (1.0)730 --- ---7.43 20100 11000 29.1 -155 CH2M

MW-23 08-Jun-04 5700 ND (1.0)690 -8.9 -72 7.31 17000 10000 28.5 -66 CH2M

MW-24BR 29-Nov-01 5380 4.40 366 --- ---8.61 13800 8280 30.0 --- E&E (2004)

MW-24BR 13-Jun-03 4590 5.20 409 --- ---8.29 14500 8470 32.4 -359 CH2M

MW-24BR 08-Jun-04 4600 1.40 470 -10.7 -82 7.92 14000 7800 33.1 -312 CH2M

MWP-02RD 21-Aug-92 440 0.82 150 --- ---7.70 1730 1100 30.3 --- PG&E (1995)

MWP-02RD 01-Nov-92 560 0.67 180 --- ---7.90 2110 1300 --- --- PG&E (1995)

MWP-02RD 01-Feb-93 590 0.67 200 --- ---7.50 2340 1300 --- --- PG&E (1995)

PGE-07 01-Sep-00 4530 3.30 1360 --- ---8.07 14200 9120 --- --- E&E (2004)

PGE-07 29-Nov-01 4500 3.70 1190 --- ---7.80 11200 8100 28.7 --- E&E (2004)

PGE-07 10-Dec-03 --- ------ --- ---8.08 14300 9130 26.3 94.0 CH2M

PGE-08 01-Sep-00 4230 6.07 3710 --- ---9.10 15500 11600 --- --- E&E (2004)

PGE-08 29-Nov-01 4870 6.20 3050 --- ---8.51 16100 12200 --- --- CH2M

PGE-08 09-Dec-03 --- ------ --- ---8.48 17100 12300 30.8 -269 CH2M

Selected Supply Wells in Mohave County, Arizona
EPNG-1 01-Jun-93 217 ---84.0 --- ---7.70 770 643 --- --- EPNG drilling record (1953)

EPNG-2 18-May-05 195 3.68 69.7 -10.4 -77 7.83 984 665 33.3 111 CH2M

MTS-1 26-Aug-91 270 1.67 160 --- ---9.20 1860 1300 --- --- Mojave Pipeline Co. (1991)

ADOT New Well 18-May-05 208 4.20 70.6 -10.5 -77 7.88 1030 695 31.3 83.0 CH2M

Topock-2 22-Jun-05 437 3.90 118 -9.9 -72 7.84 1930 1050 38.3 -120 CH2M

Topock-3 17-May-05 304 4.03 96.8 -10 -76 7.97 1430 930 37.8 -8.0 CH2M

Sanders 18-May-05 357 6.17 229 -10.3 -78 7.58 2040 1370 25.4 166 CH2M

TMLP-2 12-May-05 25.6 1.20 17.4 -10.7 -78 7.87 420 328 33.6 1.00 CH2M

Notes:

mg/L
0/00
µS/cm
mV
ND
---

milligrams per liter
differences from global standards in parts per thousand
micro Siemens per centimeter
millivolts
parameter not detected at the listed reporting limit 
data not collected, not available

Primary sample results only
See Figures 3 and 4 for location of wells. 
Additional well TMLP-2 (screen depth 750-880 ft bgs) is located approximately 3 miles northeast of well EPNG-1

1 of 1G:\PacificGasElectricCo\TopockProgram\Database\Tuesdai\RFIWater\ARAS-RFIWater.mdb - rpt_BedrockGW
Date printed:  3/15/2006

Date Printed: 3/15/2006
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FIGURE 1
GROUNDWATER BASINS
IN STUDY AREA
REVIEW OF BEDROCK GROUNDWATER CONDITIONS
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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±
Study Area
(Figure 3)

LEGEND

Approximate groundwater basin 
boundaries from Anderson and 
Freethey (1992).
General direction of groundwater
flow from Anderson (1992)
and Rascona (1991).
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LEGEND
Qrf = Quaternary Colorado River and recent Floodplain Deposits
QTrg = Quaternary-Tertiary River Gravels
Qa = Quaternary Alluvium and surficial deposits, undifferentiated
Tb = Bouse Formation
Toa = Oldest Alluvium (Undeformed Fanglomerate)
Tmc = Miocene conglomerate (Bedrock)
pTbr = Pre-Tertiary Bedrock (Metadiorite, Gneiss, Granitic Rocks)
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GEOLOGIC MAP OF STUDY AREA
REVIEW OF BEDROCK GROUNDWATER CONDITIONS
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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(Quaternary-age fault 

structure) located approximately
6 miles north of study area
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FIGURE 4
LOCATIONS OF WELLS AND BORINGS 
THAT ENCOUNTERED BEDROCK, 
PG&E TOPOCK SITE
REVIEW OF BEDROCK GROUNDWATER CONDITIONS
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Note: This schematic elevation cross-section
summarizes drilling, well screen, and purging/testing
data for wells completed in bedrock formations.

No Horizontal Scale (see Figure 4 for well locations).

Ground surface profile and geologic contacts are 
generalized and approximate for schematic presentation.

gpd = gallons per day
? 

dk. green  
metadiorite  
with fractures,  
shear zones  
and pegmatite  
veins 
 

reddish 
cemented 
sandy 
conglomerate

logged as red  
conglomerate  
and cemented  
sandstone 

dk. green metadiorite;  
weathered, hard, dry  
to wet where fractured 

See Appendix C2 
for 1969 constant 
discharge pumping 
test conducted in 
PGE-8

Boring for well PGE-9S
encountered hard, 
cemented red 
conglomerate at 104'

purged dry at 11 gal. 
 
Extremely slow recovery,  
no consistent static  
water levels. Not capable  
for routine sampling. 

purged dry at 150 gal.

estimated yield 5 gpd
from recovery test

purged dry at 15 gal.

estimated yield 12 gpd
from recovery test

FIGURE 5 
SCHEMATIC HYDROGEOLOGIC 
SECTION FOR WELLS COMPLETED 
IN BEDROCK, PG&E TOPOCK SITE 
REVIEW OF BEDROCK GROUNDWATER CONDITIONS 
PG&E TOPOCK COMPRESSOR STATION 
NEEDLES, CALIFORNIA 

ES032006002BAO_330689.RF.05.00_Schematic HG Section Bedrock Wells CA_3-15-06 ez
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FIGURE 6
SCHEMATIC HYDROGEOLOGIC SECTION 
FOR SELECTED WELLS, 
MOHAVE COUNTY, ARIZONA
REVIEW OF BEDROCK GROUNDWATER CONDITIONS
PG&E TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
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Topock-2 log:
sand, gravel, and 
minor clay to 107'

Topock-3 log:
sand, gravel, and 
minor clay to 146'

broken granite and 
trace clay to 140'

decomposed granite 
with rhyolite 
boulders to 250'
(may be Miocene 
megabreccia bedrock unit)

Pumping Test (1980)

400 gpm
25' drawdown

Pumping Test (1995)

80 gpm
89' drawdown

Pumping Test (1991)

300 gpm
57' drawdown
100% recovery 5 min.

Pumping Test (1991)

200 gpm
52' drawdown
100% recovery 14 min.

current production 
350 gpm with 
plug-back to 150'

originally perforated 
to 250'

sand, 
gravel, and 
clay to 410'

reddish 
rock and 
clay to 615'

sand, 
gravel, and 
clay to 425'

reddish clay, 
minor rock 
to 595'

red rock (hard 
to 685')
rock and clay 
to 744'

gray clay 
and sticky 
bentonite 
clay (Tb) to 
443'

gray to blue 
clay (Tb) to 347' sandy clay (Tb) 

to 293'

clayey sand and 
sandy gravel to 530'
(Toa)

reported 
capacity 
55 gpm

gray to 
blue clay 
(Tb) to 245'

sand and 
clay to 310'

gravel and 
conglomerate, 
hard below 340'
(Toa)

sand and gravel 
(Toa) to 410'

coarse to fine 
gravel to 503'
(Toa)sand, 

gravel, and 
blue clay

re-lined well to 838'
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Bedrock elevation estimated

Elevation of Top Miocene Conglomerate 
(cemented bedrock formation) 
feet above mean sea level (MSL)

(est) 330

436

Miocene Bedrock 
at Surface

River  elevation 
typically ranges 
from 453 to 
457 feet MSL

NOTE: This bedrock elevation map reflects drilling data through March 2005. 
Elevation map will be revised and updated with additional data collected in 2006.
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Appendix A 
Geologic Information on Bedrock Geology 



 

 

A1  Geologic Data on Chemehuevi Mountains 
and Detachment Faults 



























 

 

A2  Geologic Map for Western Mohave County, 
Arizona 
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Appendix B 
Site Characterization Data for PG&E’s Old 

Evaporation Ponds Area



 

 

B1  Hydrogeological Maps and Cross Sections 
 

 

 

























 

 

B2  Geophysical Seismic Survey 
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Appendix C 
Bedrock Hydrogeologic Data for Former 

Injection Well Area 



 

 

C1  PGE-8 Construction, Geophysical Log and 
Operations Records 

 

 

 





















































 

 

C2  Well PGE-7 Records  
 







 

 

C3  Geophysical Logs for TW-1 and TW-2D 
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Appendix D 
Drilling Records and Logs for Selected Wells in 

Mohave County, Arizona 



 

 

D1  City of Needles Wells (Topock-2, Topock-3) 





















 

 

D2  Mojave Pipeline Company Wells            
(MTS-1, MTS-2)  











































 

 

D3  El Paso Natural Gas Wells               
(EPNG-1, EPNG-2) 

 



















 

 

D4  Arizona Department of Transportation Wells 
(ADOT-New, ADOT-Old) 
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Appendix E 
Caltrans I-40 Bridge Boring Logs 
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