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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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1.0 INTRODUCTION

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:

e DPre-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.

e 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:

e 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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1.0 INTRODUCTION

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.

BAO0\060740006 13



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 Al 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 Al.

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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2.0 REVIEW OF PUBLISHED REPORTS ON BEDROCK GEOLOGY AND HYDROGEOLOGY

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.

BAO0\060740006 22



2.0 REVIEW OF PUBLISHED REPORTS ON BEDROCK GEOLOGY AND HYDROGEOLOGY

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-¢ centimeter per second (cm/sec) (4.3 x 10
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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3.0 EVALUATION OF EXISTING BEDROCK DATA IN STUDY AREA

3-casing-volume purge. Based on the 2002 rising-head test, the estimated hydraulic
conductivity for the bedrock formation is 9.7 x 107 cm/sec (2.8 x 10 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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3.0 EVALUATION OF EXISTING BEDROCK DATA IN STUDY AREA

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 [MSLY]), 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 Al).

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 Al 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)

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

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

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)

Tertiary volcanic rocks in Kingman area

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.

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)

Tertiary volcanic rocks in Kingman area

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

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

Typical Well Perforation / Screen Interval
Completion  Ground | Well - Well Groundwater . Screen
well ID Date Elevation | Depth Drilling Method Material Elevation Depth Elevation Length Remarks
monitored zone ft MSL ft bgs ft MSL ft bgs ft MSL feet
installed as replacement
- - ? " -— _—
PGE-7 Jun-64 561 180 mud rotary? 14" steel 455.8 (1) supply well for Station
Miocene & older Bedrock; Jul-69 330 7" steel 195 - 330 368 - 283 135 re-completed for monitoring
& base of Alluvial Aquifer liner to 195' 6.7" openhole wastewater injection at PGE-8
March 1998 video log: liner to
195', openhole in bedrock
mud rotary, air 4" steel for injection of treated
PGE-8 Apr-69 595 562 rotary & air i 457.0 404 - 550 461 - 441 146 wastewater; operated May
percussion iner 1970 to December 1973
Metadiorite Bedrock
MW-23 Apr-98 505 80  Stratex/air rotary 4" PVC 4545 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
monitoring well at Old Ponds
MWP-2RD Jun-92 674 279  air percussion 5"pPVC 443.0 265 - 275 409 - 399 10 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.




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 Perforation or .
Approximate | - Drilled Screen Interval static Reported
Completion Well Location E(|3routr_1d BDOHTE VLVatelr Production
evation e ; eve
Well ID Well Reg. No. Date Mohave County, AZ P 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 --
. i ) private well; inactive _
Smith 565878 Feb-98 Topock 80 48 - 68 50 (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 Sclltgp'l\;,eed'es active -
Topock-3 | 600187 May-74 Topock 520 250 | 85-250 | 435-270 | 48 Sclfgp'l“yeed'es active 300 gpm
85 - 150 435 - 370 recompletion by sealing 350 gpm
off 150-250" perforations
i Mojave Topock active industrial &
MTS-1 531889 Jul-91 Compressor Station 638 744 605- 705 | 33-(-67) 174 domestic supply 300 gpm
s Mojave Topock active industrial &
MTS-2 531890 Oct-91 Compressor Station 638 720 603 - 703 | 35-(-65) 174 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




TABLE 4

Vertical Hydraulic Gradients at MW-24 Well Cluster
Technical Memorandum: Review of Bedrock Groundwater Conditions

PG&E Topock Compressor Station

Shallower

Deeper

Water

Vertical

Well Well Level Distance Vernc;l
Shallower Deeper . Hydraulic
Date Groundwater Groundwater Elevation between .
Well Well : : i Gradient
Elevation Elevation Difference  Screens feet/foot
feet MSL feet MSL feet feet
MW-24B MW-24BR 21-Aug-01 456.20 456.72 0.52 205 0.003
27-Nov-01 45441 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 S5

Selected Groundwater Chemistry Results for Wells in Study Area
Technical Memorandum: Review of Bedrock Groundwater Conditions
PG&E Topock Compressor Station

Total Dissolved Specific Field Field Oxidation
Sample Solids Conductance Chloride Sulfate pH Temperature Reduction Potential Fluoride Oxygen 18 Deuterium Data
Well ID Date mg/L uS/cm mg/L mg/L pH units °C mv mg/L 0/00 0/00 Source
PG&E Wells Completed in Bedrock Formations
MW-23 30-Nov-01 12200 16100 6210 491 6.88 1.80 E&E (2004)
MW-23 12-Jun-03 11000 20100 5560 730 7.43 29.1 -155 ND (1.0) CH2M
MW-23 08-Jun-04 10000 17000 5700 690 7.31 28.5 -66 ND (1.0) -8.9 72 CH2M
MW-24BR 29-Nov-01 8280 13800 5380 366 8.61 30.0 - 4.40 - - E&E (2004)
MW-24BR 13-Jun-03 8470 14500 4590 409 8.29 324 -359 5.20 - - CH2M
MW-24BR 08-Jun-04 7800 14000 4600 470 7.92 33.1 -312 1.40 -10.7 -82 CH2M
MWP-02RD 21-Aug-92 1100 1730 440 150 7.70 30.3 0.82 PG&E (1995)
MWP-02RD 01-Nov-92 1300 2110 560 180 7.90 0.67 PG&E (1995)
MWP-02RD 01-Feb-93 1300 2340 590 200 7.50 - - 0.67 - - PG&E (1995)
PGE-07 01-Sep-00 9120 14200 4530 1360 8.07 - - 3.30 - - E&E (2004)
PGE-07 29-Nov-01 8100 11200 4500 1190 7.80 28.7 3.70 E&E (2004)
PGE-07 10-Dec-03 9130 14300 - - 8.08 26.3 94.0 --- - - CH2M
PGE-08 01-Sep-00 11600 15500 4230 3710 9.10 - - 6.07 - - E&E (2004)
PGE-08 29-Nov-01 12200 16100 4870 3050 8.51 - - 6.20 - - CH2M
PGE-08 09-Dec-03 12300 17100 - --- 8.48 30.8 -269 --- - - CH2M
Selected Supply Wells in Mohave County, Arizona
EPNG-1 01-Jun-93 | 643 770 217 84.0 7.70 | | EPNG drilling record (1953)
EPNG-2 18-May-05 | 665 984 195 69.7 7.83 33.3 111 3.68 | -10.4 77 | CH2M
MTS-1 26-Aug-91 | 1300 1860 270 160 9.20 1.67 | | Mojave Pipeline Co. (1991)
ADOT New Well 18-May-05 | 695 1030 208 70.6 7.88 31.3 83.0 4.20 | -10.5 77 | CH2M
Topock-2 22-Jun-05 | 1050 1930 437 118 7.84 38.3 -120 3.90 | 9.9 72 | CH2M
Topock-3 17-May-05 | 930 1430 304 96.8 7.97 37.8 -8.0 4.03 | -10 -76 | CH2M
Sanders 18-May-05 | 1370 2040 357 229 7.58 25.4 166 6.17 | -10.3 -78 | CH2M
TMLP-2 12-May-05 | 328 420 25.6 17.4 7.87 33.6 1.00 1.20 | -10.7 -78 | CH2M
Notes:

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

mg/L  milligrams per liter

0/00  differences from global standards in parts per thousand
US/cm micro Siemens per centimeter

mV millivolts

ND parameter not detected at the listed reporting limit

data not collected, not available

lof1l Date Printed: 3/15/2006
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438 total depth of boring

gpd = gallons per day MSL = mean sea level
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438 total depth of boring

gpm = gallons per minute
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| Geometry and evolution of a mid-crustal extensional fault
~ system: Chemehuevi Mountains, southeastern California

B.E. John

I
I
| SUMMARY: The extensional fault system exposed in the Chemehuevi Mountains area of
! the southern Cordillera provides data on the mode of mid-crustal accommodation to con-
| tinental extension. A stacked sequence of three mid-Tertiary low-angle normal faults cut
i gently down-section through deformed Proterozoic and Mesozoic crystalline basement
( below Cenozoic strata. Hanging wall blocks are consistently displaced relatively NE across
: these three detachment faults, recording unidirectional extension of quartzofeldspathic
| crust at palaeodepths of 6-10 km. The two structurally deepest faults in the sequence are
| exposed over 22 km in a down-dip direction, across a total area in excess of 350 km2, and
i were initiated with a regional dip of less than 15° NE. Both of the structurally deepest faults
are corrugated parallel to the direction of transport; wavelengths of the corrugations range
, between 200 m and 10 km, and amplitudes range from 30 to 400 m. These undulations are
[ broad mullion structures that developed coeval with fault slip. Amplitude and wavelength
vary with footwall rock type and pre-existing structural grain. Slip on the faults at the pre-
sent level of exposure was accomplished by brittle deformation, with the generation of
| gouge, breccias, rocks of the cataclasite series, and rare pseudotachylites. Major mylonite
zones in the Chemehuevi Mountains are older and unrelated to the extensional faulting.
| These data support the conclusion that mid-crustal extension in the Chemehuevi Mountains
| area was accommodated by an asymmetrical normal-slip shear system. Extension occurred
! along seismically active, gently NE-dipping, undulating surfaces. During their evolution

they rose from middle- to upper-crustal depths.

Shallow-crustal structure associated with
Cenozoic continental extension is relatively well
documented from geological studies in the
northern Basin and Range (Stewart 1980;
Proffett 1977; Proffett & Dillas 1984).
Knowledge of deeper-crustal structure, however,
is based largely on geophysical studies and limited
well data (Anderson et al. 1983; Smith & Bruhn
1984; Allmendinger ef al. 1983). As most of
these data represent an indirect observation of
continental extension, the mode of mid-crustal
accommodation to stretching remains poorly
understood. Published studies on the geometry
and kinematics of extensional regimes often pre-
sent models that are confined to the geometry of
deformation within the upper few kilometres of
the Earth’s surface and lose validity with greater
structural depth, or are based on inadeguate
knowledge of the timing of structural events.
This paper reports on a mid-crustal extensional
fault system exposed in the Chemehuevi Moun-
tains area of the southern Cordillera. Extension
was accomplished here along a stacked sequence
of very low-angle normal or detachment faults
with unidirectional slip. Above the regionally
developed Chemehuevi detachment fault, the
hanging wall block is distended by innumerable
high-angle faults. Structurally below the
Chemehuevi detachment fault lies the smaller-
displacment Mohave Wash fault. Little defor-
mation occurred in the footwall to this fault

system. Both the Mohave Wash and Chemehuevi
faults are broadly corrugated parallel to the
direction of transport, and were originally formed
with regional dips of less than 15° NE. Slip on
the faults at‘palacodepths of 6-10 km, the pre-
sent level of exposure, was accomplished by brit-
tle deformation. This paper seeks to document
the geometry and evolution of a mid-crustal
continental extensional fault system in an excep-
tionally well-exposed area, in order to constrain
better models of crustal extension.

Regional setting

Major zones of thrust faulting, folding, and
metamorphism have been documented through
the eastern Mojave and Sonoran Deserts of
California and Arizona (Fig. 1). Thrust faults
and folds of late-Mesozoic age, marked by
deformed Palaeozoic and Mesozoic strata and
crystalline basement (Howard ef al. 1980; Miller
et al. 1982; Hamilton 1982; Frost & Martin
1982a), can be traced into the region from the
Sevier orogenic belt of Utah and Nevada
(Armstrong 1968; Burchfiel & Davis 1981).
Thick zones of mylonitic gneiss that outcrop in
eastern California and western Arizona are
believed to be of similar age to the Mesozoic
thrusting (John 1982, 1986; Howard ef al.
1982¢; Shackelford 1980; Davis ef al. 1982). In

From Cowarp, M.P., DEwEyY, JI.F. & Hancock, P.L. (eds), 1987, Continental Extensional
Tectonics, Geological Society Special Publication No. 28, pp. 313-335. 313




A Mid-crustal fault system, Chemehuevi Mountains

315

F1G. 2. Map of the Colorado River extensional corridor (shaded between the heavy dashed lines) in
California and Arizona, as defined in Howard & John (this volume). The Chemehuevi Mountains (outlined
in box) lie in the central belt of metamorphic core complexes that include from N to S, the Dead,
Sacramento, Chemehuevi and Whipple Mountains. The eastern limit of extension marked by highly faulted
and tilted blocks lies W of the Hualapai Mountains. Detachment faults exposed around the core complexes
dip under the Hualapai Mountains and Colorado Plateau.

Geology of the Chemehuevi
Mountains

Three structural plates or allochthons, separated
by three Tertiary low-angle normal or detach-
ment faults, have been recognized in the
Chemehuevi Mountains, The footwall or
‘autochthon, A’, of the Chemehuevi Mountains
includes the structurally deepest exposed rocks
in the range, below the deepest exposed detach-
ment, the Mohave Wash fault (Fig. 3). Succes-
sively higher plates or allochthons are termed B,
C and D (Figs 3 & 4a, b). Because the low-angle
normal or detachment faults juxtapose mainly
crystalline rocks of different structural levels
from the upper and middle crust, usually with a
gross lithological ‘mis-match’, it is necessary to
separate rocks by their relative structural

position. Rocks in the Chemehuevi Mountains
are divided into two assemblages defined by
their relative structural positions and lithology
(Fig. 3). The structurally deeper rock assemblage
(I) consists of a large, crudely zoned plutonic
suite of probable Cretaceous age, that intrudes
foliated mylonitic gneiss at least 1.5 km thick,
and makes up most of the footwall, A, and
lowest allochthon, B. These two plates are
separated by the Mohave Wash fault (Figs 3 &
4). The higher rock assemblage (II) lies above
the Chemehuevi detachment fault in allochthon
C, and above the Devils Elbow fault in allo-
chthon D. Assemblage (II) consists of Pro-
terozoic igneous and metamorphic rocks, and an
overlying Oligocene(?) and Miocene volcanic
and sedimentary sequence. Locally, intrusive
rocks of assemblage (I) are found above the
Chemehuevi detachment fault, and some
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FIG. 3. Schematic composite section through the extensional fault system in the Chemehuevi Mountains. The
range is cut by three low-angle normal or detachment faults—from structurally deepest to highest; the Mohave
Wash, Chemehuevi and Devils Elbow faults. Each fault shows NE separation of its hanging wall. Variation in
fault rock type and progressive reworking, from SW to NE, is shown diagramatically.

assemblage (II) rocks occur below the
Chemehuevi fauit (Fig. 4a). Each fault has
normal-slip displacement shallow rocks against
deeper-crustal rocks. This juxtaposition forms a
distinctive tectonic layering (Fig. 3). Howard
et al. (1982b) constructed a generalized crustal
column for the extensional corridor. The recon-
structed column indicates a gross 5-10 km scale
layering of the crystalline upper and middle
crust throughout the Colorado River area.

In this paper I use the terms low-angle normal
and detachment fault interchangeably. The term
low-angle normal fault implies knowledge of
fault orientation and shear sense during slip, and
conveys significant information about the
geometry of the faults. Recognizing that the
term detachment fault has been used without
consistent meaning (cf. Pierce 1973; Carr &

Dickey 1976; Reynolds & Spencer 1985), I will
use it here for major unrotated, low-angle
normal faults, to conform with previous usage
in the region (Davis et al. 1980; Frost & Martin
1982a).

The time of initiation of extensional faulting
is not well constrained, but is probably late
Oligocene or early Miocene. In the nearby
Whipple and Buckskin Mountains (Fig. 2),
syntectonic  sediments and interstratified
volcanic rocks deposited in basins that developed
during extension have been dated as early
Miocene and late Oligocene (Davis ef al. 1980,
1982). Cenozoic deformation in the Chemehuevi
Mountains ended by the late Miocene; basalt
plugs and local flows, dated at 11.6+1.2 Ma
(K-Ar, whole rock—J. Nakata pers. comm.,
1984), intrude or overlie and fuse cataclasites in
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B Tihms [1967 )

DESCRIPTION OF MAP UNITS

Qa  Alluvium (Holocene) -- Silt, sand, and gravel in modern drainages. Poorly sorted, angular to
subrounded, unconsolidated material of local origin

Qs  Sand dunes and river sand (Holocene) -- Stabilized and active dunes, sand sheets, and river sand.
Deposits along the Colorado River up to 20 meters thick

Qg  Gravel (Quaternary) -- Gravel, sand, and silt associated with the Colorado River. Well-sorted,
subrounded to rounded material of sedimentary origin, characterized by limestone and quartzite clasts,
and rare volcanic material

QTch Chemehuevi Formation of Longwell (1963) (Pleistocene and Pliocene ) -- Sand, silt,
clay, and ancestral Colorado River gravel and cobbles

QTa  Older alluvium (Pleistocene and Pliocene) -- Poorly sorted, poorly consolidated alluvium.
Commonly forms terraces with extensive covering of desert pavement consisting of varnished cobbles.
Unit also includes older partially consolidated and extensively dissected alluvium in the southern part of
the range

Tbo  Bouse Formation (Piocene) -- Pale-red to tan calcareous clay, silt, sand and marl, moderately to
poorly indurated, well-bedded

Tb Basalt (Miocene) -- Dark-purplish brown augite-olivine basalt flows, dikes, and plugs. Includes
mudstone below basalt in the southwest part of the map area. Flows with conspicuous columnar joints.
Locally intrudes and fuses cataclasites associated with the Chemehuevi detachment fault. K-Ar
whole-rock age of 11.1+ 0.4 and 14.5+ 1.0 Ma by MLA. Pernokas (written communication; in John,
1986) !

Tgt  Granite-clast fanglomerate (Miocene) -- Li ght-tan- and orange-weathering, virtually monomictic
alluvial-fan deposits, comprising white to tan granite and granodiorite clasts, and clasts of dike rock
types, equivalent of rocks below the Chemehuevi detachment fault, and clasts of altered cataclasite.
Locally contains thin siliceous tuff beds, and basalt flows

Tgm Granite megabreccia (Miocene) -- Light-tan- and pale orange-weathering granite-clast
landslide-megabreccia deposits; silicified. Granite blocks up to ~ 1 km x 20 m within the deposits.
Megabreccia deposit comprises granitic debris characteristic of rocks below the Chemehuevi detachment
fault. Locally, includes altered granitic cataclasite debris, possibly derived from exhumed fault scarps

Tgnf  Gneiss-clast fanglomerate (Miocene) -- Dark red to red-brown weathering, poorly sorted
alluvial-fan deposits. Includes subangular to subrounded clasts of Proterozoic gneisses (Xgn), granite
(Yg) and amphibolite, characteristic of rocks above the Chemehuevi detachment fault

Tgnm Gneiss-clast megabreccia (Miocene) -- Dark-reddish-brown weathering gneissic- and
granite-clast landslide-megabreccia deposits; silicified. Landslide blocks up to 500 m x 20 m within the
deposits. Megabreccia deposit comprises gneissic and granitic debris characteristic of rocks above the
Chemehuevi detachment fault

Tvf  Volcanic-clast fanglomerate (Miocene) -- Dark reddish-brown, poorly sorted alluvial-fan deposits,

5



of Chemeluwew' Mtns aveq
uses cpen Fle Repot 27_ge6

4p7

B. E. Joun

Geologi

Nordh ead- covner

FINAFU

(cb'\_.

A

TG TE

W

N A
Qe




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
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B1 Hydrogeological Maps and Cross Sections
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PG&E Topock Compressor Station

Bore Hole MWDPP-2RD

Date Started 6/27/92
Drilling Method _ ARCH:air rotary
Sampling Method
Surface Elevation 674 00

pagelof3

Hinged locking cap

Well As-Built

8° steel protective
casting

20

40 :

50

60

10

3 /Cernent grout with
4% Benlonite from
3'10 136"

21 /5 SCH 80 PVC

80

90

»4 casing with flush
4 joint connections
from surface to 265"

100

Description of Materials
(from previous report for MWP2)

Soll Class
Pepth (feal)

:Q"';E;'—-:; — SANDY GRAVEL - Med gray,

: a&fi,cgg dry F gr. sand matrix

Sowaq  wisubangular to subrounded
}  metadiorite gravels to 3ecm

—— SAND -Red brown sl.moist,
VF-F gr. subrounded to -
subangular uniform

SAND -as above w/caliche veins
& comented (caco,) nodules

— SAND - Yellow brown, €. moist,
VF-F gr. w/aug. gravels to 2em

—— SAND - Med. brown, VF-F gr. sl.
moist w/small meta-diorite,
subangular gravels to 1 cm.

1 —— GRAVELLY SAND - Brown gray,
' dry to sl. moist, F-M gr. sand
w/subangular gravel to 0.5cm.

+— SANDY GRAVEL - Med. gray,
dry, F-C gr. sand w/subrounded
to subangular meta gravels &
cobbles to 4em.

—+t— SAND - Red brown, VF-F gr.

: moist, uniform texture

24— SANDY GRAVEL - Med. gray, cry,
F-C gr. sandy matrix w/subangular
meta gravels to 3cm.

-G—— GRAVELLY SAND - Med. gray, sl.
moist, F-M gr. sand w/subangular
meta gravels to 3cm

. __SANDY GRAVEL - Med. gray, dry to -
sl. moist, poorly sorted sandy matrix;
subangular o aug. meta gravels &
2 cobbles to 4cm.
“4—— GRAVELLY SAND - Med. brown,
o moist F-C gr. sand w/subang to aug.
A ___meta gravels & cobbles to dcm.

Ilriba 2 Arcmaimtes o




i S - .
- : .

L. ¥ & e b

od

PG&E Topock Compressor Station: Date Started 6/27/92
Drilling Method _ARCH-air rotary
Bore Hole MPW-2RD  gmeingMeter
o 674.00
page 2 of 3 Surface Elevation
Well As-Built Description of Materials
_3 'i‘ (from previous report for MWP-2)
=
]
Depth ftost] 3 §
& SW-SM .C1_ GRAVELLY SAND - Med.
; 3 brown, moist, F-C gr. sand
3 w/subsngular to aug. meta
P gravels & cobbles to Scm.
110 g | ,Cement grout with 110 Minor silt & clay
S | 24 4% Bentonite from
D'E: A, 3'to 136
w20k 120 _ .
—_— Manting of gravels by moist, red
brown clays noted, increasing
numbers of meta-diorite gravels
in advanced stages of
decomposition
130 130
Vodlay grout from
136 to 255'
140 140
swW 1—SAND - Med. brown, sl. moist,
150 150 F-M gr. w/sparse meta gravels
e to fem
g
a
160 % 160
i SW.-SM =—— GRAVELLY SAND - Med. gray,
& g >1  dry, F-C gr. sand & silt w/meta
N o gravels to 2cm
e o
P> %
170 % {515 SCH B0 PVC
A casing with flush
oo joint connections
from surface to 265"
y:
120 5 180 |
& P
7 _-GRAVEL -Light brown, sl. moist,
i GW-GM F-M gr sand matrix, Subangular
1 mod. soried, cdlay mantied meta
190 |2 =d  gravelto3cm
i 521 GRAVELLY SAND -Med.
e S0 brown, sl. moist, F-C gr sand
A subrounded 1o subangular sand
& wiclay mantled, subangular
- gravels to 1.5cm. Minor silt &
200 clay in sand

| Irihe & Associates




PG&E Topock Compressor Station

Bore Hole MWDP-2RD

Date Started 6/27/92
Drilling Method __ARCH-air rotary

Sampling Method ___bag cuttings
Surface Elevation 674.00

T L2 . & o 2 [ M ’ ¥

I

Well As-Built

Depth (loat)

L, .
s ;
ol §

-z .
it z':.

210 ,.. ;/Voday grout from
o 136" to 255
rx
o
2

220

LY

230

240

4 5* SCH 80 PVC

casing with flush
joint connections

250 from surface 1o 265

Bentonite seal
from 255' to 260"

#3 Sand filter pack from
260" 1o 275

5" SCH 80 PVC screen
w/0,020" slots from 265"
to 275'

—5" SCHBO PVC end cap

Bentonite pellet plug
from 275" t0 279'

TD 279" 6/29/92

| Class

Description of Material
(from previous report MWP-2)

e y=yee-d
28 GRAVELLY SAND - Med brown,

sl. moist, F-C gr. subrounded to
subangular sand wiclay mantled,
subangular gravels to 1.5cm.
Minor silt & clay in sand

5 RAVEL & COBBLES - Brown,
» moist to wetl subrounded to
{ subangular clay mantied
&Y

|&

g

L3+
L=1

——META-DIORITE BEDROCK -
bredVq  Dry, Med dark green, hard, si.
Y \ 1 weathered to fresh med gr.

o porphyritic
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Elev. top of casing:

BOREHOLE LOGS AND WELL CONSTRUCTION RECORD

TOPOCK COMPRESSOR STATION

B0R

]

e

HOL E

DATE STARTED 7/49/8

WELL AS-BUILTS

o
Hinged locking cap Basing
10 Tt
grout
20
30 —
40 —
- Solid 3¢
56 — =1 PVC pipe
60 —
70 —
B0 —
90 —
100 —
110 —
120 —
130 —
140 —
150 —

DESCRIPTION OF MATERIALS

Depth ;
(ft.) Surface Elev.
O— SANDY GRAVEL - Med gray, dry, F gr. sand
B |-O'©O mirix w/subang to subrdd meta-diorite
10 —F = gravels to 3°
—t 1 gt
sl
GP |:%-] SAD - Red brn, 31, moist, VFF gr,
: L o' e] subrdd to subang, unifors.
20 —17Z5 swb - As above w/caliche veins &
Sp [.nn . cemented (cacog nodules.
30 _-:-'t-E-H SAND - Yellow ben, -sl. moist, YF-F gr,
=z 27 N/3UQ. gravels .
o P W/ 1s to 2°
% | Fo 2N QLAY - Med gray, aoist, hard, lov plasiticit)
7% ~1\ Tinonite stained.
40 —v . 7-.{ \SAND - Med ben, VF-F or, 81, moist
> :75-11 metz—diorite, subang gravels
7l 0§
55(.;' _:- =,°| GRAVELLY SAND - Brn gray, dry to sl. moist,
T F-H pr sand w/ subang gravel to 1/2°.
B = =9
60 — QOO SADY GRAVEL - Med gray, dry, F=C gr,
,O. () sand u/ subrdd to subang meta pravels
op (®) & cobbles to 4°.
_F=4 S - Red ben, W-F gr, moist, unifora
70 4 Pp| testre.
N[O | SADY GRAVEL - Med pray, dry, F-C ¢
(96 mairix w/ subang meta gravels
B0 51 to3.
ON |47 ~.| GRAVELLY SAND - Med gray, sl. mojst, F-¥
90 I 5 aid B sand v/subang meta gravels to 3°.
.0 SADY GRAVEL - Med gray, dry to s1. molst,
3 I EE poorly sorted sandy matrix; subang to
100 — .. 4 aup meta gravels G cobbles to 4°.
~tn ] GRAVELLY SAND - Med. ben, moist, F-C
_mssac{ g sand w/ subang to sug mets
“.v.| gravels & cobbles to 5°. Minor 8ilt
110 = 2. &clay.
120 —* < =] wantling of pravels by moist, red brn
v clays noted, increasing nusbers of
e 7 peta-diorite gravels in advanced stages
130 —{'% ::"-| of decosposition.
gy |7 i7:] GRAVELLY SAHD - hed brn, moist, F-C gr
¢+ ‘sand w/ subang to aug gravel & cobbles
140 = .1 to 5" (some clay mantling of clasts).
Vel SAND - Med ben, s1. moist, F-H or
15%3 '\IE | W/ sparse meta gravels to 4°.




" BOREHOLE LOGS AND WELL CONSTRUCTION .RECORD
TOPOCK COMPRESSOR STATION |

BORE HOLE () wr

DATE STARTED

\E .- - e E e

WELL AS-BUILT DESCRIPTION OF MATERIALS
Depth
(ft.) .
150 —; 150 T TSR B, Sl wont TR o W
. 1= SW : S1.7] spanse seta pravels to 1°,
1= “ 35| BRAVELY SAND - Med dry, F-C
160 1= 160 o 1 sand & silt waets $:¥m 00
1—I #3 Yashed sand <% -.|  Increasing mojsture & clay mantling
170 ._}q: ‘_/_ 170 — -",;": of gravels.
I = e
- 180 —]—=|3 180 —1'+*.
E E ] o 7 GRAVEL - Light ben, s1. moist, F-M gr
¥ 190 —i=| 190 77 71 st matrix. Swans, mod. sorte,
, 4—|1_— 3¢ pvC pipe S clay mntled meta gravel to 3‘
I ot ¥/4 0.040° e
.‘ 200 o ] I bé:iz slots 200 "'_\
-- =p e A B s sad sl
— s | ® P bty -1 $800C ¥,
E 210 fil—1+ 210 XA claywnntled. mg?mls to 4 4/2°.
! — 9" Bore hole 6P '_':!Zii: Ninor silt @ clay in sand.
l 220 —j|—=|f + 220 — ™ <, | GOAYEL @ COBRLES - Brn, moist to wet,
i — 5 4/2° Bore hole f,-:/\ subrdd to subang, clay santled.
i 230 —l— 230 o7
L — ://\ META-DIORITE - Med to dk green, dry
| 240 |— 240 4~ -\ hard s1. weathered, sed or porphyrltic
. = | mamm L
— soist subrdd c cla s
! 250 —jj— 250 ;j/ : Ym .
= ! F]A:Djﬂi[ﬁ - As before,
- — =——~—<| (fracture?
260 Solid 3° 260 4\ - - -
_ L™ e pipe \"\7| MEIA-DIORITE - Dry
! ,// . MEIA-DIGRITE - Med dk green, dry,
: 270 — 270 — 7~ | hrd sl. weathered to fresh
3,:' L : \ /\ ped pr porphyritic.
bt "
_l 280 280 -{ /A
/
f 290 ' 290 :}
: i Cesent/sand 1
/" ot M IETAOIIEITC - Js sbove. soist
E 300 — i 300 | towet (tracture?)



BOREHOLE LOGS AND WELL CONSTRUCTION RECORD
TOPOCK COMPRESSOR STATION

BORE HOLE (%) wr

DATE STARTED

WELL AS-BUILT DESCRIPTION OF MATERIALS
Depth
(ft.) ,
300 300 —=~
== 5; -DIORTTE - AS above,
| :/\ :‘ t ll;llp;gtm"lbove Boist
310 310 — " ‘7| META-DIORITE - As above, dry
':“’—-T—“' META-DIORITE - As above, wet
30 30 \’/ META-DIRTTE ~ As above, dry
Vd
330 330 ——’\ \
340 340 — 4
META-DIORITE - Light gray, soft, o
~7/ {fracture mm?}.’1 b .
350 350 '“:j‘ META-DIORITE - Dk green, dry, hard,
fresh, med or porphyritic.
360 360 -+
. g
370 370 /.,
Vd
== - Brn, dry, soft 6°
380 380 H 7| B fractis e
i -D1 - dry, han
390 330 \f, o, et i porpyritic,
400 400 — //
410 410 .7
, N
420 420 —77 - | MEIA-DIORITE - As above.
430 430 " /(
440 440 —{~
e
450 450 —LA~
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BOREHOLE LOGS AND WELL CONSTRUCTION RECORD
TOPOCK COMPRESSOR STATION

BORE RHOL

DATE STARTED
WELL AS-BUILT

- . m‘n

DESCRIPTION OF MATERIALS

Depth
(ft.)
450 —pxd 450 TNV
460 — 460 —c’y
\
470 —KQKy/~ Semtimed 470 4\
\ hY
480 — ‘ 480 -~/
-
490 — 490 - >/V
BOH 500.0 ft. 500 500 ——<-=

- Brn, moist to wet,~4°
thick (fracture).

JETA-DIORITE - Dk green, dry, hard,
fresh, med gr porphyritic texture.

Hole terminated at 500.0 ft. on 7-22-85

NOTES:
1. Hole advanced by Drill Systems 6

4/2" & 9" down hole

hamaser and Terra drills 5 1/2° Rotary down hole
hamaer-Bill Mehlhorn drilling supervisor.

2. Borehole logged by L.A. Flora.
3. Elevation reference to
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B2 Geophysical Seismic Survey
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Appendix C
Bedrock Hydrogeologic Data for Former
Injection Well Area

BAO0\060740006



C1 PGE-8 Construction, Geophysical Log and
Operations Records




Table 4-1

Construction Details for the Injection Well

Location:

215’ FSL, 129.5° FWL, NE1/4, Sec 8, TTN, R21W,
San Bernardino County, California

Elevation Of Land Surface: 593 Feet

Total Depth Of Well: 530 Feet

Date Drilling Started: March 20, 1969

Date of Completion: June 6, 1969

Drilling Copntractor: Bill Belknap, Reedley, Califomnia
Drilling Rig: Failing FH3

Drilling Methods And Completion:

1,

a— p—
e o
.

2

- R B N G ool

Mud-rotary: 0-184 feet, 9-7/8-inch bit.
Temporary 7-inch casing setto 184 fect,
Air percussion: 184-222 feet, 6-1/2-inch bit.
Temporary casing removex.

Mud-rotary: 184-312 feet, 9-7/8-inch bit.
Temporary 7-inch casing setto 312 feet,
Air-rotary: 312-530 feet, 6-3/4-inch bit.
Bridge plug set at 450 fest.

Temporary casing removed.

Mud-rotary: 312-405 feet, 8-3/4-inch bit

. Permanent 6-1/4-inch L.D. casing set to 405 feet cemented by Halliburton Company;

100 sacks of cement used, (Casing O.D. is 6-3/4-inch)

Air-rotary; drill out cement shoe and bridge plug with a 5-5/8-inch bit.

Static Water Level: 138 feet below land surface

Injection Tubing: 9-7/8-inch to 405 feet; set into Baker 47A4 packer at 405 feet.
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Table 4-2

Puamping Test Information
Results of Pumping Test on Exploratory Well
(Current PGXE-08)
Water Level
Date Time Elevation (feet) Pumplng Rate Remarks

3308 Vit 838 z

2:00 455.70 17,9 Pumping started

2:06 432.93 14.5

213 43522 14,5

2:18 43092 203

2:30 42832 20.3

2:.42 42291 203

3:00 42338 19.1

3:28 - - Pumpling stopped

5:00 453,50 510

512 361.75 510

3:24 352.06 438

5:30 350.76 438

5:45 349.55 438

6:00 345,20 438 Pumping stopped
5128769 8:00 am 455.50 264 Pumping Started

8:12 411.14 264

8:33 410.89 264

8:48 410.57 264

9:08 410.40 264 Salinity 14,000 ppm

9:50 408.59 264

10:10 408.63 264

10:25 40842 264

10:00 408.73 264

11:30 408.70 26.4

12:01 pm 408.53 264

12:30 408.42 264

1:00 408.49 264

2:00 408.65 26.4 Salinity 14,000 ppm

3:30 408.00 264

8:30 408.44 26.4 Salinity 14,000 ppm
5/29/69 2:30 am 407.89 264 Salinity 14,000 ppm

8:00 407.98 264 Temperature 91.5 F

%12 408.19 264 Sallaity 14,000 ppm

10:30 409.41 264 Pumping stopped

10:33 44145 -

10:36 45140 -

10:42 453,72 -

10:48 454.20 -

11:00 45432 -

1:12 45446 -

11:30 454,52 -

12:01 pm 45468 -

12:30 454.72 -

1:00 454.80 -

1:48 45492 -

2:03 45495 -

2 - 83 Begin injection

2:48 461.50 8.3

2:50 - Stop Injectlon

2:56 433,33
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PGE-8 Recods

‘-_._._._.—-—.—"_-_'_.—-_—_——.
Movembex (G, /987

CALIFORNIA DEPARTHENT OF HEALTH SERVICES
TOXIC SUBSTANCES CONTROL DIVISION

HAZARDOUS WASTE INJECTION WELL STATEMENT

{requized by California Health and Safety Cods saction 25159.13(a) to ba
conpleted by tha owner Or Operator of esach injection wall used for tha
discharge of hazardous waste on or after January 1, 1360, ]

OWHER

yame: Pacific Cas and Electric Company

Mdraas: J7 Beale Stregt.
Talephons Number: (415) 9]'2 ?7&6

OPERATOR (1f djtlferent fron ounur.)

Name: Pacific Gas and Electric Company
Adress: 375 N. Widzer Lane, Suite 130
Talephona Numbars (415) 943-7986

EPA IDENTIFICATION NUMBER
WELL LOCATION:

County: San Bernardino :
Section, Township, Ranges: Sectinn 8 TIN, RI4E, SHBEM .
city (If not locatsd in a city, state nearast city, disr.mcn and direction

from this citye)s 14 miles Southeast of Needles California .
Address (If not applicabfa, atate road directions for reaching this wall.):
14 miles. Southeast of Needles, CA, off interstate 40y take the Park .

Woabi, Roed exit. turn left on Park Moabi Rd.. turn right on old Route,
b6 (see attached location map).

CRE N Ll [ L R

EMPRGENCY CONTACT PERSOM (For curreatly operating walls.):

Name: Yot applicable, well ig mot qurrently geerating
24 Hoor Telephone Numbers [ ) |

i il

#FLL DESCRIPTION (Type of construction, drilling and geologic logs, age of
wall, ete.)

See attachment 2 - well description and attachment 3 -~ well logs

" Bedhimhchecd e i it Sngan . P W T A St | b 3

PG40323910



FAZARDOUS WASTE DISCHARGES {tist informarion for each discharge. Tals
‘jnforaaticn is not raquirad if this well hax not besn 1in operation sinca
January 1. 1980 and the owner of operator can dezonstrata that thiy information
cannot be ascertained.}

pate of Discharge: May 30, 1970 through December 1973

Joproximate Volime Discharged: 29.400,000 , (uwnits).Callons {20,000 gal/day)

Fazardous Waste Constituants pischargad ;
LSEeattachment,l“ N PP L 2 e AL s 2wt "

s R R T L LA PR AE AP, T | Fac - P

IR PO G S Sl O I e e FRPRTaY [ SO TP ST T U SN T TN VA TP T 1

, Describe methods used +to monitor tha well for leaks mnd pigration of
hazardous constituents iato the surrounding scils or ground watsr,

.Sge.attacmentl,. Ly P SRR ety e B < U ot (e A 0

-------- e i P [P T SRS B BSL N O B P R PREV W S W ) i

i it PR R b " PO W T RO Sl

PO R ST ST VL S WS . W 8 PRIE VI T | PO e PO W W N TP S UL A VT S0 S [ "

Additional shests and/oxr documents RAY ha attachsd as nacessary to proparly
copplata this statezent.

CERTIFICATION

1 cartify under penalty of lav that this document and all attachmentsy wera
preparad under ay dirsction or supervision in accordance with & aysten designed
to agsurs that qualified personnel properly gather and evaluate tha ‘information
. submitted, Based on my inquizy of the parson or parsens who zanage the syatem,
or thosa directly responsible for gathering the information, the information
is, to tha bast of my knowledgse and pellef, trus, accurats and complace. T an
awara that thers ars significant penalries for subaitting false informaticn,
including the possibility of f£ine and ippris t/Aor knowlng lations.

N 16,1587 . [l ittty .

Data Si\y‘.’at.ura of oyngr or oparator

pENALTIES:  Any person failing %2 submit this statement and fea to the
Deparmment for each injection wall by January 1, 1987 is subject to 2 civil
penalty of not less than 1,000 dollara and not more than 10,000 dollars per day
for sach day that the statemsnt has not been racaived. Any parson supmitting
£a1ze information to the Department is subject to a civil panalty of not less
than 2,000 dollars and not =ore than 25,000 dollars par day for each day that
the false information goes uncorractsd [California Health and Safety Code,
sactinn 25159.13(d}].

PG40323911



ATTACHMENT 1

DES HAZARDOUS WASTE INJECTION WELL STATEMENT

Hazardous Waste Constituents Discharged:

No hazardous waste was disposed of in Topock’s injection well.
Topock’s injection well was used to dispose of treated,
nonhazardous cooling tower wastewater. Prior to treatment, the
cooling tower wastewater would be classified as hazardous because
it contained 10 to 20 mg/1 of hexavalent chromium.

A wastewater treatment system was installed in conjunction with
the construction of the injection well. The wastewater treatment
process was basically a two-step process; 1) reduction of tha
hexavalent chropium to trivalent chromium, and 2) precipitation
and removal of the trivalent chromium in the form of chromic
hydroxide sludge.

The first treatment step, reduction of hexavalent chromium, was
achieved by lowering the pH of the wastewater to a pH of 2.9.
This process tock place in a 1,500-gallon tank where sulfur
dioxide gas was injected and mixed with the wastewater. After
reduction of the hexavalent chromium to trivalent chromium, the

wastevater was piped to another tank for the second treatment
step.

The sacond treatment step was the precipitation and removal of the
trivalent chromium from the wastevater. This was accomplished in
a 15,000-gallon tank where liquid sodium hydroxide was added to
the wastewater, thereby raising the pH of the wastewater to a pH
of 7. This caused the trivalent chromium to combine with the
sodium hydroxide and form a chromic hydroxide precipitate.

After completion of the two step treatment process, the wastewater
contained less than 1 mg/l of chromium. This wastewater was then
disposed of in Topock’s injection well.

The chromic hydroxide precipitate was transferred from the
precipitator tank, through a gravity-feed piping system, to

concrete drying beds where it was dehydrated prior to off-gite
disposal, ' .

An out-pf-service water well was converted to a monitoring well at
the time the injection well was constructed. The monitoring well
was located approximately 750 feet north of the injection well
(see attached diagram}. The salinity of the water in the
monitoring well was measured on a routine basis during injection
as a method of detecting leaks in the injection well.
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ATTACHMENT 2

TOPOCK IRJECTION WELL DESCRLFTION
DHS EAZARDOUS WASTE INJECTION WELL STATEMERT

Completion Date:

operational Data:

Total Depthi

casing Size and Material:
Tubing Size:

Packer Depth:

gcreened Intervals

2Abondonment Date:

Abandonment Hethod!

well Schematic:

April 15695 {The injection well was
reworked in June 1970)

May 30, 1970

562 feet below surface elevation,
58 feet above mean sea level

6-1/4 inch ID stainless steel
2-7/8 inech ID

404 feet below surface alevation,
179 feet above mean sea level

405 to 550 feet below surface
elevation

Decenber 1973

The well was disconnected from
surface piping and gsealed with a
gteel cap. Tublng and packer were
jeft installed.

attached
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August 31, 1970

Pacific Gas & Electric Company
Pipeline Operations Division EB ~ri
245 Market Street E - RecoviS
san Francisco, California 94106 F?é;'
' . | - R
Attention: Mr. H. P. Prudhomme
Hanager

Gentlemen:

; Report - Proposed System for
" Waste Water Disposal
Topock Compressor Station
Hear Needies, California
For Pacific Gas & Electric Company

TNTRODUCTION
This report discusses the activation of the waste water disposal

well at Topock Compressor Station. The well was completed in June 1969.
Detaiié of the drilling and development of this well are presented in our
report:

Proposed System for Waste Water Disposal

Topock Compressor Station

Near Needles, California

For Pacific Gas & Electric Company

Dated August 19, 1969

PGS43606;
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'The well remained unused for approximately one year after it was
completed. In tests run at completion, the well performed in actordance

with design specifications, as presented in our report of August 19, 1969.

INITIAL INJECTION

On or about April 1; 1970 fresh water was injected into tﬁa well
at a rate'of appro*imateiy.zbjga11on; per minute. At this rate, there was
no not1ceab1e injection pressure For one 24-hour period, 40 gallons per
minute of fresh water wWas 1n3ected into the well. This water was injected
with no correspondzng bu11dup of the tub1ng head pressure. ‘

h}ngectiun of waste water began on Hay 30. 19?0 Pump pressure
built up.rap1d1y, resu]ttng 1n approximate1y 30 pounds per square inch tubxng
head pressure. Injection was started “and stopped intermittently, and each
time injection started there was a greater bu11dup of tubing head pressure.

. Waste water injection was stopped, and fresh water was reinjected
jnto the well. Tubing head pressure was approximately 35 pounds per square
inch at an injection }ate of bbﬁut 20 ga?ions pef minute.

Injection of waste Qater was resumed, with tubing pressures of

approximately 120 pounds perlsquare jnch. Some precipitate and entrained

sir were noticed in water discharged from the injection pump.

ATTEMPTS AT CORRECTION

The injection pressure problems were related to Dames & Moore on
June 1, 1970. Hydrochloric acid treatment was initially recommended in hopes ©

that any precipitate that might be clogging the well could be dissolved. On

Pq
843606
1116673 3
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June 2, 1970,50 galions of 38 pércent hydroéh1oric acid were poured
d1rect1y into the tubing followed by 100 gallons of fresh water., After
three hours, injection of waste water was resumed, but the tubing pressure
did not decrease, halding anproxiﬂately at 165 pounds per square inch.

The pressure increased to 180 paunds per square {nch by June 4, 1870.

The well was saunded and it was discovered that some of the rock
formations had apparentiy caved in, fi1ling the bottom 15 feet of the well.
The water Teve1 in the we11 stood at 138 feet below the top of the well casing,
about the same static level wh1ch existed at the time the well was completed.

'Ne do not know the causes of improper functioning of the well, but
believe that the following may be contributory:

1. Injection of entrained air and particulate matter, even though
in minute ﬁuénfifies. resulted in some piugging of the formatien
near the well bore.

2. Alternating sudd}n application of and release of injection
pressure reéultéd fn caving of fracﬁured.rock formation,
which might impéde flow of water into pervious zones.

2. Waste water may have chemically altered certain ¢lay minerals

in the formation causing them to swell and plug openings.

4, Precipitation of particulate matter may result from interaction
between waste water and formation water.

Adverse reaction between b1owdd;n water and formation water seems

unlikely, since chemical compétibility had been checked previously by
competeni chemists. However, we understand that the chemical composition of

the blowdown water has changed since that time.

PGS436064
H116674
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In an effort to inprove the performance of the well, caved
materials were cleaned out, ‘and the well was deepened to 562 feet,
green metamorphosed diorite. No additional pervious zones Were encountered;
logging {nst?uments were not used on the additional footage. Rotary air-
drilling technxques were used which kept the well dry and should have drawn
into the well most of the particu;ate matter pinging the fomation.

: To prevent future cav:ng, a Johnson well screen and linmer assembly,
composed of Type 316 stain]ess steel, was lowered into the well and set at
depth- 1nterva1 405-554 feet. Petails of the screen and liner settings are
shown on a diagram attached to this rEpnrt.

After completion of these corrective measures, injection was
resumed. However, there was no improvement fn performance. The well would
not accépt the volume of wasie water to be disposed of, with the existing
injection pump. - .

A test was made, using 2 higher pressure pump, which could develop
pressures on ghe order of 300 to 400 pounds per square inech. It was able to
inject the full voiume of waste water. It was used for a period of about two
weeks, with no increase in pump pressure. Therefore, it was decided that -

higher pressure would be a solution to the problem.

- PRESENT INJECTION

Around July 15, 1970, a high pressure injection pump was permanently
instalied. This pump deve15ﬁs pressurZE on the order of 300 to 400 pounds per
square inch. This pump 1s:pr§Sent1y'injecting the required amount of bl owdown

waste into the well.

411667°

PGS436065




ab
" 'ye also understand that rough grading for an evaporation pond is

being done now. This would permit rapid completion of the pond in the event

of future failure of the well.

R:CDMH:HDAT10€: FO& OPERATION

. We recommend tha; groater efforts be applied toward prevéntion
of entrained air and eTimznat1on of all part1cu1ate matter. The maintenance
of recently installed diatomaceous earth $ilters is encouraged.

1t §s our understanding that chemical tests have been performed by
Betz L;bératories to 1nvestwgate the poss1b111ty of reactions that might cause
piuggxng of the well. Ne be11eve tha; these tests should be performed under
ex1st1ng formation pressures. In add1tion. any_boss1b1e or observable
reactxon between eff1uent and Formation matérals should be checked by using
cuttings obtained from drilling. - )

in the future, there may again be a problen with the well, Before
a decision is made tc abandoh the well, the possibility of chemical treatment
should Be explored. 1t is our opinion that better results might be obtained
with hydrochloric acid treatment if the acid is introduced at the bottom of
the we11 through the use of a tremie, 2 much larger volume of acid is used
{on. the order of 500 to 1000 ga?lons) and the acid js allowed to stand in the
well for several days. F0"c1ng the acwd into the formation under pressure

might be helpful. The pnssibi?ity of applying special chemical reagents,

which break down interstitié] clay particles, should also be explored.

(35436066
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We are concerned with the problems which occurred in getting the

_well into operation. We hope that future satisfactory operation can be

maintai ned with existing pump‘é and fur’ther' c?ar_ification of the injection
waste water. We hope you m'l'l et us know from time to time how the well is
performmg. Also, please ca‘iT on us fur any questmns you may have in regard
to operaﬁtion of the well. '

The foﬂowmg is attached and conp'letes tms report:

Plate 1 -~ Diagram of Well Eonstrur:tmn

Very truly yours,
:‘ DAMES & MOORE

Do

Vernon A. Smoots ¢

VAS JRM 3m
(5 copies submitted)

P(:S436067
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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

BAO0\060740006



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




DEPARTMENT OF WATER RESOURCES

59 EAST VIRGINIA AVENUE
PHOENIX, ARIZONA 85004

PRINT OR TYPE — FILE IN DUPLICATE
FOR OFFICE USE OHNLY
: mecr _tool87
REGISTRATION FEE (CHECK ONE T 4
{ } FILE HO. ﬁ[/é-z-/)‘;fa'ﬁé‘{-
EXEMPT WELL (NO CHARGE) O I f’-/,;z A
NON-EXEMPT WELL — $10.00 X RS Lreme)
1tia =
AMA ‘/‘ g
1. MName of Registrant;

Southwest Gas of Arizona Well 1‘56:5 2
Box 646, Bullhead City, Arizona 86430

(Address)

{Ciry) (State} {Zip)
2. File and/or Control Number under previous groundwater law: (08-33)
B (16-21) 35.  cdd
(File Number)

{Control Number}
3. a. The well is located within the _ 8E % 88 % SW % Section 35

of Township 160 N/S, Range 2W EMW, G & SRB & M, in the

County of Mohave

b. If in a subdivision: Name of subdivision
Lot No, , Address

4. The principal use{s) of water {Examples: irrigation - stockwater - domestic - municipal - industrial)

PGAE Gas Compressor Station and 4 meters serving 30 people

5. If for irrigation use, number of acres irrigated from well /A :
" 6. Owner of land on which well is located. If same as Item 1, check this box [J

Santa Fe Railroad

Winslow, AZ 86ak7

{Ackdress) (City) (State) (Zip)
7. Well data {If data not available, write N/A)}

a. Depth of Well 150 feet

b. Diameter of casing 12" inches

c. Depth of casing N/A feet

d. Type of casing Steel

e. Maximum pump capacity Loo gallons per minute.

f. Depth to water /A feet below land surface.

g. Date well completed e N/A = =
8. The placels) of use of water. If same as Item 3, check this box [

Y % ____ %, Section Township 81 7N Range 2he

¥ W M, Section Township Range

Attach additional sheet if necessary.

9. DATE _9/15/81 SIGNATURE OF REGISTRANT



CITY OF MEEDLES

PARCEL IN SECTION 35,
T16N, R21W, G. & S.R.M.,
MOHAVE CO., AZ

o |
“Bnd a::f/

.J}J

.- WELL #3
(55—-85599)

g
A ﬂﬂ,

.-- 2.9
’ T ey c‘:l
i OLD WELL #2 S
(55-85599) X :
3 (ABANDONED) s _ £
4 = NEW WELL #2 =l =
o ! S : . i =
ST Gemanow R
North e pock 2 = 25 el
] i e el | \ope » Bl = ol
q° . NTS ¢ AT > : ";U &I
. . eS|
R
JTitle ' Date By File ]
3 _ . ] ‘
- SITE. PLAN FOR REGISTERED WELLS No. 55-8559, 55-600183, o —
1 e 11/07/95 | JW. | TOPOCK.DWG




'nga('d - Z

LOG OF WELL -

ludicate depth st which water wus first encountered, and the depth and thicknesas of wedter bearing beds. If water is arte-
sy indicate depth wt which encountered, and depth to which it rose in well,

[:'1:;"! : F-:g." DESCRIFTION OF FORMATION MATERIAL
RN N

e o ¢ : - .
5O (e SHONDS OUE

(T a7’ | Lt +- LAy

a1 | to1 e ; 9
(€1 __| po “fweken guantte (om. gmeced of (lay )
%0 [ho ol guomste.

) :
1>=h 0 az ,
: s i’)EﬂR;Mrc leo ‘:J'{ﬁ’ﬁgﬂ Gh" - fc—EO‘

hercin contnined are true o the best of my knowledge and helief.

Driilerl e'( [thL ¢+ .S![ep)

U8 2265 Bl [l Bz

Addrean

Date...,, fg = ‘E'-‘ go it

I hereby certify that thia well was drilled by me (or under my supervision}, and that asﬁnr_ui all of the atatements




p o DEPARTMENT OF
STATE OF ARTZONA WATER RESOURCES

WELL DRILLER; REPORT . g *

This report should be prepared by the driller in all detail and filed {with the Department
within 30 days following completion of the well. !

1. Owmer Southwest Gas of Arizona ; Torock -24A /?f
— Hane

Box 46, Bullhead City. Az 84430
- Address

2. Lessee or Operator SQWVLE' DSN Betow
ame

Address

3. Drillexr WeellottoBa

Name

Address
4. Location of well: _ TIAN, R2IW, Sec. 35, SEL SEL swi

5. Permit No. B8 —8BLLHY I

(if issued)

DESCRIPTION OF WELL

u. Total depth of hole F"'{é ft.
Type of Casing  STEEL S
8. Diameter and length of casing f'l. in. from O  to [L—lD’ 5 in from
to ;
9. Hethod of sealing at reducticn points
). Perforated from Lvé‘ to U-{Or , From to s from to
Il. Size of cuts butss 3" Number of cuts per foot LD
12. If screen was installed: ZLengtH  ft. Diam in. Type

13. HMethod of construction

e
~-gdrilled) dug, driven, bored, jetted, etec.

14. Date started q 7 25
Month d:?' year
15. Date completed A 249 20
Month i day year
16. Depth to water "—{-’? fr. (If flowing well, so state.) K

17. Describe point from which depth wmeasurements were made, and give sea-level elevation if
available.

N

Quatan l-c\ec,L L Pfvox. 550 Cﬂ.}zwe. Sa [u“,l

i3. TIf flowing well, state methoed of flow regulation °

19. REMARKS: 3 Do ‘NOT"ITRITE IN THIS SPACE

'- - ¥ OFFTCE RECORD

Registration No. 55-85599
Received By
En_terew BY_M

File No._ R(lA-21}3%5 cdd

(Well log to appear on Reverse side)



FO0en1ix, AT1IZOoDa oJulg

#

Registration No. 55-85589
Owner of

Well Site Southwest Gas of Arizomna

Flle No. B(16-21)35 cdd

COMPLETION REPORT

1. Completion Report to be filed with the Department within 30 days after in-
stallation of pump equipment.

2. The tested pumping capacity of the well in gallons per minute for a2 non-
flowing well should be determined by measuring the discharge of the pump
after continuous operation for at least 4 hours and for a flowing well by
measuring the natural flow at the land surface.

3. Drawdown of the water level for a non-flowing well should be measured in
feet after mot less than 4 hours of continuous operation and while still
in operation and for a flowing well the shut-in pressure should be mea-

sured in feet above the land or in pounds per square inch at the land
surface.

4. The static groundwater level should be measured in feet from the land sur-
face immediately prior to the well capacity test.

ey
LOCATION OF THE WELL 'T(;{s-gc?"z /
T16N, R2IW, Sec. 35, SE% SE} SWy . : ’
!
Date Well Completed Ci- AC6~2R0 . Depth of Well "'{0
1. Well Test: /
Test Pumping Capacity 400 Date Well Tested /@A’J’/?O
(Gal. per min.) R
Method of Discharge Measurement /5 ;g,gm,f,[ /Wd;[e/‘é
(weir, orifice, current meter, etc.)
- ;
Static Croundwater Level ¢/ P B ft.- Drawdown ol ft.
Total Pumping Lift 2.2< 7 ft. Drawdowm 1bs.
(Flowing Well)
2. ZEquipment Installed:
Kind of Pump gwﬂf’m?&/%%c’ 74}/&.5 107 8.
. (turbine, centrifugal, etc.)
Kind of Power g/fe; H.P. Rating of Motor é 0

(Elec., Nat. Gas, Etc.)

T HEREBY CERTIFY that the szbove statements are tyue to the best of my knowledge
and belief.

Slgnature

D, Bay //7}‘?

/.2%//73 gy//ma// fm/ﬁ 7’(54ﬂ

Datg / City Stat¢/




DEPARTMENT OF WATER RESQURCES
85 EAST VIRGINIA AVENUE

PHOENIX, ARIZONA 35004

PRINT OR TYPE — FILE IN DUPLICATE

FOR OFFICE USE OHLY

boo/L7
REGISTRATION FEE (CHECK ONE) ReSHTRATION HE. a3 Ll !
{ FILE NO. -BC""Z fj}) C’_&{d

EXEMPT WELL (ND CHARGE) O i TSt ¥l . ¥
NON-EXEMPT WELL — $10,00 = i S i
1HA -
AMA - : -
1. Name of Registrant:
Southweat Gag of Arizena Well No. 3
Box 646, Bullhead City, AZ 86430
[Address} {City} (State) (Zip)
2. File and/or Contro! Number under previous groundwater law: (08-33)
B (16-21) 35 cdd
[Filz Number)

{Control Number)

3. a The well is located within the _SE % SE o S v oetion 35

EMW, G & SRB & M, in the

of Township 168 N/S, Range 21W
County of . Mohave

b. I in a subdivision: Name of subdivision | .
Lot No. ., Address .

4. The principal usels) of water  (Examples: irrigation - stockwater - domestic - municipal - industrial}

PGA&E Gas Compressor Station and b meters serving 30 people

5. If for irrigation use, number of acres irrigated from well N/A 5
6. Owner of land on which well is located. If same as ltem 1, check this box Ol

Santa Fe Railwoad

Winglow, 27 ) 86ohT
{Address) Ciy) (State) Zip)
7. Well data {1f data not available, write N/A}

a. Depth of Well 250 feet

b. Diameter of casing 12 inches A :

c. Depth of casing N/ __ feet : \’

d. Type of casing Steel o E

e. Maximum pump capacity _ 390 gallons per minute. { L

f. Depth to water N/A feet below land surface. <\\

g. Date well completed IMth} 1;?{'33?} ?:ear} . “\Q\
!

8. The placels) of use of water. If same as ltem 3, check this box .

-

% % %, Section Township __ 87 70 Range _ 24E
Y kA Y4, Section Township

Range

Attach additional sheet if necessary.

9. DATE 9/15/8L SIGNATURE OF REGISTRANT




CITY OF NEEDLES

PARCEL IN SECTION 35,
TI6N, R21W, G. & SRM,
MOHAVE CO., AZ

:l ?&‘j_ T
- WELL #3 %S
(55-85593)
., (OPERATIONAL).
= -0
PP 3
" LN
: - OLD" WELL #2 58
(55—-85599) Lo
3 ' (ABANDONED)
< (NEW WELL #)2
£ 2 a0, 55-600189
[} iz . 250 P .
North 9547 (OPERATIONAL)
3 — L _
»Title Date By File
SITE, PLAN FOR REGISTERED WELLS No. 558539, 55-600189,

. & 55—8500187 11/07/395 | JW. TOPOCK.DWG




i )

" Phone (702) 878: 7757 7 o ;.'rc,«c.fa > ”

7
L

DRELLING & PUMPS INC.
¥ 3521 SPRING MOUNTAIN ROAD
LAS VEGAS, NEV, 82102

Jrune 5-1974

Sor :thwest (as Corporat*on
P O Boy r46

B llhead Cﬂtv Ariz:

Well J’ at Topack Arlz

Drillers qu‘oL fOrmatlons

0-11 © sand & boulders

11#23 ' gravel.sand & boulders
-30 aravel w/ few boulders

“D—_B bouvlder

23-43 clav

43-46 ‘silty sand

46-52 . Dbonlders & gravel

£2-91 clay w/ interbedded rock

91-14¢ boulders & gravel

146-180 decomposed granite
180-250 decomposed ﬂranite w/ rhyolite bonlders

PGS434625



[ &2

- GROUNDWATER MANAGEMENT SUPPORT SECTI
500 North Third Street
Phoenix, Arizona 85004-3903
Phone (602) 417-2470 Fax (602) 417-2422

B 2 R Te——
DEPARTMENT OF WATER RESOURCES' 13 EEETTR ;
i

REQUEST FORM TO CHANGE WELL INFORMATION
OWNERSHIP * DRILLER

Please complete the appropriate section of this request form and return to the above address with applicable
fee. NOTE: A.R.S. §45-593.C requires that the Department be notified of change of well ownership and that

the new owner is required to keep the Department’s Well Registration records current and accurate. Well data
and ownership changes must be submitted within thirty days after changes take place.

SAVE THIS FORM TO REPORT FUTURE CHANGES IN OWNERSHIP, CHANGES IN ADDRESS, OR
CHANGE IN WELL DATA SUCH AS PUMP CAPACITY, CORRECTION OF LEGAL DESCRIPTION,
CHANGE OF WELL DRILLER AND AMENDING INFORMATION PREVIOUSLY FILED. _

1.

CHANGE OF WELL INFORMATION: (NO FEE REQUIRED) .

NOTE: If the location of the proposed well changes after drilling authority has been issued, attach a $10.00 I‘&ISSI.'IE fee for
each well.

WELL REGISTRATION NO. 55- _ N/A FILE NO:_

If kmown, I/We request the following well information be changed:

STATEMENT OF CHANGE OF WELYL, OWNERSHIP: ($10.00 FEE REQUIRED)

If this change consists of more than one well and the names are common: attach a $10.00 fee. Otherwise, each well requires
a separate fee of $10.00.

I,__The City of Needles , state that I am the Previons/MNew:Cwner:of the well described

below: #3 (Topock) t Topeck ’3{_ J

SE 4 SE__ 4% SW %4  Section_ 35 Township_ 16N N/S Range2lW _ E/W
10 Acre _ 40 Acre 160 Acre

Well Registration No. 55- 600187

File No._B(16-21) 35 cdd (if known)
Southwest Gas of Arizona City of Needles
TRINT Previous Owner’s Name PRINT New Owner's Name
P.0. BOX 646 817 Third Street
Mailing Address Mailing Address
Bullhead City, AZ 86430 Needles, CA 92363
City State Zip City State Zip
(520) 754-2263 (619) 326-5700
Telephone

- Tcleph
Date Nov. 7, 1995

ENTERED jan - 5 1986

Signature of Previous/N

DWR 55-71 (Rev 10/95)



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




‘16.

STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES
15 South 15th Avenue
Phoenix, Arizona 85007

k%

WELL DRILLER REPORT

This report should be prepared by the driller in all éstail and filed with the Department within 30 days -
following canpletion of the well.

r; 3

1. owmer RO TAULE 1A z,zmz. OFERATING 2O,

SO, sox 10262 dﬂ’/dé'.‘ﬂ_s'f‘-‘/zz.ﬁl, ct_ IZZES
Mailing Address.

2. briller 30948  tIAY

+ Name
SO HOR J)BCO PMOLALrTODN, A2 £C.5S2
Mailing Address ~

3. Location of well: L AS 2/ &1 -2 (L Ared A/ I D

1. PemitNo. S8 - 53 /FFT : MTS |
(If issued) :

DESCRIPTION OF WELL

5. ’I'otal depth of hole 7{/5/ ft. s .
e iR
6. Type of casing S7& "'Z_"C_.
7. Diameter and length of casing ZZ.. in. from - to Z, in from 5 to 258
8. Method of seall reduction points
o O 1 Eg!-}t P
9. Perfcrated froméc:zs to?@cs- from to , from to *

1n.

Cium.af athe e ESTD Nuibes ol wuis pei fuot

11. 1If screen was installed: Length/&Oft. Diam & in. Type €74
12. Method of construction //(/ﬁ-é.&f—ﬂ

- drilled, dug, driven, bored, jetted, etc

13. Date started  J7/kl S 2.0
Month Day Year
14. Date completed ;‘T(,/L- 3/ 9/
Month Day Year
15. Depth to water /%7 ft. (If Elowing well, so state)

Describe point from which depth measurements were made, and give sea-level elevation
if available

17. If flowing well, state method of flow

pRaEEe DO NOT WRITE IN THIS SPACE |
18. Remarks: .
S 55-531889
File No. B(16-21]36 CBB
!‘;ﬁ f:l l} Entered By
A2 Treg - Lij "ENTEREDAUG 23 1981

DWR-55=55-2/89



vl
e Mg
-

LOG OF WELL

Irdicate depth at which water was first encountered, and the depth-and thickness of water bearing beds.
If water is artesian, indicate depth at which encountered, and depth to which it rose in well.

From To Description of formation material

{feet) (fest)

O " | 190" | wend, cpand | frebdey..

LY 220" | fBesen 6%&4 Seoeall ek
_ 320" o’ Lo f/m;, L2204 A2l

2718 | 87" | i GheK tectl 4&34,

YA 5%5 " Aeaa tly., , 22rec Aeloleii f{,/aaq
a5 ' | 475" e Az /M‘-{/A, 2t A e .

/YANME N> Uete, Aopad gock et A ]
25 LIS wl fpeol g K W&&q

L85 | 706 il e A m&a., K
285 ¢ laaer A gred x Wﬂ&&v

et gag” s frel 2w,

i 754 s /a{azy v WM

I hereby certify that this well was drilled by me (or under my supervision), and that cach and all statements
herein contained are true to the best of my knowledge and belief.

Driller ‘/Mé

f&’{?o/ﬁ )3 O

Address
)N oAy S TOr, Al L3¢

City State Zip

Date a/jc[?'/
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) 1. DUUTND 1DTN Avenue MT‘S‘—{
. : Phoenix, Arizona 85007

Registration No. 55-531889

File No. R(!é &ﬂf}fo CBB

COMPLETION REPORT . s -
1. Per A.R.S. §45-600, the Completion Report is to be filed with the Department’ w;thln 30
days after installation of pump equipment by the registered well owner.

2. Drawdown of the water level for a non-flowing well should be measured in feet after not
less than 4 hours of continuous operation and while still in operation and for a flowing"
well the shut-in pressure should be measured in feet above the land or in pounds per
square inch at the land surface. )

3. The static groundwater level should be measured in feet from the land surface immed-
iately prior to the well capacity test.

4.

The tested pumping capacity of the well in gallons per minute for a non-f£lowing well.-
should be determined by measuring the discharge of the pump after continuous operation

for at least 4 hours and for a flowing well by measuring the natural flow at the land
surface.

LOCATION OF THE WELL:

16N ' 21W 36 . NW NW SW
Township Range

Section L ok k-
EQUIPMENT INSTALLED:

Kind of pump SUBMERSIBLE

Turbine, centrifugal, etc.
Kind of power ELECTRIC

H.P. Rating of Motor 40
Electric, natural gas, gasoline, etc.

Pumping Capacity 300 Date pump installed: 7/28/91

Gallons per minute :
WELL TEST: PP

- 91
Test pumping capacity 300 Date Well Tested: 7/26/91 42Tl
: Gallons per minute
Method of Discharge Measurement METERED
Weir, orifice, current meter, etc.
v 3 (

Static Groundwater Level 174 ft. Drawdown 64 (‘;-7 ,> £t.
Total Pumping Lift 238

ft. Drawdown lbs,

{Flowing Well)
I HEREBY CERTIFY that the above statements are true to the best of my knowledge and belief.

-

£ mlw% Lontpapy

int.Well'Owner's Nam

Oelohen 21

Date

.196?1 77? sl den /iav Zo AT
' Signatufe of Wel) Owher or Agent

PoddBoX 102¢9
Bakeesfiell 4 93229

City

State 2ip
DWR—SS-SS—Z{gg

ENTEREDJAN 10 1832



WAY'S DRILLING & PUMP- CO.

Equipment Report
SUBMERSIBLE PUMP INSTALLATION

CUSTOMER Mojave Fipslhe Co . Job No.
MAILING ADDRESS Well No. _'f/___.___
LOCATION
SALESMAN DATE H’/)S’ )9/ PHONE NO. N
WELL: Driller UJA;I Size 81'/ Depth Cased _SIEE L -
Perforations 5&)’ 22 fo@' : .—. Static Water Level _[74 .0 3‘ s
History AEQLACWEG  60ULDS 200 L. gt
SUBM. PUMP:  Make .GRudDFOS _ Model 223%5205-2 Serial No. _ 2/ 3/ 213 e
Size Drop Pipe ‘_;“' s Egtr?:ig 5@{ . g:::n —_—
SUBM. MOTOR: Make FRAMELIN Model 22! 7604S code 3 Date L
H.P, __?!..Q____ Volts __/i@_.Q_‘J wwwww Phase 3L Cycle O
Ampe, D3 B sF.__119 sfa _ A O
Megs . _ RSB @'____fi____ RY. il [/ B.Y. kil Y
DISCONNECT: Make (CHALI FGEY —_ Model E:.:::r;ns e
MAGNETIC -
STARTER: Make _wBNAR Size Heaters
SYSTEM: Tank Size Size Drop Cable *0/3
Tank Pressure  QPER) _ELOW) S gl el -
OTHER MATERIAL — OPTIONAL EOUFPMENT:
SUsTEm 15 SAME RS weuF 2




MW pay.mad

"
e
a
i

o
17’
EE]

5

ey tm
Ty aar

1€, 128
€, s
£, IM
c, i

e, 155

c, 154
1€y 113
Ty 1740

T oy b’

RN Xt
cy" et

wIse

Lals mat
0 447
LESE T
Ny w1E

M, 1M

FORM E-050 REV. 6/B8

PRINTED IN US.A.

£, Mok

20

21

22

23

24

25

26

27

28

29

30

n

3z

i3

34

35

36

FLUOR DANIEL g

DATE 2"/; ?/‘?f

r
CALCULATIONS and SKETCHES cont. no. 4 6 Po b 22
BY CHK'D
SHEET NO. [y
T Ol <o~pPArstot SR e~y 7 N
ta TNl ety R T L MTS ~| )
PAESS, TND, TEE

L'—'L('-'C?v@f ¢AdL CoMNECTIIAY

SARMTARY Bl sEAL AT

WELIED Si-‘ﬂcﬂ

12 suk - ﬂ
Fher

CAS [N

CenveAele
SR

12 dee

3" FLew -\_SN"‘”L-;)-,

LINgE

(A vt
PAce

Puvrp

— \__\I

g

SIS N

T RN ATy A A BT ANFTR Y § -

paoTo (2

AT MUY

~

3

e
I
¢
g

\ 2

— A 70H? fRorm SYRFACE

'/é;»-v-é~‘r
e
~
\..
-
e RS T
o Q
l n
=r :- =
kY]
- 1"Fvc P
Sau~s 2R, ~
= E ~ :}
PN
Oig
] Y
n
|
Il & —x > ;
L
H!" g o ~
F R P 0 ¥
il 1S ~ g
I <
‘""T 4 =X .
i
R M\
Jl- ESI 2
~1 =
SER R
‘ N
e C
i~
=
I
th'f‘ R

— (oM of Aot ‘ : g
~7Y4y’  (m -104 /54

SULFARes &~ é 3‘8!
Mse

[ R e ver
MLfgst Me [,]

ﬂw-\(’ '

’F{- 2”NPr

pont
oo LMo

/)u'h/’
L
4

L 68y ¥ A
|

rouTer

—

TS




-4 LICENSED & BONDED

BOB WAY MTS -

P.O. BOX 130 MORRISTOWN, AZ 85342

7O F O/ oLl a0y

&= Topht 2EFS TO BT Tewnd F P EL

O — 190 sprd, EAAVIEC A BowedEAS
)Y - 320 13R0BN clFY 4 snapcl RocK
F20 -0 ZRowir/ LAY & ¢crnse . RoeK
1o~ 57485 RELG/IS I REesL 235 F & LN

S/E5= 588 LB LAY pnosnuT R s 1w #<0eK
S8 L7ST  QRELT HAG ok paro CLAXS
LIS~ &2% plEn) /-/ﬂz’ll/j slocC '/Ze’_”(/"/d”/?/
£25- 88T REQO Hand Kol NO cLAXS
LI PosT gl peeik 4 cerrS |
el —FLlT  REY Roc/K & More :,_f..c-ﬂ/\f
025 = P24 Loorn LACC i t)

028- 7YY pRONE CLAY d simrec /<Oc_./_(

RocK Zornzd
370 Y70, 450, 500,570 { 585 Lowr/

) swe %Wﬁ/

THE COMMON LAW OF BUSINESS BALANCE

[t's unwise to pay too much but it's woree te pay too little. When you pay tvo much,
you lose = little money — that is all. When you pay oo little you sometimes lose
everything, because the thing you bought was incupable of doing the Lhing it was
bought to do. The common law of husiness prohilits paying o liktle and gettine & Jot —
it can’t be done. If you deul with Lhe luwest bidder. 1t is well to ndd something for the
risk you run. And if you do thut, you will have cnuugh to pay fur swncthing hetler,




CING Tl AR ' - =i U Fllom Qfoudl Uzdi\o
WAY'S DRILLING s
LNE — 5 &ov PO BOX 130 o) ‘;’ SOuADIR- TUBE,
L MORRISTOWN, AZ g LL MEASUREMENTS TaKen
Y D mf (602) 684-3301 Tloma SDURDPEL. TUGE.
G - O at?
R- 6D wrté PUMP TEST LOG (MT'S’ )
DATE TIME DRANDONN GPM(Q) ML/S COMMENTS
© HQ"”’\_?/LQ; 1230 | swL 173.0% Z‘ﬁ()+ 1O, 0 START Of TEX .
1245 193. 5% \ (0.0 D1RTs /mud 184°F
' 1300 220-03 / R.0 Dia,‘t'y/mtrb
}é oN 1305 2zl.0l / l.o MILKY
GATE VAL 1310 221.75 k il c.Louby
50 psi. 1315 22253 \ 43 cLouby
) SUAAE 1320 232:25 / S5 ctouby
1325 222.%1 L 9 Clovhy % WE{L REcovey
- / WG
/330 222.75| 25p 3 CLovdy .
SURGE /33/ SURGE , | FoR 30 sin —
{ : '. i
oPWﬁ;:é 1400 220.00 3007 B LlouDy
“""" ?‘* /410 230. 33 .3 CLowdy
T, SURLE  —— 1945 225.1Y L0 - DIRT,
. , . PAS OF SAUD | :
- 1S15 22539 308.0 0% - OLEAR ﬁlUSTﬂLLﬂ.‘?
4ops1, 3o0epm GPn METEE
g Ts | 4
FoRk RgST OF TEST 100 226, /2 | 3op.o « 53 CLEARZ JRYSZ3S
700 | 22082 b 03 | oiete Ts
Goo | 228.78 / 03 .- ¢ LeAR T;é
2000 | 224.10 \ - 03 ek Ts
2100 | 229. 20 3’9@_ .0 .02 o LEMN 7}115
2200 | 229.25 \j 02 QLR
2300 229 28" / x> Cyuhe
S 7/26; 2¥00 | 24 3l \\f .02 CLEAR
[/ HR /
(172,000 CALLD) /27 | 000 | 229.3¢ I98:0 0! CLFAR
7/2!? 6)2'&0 zzﬁ- 2? gOO O s 0 L EAL
END  of PAGE |



WAY'S DRILLING
PO BOX 130

MORRISTOWN, AZ

(602) 684-3301

PUMP TEST LOG

GPM(Q) ML/S

5" s,

DATE TIME DRAWDOWN COMMENTS
- ?[ LT 19300 229.3% 380 .2 2] CLHR ey F
g. Tird Cw‘ﬂ&, mel BEDS
p{g’:ﬁ wf oMo 72729.97 &) 237900 GAuos
AL 9F
oS50 | 229.41 & CLeRk ;| [pB 77
' pullmls
b | 229.73 | o CLAR , LD s
oo | 229.58/ Bov.o| o CLze
080 222, 8! ) CLERR. /0.0
o200 | 229. 83 _© (Lo
. ) p,:,ﬁzﬂfa
/000 224.8/ o CLiL, bz 4
1100 | 229.H2 o Lo
1200 |22% Fo o CLefe
Z‘/.}//Z-T-—‘an 7/27 1230 | 229.5¢ 260.00 | & OLEAR -
5 ' METER REALS
—/27 | j23D eND  oF| 2Y HR | TEST —— 380,100 tallows
_ | J83.00 1~ 53Kk,
7/2’7 /235 WELL RE COVERED 7b 1 73.074—=THE LAST 107 1M Y,
NI o
\ . ,4,/
1 o .\\
p \\
// \\




remv === STATE OF ARIZONA

E B E DEPMRYMENT OF WATER RESOURCES
2 % South 15th Avenue
enix, Arizona 85007

orT ') iooal
WELL DRILLER REPORT

P u—

)
!

This report should be prepare&.by_the-ém-}ix in all detail and filed with the Department within 30 days
following completion of the well.

3.

5.

7.
8.
2=
iv.
L.
12.

13.

14.

15
16.

17.

18.

Owmer AAO TAMNZ 1o/ 174 L/ 1vE 274 RAT7E oL

Name ‘
(FO BOX /0 267 FAKIERSFrimex), CA, FFIEP

Mailing Address

priller 4304 A v

PO 0X 130 proRAre7 OC-JA/ L2  BE ST

Mailing Address
Location of well: /6 A/ R/ &) S-F 6 Ared Neld &cd
- - MTS—%&
Permit No. 478~ 57 /£ 2O .
(If issued)
DESCRIPTION OF WELL
Total depth of hole 7 2¢7 ft.

Type of casing _ S 77,7 (.

Diameter and length of casing {Z%n. from = to &40, & %in from =~ to 705.

Method of sealing at reduction points

Perforated fromf Q3to D2OF, from to , from_ to
S1ze ot cuts g K ZAS

Number of cuts per foot . o4
If screen was installed: Length/ooft. Diamd"ﬁéin- Type & O

Method of construction ORI =T
drilled, dug, driven, bored, jetted, etc

Date started Y4 /3 < /

Month Day Year
Date completed =F ~cC 7 pi >

Month Day Year '
Depth to water /24 ft. (If flowing well, so state)
Describe point from which depth measurements were made, and give sea-level elevation
‘ F a .A-... - ¥,

Sililcae

If f£lowing well, state method of flow
regulation:

Remarks: R2<7 tocrid /JC!/\A’/‘/
72287 com PAeETERS

DO NOT WRITE IN THIS SPACE __1

REG. No.

2 55-531890
File No. B(16-21)36 CBB
Entered

DWR-55-55-2/89



Im OF f-. N

Indicate depth at which water was first encountered, and the depth and thickness of vater bearing beds.
If water is artesian, indicate depth at which encountered, and depth to which it rose in well.

From To Description of formation material

{feet) (fest)

~- 1.0 Saul] ERAVE £ B30t TEAS

/L0 3 YO BRoSRS Lty £ Srape 120K

F0 d285 1320 A A B Y 2Lr772¢= Rocs<

y 25" |5 28 RETODIS L AV SonE 2o

s28" |2 RIS tr L)Y
B i o Sar el RocK Uz d Il Cormmre ceny)
DI 20 LN _(Spel o AY

I hereby certify that this well was drilled by me (or under my supervision), and that cach and all staterents
herein contained are true to the best of my knowledge and belief.

N /é/}/

PO ox J30
Mddress

r

IMORRILTODAL A2
City State Zip

Date /gc' OCT 9’/
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WeLL # 2

El Pass Nat, Gas
“Topvek Gahm

depth 7247

MTS-Z
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Phoenix, Arizona 85007 L MTE -2

Registration No. 55-531890

File No. B(16-21) 36 CBB
COMPLETION REPORT '

1. Per A.R.S. §45-600, the Completion Report is to be filed with the Department w;th;n 30
days after installation of pump equipment by the registered well oWwner.

2. ‘pPrawdown of the water level for a non-flowing well should be measured in feet after not
less than 4 hours of continuous operation and while still in operaticn and for a flowing °
well the shut-in pressure should be measured in feet above the land or in pounds per
square inch at the land surface. .

3. The static groundwater level should be measured in feet from the land surface immed-
iately prior to the well capacity test.

4.

The tested pumping capacity of the well in gallons per minute for a non-flowing well .
should be determined by measuring the discharge of the pump after continusus operation

for at least 4 hours and for a f£lowing well by measuring the natural flow at the land
surface.

LOCATION OF THE WELL:

16N ' 21W 36 . NW NW SW
Township Range

Section EF % k7

A

EQUIPMENT INSTALLED:

Kind of pump SUBMERSIBLE
Turbine, centrifugal, ete.
Kind of power ELECTRIC &5 Paking of Mekoe: °

Electric, natural gas, gasoline, etc.

Pumping Capacity 200 Date pump installed: 10/1/91

Gallons per minute

WELL TEST:

Test pumping capacity 200 Date Well Tested: 10/1/91-10/2/91
] Gallons per minute

Method of Discharge Measurement

METERED
/ Weir, orifice, current meter, etc.
- 174 61
Static Groundwater Level ft. Drawdown fr.
Total Pumping Lift 735 ft. Drawdown 1bs,

(Flowing Well)
I HEREBY CERTIFY that the above statements are true to the best of my knowledge and belief.

nt, Well Owner 5 Name

@ctobee. 3/ . 199 ; iy A%M
Date )

Signatfire of Wef) Owner or Agent

2o. Pox 19249

Address = -

Rakersleld A 233859

City

State Zip
DWRHSS-Sszfgg

ENTERED JAN 10 1092



Equipment Report \

WAY'S DRILLING & PUMP- CO | \ MT'S'~Z/

SUBMERSIBLE PUMP INSTALLATION

CUSTOMER. .. ._— .. b Lo Mopvg Poeiwle Co Job No.

MAILING ADDRESS ' WeliNo, FR2

LocaTion _TEPOC. ComPRES0R BTATICN, TDPOC. _ARIZONA -

SALESMAN _3\ LC«’CE(F,. DATE Cf‘Zic \Q\\ PHONE NO.

WELL: Orilter (AYS DRWLING  Size & Depth _ZQO0 Cased _STEEA

. ; ¢
pailorations OO = TG0 S __ Static Water Level _|82.-23

History . MAKES  Zoo! GOwm

SUBM. PUMP:  Make G&LLMMLTD__LLL&_-)____ Model SPHS-279 {26C-5F t Serial No. 3l _
| Size Drop Pipe 3. GAIY. (11.%) g::?izg (00’ 8;1::1 23 &S
SUBM. MOTOR: Make E2aniktin E&('LU'C’) Model £3bL 1bbD20 _ Code J- Date H C“
HP. _30 Voits __460 Phase __OF __cycle (00
Brtips, 0L 2 3 S S.F.A. Lf%'z —_ 5
S R - N SO e S S A T
DISCONNECT: Make ._L T¥ __ Model _EADZ g e D0 amp TRN
gnTAAGRNTEETFi? Make _LURNAS Size._L.l2. Mg o o LT
SYSTEM: Tank Size O?EBJ INTLHARGT, Size Drop Cable + (.C-/?) FLAT
Tank Pressure .2 kﬁt:?;?g NOT uaTaed (G TS Ting

OTHER MATERIAL — OPTIONAL EQUIPMENT:

— S50 UwdFR LR AL W STA LLED C]_’Q\!Q\ e

— DBANDED EyERy 10

=24 b pump Teg T BEeSrmEd S




WAY'S DRILLING

PO BOX 130
MORRISTOWN,AZ
(602) 684-3301/388-2092
MTS -2
PUMP TEST LOG '
CUSTOMER:WYUAJE PIPCLINE co DATE: ?/ao - MDfa

ADDRESS: . PHONE -

JOB LOCATION: _ToPnc comlRiSoR STaTion  ToPoc Aezaa

METER READING START:0049450¢>  METER READING END: OO0 7748090

DEPTH OF WELL: 700’ SWL: iRxz.22’ PUMP SETTING: 399.9%5

TOTAL GALLONS PUMPED:0 230200 MAX GPM: zol+00 DRAWDOWN: 23%, &5 = 52.%

COMMENTS : Gene 2atop (¥ NI7024% oo 'mh ‘FS'U\JL Wil VAR uJ/ T il

o wiw*). ceueratae {ENZISZ! 100 vu) TRTIWE Hel - 0.0/ ENl e HRLSS.Z
DATE TIME DRAWDOWN GPM(Q) ML/S AMPS COMMENTS
q/al. . (oly MACFPCTIoN 1M SYITem -
1330 (B2 25 O O 150.0l 100 ca, ((Ma Frow M:_Tff) \b-
o NOTIF{ED EMPIRE OF . fie~ =
3 1333 - GeNeraToR |\S  Sagid Puatng — MEw GENEFATR  fue 19/, en
I
1o S
/' [ 220 +—START _|ofF 24| HR  [Punp TEST i "
.= /ctoudy -
230 | 122723 | 208. go | 340 | PP /i F/% : J
T
1232 | 2084 | 206. Y| .2t | 34.0 £ 3
3
1224 | 208.57 | 206. A3 34.0 g9
w 2
a
1336 208. Y5 Z06. .1lo 33.0 ?3 05
338 | 208.28 | 2oe. .07 33.0 E e
70 Psi op JCLEA
| 34O 208.1 b 20, .05 24,0 /108 F/T/S ;“? i
V)
1245 | 207.86 | zob. .05 3%°0 %_‘3
Yo
1350 207.88 | 29¢6. sof 35 0 3
N
1395 207. 68 | 20C. .0 | 33.0 S5
70 s, . o
| {00 207. 49 | 200, .o/ 2,0 /!DB F/ﬁo‘%‘}f i \
o : _ .~ o
/I )‘7’0-( - 1 WELL ﬁ/ 15 oAl ‘i:



WAY'S DRILLING

- A I
PO BOX 130 MT5 =%
MORRISTOWN, AZ :
(602) 684-3301/388-2092 -
PUMP TEST LOG
CUSTOMER :_ Mo AVE QIPELINE. (O PAGE #: 2
DATE TIME DRAWDOWN GPM(Q) ML/S -AMPS COMMENTS
o WEeL 1 15on"
/J IYoz- | 208. 30 Z.0b. o 33.0
idod | 2/10.10 Qy
70 Psc/ i /.f_u;um,
140 212 ! Q¢ | -0t 108°F
4o | z12.90
J4/0 215,950
WELL ] 13 oFF”
iz | z2i4.orf 200.R4| .03 34.0 70 03i [ ice'F‘/c.wu)?
/f-fr!.} 2rz.4s
19/ ¢ 2/0.55 QT
1418 209388
|O/t 1420 209.27 |206. @7 .00 33,0 ps: 108%F [ cLim
1422 208 .50
14 2y 2¢8. b
{26 238, vin
1 2 & Zof. 2 i - .
O pai /
Y30 | Zos.i? ADS'F e,
' 10py -JAWE opeN Fall
iz | 2843 200 Q| , 0l 32,0
Pump TEeT <TOPPED
— 1437 'Ma-rE,rz. INLTALLED T
1Y3Y (88 . bS - = o PW‘P Pr covEReD
) '—* A duTLY
36 | 1g2. 7/ o o o '
[0 par N Full
19/, lisz0 | jgz.23 | 206. | @ | 32.0 | Bt k"
1532 | 215.3>] 203.Q¢| O 33.0
" 13N | 2@ 3y | 200.0y) O 33,0
0 1o 93;/ )
), 1935 | 220.8% | 29I, @y .0 33.0 ogF /w‘m




| Z hes.

WAY'S DRILLING

PO BOX 130 M.—-—v
MORRISTOWN, AZ
(602) 684-3301/388-2092 .
PUMP TEST LOG
CUSTOMER :_NayAlE PiPE NG (5. PAGE #: 5
DATE TIME DRAWDOWN GPM(Q) ML/S -AMPS COMMENTS _
IO/{ sys | 222.40 | 2oo L0 32.0 |[1O%/ aer :;/5;‘_/
1550 | 225 .04
1559 | 229.90
159 | 22.9.74 199 Q¥ | .00 32.0 MEELTL e
]O/: e 2.27.3L 200 .00 32.0 10%1:05? /CLENa
ilo | 2251
2o | 225:09
1ip 30 225.01
'Y 170 | 224.98 | 200 0o | 320 | e [ e
1730 | 224500
i Boo 22S 02
&0 zZzs. 13
1200 | 225 28
2o00 | 225,25
2100 | 225 91
2200 | 2.25. 65
2200 | 22-5-79
o/ 2400 | 225 &2 200 .00 320 ’OP";/f@,g“F /CLEAQ-
‘D/Z- oioo | L75.95 OO .00 32..0 !Ops.'/:(ﬁ'!"/c.f.fﬂﬁ.
o200 |24A6.90
o0 |22b.17
o4e0 | Z2.29
'O/L 0300 | 22652 20 e leSI/' i / E
5 3 o .00 Ly 0B°fF /ewvnie




WAY'S DRILLING
PO BOX 130

MORRISTOWN, AZ =
(602) 684-3301/388-2092 . Wg

PUMP TEST LOG

CUSTOMER :_MQyAVF PPELING Co. PAGE #: 4
DATE TIME DRAWDOWN GPM(Q) ML/S -AMPS COMMENTS
10/ 2 10 ,:»-5'./ /

L lowoo 22p. 31 200 00 22°0 10svE /[ CLEAL

WELL # [ = “oN®
Ozl | 2Z2l. 20 200 .00 32.0

OpZle | 230. 21

o3/ 252./0

235 |23z2. 85 l9g “¥| .00 32.0 _ WELL#} & oFF

" 1Opsi
Y0 1228. 53 200 Q4| .00 32.0 AOFB‘F /CLEN&
obYs | 227.90 700 .00 32.0

WeLL | 18 “on”
oloo |227./8 200 yolo! 32.0

Q708 (231,70

01/0 122301

WELL®) 18 "ofFF "
o213 Z.23, 38 LoV L GO 22.0

12ps! . /CL,E.N:.
o730 |225-558 oo e 15 12 /!08(3'

LJLT-’:-‘—H /- g/zq‘f:

5o 1222 .53

OF I 225D

CJ/:"L
VoD 220,40
O ==
v/ o0 1224, 60
V2o |74, & D el
1
V2o 235 487 e —
Yoo (7.2, O o=

Veretslo a6, 0 | 2800 | 00 | 32.0 )OPSJ//%oF /cuw
% | 1D 08 Lum? | TEIT | —

73 wEeLL #£¢covirdld
e Q o & red By J)-/Sim .




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




o et e VW T l}{lﬂflu//dy C?,Z’/'z’

[C PNG - (W LOG OF WELL ~- TOPOCK m T §7ﬂ

Indicate depth at which water was first encountersd
thickness of water bearing beds. If water is art851an indicate depth
at which encountered, and depth to which it rose in well

From To
(feet) (feet) Description of formation material
0 o 60 Surface sand and gravel |

60 80 Brown Clay _

80 158 Coarse dark sand
158 %189- Sandy Brown Clay
189 420 Grey dlay

4,20 L43 Bentonite, (white sticky clay) with streaks of grey cl:
LL3 461 Small variegated sand and gravel

L61 535 Sand embedded inclay with occasional streaks of blue

shale.

235 545 Blue shdle

345 555 © Sandy clay .

555 567 Variegated sand

567 568 Blue shale

568 581 Coarse variegated sand, with stfeaks of blue shale
581 750 " Blue shale with streaks of sandy clay

750 880 Variegated sand with streaks of blue shale



¥, PASO NATURAL GAS COMPANY AP

WATER WELL DATA REPORT | el
* Well No. i =

* Well Drilled By _ _ ™ ‘ -
.ing Campletion Date [o=SP - PRlle -22 ) i-E1

;f{,éw’bﬁzcaﬂ. ’ngf;’/

1 DATA

TOTAL WELL DEPTH - TEOD | s s vees e
STATIC LEVEL (TOP Tozeo-rrom Y
mm{} IEVEL (TGP TOB'DTM) "E‘EET s e s BI RIS E RSB ER SN
DR&W D‘OWN FEE:T e e T E S RN E R L ST R RS SRt
PUMP SEIIIING sdenenasssrsertassdssase e e EEPRMSRRRR Y

PUMPING . CAPACITY GoP.Mi sacccasconnercans senune

--------

XO. OF FLATS IMPELLFR RATSED FOR TEST cccevscrnvans -
TEST. SUPERVISED BY voneeraasscessssaseosesssnsesssaenss 0.8, Peacore

MAKE +vveennns TS T et —a— ur..._Peeriess :

MODEL saasamsrma s s asEssesEsTRETILITEFESESIE RS seressassen _

TIPE otu.leno..ooobn.cooa-.nn-tuoxuntaaolo-to--.-u-itlo mm (WML
C.BPAQITYGPMO .".'II".IIQ.I..'I"".I'.I'OII-‘. 5

SERIA‘L NUMBER OF PUMP «vuvvsresvanosanssecessssnansnses

Rmm ll..-'..“.

COLUMN SIZE vuvevereones . ;

§O. OF BOWLS .eeveecnsss bR A DU -+ 5. 7 — Element

MOTOR DATA , Bize RO. 25

T T T D RO ¥ iy P Electrio

. —————e S —— 503XAZD
RATED EP ... : :

VOLTS vv... R TR R TR 05553?’ 3 phase
SERTAL NUMBER OF MOTOR +ovvevnenvonscores At
“Type K

1 DATA (TOP TO BOTTOM)

.+ ____¥T. CASING SIZE oo sp  Bpeed 1755 REH
—___FT. CASING SIZE
___FT. CASTNG SIZE
___FT. CASTHG SIZE
FT, SCREEN INSTALLED

F7. SCREEN INSTALLED =

_____¥T. PERFORATION H138652
R OF PERFORATIONS PER FOOT
JXTMATE TENGTH EACH PERFORATION —__TN. .

CASING SEAL p(S8435211

WS

ATTACE DRILLERS 1OG & COPY OF
WATER AFALYSIS WHERE AVATLABLE s

PHIE’.PREE) BY

12/21/50

DATZ

R ARLEA

G0550650



# Correcled to agree with
forzation samles taken
avary tan feet) see clas-
Meation shee®. for detzils.

fm

RATEH WELL N0, 2 “FOCK WETFR STATLIH

N EPNG well #2
of :
Drillerts
log * Casing
Depth in Thicknesx in Schedule
Feat Fast. Formatiosn o
O T
Sant
Travel
Buyl & Jravel
‘Clay {no pample sitniited)
gand & Gravel ! o
3
Gravel Q
CLay ; g
- 180-F3 z.i - e ¥
: Clsy, Sand: % Oravel E
2/4 Y.t 5L
RTL, Ttk wersl : |
with =wme Claw . ‘ {
: i
-t '
27 - PL
= ;:—1!? " =2 - S
7 - 33y s
F e e 1 _— — — —— e ST 1[ 1 Eg:
AEES
47 —l‘! B8
Sand & J-avel { WATER ) I|I :l; o
{ H% =
1l e
5 o I‘ I %
iy 4076 [l i 8
Z; [ welse } | %
’ I g
. R E
o i
cd- 1283 Sand & Gravel, { WATER ) A o]
. slightly osmented i 3
N =-
IR &
fje;rF Tutsva/ A l?
J HiL leR
331~ 493 e
503~ 25 TD "%

NTE: Perforations are 1/R" 2177

spaced L* apert along the

length of the pips in B stag-

gered roms LS degrees apart
sround 1tz clreumlerenes,

TRILLING CONTRACTYR
Folk Zrilling Co.
Rodeos, Hew Hexlco

Dats Begun: - B26-53 .
Dxts Completed: A-1%-93
Pig Type: Bucyrua-irie
; Model 2L
Spucder
Drilling Tima: 166 hrs,

WATER ARALTS:S
oA 2t v
Tatal Extrass s T, 197
Calclim a= H}A A g
¥agnesi = az oeDy a2
P Qkalinity 2= 0
Total Alk=linity &=
“hlorids ax Q1
Sulfete &3 Sﬁh
Silica an 5109
Irdn &n Fe
Ylourlde as F

Total Digmolved Solids 6l3
o upnswgl a3 gru g7 !
PPN CEST
Statlc Level 215¢

|
|

TDs

L

643 ppm

g L
= U :
?: 2 '
5 .
¥ 3 3%
* o 5 -

AR N

0 5c 100 130
| DISCHARGY IB GIW
LOCATION:

¥E L/ of S 1L oof MW L fG
of Sec. 1L, T#S-15-K, !
-205-% |
Elevation =

skt

BL PASY HATURAL GAS
CTUPANY

Trenamissdon Departmant

£ Fass Texsas

Do, Ho. GL=151




Oh-'&fnm 'r (?‘Jr;
TOPOCK METERING STATION - WELL #2
Log of Mormations

From To

(Ft.) !Ft.[ Description of Formations
Q 50 Surface Sand

50 90 Sand - Coarse Gravel
g0 120 Oravel - Coarse Sand

120 125 Gray Clay

125 155 Medium Sand

155 160 Hedium Gravel

160 168 Gray Clay

168 185 Blue Clay

185 235 Blue Clay

235 2ﬁ5 Blue Clay
5 347 Blue Clay

347 350 Sand - Gravel (Water at 347 f%.)

350 365 3and - Gravel

365 %53 Sand - Gravel

373 2 Sand - QGravel

382 g0 Sand - Qravel

390 ) Sand - Oravel

400 410 Sand - Gravel

4o 4120 Gravel

420 - heo Gravel

4po . hok Gravel

4ok 430 Fine Gravel

430 460 Fine Gravel

460 480 Fine Gravel

480 Lot Gravel

kg7 503 Fine Gpavel -~ (Hard)

This information extracted from dally drilling reports.

Southern Division Laboratory
March 18, 1955

PGS435186

H13862g (é}

PG40106617



_Form 5-7
EL PASO NATURAL GAS COMPANY

WATER WELL DATA REPCRT

_ Topock Meter srartox
Water Well XNo. 2 . 5 2
Weter Well Drilled B?_E.DJJ:LDI’JJ.].mg_QQ.__ " EPNG -7
Drilling Campletion Date dJune 19, 1953 . -
WATER DATA
TOTAL WELL DEPTE = FEET vevireenonsenronsnraconcanensss 203
STATIC LEVEL (TOP TO BOTTOM) - FEET ........ SV i 214 after 21 hr. shutdown
PUMPING LEVEL (TOP.TO BOTTOM) = FEET .vveveeerecnceces.. 2080
DRAW DOWE = FEET +tvueoenvecnnncensssesnnvonsaseancenes TO
PUMP SETTING av e vvnsvssosnsnsosenenns R |10 s T8~
PUMPING CAPACITY G.P.M. vevvvverennnns N
NO. OF FLATS IMPELLER RATSED FOR TEST ...o...
DATE ABOVE TEST TAKEN +......ce... R RV b A2/ /sl
TEST SUPERVISED BY vuceervevasenseeses Creerarane Creeeen J. T, Blitson
FOMP DATA :
[ g e ey PPN - < | < b o <Y1
WOBHEL. & vovnsngveiss R R R e e
TYPE ¢ v e eenanaasnsnasaensssesonsosesssnsnss PR SHie-Lift {temp.Conpensat.)
RATED CAPACTITY GuP.M. tvvvieevncacosesnnnsassconnosnes . %Bm
SERTAL NUMBER OF PUMP +rvussssecsencensesonanse
ROD BIZB ..oiivensni e e RS ...............__niﬁ-fﬁ“
S o e s cieere—2 _Standard (T
NO., OF BOWLS 4vevvenvvnnnanocnse R — AR Hi-Lift Pumping Elemen
‘&?;MQZQB__AI,& ¢ o wSyE mwdeeR w3 - 8ize No. 53
s S S S W e R o S ~¥.8. futo Stapt
Monm WO e e e i A T
G- F s g R ot Ao .
BYPS vureerienenrararannens et reenearaaas NS 40/20
VOLTS ...... Sl Cereans e e e 220/840, 60 n, I phase
BERTAL NUMBER OF MOTOR »ooooonoonomnsneommmiiri " 961490
Type CFU-H
CASING DATA (TOP TO BOTTOM) . . .. —ovovo oo oo o - .. . Frame 326-3
Code 7
FT. CASING SIZE _____ — . Design B

—  ____FTP. CASING SIZE
— —_FT. CASING SIZE

FT, CASING SIZE

—  FT. SCREEN INSTALLED
— _FT_ SCREEN INSTALLED P
e FE. PERFORATION ~ ~
KUMBER OF PERFORATIONS PER FOOT
APPROXTMATE LENGTH EACH ?EE{JORATIOH_]H
TYPE CASTNG SEAL

PGS435185
REMARKS :

ROTE: ATTACH DRILLERS LOG & COPY OF

WATFR ANALYSIS WHERE AVATLABLE _ . B & John L. Allisen

H138627 13055 /
BATE =t
G EL AT TR G0550635




; Well #2 Topock Camp

DEPARTMENT OF WATER RESOURCES
99 EAST VIRGINIA AVENUL
PHOENIX, ARIZONA 00004 7

REGISTRATION OF EXISTING WELLS

READ INSTRUCTIONS ON BACK OF THIS FORM BEFORE COMPLETING
PRINT OR TYPE — FILE IN DUPLICATE

(174

FOR OFFICE USE QNLY
EGISTH. o, 55 /; 7g
REGISTRATION FEE (CHECK ONE) fiiaiarion:. 4 S ;
FILE NO. ==
EXEMPT WELL (NO CHARGE) O - igz /83,53
NON-EXEMPT WELL — $10.00 g e i
INA -
AMA  — %

Name of Registrant:

El Paso Natural Gas Company

P. 0. Box 1492 El Paso Texas 79978
(Addrass) (City) {5tate) 1Zip)

NE{(:#L z

File and/or Control Number under previous groundwater law:
B(16=-20) 14 hea 35-
[File Mumbar} {Control  Number)}

a.  The well is located within the _NE Y SW % HW %, Section 14

1]

of Township 16 N/Z, Range 20% EW, G & SRB & M, in the
County of Mohave

b. If in a subdivision: Name of subdivision
Lot No. , Address

The principal use(s) of water (Examples: irrigation - stockwater - domestic - municipal - industrial) _
Domestic '

If for irrigation use, number of acres irrigated from well

Owner of land on which well is located. If same as Item 1, check this box &1

[Address} (City) (State) ~ izied
Well data (If data not available, write N/A)

a. Depth of Well 503 feet

b. Diameter of casing 10-3/4 inches

c. Depth of casing 503 feet

d. Type of casing Steel slotted

e. Maximum pump capacity 0 gallons per minute.

f.  Depth to water ?/&“/,] i : feet below land surface.

g- Date well completed [Mgmm !Dz:!-\?} i[.‘?egri? .

The place(s) of use of water. If same as Item 3, check this box [,
SW % WW % %, Section ___14  Township _ 16N Range .20%W
Y Y %, Section Township

Range

Attach additional sheet if necessary.

DATE d*&é:ﬁl——' SIGNMATURE OF REGISTRANT M'LEM
7 J




STATE OF ARIZONA
L( DEPARTMENT OF WATER RESOURCES
15 South 15th Avenue
Phoanix, Arizona 85007 "

WELL DRILLER REPORT 0T | 5 1990

This report should be prepared by the driller in all detail and filed with the Degartmént within 30 days
following completicn of the well.

1. Owner EJ, PASQ NATURAL GAS COMPANY

Name
8645 RATIROAD DRIVE EL PASO TEXAS 79904
Mailing Address

2. Driller ODOM'S INC.

327 N. 1lst STREET BUCKEYE Nae ARTZONA 85326
' Mailing Address
3. Location of well: pun 16N ROE 20%y SEC. 14 NE, qw_,_uw_ 3
4. Permit No. 55-529685 EPD@.,L
(If issued) m (778
DESCRIPTION OF WELL
5. Total depth of hole 500 ft.
6. Type of casing STEEL .
7. Diameter and length of casing 8 in. from 0 to 500 , in from to
8. Method of sealing at reduction points STEEL PLATE
9. Perforated from 322 to 482 , from_____to , from to
10. Size of cuts 3/16' Humber of cuts per foot 20
11. If screen was installed: Length  ft. Diam___ in. Type

12. Method of construction

drilled, dug, driven, bored, jetted, etc

13. Date started OQCTOBER 1 1990
Month Day Year
l4. Date completed (QCTOBER 7 1990
Month Day Year
15. Depth to water ft. (If flowing well, so state)

16. Describe point from which depth measurements were made, and give sea-level elevation

if available

17. 1If flowing well, state method of flow

regulation:
DO HOT WRITE IN THIS SPACE
18. Remarks: 8" CASING INSTALLED AND WELL
CLEANED OUT ONLY: REG. No.
55-529685
File No. B(16-20.5)14 BCaA

enceres ENTERED OCT 1 6 1980

i

DWR-55=55-2/89



¢ .~ ARIZONA DEPARTMENT OF WATER RESOURCES
500 North Third Street
Phoenix; Arizona 85004
WELL DRILLER REPORT

This report should be prepared by the driller in all detail and filed with the Department within 30 days following
completion of the well.

MEREITETR

v E
i

LMJ'{R 3.3 1

\j'

I DRILL-TECH, INC. TPRRRE
P.0. BOX 3568 RECORDS MGT

CHINO VALLEY, AZ 86323-3568
ADOT— Mo/ W6l/
5 i Nov £49 9
2. Owner Name: ADOT
Address: 206 & 17th Ave 176 A Phoenix Az 85007
Gty v RZOW State Zip
3. Location: 16 N N/S 20,5W E/W _14 % _Nw % NE s su
Township Range Section 10-acre 40-acre 160-acre
4. Well Registration No. 55- 577479 (Required)
o 5, Permitt No. (Ifissued)
- ] DESCRIPTION OF WELL
6. Total depth ofhole 530 ft.
7. Typeofcasing  Steel S g2
8. Diameter and length of casing  16in. from__ 0 to 20 12.7%mfrom_ 0 to__ 530
9. Method of sealing at reduction points
10. Perforated from to, Jfrom to from to
11. Size of cuts Number of cuts per foot
12. If screen was installed: Length ft. Diam in. Type
13. Method of construction Drilled

(drilled, dug, driven, bored, jetted, etc)
14, Datestarted October 18, 1999

Month Day Year
15. Date completed__November 18 1909
Month Day Year
16. Depth to water, 220 ft. (If flowing well, so state)

17. Describe point from which depth measurements were made, and give sea-level elevation if available

18. If flowing well, state method of flow regulation;

19. Remarks:_ 12.75 .250 wall
' s/blank 0-257' 8.62" 200° Be NO’;;VF%EEAEJSEDSF’ACE
blank 120! Rf:gistraﬁon No. 55-577479
D 304 wire ;iiﬁ?;?ﬂww 14 CAB .
pwr-55.55.795 %GR 200" Entered By.

ANSH £2F7 ¥ad 1 2 2000

£



D4 Arizona Department of Transportation Wells
(ADOT-New, ADOT-0I1d)




LOG OF WELL Lﬁ@dTrﬂJﬂU‘QﬂgJ
Nov. (999
Indicate depth at which water was first encountered, and the depth and thickness of water bearing beds. If water is
artesian, indicate depth at which encountered, and depth to which it rose in well, .

From To Description of formation material
(feet) {feet)
0 52 Sandy 8ilt Caliche
52 72 Silty Sandy Gravel
12 92 Silty Cravely Sand
92 102 Silty Sand
102 180 | Silty Sand & Gravel
180 210 Silty Sand & Claw.
. 210 2'-30 Clavey Gravelly Sand
i 230 240 sand
240 278 Sandy Clay
= 278 293 Claystone Tightly to moderately
293 310 Clayey Sandy Gravel
310 330 Sandv Gravel
330 340 Eoot siove Sample
346 528 Sandy—&ravel

T hereby certify that this well was drilled by me(or under my supervision), and that each and all statements
herein contained are true to the best of my knowledge and belief.

Driller Name: DRILL-TECH. INC

P.O. BOX3568
Street

CHINO VALLEY, AZ 86323-3568

City Sltale | Zip Phone I‘"
Hakh L. B 3-02-C0

Signature of Driller Date




. THICKNESS:

WELL DESCRIPTION

LOCATION:
7

WELL NO, OR OTHER !DENTI-F!Q&TION;

DRILLER:

A'Rlzﬂﬁ

HIGHWAY DEPARTMENT . Poapsi pxz g
Elﬁ?{@ DG DEvEL P
P afE
ARIZONA HIGHWAY DEPARTMENT
ROADSIDE DEVELGPMENT DIV. Shee t 2 oF A

7

AL D5 000

2

TOP DF CASING TO BE

| FOOT ABOVE GROUND LEVEL -

GROUND LEVEL —\

CASING WAL L

P

PERFORATED.

FROM ' Ta g

FROM : TO =

LBy o ﬁ-,/é‘/? o

ADot-old

ADORESS: _Zﬁz?m /4;-&.

DRILLING LOG - Colngr
DESCRIBE FQRHATIDNS ﬁND GIVE DEPTHS FOR EACH
TYPE OF MATERIAL. SHOW FOF!MATIONS ON GRAPHIC

LoG .l\! S0 BY.USING SYMBOLs sHowN ON THE BACK OF
THIS SHEET- . 4

Todoind

S losemy  &ase e é};”M/?’ B

r .
= Rnaa .
WATER LEVELS v 4 i '
e R Ea R S ESE [Tetnna 2 L -
INDICATE ALL WATER N et L, Fire 52,%‘/’/_,,%/
ZONES ON THE GRAPHIC - ST i e
LOG AT RIGHT WITH DEPTH q 0 M s ' - - .
AND THICKNESS OF EACH \'\\\ ¢ LS egs B - : '
n SR 1Y
.ZONE. \;\ 2 ;ﬂ;oﬂv :l} oo ] {?@U,r? 47[ /f/’}\-;/ 60 .Jo ?0)
S _%fa@& Gravel St 127 toiiny fo §O7
3 i i _'“‘ . T "
’ i " /pdpr,:;r Ié’ gna’-d‘a/lyﬂ"‘é/ .
! Litrrse Sporet . R T R
QUANTITY .. ) - s PN : 5 5 s,
_ GIVE AMOUNT OF WATER Q @-n.;b/ - e -Gfm'_ﬂ/':'o’«'rfé_/ .
IN EACH ZONE AND NOTE . -y ; E ) ! o
WHETHER THI5 IS AN ESTI- %} y )
MATE OR BASED UPON A Wt ea e 7O ) y
BAILER TEST.' fiara S Sond & oy -
= N - .
LR ‘C\-\'{:'E .‘;_é_'__
et e n e et
S /aa

TYPE OF SHOE:

AHD B0-4415 1-89

~Uze second sheat if necezczary <



U9y L J7 LUDJ L. el Ul 7l SHAUa Fhirat 8 YIFT 0§ et . Sff =T 'y B P e e Nl

= ARIZONA HIGHWAY DEPARTMENT —
WELL DESCRIPTION LOG

-y

--7//?/7?1 T/‘;r«. f/?&ﬁa

(Date)

WELL DESCRIPTION | J/é‘d?" 5 70 4
LOCATION: Hz;ﬁarf-/é ///J&/ﬁv‘.{ ﬂﬂ'f-‘}_{;’ “,4;2.'_%?’. /fa;é;‘f COUNTY: //{4_—;/5'

WELL NO. OR OTHER IDENTIFIGATION: 2 AL D 5002 DATE WELL COMPLETED: m

DRILLER: ER N LY ADDRESS: A/m-/azm Afﬁw

gy T DRILLING LOG

DESCRIBE FORMATIONS AND GIVE DERTHS FOR EACH
TYPE OQF MATER|AL SHOW FDRMhTiDNS ON GRAPHIC

: LOG ALSO BY USING 5YMBOLS SHOWN ON'THE BACK OF
TOP OF CASING TO BE

: T
| FODT ABODVE GROUND LEVEL LRt
‘GROUND LEVEL PRl A
\ - _ S /ﬁw; --'-'/f/:_’f -
U W/// < -
/e b
- . AN
CASING WALL -;:“‘_:-H‘-’- | sr0” .
" THICKNESS: \ “ T =0 ) J / LR
p-222" \h _ '5_::\,_:“ L S B é‘a/r .
J . -7—.‘":\’:;\:‘ g 2 AR I, . ’
== e 2 "_\_u-\'d T -_‘/&9
PERFORATED ; o e )
O il St | B :
FROM : ' TO - ST b o ;
= an 7 L = P ate 3 I'.*—
FROM ! 7O o e SRS C’/éy /‘,ﬁy& :4;;“*?'-’"4-"-? = By
= : : S

= =L et by (et 7D
- = = < I;rv"f-"frﬂ’}/"g
" WATER LEVELS N s Foe] £ oy
. . o L, T ey H

INDICATE ALK WATER N Thoe ey I " &

ZONES ON THE GRAPHIC Q: \“;‘“‘;‘:\“;"\,‘ﬁ SR Pt Send £ df’fﬁ/ R,

LOG AT RIGHT WITH DEPTH b\ R Pog S5t 59 I . '

AND THICKNESS OF EACH L N T : B e — 55

ZONE. R ' 4

3 L H

i — = ~—
T - v
T e
T | WAL
. Py
3 - ; cees 7--.-—r-r‘:§-'_—— == L
QUANTITY . ik 1 "
o o T —- fE2
GIVE AMDUNT OF WATER - -—;‘-r 3.
IN EACH ZONE AND NOTE . i AR e
WHETHER THIS IS AN ESTI- N Cosom ; : :
MATE OR BASED UPON A TN 72 g VL i B . )
BAILER TEST. \E; e vte Savd fridBi Ll Pka Heavecy fdr/
’ N — o~ : ga v T - 5 . 1
b\’ -P_-§ ":'r' Lot Ioes s e ? - /{j/:f‘,-(_ fie e
- ™~ 200" i H g

TYPE OF EHOE:

. Uze zecond sheat. if necessary -

AHD B0-4415 1-69




Tl THH e ol i ol S vl wn el 8 el Sl ol e 1 dada el e Tl Tt 1 AN D el h Rfl s L L hcnn ALl s ni )

. N : . " y -
il . (
! ) ;

S ARIZONA HIGHWAY DEPARTMENT

WELL DESCRIPTION LOG

Sl 2 i 5 S
chne_} l /

WELL DESCRIPTION : K sheet 2 of &

LociTion: __ I Pock:  maa?.  Camp - da Af}V ‘,?f;'_ff county: Mok #DE

T

WELL NO. OR OTHER IDENTIFICATION; AEE Dsoso — DATE WELL COMPLETED: {//{4/"3——
DRILLER: Ppestpar Péa’ft&f ADDRESS: K?»@‘?MM . ;QFI 2.
L e e "R DRILLING L.OG

DESCRIBE FORMATIONS AND GIVE DERTHS FOR EACH
TYPE OF MATERIAL. SHOW I'-'DFIMAT_'IONE oON GRAPHIC
LOG ALSO BY USING 5YMBOLS SHOWN ON THE BACK OF

TaP O6F CASING TO BE THIS SHEET.

| FODT ABDVE GROUND LEVEL -

GROUND LEVEL

: %))//':\A-'_ — T _’:\ | |
~ e | |

1.-—--— :‘.-
CASING WALL - - Bleg B
THICKNESS, iy eetels L Bl i BonForile, Cfey . )
o327 % E"'_‘ ¢ gadeds
e
[ - T i ,
2 o 220
= . T T .
PERFORATED .
. FROMZZ22: To . T65" ]
FROM t To i = =TI 282
——l~ 240
: ! e 5
WATER LEVELS e _
! o < e g . ¥ ¥
INDICATE ALL WATRR agsj el Goreve!  — Ectrmetod /‘_ ?’”’7
ZONES ON THE GRAPHIC = o 25 25 s z5p
LOG AT RIGHT WiTH. DEPTH N ==L :
AND THICKNESS OF. EACH N —— : ‘
ZONE. b | . ) i ol e
N (B Gy By Mosibose
i)
- _"h‘ = = I
—_ - 272 “
T S S : )
= - ‘;ﬂ—"__"—'-*-"_-_-- - ' P S i g ST
- QUANTITY" Y el S {/9{«.‘7{4’ )/W%ﬂa) 5./5:/3%4//1} /ﬁw\és a/,z::%’.’:)
2 ; tIL_iL '»—"\—5'2;-' - o : % ; . : :
GIVE AMOUNT OF WATER W e,
f— "n". -
IN EACH ZONE AND NOTE . PN D, wasid & ‘-’/‘:f (ﬁa# é‘aré"?t-'-a/_)
WHETHER THIS IS AN -ESTI- == i ;
MATE OR BASED URON A4 WAL 270. @ . .
DAILER TEST. ,z&-‘* e
v N =

SN - 2ge

’,.. _'g?-‘ .-..\\r-. ' é L 5?:—-:&!—’-/ \J;f‘:é);idé & ';,‘zeiu {_;_xgpéj 7(:::'7)!.:‘#4 ?é

e P e

TYPE OF SHOE: AT : . C e " -
' w ke zep' 4 2407 joseilf ome e for 3H0 A 773,
',{?%;4»; /a:{'ma/ e _7‘/7_5-;/ o — e ,Jé_‘gn >3 ‘7/,,9_, J’Mu}; 1
Y ot et s i : ;
Cee ij:e ;/:‘:an sheet i; nece?s%ry'- i '5/4/?,2“ 3
. 3 i g1 ) ) P .
AHD §0-3415 1-69 _ f:‘{ :j:;éf“""ﬁ 2;" g7 ﬁ.ﬁ?ﬂ{ FATINNC” 2 7= s SRy
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3 . L
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ARIZONA HIGHWAY DEPARTMENT ~
WELL DESCRIPTION LOG

oz o o

I'Durfn)

. 5/24/4;,,4’4

WELL OESCRIPTION

LQCATmN.EFatf/ ,//”r, .4,«-»-,&: ”%2~/@%_GOUNTY %Aﬁf

WELL NO. OR OTHER IDENTIFICATION: #FE Pspwz T DATE WELL COMPLETED: .@A@?ﬂ

ORILLER: ﬁr’e#» ,ﬂ/:-nmﬂ/ e ADDRESS: 7@;‘?/#/”' ’/_%-?._»,

. 4 DRILLING LOG .
ADOTT" ol DESCRIBE FORMATIONS AND GIVE DEPTHS FOR EACH
SESRSLN SRS TYPE OF MATERIAL, SHOW FORMATIONS ON GRAPHIC
Y i LOG ALSO BY USING §YMEO OWN .ON THE BACK OF
ToP OF CASING TD BE B o R BB el v

: THIS SHEET- - . t
1 FOOT ABOVE GRUUND LEVEL n .

GROUND LEVEL

//\*‘ ’ YR

CASING WAL L
THICKNESS
£.322"7

PERFORATED R
FrROMZZD: 1085

FROM . TO

WATER LEVELS-

INDICATE ALL WATER
ZONES ON THE GRAPHIC
LOG AT RIGHT WITH DEPTH
AND THICKNESS OF EACH
ZONE.

- day

SATETY : /1?‘{”/:" :

GIVE AMOUNT OF WATER .
tN EACH ZU!‘iE ANDMNOTE vy B
WHETHER THIS IS AN ESTI- A
MATE OR BASED UFON A / o T ot '
EAILER TEST. s PSS

- : -/ g e

== ﬁdﬁ‘rbw g ﬂ'ﬂfé ??'5'_‘

il

-_ Pl 5 é?vg?/:—fw?é() f/ﬂw/y Aéfa/ . ,5?‘:)9"*&94/

T‘!’PE aF SHOE
5’ o - )’-‘;r?z Aro i Freated
/Par-fw&// 2" fovaness Fo-52

= Ure second sheet if necessary -

" AHD 60-4415 1.89
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Wl e WA WA

Al

NA DEPARTMENT OF TRANSPORTATION

MAINTENANCE SECTION

PUNP AND WATER SYSTEM DATA

DATE 7/1 /99

LOCATION:
NAME M@fﬂ{[e Mﬂjri’\. /M!Q AdIT- Ol e (/ SYSTEM NO. Og“%OB
aooress __ =40 none No. 268-435°S
REQUISITION
NUMBERS
x%‘ MAKE MODEL I INSTALLED He VOLTS | 5 AMPS | R AMPS | PHASE MEGS LM. L.c. M.C.

=1
g;g Cronklin 789 7.5 130 [13.0 | \®a | > L3 2 | 2.4

2 :

< lbrondBos loos15R|/0/29f4k | B | 0 IS "

o | etk DRILLED DEPTH DIAM | cAsiD ’;j.",fﬂé granie Ml | DUAN |SECUMBWY]  SURE. TANK

g T ] = )
ak 1P oo d 672 | 337 d” (% 55 (200" RIS |92 (Ogpm |3 /300052 )
: - LfOO fessore
PIPESIZE | LENGTHS CALes | SPECIAL FITTINGS - 81ZE AND DESCRIPTION

s 9" |90 | 96 15 D auocs
;JEE .‘! I T [ T

) SIZE Q =1

HAKE MODEL FUSEE | WIRE SIZE" [ProTecTioN DEVicES ves no

¢ _
s58funas [size d [SORT[F6  |uows ameorons| T/ [B cooh = kolaride DALG -3-53

=X
sad TYPE PHASE PROTECTORS v 230'}'/‘/3;3/;“2 #p-Fornas EsPIOO

st C/a) j4DsFss AA

COMMENTS DH THE WELL:

meawz

W&Lﬂuma

7/1/99

§

Aso conlaino M L@‘.UMM Asew /0" WM/M35%W

5;»@*&\@1@@

e

58-4401 8/77

{FORMERI Y RA_RETE



Appendix E
Caltrans I-40 Bridge Boring Logs
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