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1 Executive Summary

For their Bloomfield Refinery, San Juan Refining Company, a wholly
owned subsidiary of Giant Industries of Delaware, authorized R.T. Hicks
Consultants, Ltd., to:

= evaluate existing environmental data
= conduct additional field programs
= evaluate feasible environmental remedies

= select an appropriate abatement option

revise and update the existing Discharge Plan

create an Abatement Plan to supplement the Discharge Plan

address outstanding environmental commitments outlined in an
EPA 3008(h) Administrative Order

This submission is Volume II of the renewal application for groundwater
Discharge Plan (GW-1) for the San Juan Refining Company’s Bloomfield
Refinery (the Refinery). Volume I of the Discharge Plan addresses
wastewater discharges from the Refinery. Volume II addresses
abatement of hydrocarbons and other constituents of concern in
groundwater. Under separate cover to the US EPA, San Juan Refining
Company will submit the revised Corrective Measure Study, which is the
only outstanding commitment under the 3008(h) Administrative Order.

Since 1984, the Refinery site has been the subject of numerous field
investigations, most of which generated reports. We examined a 15-year
record of surface water sampling, a 12-year record of soil and waste
sampling, and a 13-year record of groundwater sampling, as well as the
interpretations of these programs in the existing reports. These previous
data and soil and water data, acquired in 1998-1999, are all presented,
discussed and interpreted in this document.

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
AND ABATEMENT PLAN — Giant Blesmfield Refinery
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Although we relied on data collected by previous site workers, our
conclusions and recommendations are significantly different than those
presented by others in previous documents. One reason for the difference
of opinions between past submissions and those presented in this
document is the evaluation of the April 1999 sampling program. In April,
as suggested by the New Mexico Oil Conservation Division, we sampled
44 wells for over 80 analytes. Such an intensive sampling event had
never occurred at the Refinery. The program yielded a significant body of
data. Much of these data contrasted with conclusions and opinions
previously advanced by other site workers. The conclusions in this
submission use the new data while honoring past results. Another factor
that contributes to the divergence of opinions is a large body of technical
work conducted by the EPA and others on the efficacy of monitored
natural attenuation of constituents of concern. Authors of previous
submissions (e.g. Groundwater Technology, Inc., 1995) did not have
access to more recent information regarding the effectiveness of
monitored natural attenuation at sites with a relatively low risk profile.

Based on our evaluation during the 1998-1999 period, we make the
following findings:

1. Five lithologic units crop out at or near the Refinery. In descending
order they are:

= San Juan River Alluvium (present only north of the Refinery
along the San Juan River)

= Quaternary apron deposits

= eolian sand and silt (loess?)

» Jackson Lake Terrace sand and gravel
» Tertiary Nacimiento Formation

2. The San Juan River Alluvium is saturated and is recharged by the
river and, to a lesser extent, by springs emanating from the Jackson
Lake Terrace.

3. Leakage of water from Hammond Ditch (an irrigation canal) and
the Refinery raw water storage ponds (untreated water pumped
directly from the San Juan River) recharge the underlying Jackson
Lake Terrace.

4. Jackson Lake Terrace groundwater infiltrates into the uppermost
5—10 feet of the otherwise unsaturated Nacimiento Formation.

5. The eolian silt and sand that underlies the Refinery is unsaturated.

DISCRARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Blesmficid Refinery
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Navajo Dam controls flow in the San Juan River, located about 20
miles upstream from the Refinery.

The Refinery maintains water in Hammond Ditch along the north
edge of the Refinery during the winter, when irrigation flow ceases.

An unnamed arroyo cuts through the entire Jackson Lake Terrace
east of the Refinery. Because the arroyo is not in contact with the
Jackson Lake Terrace, natural recharge from the north is not
possible.

An unnamed arroyo south of the Refinery periodically recharges the
Jackson Lake Terrace.

Sampling of surface water from Hammond Ditch and San Juan
River did not detect volatile or semi-volatile hydrocarbons.

Sampling of sediments from Hammond Ditch detected petroleum
hydrocarbons at concentrations below regulatory limits.

A sample of hydrocarbon-stained alluvium obtained from the bank of
the San Juan River did not detect volatile organic compounds.

Soil samples obtained in 1985 from below the liners of the North and
South Oily Water Ponds (NOWP and SOWP) did not exhibit
characteristics of Hazardous Waste as defined in the Resource
Conservation and Recovery Act (RCRA).

Hydrocarbon-stained soil is evident beneath documented releases of
petroleum hydrocarbons in the petroleum storage areas and crude
processing area.

The hydraulic conductivity of the Jackson Lake Terrace is less than 1
E-5 m/s.

Throughout the period of groundwater level measurements (1985—
1999), groundwater in the Jackson Lake Terrace flows from east to
west.

The hydraulic gradient is less than 0.002 beneath the Refinery
storage and processing areas.

The hydraulic gradient west of the Refinery is 0.015.

BISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Bleamfield Refinery
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The saturated thickness of the Jackson Lake Terrace is as much as 8
feet in an area south of the Refinery processing area and is less than 4
feet beneath certain areas of the Refinery storage and processing
areas.

Separate phase hydrocarbons (SPH) once flowed from the Refinery to
the seeps along the Nacimiento Formation cliff, north of the Refinery,
and thence into the San Juan River Alluvium.

Due to hydrocarbon recovery efforts and other actions at the
Refinery, SPH is restricted to the Refinery area.

The following constituents of concern exceed WQCC groundwater
standards in at least 5 of the 44 wells sampled during the April 1999
field program: 1,2 dichoroethane, naphthalene, 1-methylnaphthalene,
aluminum, boron, barium, benzene, toluene, ethylbenzene, xylenes,
chloride, total dissolved solids, sulfate, cobalt, chromium, iron,
manganese, nitrate, and lead.

In general, samples from one or more groundwater monitoring wells
located up-gradient from Refinery storage and processing areas
exceed WQCC standards for: boron, chloride, total dissolved solids,
sulfate, manganese, nitrate

24.The highest concentrations of aluminum, barium, iron, lead, cobalt

25.
26.

27.

28.

and chromium generally are coincident with the highest
concentrations of petroleum hydrocarbons.

The samples for metals were acidified in the field and not filtered.

Between 1994 and 1999, the extent of benzene in groundwater has
remained essentially unchanged.

Between 1985 and 1999, groundwater samples show:

= benzene is generally not detected in wells up gradient from
Refinery storage and processing areas

= benzene concentrations beneath or adjacent to documented
petroleum release sites remain relatively predictable

= benzene concentrations decline in wells located several hundred
feet down-gradient from documented hydrocarbon release sites

Between 1985 and 1999, groundwater samples show:

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Blesmfield Refinery
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= TDS is about 2000 mg/] in wells up gradient from Refinery
storage and processing areas

= TDS concentrations beneath or adjacent to documented
petroleum release sites remain relatively predictable, about 2000

mg/1

= Samples were not regularly collected for TDS from wells located
several hundred feet down-gradient from documented
hydrocarbon release sites

29. Between 1985 and 1999, groundwater samples show:

= sulfate is about 600 mg/l in wells up gradient from Refinery
storage and processing areas

= sulfate concentrations beneath or adjacent to documented
petroleum release sites range from 117 mg/l1 to below the limit of
detection

= Samples were not regularly collected from wells located several
hundred feet down-gradient from documented hydrocarbon
release sites

30. In 1991 (prior to full-scale operation of the hydrocarbon recovery
system), SPH was detected in an roughly triangular area 1800 feet
(east-west) by 1800 feet (north-south)

31. In 1999, seven wells detected SPH within an oblong area 1000 feet by
325 feet.

32. Along the Nacimiento cliff north of the Refinery, benzene and other
petroleum hydrocarbons continue to seep from the Jackson Lake
Terrace into the San Juan River Alluvium.

Considering these data, we draw the following conclusions regarding the
site characteristics:

A. The groundwater flow regime has not changed over time at the
Refinery site.

B. With the exception of an observed decline in benzene concentrations,
groundwater chemistry has remained stable over time.

RISCRARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Blesmfield Refinery
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C. The concentrations of electron acceptors (oxygen, nitrate, sulfate) in
groundwater in wells up gradient from the Refinery storage and
processing areas is sufficient to cause microbial and chemical
oxidation of petroleum hydrocarbons.

D. A testing program is required to determine if the observed decline in
SPH thickness is due to clogging of older hydrocarbon recovery wells
or operation of the hydrocarbon recovery system.

E. Continued removal of SPH from groundwater and natural oxidation
of dissolved-phase hydrocarbons effectively mitigates migration of
benzene and other petroleum hydrocarbons to the south and west.

F. If the current concentration decline continue, groundwater south and
west of the Refinery storage and processing areas will exhibit less
than 10 ug/] benzene before 2010 (MW-11).

G. Data are insufficient to determine if oxidation of hydrocarbons will
occur in the San Juan River Alluvium.

H. Boron, chloride, total dissolved solids, sulfate, manganese, nitrate are
above WQCC numerical standards in wells up gradient of Refinery
storage and processing areas. The analytical record does not suggest
that Refinery operations, such as the former spray irrigation disposal
area or the former evaporation ponds, caused this condition. The
concentrations of these constituents in groundwater are a natural
condition.

I. Concentrations above WQCC numerical standards for aluminum,
barium, iron, lead, cobalt and possibly chromium are coincident with
SPH and/or benzene concentrations above 1000 ug/l. Investigation
into the provenance of these constituents indicates that they were not
released from the Refinery but were released from Jackson Lake
Terrace sediments in response to the anaerobic conditions created by
the release of petroleum hydrocarbons. After hydrocarbons are
removed from groundwater and oxidizing conditions return, the
concentration of these constituents will decline.

J. Petroleum hydrocarbons in groundwater are the only constituents of
concern that warrant abatement.

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABRTEMENT PLAN — Glant Bleemfield Refinery
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We used the protocol outlined in the EPA’s guidelines for conducting
Corrective Measure Study (CMS) to examine several abatement
alternatives. Our evaluation considered:

the site characteristics (hydrogeology, topography, etc.)

the characteristics of the constituents of concern (toxicity,
mobility, etc.)

the cost of the remedial strategies,

the present and likely future human and environmental
exposure

the performance, reliability, implementability and safety of the
abatement alternatives

The proposed abatement option consists of continued removal of SPH,
monitored natural attenuation and, in the area north of the Refinery, a

hydraulic barrier between the San Juan River and the adjacent alluvium.

JulyS,1999
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2 Introduction

2.1 Location and Access

The San Juan Refining Company Bloomfield Refinery (the Refinery) is
located south of Bloomfield, New Mexico in San Juan County, latitude
N36° 41’ 87", longitude W107° 58’ 70” (see Plate 1). The Abatement Plan
Investigation study area (Study Area) consists of the Refinery processing
areas, storage tanks and waste management areas, as well as adjacent
areas which exhibit subsurface petroleum hydrocarbons. Some of the
waste management units are in the northeast quadrant of Section 26,
T29N and R11W. The processing and storage areas are in the east central
portion of Section 27, T29N, R11W. Previously installed monitor wells
define an area south of the Refinery where petroleum hydrocarbons are
present in the subsurface. Studies also define an area north of the
Refinery, along the San Juan River, where subsurface hydrocarbons
exist. Plate 2 shows the property owned by San Juan Refining Company
with respect to Sections 26 and 27.

The Refinery is located on a bluff 120 feet above the south side of the San
Juan River. Plate 3 shows the Refinery and the Study Area of this
investigation. The top of the bluff is relatively flat, at an elevation of
5,540 feet above sea level. An unnamed arroyo flows toward the San
Juan River on the southern and western edges of the Study Area. East of
the Study Area, a well-defined arroyo cuts a small canyon from the bluff
to the San Juan River. Hammond Ditch, an unlined irrigation ditch, lies
on the bluff between the limit of the Jackson Lake Terrace (also called
the Nacimiento Cliff in this document) and the Refinery. The cover of
this report is a view east near Seep S-4, showing Hammond Ditch and
the Refinery.

July5,1999
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Portions of the Study Area are associated with the following activities (as
indicated in Plate 4):

= Petroleum processing

» Crude and product storage

= Crude unloading and product loading

= Waste management (closed units and existing facilities)

» Offices and non-petroleum material storage

2.2 Site Description and History

Plate 4 is a map of the Refinery, created in November 1998 and
representing conditions as they have existed for most of the site’s
existence. As Plate 4 shows, Refinery offices are on the western end of the
facility, along with warehouse space, maintenance areas, raw (clean)
water ponds for temporary storage of fresh water from the San Juan
River, and one storage yard containing used material (e.g. pipe, valves).
The former drum storage area, identified as a solid waste management
unit (SWMU) by the EPA, is also in this area. Processing units, located
north of the Refinery offices, include the crude unit, fluidized catalytic

» polymerization unit and hydrodesulfurization unit. Several product
storage tanks are present east of the processing area. The API separator
and wastewater treatment ponds are east of the processing area. The
wastewater treatment ponds are the north oily water pond (NOWP) and
the south oily water pond (SOWP), both identified by the EPA as RCRA
hazardous waste management units.

In the central portion of the Study Area, aboveground storage tanks
(ASTs) occupy a large portion of Refinery property. South of the Refinery
and across Sullivan Road are terminals for loading product and off-
loading crude, gas storage and the hazardous waste storage area.

The eastern portion of the Study Area contains closed and operational
waste management facilities. Until the end of 1994, Refinery personnel
used two clay-lined evaporation ponds and a spray irrigation area to treat
and dispose of wastewater. Until the end of 1998 (as Plate 4 shows), two
double-lined five-acre evaporation ponds and a Class I underground
injection well handled all Refinery wastewater. (It should be noted that
in late 1998—after Plate 4 was created—the former evaporation ponds
were converted into new Raw Water Ponds. Compare Plate 20 which
shows the configuration of the new Raw Water Ponds with Plate 4,

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Bleemfield Refinery Page8
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which shows the former evaporation ponds.) The former spray irrigation
area is closed and overlaid by an office complex. The fire training area
and the former landfill are also located at the eastern end of the facility.

Plate 4 also shows monitoring wells south of the Refinery fence line and
west of the crude unloading and product loading area. These wells define
an area where petroleum hydrocarbons exist in groundwater. The US
Bureau of Land Management (BLM) controls this part of the Study Area.
Subsurface hydrocarbons also exist north and west of the processing
area, between the San Juan River and the cliff that defines the limit of
the Jackson Lake Terrace deposits. This area is owned by San Juan
Refining Company.

A complete history of the Refinery, including improvements, expansions,
spills and investigations, is provided in the March 1993 “RCRA Facility
Investigation—Task I: Description of Current Conditions” report
(Groundwater Technology, Inc. (GTI).) Local entrepreneur Kimball
Campbell originally constructed the facility as a crude topping unit in the
late 1950s. O.L. Garretson bought the facility in the early 1960s, renamed
it Plateau, Inc., and sold it in 1964 to Suburban Propane of New Jersey.
As a protective filing, Plateau applied in November 1980 for a RCRA Part
A Permit as a generator of hazardous waste and as a Treatment, Storage
and Disposal (TSD) facility. In 1982, Plateau petitioned for
reclassification under a generator-only status. Bloomfield Refining
Company (BRC) acquired the facility from Suburban Propane (Plateau)
on October 31, 1984. Facility ownership was transferred to San Juan
Refining Company on October 4, 1995.

2.3 Previous Investigations

Between 1984 and 1990, the former owner of the Refinery, Bloomfield
Refining Company (BRC), contracted with several environmental
consultants to install thirteen groundwater monitoring wells (MW-1
through MW-13), three recovery wells (RW-1 through RW-3) and three
piezometers. These investigators also carried out a conductivity survey
and a soil vapor survey to assist in placement of the wells. These field
campaigns were conducted in accordance with New Mexico Water
Quality Control Commission (WQCC) Discharge Plan requirements, a
RCRA 3013 Administrative Order investigation, and a RCRA 3008 Order
and Consent Agreement to close certain land disposal facilities. Some
elements of the field investigations also supported a voluntary effort to
recover separate-phase hydrocarbons (SPH). To that end, BRC installed
six additional SPH recovery wells (RW-14 through RW-19), two
monitoring wells (MW-20 and MW-21) and an inoperable air sparging
well now labeled MW-24. All of these wells are displayed on Plate 4.

DISCHARGE PLAN RPPLICATION, SITEINVESTIGATION
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In December 1992, BRC signed an Administrative Order on Consent
(AOC) with the EPA. This Order required several work elements,
including a RCRA Facility Investigation and a Corrective Measure Study.
In order to fulfill the requirements in the AQC order, BRC contracted
with Groundwater Technology, Inc. (GTI). In the course of their work,
GTI and Layne Environmental installed two recovery wells (RW-22 and
RW-23) and ten monitoring wells (MW-25 through MW-34).

In 1995, San Juan Refining Company (a wholly-owned subsidary of
Giant Industries, Delaware) purchased the Refinery. In 1997, Refinery
personnel caused the installation of three monitoring wells (MW-40
through MW-42) south of the processing units to monitor hydrocarbon
distribution within the Refinery. Refinery personnel also had four
monitoring wells (MW-35 through MW-38) installed on Bureau of Land
Management property adjacent to the Refinery, as a voluntary action to
delineate the southern extent of hydrocarbons in groundwater.

In March 1997, Refinery personnel contracted with Precision
Engineering to investigate an area adjacent to the San Juan River.
Eleven borings identified hydrocarbons in recent alluvial sediments.
These hydrocarbons appear to have flowed from cliffside seeps, through
the talus slope and into the alluvium.

Table 1 provides a summary of previous site investigations.

Following are more detailed descriptions of work performed in response
to various orders and voluntary initiatives.

2.3.1 RCRA 3008 Order Investigation (1985)

In November 1985, in accordance with a RCRA 3008 Compliance Order,
BRC closed the south and north oily water wastewater ponds (SOWP and
NOWP), the onsite landfill, and the landfill runoff pond. Sediment and
some underlying soil were removed from the unlined SOWP and NOWP
and a synthetic liner was installed in each. Engineering Science sampled
the material removed from the ponds; subsequent analytical results
showed that the material did not meet criteria for classification as
hazardous waste (reactivity, ignitability, explosivity or toxic
characteristics).

In October 1985, Engineering Science collected and analyzed soil samples
from each of the oily water ponds from beneath the recently installed
synthetic liners. The analytical results demonstrated that the material
beneath the ponds did not exhibit hazardous waste constituents
(Engineering Science, 1986).

July5,1898
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During this same investigation, Engineering Science also sampled the
landfill runoff pond, which had been created as a result of blockage of an
arroyo during construction of Hammond Ditch. Again, the results were
consistent with the requirements for clean closure for the unit as required
by the 3008 order.

The EPA issued closure approval for the NOWP, SOWP and the landfill
runoff pond in January 1994. To date the EPA has not issued a closure
letter for the onsite landfill.

2.3.2 New Mexico Oil Conservation Division Discharge Plan GW-1
(1984)
In 1983, the New Mexico Oil Conservation Division (NMOCD) required
numerous wastewater dischargers, including the Bloomfield Refinery, to
submit Groundwater Discharge Plans. In 1984, NMOCD approved the
first of these Water Quality Control Commission Regulation discharge
permits, GW-1, for the Bloomfield Refinery. The plan, prepared by
Refinery personnel, described their waste management practices and
demonstrated that procedures at the Refinery would not cause a violation
of the WQCC Regulations.

In 1984, as a matter of policy, NMOCD did not exercise regulatory
authority over groundwater abatement matters if other state or federal
regulatory agencies were exercising regulatory jurisdiction at the facility.
At this time, the EPA was addressing groundwater issues under the
Resource Conservation and Recovery Act (RCRA). Therefore, the
NMOCD restricted application of the WQCC Regulations to current
Refinery discharges.

The discharge plan has been renewed every five years, up to the present.

2.3.3 RCRA 3013 Order Investigation (1985)

In April 1985, the EPA issued a 3013 Order requiring a groundwater
study at the site (Docket No. RCRA 3013-00-185), as well as analysis of
surface water during low-flow conditions.

According to Engineering Science’s final report (Engineering Science,
1987), the groundwater study included:

= an electrical resistivity survey

= installation of four groundwater monitoring wells
(MW-7 through MW-10)

= monthly fluid level measurements

BISCHARGE PLAN APPLICATION, SITE INVESTIGATION
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= quarterly groundwater sampling of wells MW-1 through MW-5 and
MW-7 through MW-10 for a one-year period

= a series of slug tests

Surface water sampling was performed in Hammond Ditch and the San
Juan River in April and July 1987, respectively. Engineering Science
submitted the results to the EPA on September 14, 1987.

BRC finished all aspects of the order. The EPA released BRC from the
order after submission of the final report.

2.3.4 Response to Inquiries from NMOCD (1988)

During the Discharge Plan (GW-1) renewal process in 1988, the NMOCD
began to exercise their regulatory authority over petroleum hydrocarbons
in groundwater. In response to various inquiries from the NMOCD, BRC
engaged Geoscience Consultants, Ltd., (GCL) to conduct a soil vapor
survey on BLM property located adjacent to the Refinery. Results of this
study were detailed in a report submitted in August 1989 (GCL, 1989).
During this field program, GCL installed three piezometers, two recovery
wells and one monitoring well. GCL also converted MW-10 to a recovery
well (RW-3). BRC then installed pneumatic skimmer pumps in nine
recovery wells and on January 4, 1989 implemented a product recovery
program.

The GCL report and other documents prepared by the previous owners of
the Refinery were part of the 1989 renewal application for the Discharge
Plan.

2.3.5 RCRA 3008(h) AOC (1992)

On December 31, 1992, the EPA issued another RCRA 3008
Administrative Order on Consent regarding the Refinery. This order
required several work elements, as described below.

2.3.5.1 Interim Measures (IM) plan

An IM work-plan was submitted and received EPA approval in May
1993. Interim measures proposed in the plan included the installation of
two additional recovery wells, surveying and gauging of all wells,
deployment of pumping systems in the new wells (if appropriate) and
startup of a hydrocarbon recovery operation. The “Interim Measures
Report,” dated March 3, 1994, describes these activities.

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Giant Blesm(teld Refinery
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2.3.5.2 RCRA Facility Investigation (RFI)
In fulfillment of the RFI requirements, two reports (“Task I: Description

of Current Conditions” and “Task II: RCRA Facility Investigation Work”)

were submitted, both in March 1993. GTI revised and resubmitted the
RFI work-plan, and the EPA approved it in November 1993. As detailed
in these reports, the RFI work was conducted in five phases:

Phase I: Soil Gas Survey

Phase II: Soil Boring Investigation

Phase III: Well Installation/Groundwater Sampling
Phase IV: Saturated Zone Testing

Phase IV Soil Vapor Extraction/Air Sparging Pilot Studies
Phase V: Stream Sediment and Surface Water Sampling

2.3.5.3 Corrective Measure Study (CMS)

A RCRA Facility Investigation/ Corrective Measures Report was
submitted in November 1994, summarizing each phase of the RFI and
compiling and evaluating the data collected. After reviewing the
document, the EPA recommended submission of a separate CMS along
with additional groundwater characterization down-gradient of MW-34.
GTI submitted the CMS in December 1995.

During a March 3, 1997, site visit by the EPA, San Juan Refining
Company verbally petitioned the EPA to permit substantial revision of
the CMS. Proposed revisions to the CMS will address recently identified
hydrocarbons in the San Juan River Alluvium, and will provide a more
thorough evaluation of intrinsic remediation (monitored natural
attenuation) as a stand-alone restoration strategy.

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
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2.3.6 Discharge Plan Renewal (1994)

In June of 1994, NMOCD approved the most recent Discharge Plan
application for the Bloomfield Refinery. In addition to significant
changes in wastewater management (e.g. closure of the spray irrigation
area, closure of unlined evaporation ponds, installation of new lined
evaportion ponds), Refinery personnel submitted all of the above-
referenced GTI reports addressing hydrocarbons in groundwater.

2.4 Objectives

2.4.1 Determine Origins of Hydrocarbons in Soil and Groundwater

As a result of past Refinery activities, petroleum hydrocarbons are
present in soil and groundwater beneath and adjacent to the Refinery.
Identification of the original Refinery source(s) of the observed
subsurface petroleum hydrocarbons will dictate which regulations will
govern site restoration activities: RCRA, WQCC or New Mexico
Hazardous Materials Management Regulations.

Since 1984, numerous field programs have provided groundwater
chemistry data of the Study Area. Surprisingly, recent submissions to the
EPA have not fully evaluated these fourteen years of data. Therefore,
evaluation of existing data, as well as additional investigations, are
required to define the origin of subsurface hazardous waste constituents,
such as benzene.

2.4.2 Characterize extent, magnitude and fate of hydrocarbons
Previous investigations have defined the eastern and southern extent of

subsurbace hydrocarbons, but not the northern or northwestern lateral
extent, or the vertical extent.

Previous investigations presented a saturated zone simulation model
(BIOPLUME II) that predicted continued migration of hydrocarbons in
groundwater. This prediction is not consistent with site data. We will re-
evaluate the fate and transport of hydrocarbons using a new model,
BIOPLUME III, which is calibrated to site data.

2.4.3 Abatement Objectives

The groundwater abatement strategy presented in this report will address
three objectives:

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
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1. In the unsaturated zone, reduce concentrations of Refinery
constituents of concern sufficiently to prevent migration into
groundwater and subsequent impairment of groundwater at any
place of withdrawal for present or reasonably foreseeable future
use in accordance with Section 4103B of the WQCC regulations

2. In the saturated zone, reduce concentrations of Refinery
constituents of concern sufficiently to eliminate toxic pollutants
and concentrations in excess of the standards of Section 3103 of
the WQCC regulations at any place of withdrawal for present or
reasonably foreseeable future use

3. For surface water, sufficiently abate Refinery constituents of
concern in the saturated and unsaturated zones to eliminate
concentrations in excess of the WQCC surface water standards

2.5 Current Status of Abatement

In June 1988, Refinery owners installed two recovery wells (RW-1 and
RW-2), three piezometers and one monitoring well (MW-10). MW-10
was converted to a third recovery well (RW-3), and air-operated
skimmer pumps were installed in all three recovery wells. The system
began operation in January 1989. In August 1990, the owners installed
additional hydrocarbon recovery wells (RW-14 through RW-19). Each of
these wells was equipped with a recovery pump to pipe SPH to the
recovery system. Two additional recovery wells (RW-22 and RW-23)
were installed in 1993 as part of the Interim Measures Work Plan
implementation.

The skimmer pumps are set at the water table/SPH interface. Fluids from
the wells are piped through coated and wrapped carbon steel sewer lines
to the API separator. Recovered SPH returns to the refining process.
Recovered groundwater discharges to the facility’s wastewater treatment
system, through the API separator to the RCRA wastewater treatment
units and into the evaporation ponds south of the former Spray Irrigation
Area. Water from the ponds is then disposed of down the injection well.

The pumps are approximately 3 feet long, 23/8-inch diameter PVC or
stainless steel with a top-fill port set at the SPH/water table interface. The
pumps operate on a timed cycle, with an average pumping rate estimated
at a maximum of !/2 gallon per minute. Each pump fills for a set time; a
timer then activates the pumping cycle and a compressor applies air to
the pump, forcing the liquid to the surface.

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
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Of the eleven recovery wells described above, four are no longer in use.
Refinery personnel discontinued hydrocarbon recovery in RW-1 and
RW-3 because they contained no SPH for several consecutive monitoring
events. RW-22 and RW-23 did not contain SPH initially, and therefore
were never equipped with pumping systems. The remaining seven wells
(RW-2 and RW-14 through RW-19) are active and comprise the current
hydrocarbon recovery system, though one of these is temporarily out of
service and awaiting repairs. Of these active wells, RW-17 and RW-19
are equipped to pump only SPH, while the remaining wells pump both
water and SPH. The system pumps a total of 1.5 to 2 gpm from the
recovery wells.

Because only RW-18 exhibits SPH, Refinery personnel will discontinue
use of all other recovery wells on NMOCD approval. Monitoring of SPH
and water levels will continue, however; if SPH is detected in any well,
Refinery personnel will re-activate the pump for that well. ’

2.6 Regulatory Considerations

Investigation and abatement of petroleum hydrocarbons and related
constituents beneath and adjacent to the Bloomfield Refinery are subject
to one or more of the following regulations:

» Water Quality Control Commission (WQCC) Regulations, which
address non-RCRA waste management and abatement measures

» New Mexico Hazardous Waste Management Regulations
(NMHWMR), which address management of hazardous waste and
abatement of such releases

» Federal Regulations (40 CFR 264 and 265) promulgated under the
Resource Conservation and Recovery Act (RCRA), which address
compliance with previously-issued orders

2.6.1 Non-RCRA Waste Management and Abatement
The Refinery currently maintains a WQCC discharge plan permit with

the NMOCD for management and disposal of non-RCRA waste. This
discharge plan addresses many processes in the Refinery, including:
= active evaporation ponds
= Refinery sewer systems
= Class I non-hazardous waste injection well

= groundwater pumping to capture hydrocarbons associated with the
past release of petroleum products from storage tanks

JulyS,1998
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After termination of the 3008(h) AOC, abatement of subsurface
petroleum hydrocarbons may proceed under either the NMHWMR or the
WQCC Regulations (Subpart IV, Abatement Regulations).

2.6.2 RCRA Waste Management and Abatement

The Refinery also manages RCRA waste, currently operating under
interim status pending approval of a Part A and Part B RCRA permit.
RCRA waste managed by the Refinery includes API Separator Sludge
(Kos1), Heat Exchanger Bundle Cleaning Sludge (Kos0), Leaded Tank
Bottoms (Ko52), Primary Oil/Water/Solids Separation Sludge (Fo37),
Ignitable Wastes (Doo1) and Benzene Toxic Wastes (D018) with
generation potential. Permits to manage these wastes are issued by the
New Mexico Environment Department under the NMHWM regulations.

2.6.3 Administrative Orders on Consent

As detailed above in section 2.3.5, in 1992 the EPA and BRC entered into
an Administrative Order on Consent (AOC) pursuant to the authority of
Section 3008(h) of the Solid Waste Disposal Act. The order suggests that
petroleum hydrocarbons in the subsurface may have originated from the
North and/or South Oily Water Ponds, which are considered hazardous
waste management units, regulated under RCRA. As detailed above in
section 2.3.5, the AOC requires three main work elements:

= implementation of interim measures to mitigate potential threats to
human health or the environment

= RCRA Facility Investigation (RFI) to fully determine the nature
and extent of any release(s) of hazardous waste or hazardous waste
constituents at or from the Refinery

» Corrective Measure Study(CMS) to identify and evaluate
alternatives for corrective action(s) to prevent or mitigate any
migration of release(s) of hazardous waste or hazardous waste
constituents at or from the facility

Hicks Consultants understands that all work elements up to and
including submission of the Corrective Measure Study are complete.
Refinery personnel have verbally petitioned the EPA to permit
submission of a revised CMS. The EPA’s selection of the abatement will
presumably result in termination of the AOC. Depending on the origins
of the observed subsurface hydrocarbons, abatement requirements will
be incorporated into either a RCRA requirement or the NMOCD
Discharge Plan. The EPA should also issue a closure letter for the onsite
landfill.

nlsi:lllllnl PLANAPPLICATION, SITE INVESTIGATION
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2.6.4 Future Regulation of Abatement Activities

Abatement of soil and groundwater should proceed under NMHWMR if
the proposed investigation determines that benzene or other hazardous
waste constituents in groundwater originated from RCRA units, such as
the North or South Oily Water Pond or identified solid waste
management units.

Abatement should proceed under the WQCC Regulations if the source of
benzene or other hazardous constituents in groundwater are determined
to be spills from storage tanks or processing units. RCRA Subtitle C does
not practically apply to such releases, as explained below.

First, the WQCC Regulations, not Federal statutes such as RCRA or
CERCLA, administer responses to petroleum product releases from
pipelines or bulk storage terminals. An excellent example of this division
of authority between State and Federal administration is the South Valley
Superfund Site. Here, petroleum hydrocarbon releases from a bulk
terminal and a pipeline overlie groundwater subject to action under
CERCLA. Although restoration of petroleum hydrocarbon spills is exempt
from CERCLA, RCRA does not specifically exclude or exempt such
activities. Nevertheless, at the South Valley Superfund Site and
throughout New Mexico, restoration of petroleum product releases from
pipelines and aboveground storage tanks (ASTs) is administered through
the WQCC Regulations, not RCRA or CERCLA.

Second, although spilled petroleum hydrocarbon is a solid waste, it is not
considered a hazardous waste. The Federal Register (54 FR 48494;
November 22, 1989) states that “the materials [e.g. hydrocarbon spills]
are solid wastes immediately on being spilled because they have been
abandoned.” The RCRA hotline reiterates this statement, as does the
Region 6 EPA office in Dallas. Clearly, petroleum and soil (the spill) is a
solid waste. However, petroleum products are not specifically listed as
hazardous wastes in 40 CFR 261.32. Therefore, a mixture of soil and
petroleum (the spill) is not defined as a hazardous waste by the so-called
“mixture rule” (§261.3 (a)(2)(i)). The mixture of petroleum and the
affected media (soil or groundwater) could be defined as a hazardous
waste if testing showed that the mixture of soil and petroleum was
ignitable, corrosive, reactive or toxic as indicated by the Toxicity
Characteristic Leaching Procedure (TCLP) (see 40 CFR 261.10). The
letters from the EPA listed below, and included in this report as Appendix
A, suggest that petroleum hydrocarbon spills do not meet the criteria of
characteristic hazardous waste:

= June 19, 1989, letter from Cannon to Jorling

= March 21, 1986, letter from Straus to Jackson

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
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= November 1985, answer to RCRA/Superfund hotline question from
customer service staff

Third, the petroleum product spill sites were never identified as solid
waste management units (SWMUs) by any AOCs delivered to the
Refinery. At a Treatment Storage and Disposal (TSD) facility, RCRA
governs abatement only in response to releases from SWMUs.

Fourth, the EPA has a general policy concerning contaminated media
from an unknown origin (61 FR 18779). If, after the owner has made a
good faith effort to determine the origin of the contamination, the media
do not exhibit hazardous characteristics, then the media is not subject to
Subtitle C regulations. At present, data concerning the provenance of
hydrocarbons in groundwater do not confirm releases from SWMUs or
RCRA units. This study proposes additional evaluation to determine the
provenance of these hazardous waste constituents in soil and
groundwater.

Finally, an exclusion from RCRA does exist for certain types of product
losses. 40 CFR 261.3 (a)(2)(iv)(C) amended at 63 FR 42184, August 6,
1998, effective February 8, 1999, states:

(D) A discarded commercial chemical product, or chemical
intermediate listed in 261.33, arising from de minimus losses of
these materials from manufacturing operation in which these
materials are used as raw materials or are produced in the
manufacturing process. For purposes of this paragraph
(a)(2)(iv)(D), de minimus losses include those from normal
material handling operation (e.g. spills from the unloading or
transfer of materials from bins or other containers, leaks from
pipes, valves or other devices used to transfer materials); minor
leaks of processing equipment, storage tanks or containers....

Spilled refined petroleum from storage tanks or spilled intermediate
compounds created during the refining process are commercial chemical
products. As demonstrated below, the release may be considered de
minimus.

In 1995, GTI calculated the mass of the hydrocarbon plume as 68,000
gallons. If the hydrocarbons have been released over the 40 years of
operation, the resulting rate of release is about 5.5 gallons/day. In 1966
the Refinery produced 172,200 gallons/day; the Refinery currently
produces about 475,000 gallons/day of refined product. Using an
average of these two production rates, the average daily loss of 5.5
gallons amounts to approximately 0.002 percent of their daily yield.
Obviously, such a loss is de minimus.
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3 Description of Modifications
to Proposed Investigation

3.1 Modification to Field Programs

Hicks Consultants has conducted two comprehensive groundwater-
sampling events at the Bloomfield Refinery, one in August 1998, the
other in April 1999. Hicks Consultants’ QA/QC Project Plan, submitted to
NMOCD on February 8, 1999, details all sampling protocols.

Both of the two comprehensive sampling events called for analyzing each
of the 44 groundwater wells and five seeps for aromatic and halogenated
organic constituents, WQCC metals, total dissolved solids (TDS) and
major cations and anions. In addition to these analyses, we conducted
some in-field measurements of dissolved oxygen. Assaigai Analytical
Laboratories performed all chemical analyses using EPA approved
methods. Due to the volume of paper, chain of custody forms and
laboratory reports are not included with this report, but are available on
request.

The groundwater sampling events followed the protocol outlined in the
QA/QC Project Plan with the following minor changes:

= Samples were not filtered during the April sampling event. We will
obtain filtered samples from selected wells during the next sampling
exercise.

= The dissolved oxygen probe quit functioning properly after roughly
half of the wells were sampled. However, this setback was deemed
relatively unimportant since the unsampled wells were those within
the processing areas. Inside the processing area, where more than 6
inches of separate-phase hydrocarbons exist, we can safely assume
dissolved oxygen values approach zero.

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
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3.2 Elimination of Bioplume lll Modeling

After evaluation of the groundwater chemical data, we conclude that
Bioplume III modeling is not necessary to accurately characterize the
extent, magnitude and fate of hydrocarbons at the Refinery. As the
present report shows, the extent of hydrocarbons in groundwater is
clearly identified in the 15 years of groundwater chemical data already
collected at the Study Area. During this period, data show that
hydrocarbons are not migrating beyond the existing monitor well
network. Recent data demonstrate that hydrocarbon concentrations are
declining over time in many wells. Data concerning the concentration of
electron acceptors in groundwater support the hypothesis that natural
attenuation is effective at the Refinery.

This Discharge Plan renewal will expire in 5 years; existing data suggest
that five years is not sufficient time for natural attenuation to fully
restore groundwater quality. Therefore, we maintain that Bioplume III
modeling is not required for approval of this Discharge Plan renewal. We
propose a groundwater-monitoring plan to provide additional data to
demonstrate the efficacy of monitored natural attenuation. We propose a
contingency plan if monitoring data show that the stability of the
hydrocarbon plume is compromised and a threat to human health or the
environment is likely.

However, Bioplume III Modeling is an effective tool to predict the time
required for complete restoration of groundwater at the Refinery. We
plan to conduct such modeling as partial fulfillment of requirements
associated with the EPA Administrative Order on Consent issued to the
previous Refinery owners. We will submit the result of the modeling
effort to NMOCD when the effort is complete.

3.3 Elimination of Risk Assessment

We elected to eliminate the proposed risk assessment for the purpose of
this Discharge Plan Application. As this report will show, monitored
natural attenuation will effectively reduce concentrations of constituents
of concern to within WQCC Standards. WQCC Regulations do not
require an analysis of risk nor must evaluation of a Discharge Plan
consider risk factors. Approval of a Discharge Plan is based on a
demonstration that the WQCC Standards will be obtained within a
reasonable time. Our analysis suggests that groundwater down-gradient
of the Refinery property line will meet WQCC standards within 15 years.
Therefore, a risk assessment is not warranted for the purposes of this
Discharge Plan application.
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4 Results of Investigation

4.1 Quality Assurance/Quality Control

4.1.1 Anomalous Data from Previous Investigations

The following data have not met Hicks Consultants’ QA/QC criteria as
outlined in the February 8, 1999 QA/QC project plan. Therefore, they
have been excluded from our analyses and listed in this report as
“anomalous:”

= BRC obtained the earliest analyses of surface water from Hammond
Ditch (July 14, 1982) (see Table 2 for results). We are unsure of the
location for the “HD Downstream” sample shown in Table 2, but
believe the sample was obtained at the intersection of Sullivan Road
and Hammond Ditch, immediately downstream from the Refinery.
The sample labeled “HD upstream at Siphon” was probably obtained
where Hammond Ditch crosses Sullivan Road upstream from the
Refinery. The Refinery owners and NMOCD split samples, creating
two samples at a location 150 yards downstream from Refinery and
Sullivan Road. These samples detected volatile organic constituents
in one sample downstream from the Refinery. Phenols showed
higher concentration upstream from the Refinery than
downstream, while TDS showed concentration one order of
magnitude higher in samples 150 yards downstream of the Refinery
than in samples adjacent to the Refinery. We cannot verify the
sampling methods, nor can we conduct statistical testing of surface
water samples due to the small number of samples taken from
Hammond Ditch. We have elected to eliminate these results from
consideration in this submission due to the lack of documentation
regarding sampling techniques, laboratory QA/QC and the unusual
TDS results.
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= A 1986 sampling reported chlorine at 1,000 mg/l in MW-g; as this is
an order of magnitude higher than any other chlorine concentration
exhibited in that well over a 13-year period (see Plate 36), this result
has been classified as anomalous.

= A 1988 sampling reported benzene at .23 ug/l in MW-13; as this well
has never exhibited benzene in any other sampling event, and as
this value is only slightly above the “non detect” limits for sampling,
this result has been classified as anomalous.

4.1.2 Anomalous Data from This Investigation

During the April 1999 sampling event conducted by Hicks Consultants
(see section 3.11.1 and Table 7), three samples fell outside the site
characteristics, and were classified as anomalous:

» Naphthalene was detected in MW-34 at 69 ug/l; as no naphthalene
was detected in adjacent wells, this result has been classified as
anomalous.

= Sulfate was detected in RW-3 at 1,570 mg/l; as no other well in the
area exhibited a concentration greater than 100 mg/l, this result has
been classified as anomalous.

0 = Chromium was detected in MW-8 at 10 mg/l; as no other well
exhibited concentrations over 1 mg/l, this result seems suspect.
Therefore, Hicks Consultants will resample this well for chromium.

= Benzene was not detected in RW-17; as other wells in the processing
and storage areas exhibited values over 1,000 pg/l, this result has
been classified as anomalous.

All other data collected by Hicks Consultants and other investigators have
met the QA/QC project plan criteria. Hicks Consultants has used these
data to understand as completely as possible the site geology, the
boundaries of soil and groundwater impairment, and the best
remediation strategy.

4.2 Identification of Releases and Leaks

In the March 1993 RCRA Facility Investigation (RFI) GTI summarized
the product releases at the Refinery. Those releases, as well as additional
releases occurring after March 1993, are listed here:
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pate: November 7, 1984

INCIDENT: 880 barrels of Naptha spilled; 80 barrels were unrecovered.
Location: Unspecified Storage Tank

acTion: Spill was contained in tank dike, cleaned up, and returned to

system.

DATE: May 19, 1985

INCIDENT: 140 barrels of diesel fuel spilled; 80 barrels were unrecovered.
LocaTion: Inside Tank 19 dike

acTioN: Produced was removed from tank; vacuum truck was used to
recover product.

DATE: April 8-9, 1986

INCIDENT: 200 barrels of diesel fuel spilled from leaking rundown piping;
150 barrels were unrecovered.

LocaTioN: Lower piperack east of crude unit

AcTion: Diesel rundown was routed to slop tank; vacuum was used to
recover fuel; area was sanded.

DATE: February 24, 1987

INCIDENT: 290 barrels of regular gasoline spilled during blending; 5 barrels
were unrecovered.

Locarion: Inside unspecified tank dike

acTion: Spill was cleaned up with vacuum truck; signage was added to
alert personnel to spill hazards.

DATE: August 27, 1989

INCIDENT: 100 barrels of gasoline blend/intermediate water spilled; 1 barrel
was unrecovered.

LocATioN: Inside Tank 22 dike

acTion: Spill was cleaned up with vacuum truck.

paTE: March 8, 1991

INCIDENT: 180 barrels kerosene (Jet A) spilled during transfer; 60 barrels
were unrecovered.

LocATioN: Inside Tank 26 dike

AcTion: Spill was cleaned up with vacuum truck.

DATE: June 15, 1995

INCIDENT: 100 barrels of wastewater spilled when injection well pump shut
off; 20 barrels were unrecovered.

LocaTion: Evaporation ponds, contained within a dike

acmion: Spill was cleaned up with vacuum truck.
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DATE: March 25, 1996

INCIDENT: Level sensor on a truck failed during loading; a short caused a
subsequent fire.

LocaTioN: Loading rack area

AcTion: No cleanup was needed as the incident occurred on a concrete
pad; fire consumed spill.

DATE: October 22, 1997

INCIDENT: 100 barrels of crude spilled when a truck unloaded without
supervision; tank overfilled; 98 barrels were recovered.

Location: Unloading area, contained within the dike

action: Oil was vacuumed with truck; soil was treated in place.

DATE: January 9, 1998

INCIDENT: 70 barrels of water, sulfur and iron chelate spilled from concrete
pad; 2 barrels spilled into Hammond Ditch; 50 barrels were recovered.
LocatioN: Hammond Ditch, South of Sullivan Road

AcTioN: Excess water was vacuumed; soil was allowed to dry; TCLP
samples were taken.

DATE: January 20, 1998

INCIDENT: 1,831 barrels of process waste water leaked when line broke;
1,821 barrels were recovered.

LocatioN: Due west of north lined evaporation pond.

acTion: Dike was built to contain leak; flow of leak was diverted until line
was repaired.

In addition to these documented losses, indirect documentation of
product releases discovered while repairing storage tanks include:

= Tanks 6 and 7: 1987 — Tanks were decommissioned due to excessive
leaks and repairs needed.

» Tank 17: February 1991 — Floor was repaired with 120 mils of
fiberglass.

= Tank 18: May 1988 — Five holes were patched in epoxy-coated floor.

= Tank 19: July 1985 — Twenty-eight holes in floor were repaired;
June 1990 — Sixty pits/holes in floor were repaired; June 1991 —
Floor was replaced.

= Tank 20: November 1990 - Five holes were repaired.
= Tank 23: June 1992 — One hole in floor was repaired.

s Tank 24: May 1986 — Two coats of epoxy were added to floor to
repair leaks.
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= Tank 25: March 1986 — Two coats of epoxy were added to floor to
repair leaks.

= Tank 26: February 1989 — Floor was coated with fiberglass/epoxy to
repair leaks.

» Tank 29: January 1990 — Floor was replaced.

= Tank 30: December 1989 - Holes in floor were repaired; March 1992
— Holes in floor were repaired.

» Tank 31: March 1992 — Portion of floor was replaced due to
corrosion.

4.3 Surface Geology

Plate 5 is a surface geologic map of the Bloomfield, New Mexico, area.
The Tertiary Nacimiento Formation (brown) dominates the surface,
forming mesas and broad tablelands. Within the northern and eastern
portion of the area shown, the overlying San Jose Formation caps higher
mesas. Quaternary alluvium fills the bottom of many tributaries to the
San Juan River, such as Canyon Largo located east of Bloomfield.

Seven Quaternary alluvial deposits characterize the San Juan River
valley. These are:

(1) Alluvium (Qal)

(2) Alluvial apron deposits (Qaa) typically adjacent to cliffs along
the river

(3) Post-glacial terrace deposits (Qt)

(4) Jackson Lake Terrace deposits (Qt2)
(5) Late Bull Lake Terrace deposits (Qt3)
(6) Early Bull Lake Terrace deposits (Qt4)
(7) Pre-Wisconsin Terrace deposits (Qt5)

Exposures within the area of the Refinery are limited to the Nacimiento
Formation, the Jackson Lake Terrace, apron deposits and San Juan River
Alluvium.

As Plate 5 shows, the area south of the Refinery is mapped as Nacimiento
Formation. The Nacimiento Formation forms a cliff more than 80 feet
high along the south side of the San Juan River between NM Route 44
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and the Refinery. With the exception of this dramatic exposure (see
Figure 1), the Nacimiento Formation is generally covered by soil, aeolian
sand or slope wash.

The Refinery lies on a thin aeolian sand and loess unit that caps the
Jackson Lake Terrace deposit. Geologic maps show the aeolian sand as
part of the Jackson Lake Terrace (see Plate 5). The gravel, cobbles and
sand of the Jackson Lake Terrace are exposed along the cliff on the south
side of the San Juan River (Figure 1) and on both sides of the unnamed
drainage due east of the Refinery fence line (Figure 2). The upper portion
of the Jackson Lake Terrace also crops out south of the Study Area at the
base of several rolling hills.

Within the Study Area, the apron deposits are restricted to a narrow
exposure between the base of the Nacimiento Cliff and the San Juan
River Alluvium. Although the Alluvium forms a broad plain on the north
side of the River, on the south side of the River, within the Study Area,
the alluvium is limited to a small sand and gravel bar deposit. The
Refinery’s water intake facility is located on this gravel bar.

4.4 Subsurface Geology

Three lithologic units below the fenced Refinery area are important: the
eolian (windblown) sand deposit, the Jackson Lake Terrace and the
Nacimiento Formation. Other lithologic units in the Study Area are the
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Figure 1: View looking west
Jfrom Seep S-3 on Plate 4.
The Nacimiento Formation
forms the lower 9% of the
vertical cliff. The top of the
cliff, on the left side of the
photograph is what
appears to be a cross
section of a sand dune in
the loess of the upper
Jackson Lake Terrace.
Below the dune is the
20-30 foot thick gravel
unit.
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quaternary apron deposits north of the Refinery and a small deposit of
San Juan River Alluvium. The stratigraphic relationship between these
five units is presented in Plates 6, 7 and 8. These plates are discussed later
in this section.

The unit directly beneath the Refinery consists of eolian sand deposits
and limited artificial fill. The eolian deposits are comprised of fine sand
with smaller volumes of silt and clay. Where not augmented by fill, these
deposits can be as thick as 10-15 feet. Typically, this unit is unsaturated.

The underlying Jackson Lake Terrace is comprised of cobbles, gravel and
sand, varying in thickness from 0—-20 feet. On the northeastern edge of
the Study Area, where the unit is relatively thick, pre-Wisconsin erosion
into the Nacimiento permitted a greater accumulation of these glacial
outwash deposits and post-Wisconsin erosion is less than in other
portions of the Study Area. In the southern portion of the Study Area,
post-Wisconsin erosion has removed most of the unit and deposited
alluvium in its stead. The lower portion of the Jackson Lake Terrace is
generally saturated. This unit is unconsolidated and friable.

The Tertiary Nacimiento Formation consists of mudstone, siltstone and
thin, discontinuous sandstone lenses. The unit ranges in color from gray
to green. According to Stone and others (1983), the base of the
Nacimiento Formation lies at an elevation of approximately 5,000 feet
above sea level near Bloomfield. Therefore, the total thickness of the unit
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Figure 2: View looking
north from Sullivan Road,
east of the Refinery. Here,
the unnamed arroyo has
removed the Jackson Lake
Terrace and scoured the
Nacimiento Formation. The
white stake in the center of
the photograph is about 5
feet below the contact
betiveen the two units.
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within the Study Area is about 500 feet. Although sandstone lenses
produce sufficient quantities of water for limited domestic use at some
locations within the San Juan Basin, the Nacimiento is considered a poor
aquifer and a relatively good aquitard. In the Study Area, saturation of
the Nacimiento Formation is limited to the uppermost few feet where
groundwater infiltrates from the Jackson Lake Terrace.

Quaternary apron deposits exist north of the Refinery, at the base of the
Nacimiento Formation cliff. This unit consists of large blocks of
Nacimiento Formation mixed with eolian sand and slope wash from the
Jackson Lake Terrace. The outcrop is less than 50 feet wide, and
therefore does not appear on Plate 5. This unit is saturated only where
water discharges from the Jackson Lake Terrace along the Nacimiento
cliff. Water flows over the cliff and into the apron deposits, continuing its
vertical flow to the underlying San Juan River Alluvium.

Within the Study Area, the San Juan River Alluvium is restricted to a
small sand and gravel bar deposit on which the water intake facility
exists. The unit is coarse-grained, highly permeable and unconsolidated.
The water table in this unit is controlled by the stage of the adjacent San
Juan River.

Plate 6 is a northeast-southwest cross-section of the area that also
presents the 1998 water table. This section shows erosion of the
Nacimiento near MW-1 and a thickening of the Jackson Lake Terrace.
Near MW-29, where the top of the Nacimiento is relatively high, the
Jackson Lake Terrace thins. Post-Wisconsin erosion also thinned the
Jackson Lake Terrace near MW-11.

Plate 7 is a north-south profile from the San Juan River to the southern
boundary of the Study Area. This plate shows that the Jackson Lake
Terrace is a separate hydrogeologic unit from the San Juan River
Alluvium displayed in SB4-397. As also shown in Plate 6, the saturated
thickness of the Jackson Lake Terrace is only 3—4 feet where the top of
the Nacimiento is relatively high (RW-3). Near Hammond Ditch, the
saturated thickness of the Jackson Lake Terrace is greater due to leakage
from the ditch.

Plate 8 is an east-west profile along the southern boundary of the
Refinery. This cross-section shows relationships similar to those described
above. The top of the Nacimiento Formation is high. The Jackson Lake
Terrace is thin on the east side of the Refinery (compare with MW-29 in
Plate 6). On the west side of the Refinery, note how leakage from
Hammond Ditch and the Raw Water Ponds (P-1 is located adjacent to
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the Raw Water Ponds) causes elevation of the water table. This cross-
section also shows how the water table intercepts the land surface at the
man-made drainage west of the Refinery.

Plate 9 displays the elevation of the top of the Nacimiento Formation.
The Jackson Lake Terrace lies on this erosional surface. The map
suggests east-west scouring by the glacial outwash streams, especially on
the southern portion of the Study Area, defined by the 5492 elevation.
Nacimiento surface elevation above 5496 defines the southern edge of
the paleo-channel; small “hills” or “islands” may have existed during
initial deposition of the Jackson Lake Terrace. As discussed in more detail
later in this report, this erosional surface partially controls the flow of
groundwater perched on the Nacimiento Formation.

Appendix B contains the lithologic and well completion logs for all
borings at the Refinery.

4.5 Surface Water Flow

The principal surface water body in the area is the San Juan River, which
forms the northern border of the Study Area. The San Juan River
originates within the San Juan Mountains of Colorado, about 100 miles
northeast of Bloomfield. Navajo Dam, about 20 miles upstream from the
Refinery, controls water flow in the river and also creates a trout fishery
at the base of the dam. Despite the control exerted by the dam, periodic
flooding of low-lying areas adjacent to the San Juan River can occur.
Several large drainages, such as Gobanador Wash, empty into the San
Juan River between Bloomfield and Navajo Dam. Local precipitation
coupled with a large release from the dam can trigger localized flooding.
The northern portion of the Study Area is subject to this infrequent
flooding.

Navajo Dam also diverts water from the San Juan River for irrigation.
Hammond Ditch is one such diversion, flowing from east to west across
the northern portion of the Study Area. Water flows during the irrigation
season, approximately April to October. The Refinery retains water
within Hammond Ditch from October to April. A later section of this
report discusses the influence of Hammond Ditch leakage to the
underlying groundwater.

An unnamed drainage forms the eastern boundary of the Study Area (see
Plate 3). This arroyo cuts a small canyon, in which are exposed several
rock units. The observed units are, in descending order: the Jackson Lake
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Terrace (about 15 feet thick) and the Nacimiento Formation (25 feet
from The Jackson Lake Terrace contact to the canyon floor). Figure 2 is
a photograph showing these relationships.

|
A second unnamed arroyo forms the southern and western boundary of "
the Study Area (see Plate 3). This second arroyo cuts a smaller canyon

south of the Study Area that exposes the upper portion of the Jackson ‘
Lake Terrace. The original channel of this arroyo was modified by the |
construction of Hammond Ditch and Sullivan Road. The arroyo now }
flows beneath the ditch and along the south side of the road. The original |
channel lies on the north side of the road. A constriction in the arroyo 4
channel exists at the intersection with Hammond Ditch. Floodwaters |
temporarily pool here. |

Leakage from Hammond Ditch has created several small surface water ﬁ"
bodies within the Study Area. Along the cliff face between the Refinery ;
and the San Juan River, water flows from numerous seeps. Figure 3
shows one seep (Seep #2 sampling point) flowing from the Jackson Lake
Terrace exposure onto the underlying Nacimiento Formation. The
Refinery flare is in the upper right side of the photograph. Small pools of
water are common near the cliff face. On the western margin of the
Study Area, an excavation near a pipeline exposes the upper portion of
. the Jackson Lake Terrace and the groundwater table. Within this ,
excavation, a small ephemeral pool of surface water is present, typically |
during the irrigation season. This area, like other seeps and pools caused |
by Hammond Ditch leakage, contains cattails, phreatophytes and the
associated ecosystem.

Figure 3: View looking
south from San Juan River
to Seep §-2; the Refinery
flare is in the upper right
corner. In the center of the
photograph, the Jackson
Lake Terrace gravel rests
upon the underlying

| Nacimiento Formation. The
| Nacimiento Formation is
wet by groundwater
seeping from the gravel.
Iron and hydrocarbon
stains are evident on the
Nacimiento Formation.
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4.6 Surface Water Chemistry

Hicks Consultants did not obtain any surface water samples during the
field program. Table 2 presents analytical results of surface water
samples obtained in earlier studies. Only Hammond Ditch and the San
Juan River were sampled.

4.6.1 Hammond Ditch

Surface water sampling of Hammond Ditch began in 1982, with an
investigation into suspected leakage of separate-phase hydrocarbons
(SPH) from the Refinery into the ditch at or near the present North and
South Oily Water Ponds; however, as discussed in section 4.1 above, the
1982 data cannot be adequately verified and we are not considering it in
this report.

In 1986, Refinery staff collected two sets of samples: one on April 22 and
another on April 28. Engineering Science summarized the protocol for
this sampling event in the Final Report on Section 3013 Administrative
Order (1987). The sample from April 22 represented the initial flow of
water in Hammond Ditch for the irrigation season. Samples taken on
April 28 represent water quality after seven days of flow. The initial flow
from the sample downstream from the Refinery detected organic
constituents. After seven days of flow, only Phenol was detected. Table 2
presents the results of this sampling.

In August 1994, GTI sampled 14 locations along Hammond Ditch (Plate
10). These samples are also summarized in Table 2. With the exception of
methylene choride, the analyses did not detect any volatile or semi-
volatile organic constituents. Lead and zinc were identified in two
samples.

4.6.2 San Juan River

In 1987, BRC personnel sampled water from the San Juan River.
Samples were obtained upstream from the Refinery and downstream at
the New Mexico Highway 44 bridge. Of the downstream samples, those
labeled “near side” were taken on the south side of the bridge; those
labeled “far side” were taken on the north side.

During the 1994 RCRA Facility Investigation, GTI re-sampled the River.
Three samples were obtained: SJ-1W, taken due north of the former
evaporation ponds, represents “upstream” conditions; SJ-2W, obtained
due north of the San Juan River intake for the Refinery, probably also
represents upstream chemistry; SJ-3W, obtained adjacent to the location
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where SPH entered the river in the past, where the San Juan River
Alluvial sediments truncate against the Nacimiento cliff face and the San
Juan River, represents downstream conditions.

Table 2 presents the results of both sampling events. Neither event
detected volatile or semi-volatile organic constituents. The 1987 event
detected phenols in upstream and downstream samples and lead in two
downstream samples. The lead concentration in samples taken at the NM
Highway 44 Bridge are 1/100 of EPA’s Ambient Water Quality Criteria
(6.19 mg/1, for chronic exposure).

4.6.3 Seeps

Hicks Consultants and Refinery personnel sampled several seeps along
the cliff north of the Refinery and in a constructed channel due west of
the Refinery. Because these samples represent areas where groundwater
intersects the ground surface, we have elected to discuss the results of
these sampling events in the groundwater section, later in this document.

4.7 Sediment and Soil Chemistry

BRC personnel obtained the first sediment sample in 1982. Apparently,
however, the laboratory tested only for sulfate, chloride and boron.
Therefore this sample provides little benefit to our analysis.

Since 1982, numerous field programs have collected sediment samples
from Hammond Ditch and the San Juan River. Several programs also
collected soil samples in connection with installation of monitor wells,
various solid waste management unit closures and other investigative
programs. Plate 10 shows the location of soil sampling points. Table 3
presents the chemical analyses of these sampling events.

4.7.1 Hammond Ditch and San Juan River Sediment Samples

In 1994, in conjunction with the surface water sampling program for the
RFI described above, GTI obtained sediment samples from 14 locations
within Hammond Ditch and three locations (SJ-1, SJ-2 and SJ-3) along
the San Juan River. The results of the San Juan River sampling program
show no difference between upstream (SJ-1 and SJ-2) and downstream
(SJ-3) analyses. GTI obtained 28 samples from Hammond Ditch at 14
locations. At each location, GTI collected one sample from the bottom of
the ditch and a second sample from the south side of the embankment,
presumably near the water. The results, presented in Table 3, reveal no
obvious pattern. Of the VOCs, analyses detected only toluene in three
samples: 5B, 7B and 9B. These three samples are west, north and east of
the flare with sample HD-7B exhibiting the highest concentration (12

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABATEMENT PLAN — Glant Blesmficld Refinery

July5,1898




R.T. Hicks CONSULTANTS, LTD.

mg/kg). Only samples 4B and 9B detected an SVOC, phenanthrene, at
concentrations below 2 mg/kg. Samples 4B and 10S detected total
petroleum hydrocarbons (TPH) at concentrations of 540 and 240 mg/kg
respectively. The remainder of the samples did not detect TPH. We saw
no obvious trend or pattern to the analytical results of inorganic
parameters (e.g. lead). All inorganic results are well below criteria which
would cause classification of this material as “hazardous waste” under
RCRA.

4.7.2 San Juan River Alluvium

In March 1997, the US Fish and Wildlife Service conducted a test to
measure possible impacts to endangered species if the river flow was
significantly reduced by drought and diversion for irrigation. A
temporary, artificial low-flow condition was created at the site. Precision
Engineering took eight borings of the San Juan River Alluvium north of
the Nacimiento cliff and the Refinery flare, and from them extracted two
samples which characterize the area where SPH entered the river during
this unique low-flow period.

Samples were obtained from borings SB1-397 and SB2-397, both located
along the road between the Refinery and the San Juan River intake
ponds. These two borings are located close to the Nacimiento cliff, where
groundwater from the Refinery area seeps over the cliff and into the
colluvial landslide material (apron deposits) adjacent to the cliff and the
underlying San Juan River Alluvium. The deeper of the two borings,
SB2-397, shows TPH concentrations ranging between 1,400 mg/kg (at 6
feet depth) and 2,500 mg/kg (at 25 feet). The other boring, SB1-397,
shows TPH at 317 mg/kg (at 10 feet).

Hicks Consultants obtained a sample of alluvium from where SPH
entered the San Juan River. At the location sampled, the river had eroded
into the alluvium, exposing a small area of black-stained material that
exhibited a hydrocarbon odor. The analytical results show no VOCs

(Table 3).

4.7.3 Samples Near Waste Management Units and Spill Sites

Prior to 1985, the NOWP and SOWP were unlined. In 1985, in response
to the EPA’s first 3008 Order, the previous owners of the Refinery
installed plastic liners at these waste management units. The installation
process consisted of removing accumulated sludge and some underlying
soil to the Refinery landfill, then installing the liner.
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In October 1985, Engineering Science collected 13 soil samples from
beneath the plastic liners of the North and South Oily Water Ponds (see
Table 4). Most of the samples were composite samples from several
locations. Only one of these samples (see Table 4, APS1 and APS2)
detected VOCs, showing 7.4 mg/kg xylene. Chromium and lead analyses
from the samples also show concentrations well below that which would
cause classification of this material as “hazardous waste” under RCRA.
The highest lead and chromium concentrations are 27 mg/kg and 6 mg/
kg respectively. We are aware that the EPA has registered concerns
regarding the validity of these results. We do not possess the necessary
QA/QC documents to verify these results; therefore, we will not employ
them as a primary line of evidence for recommending a remediation
strategy (see Section 4.1.1).

During the October 1985 field program, Engineering Science also
collected samples of waste material in the landfill (e.g. Quadrant #1
Landfill, Table 4). We understand that this waste material is the visually
stained soil that was under the sludge removed from the NOWP and
SOWP prior to construction of the new lined ponds. We also understand
that the previous owners removed the sludge from the NOWP and
SOWP and hired another company to dispose of it properly offsite. This
understanding is in contrast to the GTI reports, which state that the
landfill contains sludge from the oily water ponds. Note that the lead and
chromium values for this material are slightly higher than the
concentrations of soil underlying the liner.

The berm formed by construction of Hammond Ditch caused a small
impoundment of stormwater downhill from the Refinery landfill (see
Plate 4). Engineering Science obtained several soil samples from the
“landfill pond” identified on Table 4. Lead and chromium values from
these soils are slightly higher than those obtained from the sludge and
soil mixture.

In 1994, GTI collected 11 samples from 10 borings at or adjacent to
“potential source areas identified by the USEPA during the 1987
inspection and in potential or suspected spill areas.” Although neither
SVOCs nor TPH were detected, two samples measured total BTEX
concentrations below 0.1 mg/l, and a third sample detected methylene
chloride at 0.11 mg/l. Results for inorganic parameters, such as lead,
show no pattern with respect to location or concentrations that would
classify this material as “hazardous waste” under RCRA.
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Refinery personnel also collected a soil sample during the installation of
MW-41, located due south of the Refinery processing area. We believe
this sample was obtained within a sand zone at the base of the Jackson
Lake Terrace. The sample shows a benzene concentration of 875 mg/kg.
Other VOCs exceed 10,000 mg/kg; TPH is 1,900 mg/kg.

Hicks Consultants collected three soil samples within the Refinery: one
adjacent to the SOWP, one between the flare and Tanks 2 and 3, and one
at the location of former Tanks 6 and 7. Because standard soil sampling
techniques have not successfully sampled the Jackson Lake Terrace
cobbles , we obtained all samples from the sandy, aeolian unit that
overlies the cobbles. We collected black-stained soil near Tanks 3 and 4
(SHB-4) and at the location of former Tanks 6 and 7 (SHB-1/ HA1).
Both soil samples detected p/m xylene at concentrations above 200 mg/
kg but did not detect any chromium or lead.

4.8 Hydraulic Characteristics

The aeolian sand that overlies the Jackson Lake Terrace is not saturated.
This well-sorted, permeable unit easily transmits fluid from the land
surface to the water table. GTI conducted several tests of air flow in this
unit, but no one has conducted any tests to determine hydraulic
conductivity of this aeolian unit. For the purpose of this study, we
estimate a hydraulic conductivity of 1 x 10E-8 m/s. We derived this value
from the average values published in Freeze and Cherry (1983) for silty
loess.

The Jackson Lake Terrace has been the subject of numerous testing
programs (see Table 5 for results from these programs). As Table 5
shows, single well tests conducted by Engineering Science and GCL show
lower values than results from multiple well tests conducted by GTI
(observing MP-3 and MP-4 during a pumping test of RW-19). All values
appear several orders of magnitude lower than a typical clean sand or
gravel unit, which, according to Freeze and Cherry (1983, p.29), should
show a range of hydraulic conductivity between 1.0 E-3 m/s and 1.0 E-2
m/s.

Single well tests do not provide specific yield data. GTI calculated a
specific yield of 0.015 (MP-3) and 0.003 (MP-4) from the pumping test
of RW-19. Again, these values are lower than typical values for aquifers,
which Freeze and Cherry (1983) suggest should yield values of 0.01—
0.30.
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No site-specific data exist for hydraulic conductivity of the Nacimiento
Formation. The fact that the unit is not saturated more than several feet
below the contact with the overlying Jackson Lake Terrace suggests that
the vertical hydraulic conductivity is low. Evaluation of the unit in
outcrop supports the general characterization of the unit as a poor
aquifer and good aquitard.

4.9 Groundwater Flow

Potentiometric surface data available for analysis span 14 years (see
Table 6), dating from February 1985, when Engineering Science began
collecting monthly water level data from monitoring wells. Refinery staff
installed the first five monitoring wells in February 1984, which suggests
that earlier water level data exist; however, no such data are summarized
in any reports evaluated by Hicks Consultants.

Due to the increased amount of sampling information now available, it is
possible to revisit previous studies and more accurately interpret the data
collected. Plates 11—14 depict the potentiometric surfaces during selected
field programs from 1986 to 1999. Plate 11 shows the water table
elevation from the most recent sampling event (March 1999); we
employed recent well elevation survey data to establish the measuring
point elevation at the top of casing. Plates 11—13 employ data from more
than 40 groundwater measuring points (including two dry wells) over
the 14-year period and therefore represent the most accurate depiction of
the water table over the period of this study. Plates 11—13 show:

» groundwater flow from east to west
= a gentle hydraulic gradient (0.002) across the Refinery

= a moderate hydraulic gradient (0.006) southeast of the Refinery

= a steep hydraulic gradient (0.04) west and north of Hammond
Ditch

= a groundwater “mound” adjacent to the western Raw Water Ponds
= a groundwater “mound” along the length of Hammond Ditch

These maps display a 2-foot contour interval and, for clarity, do not plot
the actual head data at each well (see Table 6 for potentiometric surface
elevations). The maps suggest a groundwater flow divide in the
processing area (near MW-42), north of which groundwater flows
toward the Nacimiento seeps, and south of which groundwater flows
south, eventually discharging from the Study Area in the southwestern
corner.
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Due to the less comprehensive data available at the time, these
relationships are less clear on drawings completed by previous
consultants. We have used Plates 11—13 as references for re-interpreting
earlier data. We were able to re-evaluate the eight data points collected in
1986 to reflect our current, more accurate understanding of the
groundwater flow patterns. Plate 14 shows our current understanding
applied to data collected in the past. Note that we used recent survey data
to develop the water table elevation maps. Well elevation surveys used by
previous consultants differ by one foot or more from the recent survey
data employed in this report.

4.10 Saturated Thickness of The Jackson Lake Terrace

Plate 15 presents the saturated thickness of the Jackson Lake Terrace
during the monitoring event of March 1999. Thicknesses are calculated
using information from drilling logs and the March 1999 water level
measuments. The saturated thickness varies in response to undulations of
the erosional surface that forms the top of the Nacimiento Formation
(Plate 9). Plate 15 shows saturated thickness greater than 7 feet near
Hammond Ditch and in the southern portion of the Study Area (MW-13,
MW-26, MW-4). (See also Plates 7 and 8.)

Plates 16 and 17 plot water levels over time for six monitoring wells:
MW-1, MW-3, MW-8, MW-4, MW-9 and RW-15. All wells except MW-1
show that water levels have fluctuated by about two feet during the 10-
year period of measurement. MW-1 exhibits more than 6 feet of
fluctuation. Other hydrographs, not presented in this report, are similar
to MW-3, MW-8, MW-9 and RW-15 showing water level fluctuations of
about two feet.

4.11 Separate-Phase Hydrocarbon Distribution

Hearsay evidence suggests that, during the 1980s, separate-phase
hydrocarbon (SPH) periodically entered Hammond Ditch and also
discharged to the seeps along the Nacimiento Formation cliff. Along the
cliff, the sand and gravel of the Jackson Lake Terrace is heavily stained
with hydrocarbons. This staining provides evidence of SPH flow near the
cliff.

We were surprised to find no data relating to SPH in monitor wells prior
to an October 1991 map in a 1993 GTI report (RCRA Facility
Investigation, Task 1: Description of Current Conditions). GCL data
(1988) suggest that SPH is present on the south border of the Refinery;
however, this report is silent regarding SPH distribution throughout the
remainder of the Refinery. We know from the 1988 report that GCL
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installed the first three recovery wells in 1988. According to the 1993 GTI
report, Refinery staff completed an expansion and upgrade of the
hydrocarbon recovery system in 1991. Well logs document the
installation of RW-14 through RW-19 in August 1990. We assume that
the 1991 data represent the groundwater regime immediately before
operation of the expanded recovery system.

We assume that the 1991 survey presented in the 1993 report is
representative of conditions before activation of the recovery system and
year-round maintenance of water in Hammond Ditch. Therefore, Plate
18, which plots these 1991 data, shows the SPH zero isopleth truncating
against the Nacimiento Formation cliff. Plate 19 presents data from a
March 1995 field program; Plate 20 is our interpretation of the data for
April 1999. After the Refinery began to maintain water in Hammond
Ditch throughout the year, SPH was no longer observed at cliffside seeps.
As these two Plates show, the zero SPH isopleth now truncates against
Hammond Ditch.

These plates consistently show SPH thickness of one foot or more in the
central Refinery area. Within the tank farm area (RW-14 to RW-17),
SPH thickness has declined from more than 1 foot in 1991 to zero in 1999.

4.12 Groundwater Chemistry

4.12.1 April 1999 Sampling Event

The April 1999 sampling event provides the most complete
characterization to date of the general chemistry of the groundwater
zone underlying the Refinery. Forty-four samples were analyzed for over
80 chemical species. We collected samples from three wells screened
within the Nacimiento Formation (MW-7, MW-39 and MW-44) and one
well that is screened in both the Jackson Lake Terrace and the underlying
Nacimiento Formation. All values above detection limits appear in Table
7. Appendix C presents all chemical data obtained directly from the
laboratory. Below, we summarize observations of selected analytes
obtained in this “snapshot” characterization. Because these samples were
not filtered in the field, concentrations for metals (e.g. aluminum, iron,
lead) may be artificially elevated with respect to the dissolved phase.
Acidification of an unfiltered sample can de-sorb certain metals from
suspended clay particles in the sample.

1,2 dichoroethane is above WQCC Standards (10 ppb) in 6 wells
and above 100 ppb in 3 wells (RW-23, MW-9 and MW-4). Most
wells sampled did not detect this compound.
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1,2,4 Trimethylbenzene and 1,3,5 Trimethylbenzene are
present in most wells and at concentrations higher than 40,000 ppb
and 11,000 ppb respectively. Because these compounds typically to
not degrade in groundwater, at some sites they are used as a
conservative tracer to measure the rate of intrinsic biodegradation
of BTEX. Concentratons above 1,000 ug/l are associated with SPH
and high benzene concentrations. Concentrations below 100 ug/l
generally occur in wells down-gradient from Hammond Ditch or
adjacent to the unammed arroyo in the southern portion of the
Study Area. At the Refinery site, these compounds appear to degrade
in a manner similar to BTEX and therefore cannot be employed to
determine the rate of intrinsic biodegradation.

Naphthalene and 1-methylnaphthalene and other polynuclear
aromatic hydrocarbons are present above the WQCC standard (30
ug/1 for total PAHs) in most of the sampled wells. Two analytical
methods can provide results for naphthalene: VOC analysis (SW-
846-8260) and SVOC analysis (SW-846-8270). For samples with
two results, we reported the highest value. Naphthalene exceeds 30
ug/1 in all 31 samples where it was detected. With the exception of
an anomalous value of 69 ug/l for MW-34 (where adjacent wells do
not detect naphthalene) and a “not detected” for RW-23 (where
naphthalene exceeds 100 ug/1 in adjacent wells and the lower limit
of detection for this sample is greater than 100 pg/1 ), naphthalene
was detected in wells near processing and storage areas. The highest
values are associated with wells that show or showed SPH. Plate 21
displays the naphthalene concentrations for the Study Area in April
1999. Our interpretation of the extent of naphthalene considers 1998
data from the seeps (St through S5). We did not employ data from
wells screened within the Nacimiento Formation.

Aluminum exceeds the WQCC Standard of 5 mg/1 in 7 wells,
showing a maximum concentration of 198 mg/l.

Boron is detected in most wells and is above the 0.75 mg/l standard
in 6 wells.

Barium exceeds the 1.0 mg/1 standard in 14 wells. Plate 22 displays
the barium isopleth map. Because barium is also a hazardous
constituent regulated by RCRA, we examined the spatial
distribution. Concentrations below 0.06 mg/! are present on the
south and west side of the Refinery. Concentrations above 1.0 mg/1
are generally within the processing area and in two wells removed
from the Refinery (MW-38 and MW-37). We used the Surfer ™
contouring software to generate this and other isopleth maps for
inorganic analytes. For some plates, such as Plate 22, we inserted
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one or two data points at strategic locations to generate an isopleth
that was consistent with both the data and the hydrogeology. If
more than three “imaginary” points were required to generate an
acceptable isopleth, we contoured the map by hand (e.g. benzene).

Benzene concentrations range from “non-detect” (ND) to 30,000
ug/1 (Plate 23). The large range of values and the abrupt
concentration gradients caused unusual isopleth lines when
attempting to use Surfer ™. Therefore, this map, and others like it,
was contoured by hand using professional judgement. For clarity of
presentation, the concentration values for each well are not plotted.
Appendix D presents the concentration data plotted on the same
scale as Plate 23. Twenty-nine wells exceed the WQCC groundwater
standard. Ethylbenzene exceeds 750 mg/l in 16 samples; total
xylene exceeds the 620 pg/l standard in 19 wells. Toluene exceeds
the 750 pg/1 standard in 8 samples. These VOCs behave in a
relatively similar manner. The highest benzene values are in the
northern portion of the Refinery, adjacent to the tank berm
associated with Tanks 3, 4 and 5 (see Plate 4 of Volume I). With the
exception of an anomalous “non-detect” for RW-17, values greater
than 1,000 pg/l are evident in the storage and processing areas. An
abrupt concentration gradient is evident between MW-11 and MW-
35 in the southwestern portion of the Study Area.

Chloride is above the 250 mg/] standard in more than half the
wells tested (23 of 44). The highest concentration is 2,340 mg/l
(MW-5); the lowest concentrations of 24.6 mg/l and 34.5 mg/] are
in Nacimiento Formation wells (MW-39 and MW-7). Choride
comprises about 30% (by weight) of the Total Dissolved Solids in the
Jackson Lake Terrace groundwater.

Total Dissolved Solids (TDS) ranges from 5,490 mg/l in MW-5
to 408 mg/l in MW-1. Only 7 of the 43 wells tested fell below 1,000
mg/l. The average TDS concentration in the April 1999 sampling
event was 2,379 mg/l, with a standard deviation of 1,464. Plate 24
presents the spatial distribution of TDS. Groundwater meets the
WQCC Standard in wells located down-gradient from Hammond
Ditch (MW-1, MW-12 and MW-29), in MW-28 near the unlined
Raw Water Ponds and in the southwest corner of the Study Area,
down-gradient from the unnamed arroyo. TDS exceeds 3,000 mg/]
in the southeastern portion of the Study Area and in the processing
area of the Refinery. Generally, sodium and chloride follow this
same pattern (see Plate 25 for chloride distribution).
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Sulfate exceeds the 600 mg/] standard in 12 samples. Values
higher than 2,000 mg/] are from Nacimiento Formation wells. The
highest observed value in the Jackson Lake Terrace is 1,600 mg/1 in
MW-31, which is south of the tank farm releases in the product
storage area. Like TDS, higher values of sulfate occur in the
southeastern portion of the Study Area (Plate 26). With the
exception of an anomalous value of 1,570 mg/l in RW-3, sulfate
generally exhibits concentrations of less than 100 mg/l in wells
which show hydrocarbon concentrations and in wells down-
gradient from wells exhibiting hydrocarbons. Sulfate is an electron
acceptor; the spatial variation observed is similar to that of dissolved
oxygen, nitrate and iron. As discussed earlier, the sulfate values for
RW-17 and RW-3 appear anomalous.

Cobalt is above the WQCC Standard (0.05 mg/l) in 7 wells.

Chromium above the WQCC standard of 0.05 mg/l was detected
in 10 samples. Wells that exceed standards include MW-12, MW-37,
MW-38, which are located in the southwestern corner of the Study
Area. MW-43, located between the NOWP and SOWP shows a
chromium value of 0.11 mg/1. These disposal units were originally
identified as RCRA units, because chromium and benzene typically
occurred in many samples of API seperator sludge obtained by the
EPA from numerous refineries nationwide. Previous analyses of
solid waste from these units did not show chromium levels above
RCRA limits. The presence of chromium in the NOWP or SOWP is
not documented. Chromium concentrations are higher in
Nacimiento wells (MW-39 and MW-44) and in wells within the
processing area. Plate 27 presents the spatial distribution of
chromium concentrations for the April 1999 sampling event.
Chromium was detected in MW-8 at 10 mg/]; however, as this
value appears to be anomalous, it will be resampled and field filtered
in September 1999.

Iron commonly exceeds WQCC Standards in groundwater with
hydrocarbons. In the wells tested, iron exceeds standards in 38
wells. The highest concentration of iron is in MW-41 (326 mg/l).
Iron is an electron acceptor. In a saturated unit, iron oxides are
ubiquitous as staining, grain coatings, and heavy mineral “placer”
deposits in alluvial sediments (e.g. magnetite). In the absence of
dissolved oxygen or other dissolved-phase electron acceptors,
microbes will employ the oxygen bound to the solid iron oxides for
respiration. The result is dissolution of the iron oxides and an
increase of dissolved iron in groundwater. Plate 28 shows the spatial
distribution of iron. Compare this map with sulfate (another
electron acceptor), benzene, naphthalene and the SPH thickness
map for April 1999. This map shows high iron concentration in
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MW-37 and MW-38, wells located adjacent to a producing gas well.
MW-8, located in the fire training area/bone yard, also shows iron
concentration above 100 mg/l.

Fluoride exceeds standards in one sample.

MTBE was detected in 12 samples. Four samples, all in the
southwestern corner of the Study Area, exceed 100 mg/l. MW-12, a
well adjacent to and down-gradient from Hammond Ditch, exhibits
140 mg/l of MTBE.

Manganese exceeds the 0.2 mg/1 standard in all but 2 of the 41
samples where this metal was detected. MW-30 shows the highest
concentration (22.5 mg/l). MW-1, MW-12 and MW-29, both down-
gradient from Hammond Ditch and distant from Refinery release
areas, all exceed the manganese standard.

Nickel exceeds WQCC Standards in two wells.

Nitrate exceeds 10 mg/1 (as N) in seven wells. Like sulfate and
other electron acceptors, the highest concentrations of nitrate occur
in the southern portion of the Study Area, distant from
hydrocarbons in groundwater. Nitrate is not detected in most
recovery wells nor in wells that exhibit SPH.

Lead ranges in concentration from 0.3 mg/1 to less than detection
limits. Eleven samples exceed the WQCC Standard of 0.05 mg/l.
The spatial distribution of lead is similar to that of iron (see Plate
29). Lead concentrations exceed WQCC Standards in wells
exhibiting high hydrocarbon concentrations near the processing
area of the Refinery and in MW-37 and MW-38.

4.12.2 Groundwater Chemistry Over Time (1984—1999)

Examining the above snapshot in relation to the historical trends at the
site gives us a full picture of site conditions and how they are developing.

4.12.2.1 Interpreting Historical Data

Tables 8 and 9 provide the 1984-1998 groundwater chemistry data
available to Hicks Consultants. In order to present these historical data in
an understandable format, we have selected certain wells as
“representative” of portions of the Study Area:

Data from three wells characterize background water quality. MW-
1 and MW-8 characterize up-gradient background water quality.
MW-3, up-gradient from hydrocarbon releases but down-gradient
from the former Spray Irrigation Area, serves as a background well
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for organic constituents; for inorganic constituents, it characterizes
the groundwater quality changes before, during and after use of the
Spray Irrigation Area.

Data from four wells characterize the hydrocarbon release areas.
MW-9 and RW-18, in the northern portion of the Refinery, provide
data from the processing areas, the releases near former Tanks 6
and 7, and the releases from Tanks 3, 4 and 5. RW-15 characterizes
the chemistry of groundwater beneath storage tank releases. MW-4
is immediately down-gradient from the documented storage tank
releases.

Data from four wells characterize the groundwater down-gradient
from the documented releases. MW-11 and RW-1 are 400-600 feet
down-gradient from documented releases. MW-34 and MW-35 are
located in the distal edge of the hydrocarbons in groundwater (e.g.
Plate 23), about 1,200 feet down-gradient from MW-4.

4.12.2.2 Characterization/Results

To identify the changes in groundwater chemistry over time, we selected
several analytes to evaluate in these ten wells and to compare to the
“snapshot” results of the April 1999 sampling event. Our rationale for
selecting these parameters, and the resulting site characterization
compiled from past and present data, are presented below.

Separate-Phase Hydrocarbons

SPH is detected in seven wells in the study area (MW-9, MW-20, MW-
40, MW-41, MW-42, MW-43 and RW-18). Distribution of SPH ranges
from .01 foot in MW-g to 1.5 feet in MW-42. There are currently two
different types of hydrocarbon product found in monitor wells in the
Study Area. MW-43 is the only well that exhibits exclusively light (C-10
and less) carbon chains indicative of gasoline. The SPH in the remaining
six wells exhibits a “weathered” diesel (GC) pattern. Until the most recent
sampling program, two other wells south of the Refinery exhibited SPH.
In August 1994, GTI detected SPH in MW-27. In March 1995, GTI
measured SPH in MW-26. Although there is no longer any measurable
SPH in either of these wells, in 1998 Hicks Consultants measured SPH in
MW-26 and MW-27. Laboratory tests of the SPH found in these wells
suggests a Jet A source (see Appendix C).
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Benzene

The extent, magnitude and fate of benzene in groundwater determines
the quantitative risk posed to human health and the environment by
hydrocarbons in groundwater. This parameter is present in the Study
Area in concentrations thousands of times higher than the health-based
standard. Benzene is soluble, mobile and carcinogenic; it is, however, also
amenable to metabolic destruction by indigenous microbes. Because
benzene behaves in a similar manner to other VOCs and because its
health based standard is the lowest, we use it as a surrogate for all the
volatile organic constituents (VOCs).

MW-1, MW-3 and MW-8: With the exception of two sampling
events (12/13/84, 15 ug/l; 4/20/99, 2.8 ug/l), benzene is not
detected in MW-1. MW-3 detected benzene only during the most
recent sampling event (4/20/99, 4.70 pg/l). MW-8, located up-
gradient from MW-3, also detected benzene only in the most recent
sampling event (4/20/99, 1.6 pg/l).

MW-4, MW-9, RW-15 and RW-18: As Plate 30 shows, benzene
concentrations in wells MW-9, RW-18, RW-15, and MW-4 exhibit
no consistent trend over time. (For ease of visual inspection we have
elected to connect the individual data points with a line. We have
included a line between sample results in all other graphs showing
variations with time.) All of these wells are located in or
immediately adjacent to petroleum storage or processing areas. In
RW-18, benzene concentration appears more variable, but note the
change in scale which may cause this impression. At concentrations
this high (around 10,000 ug/]) variability of 100% or more is
common.

MW-11, RW-1, MW-34 and MW-35: As Plate 31 shows, RW-1
and MW-34 show a consistent decline in benzene concentration
over time. The two years of data from MW-35 suggest a similar
trend. The 12-year record of MW-11 shows a relatively constant
benzene concentration until early 1997, when concentrations
decline. All of these wells are down-gradient from documented
hydrocarbon release areas (e.g. MW-4, RW-15).

With few exceptions, benzene has never been detected in the following
wells:

MW-2 (destroyed in late 1980s)
MW-5 (10.8, 12/89)
MW-12 (4/20/99, 23 pg/l)
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MW-13 (anomalous value of 0.23 ug/l, 9/9/88)

Declining benzene concentrations are also apparent in MW-27, MW-31;
stable benzene concentration is evident in MW-26.

Naphthalene

Although naphthalene is not a carcinogen, it presents a risk to human
health and the environment. Where crude, diesel or turbine fuel contacts

groundwater, naphthalene is common as a dissolved constituent. It is less

mobile in groundwater than benzene and more recalcitrant to
biodegradation.

We have no chemical data over time that displays the temporal variation
of naphthalene, and so must rely entirely on the April 1999 sampling
event to interpret its presence in groundwater chemistry.

According to the 1999 event, naphthalene is present at the Study Area in
concentrations 1,000 times above the health-based standard (see Section
4.11.1 and Plate 21).

Total Dissolved Solids (TDS)

TDS provides a gross characterization of inoganic parameters and the
general quality of groundwater for domestic, agricultural and industrial
purposes.

The Refinery’s testing program created a historical record of TDS
concentration in several wells. MW-1, MW-4 and MW-5 have the most
complete record of TDS values over time.

MW-1, MW-3 and MW-8: Plate 32 displays data from the
background wells MW-1, MW-3 and MW-8. The record for MW-1
shows relatively constant values, between 2,500 and 5,000 mg/]
from 1984 until 1995. Then values decline to below 2,000 mg/1.
MW-1 is located less than 100 feet from Hammond Ditch and
adjacent to the new Raw Water Ponds. Despite the paucity of data
for MW-8 and MW-3, TDS values appear stable. Both of these wells,
located 400 and 800 feet respectively from Hammond Ditch, exhibit
relatively stable TDS values over time.

= MW-4, MW-9 and RW-15: Within and adjacent to the processing
and storage areas, MW-4 and MW-9 have a reasonable record of
TDS values. These data are displayed in Plate 33. Although MW-9 is
adjacent to Hammond Ditch, the variability displayed by MW-1 is
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not mimicked by MW-9. MW-4 displays a relatively constant TDS
of 2,000 mg/l], whereas TDS values in MW-4 are about 1,500 mg/l.
These two wells, MW-8 and the last 3 years of data from MW-1
have a mean TDS value of 2,004 mg/], similar to the mean site-
wide value of 2,192 mg/1 for the 1999 sampling event. The meager
record for RW-15 suggests a relatively constant value for TDS over
time.

» MW-5: MW-5 is located within the former Spray Irrigation Area.
Plate 34 shows that the concentration of TDS in the 1980s remained
relatively stable between 3,500 and 5,000 mg/l. In the late 1980s
through 1995, TDS increased to a high of 8,878 mg/l. Since 1997,
TDS values in MW-5 have remained about 6,000 mg/l.

Chloride

To assist in identifying changes of inorganic content of groundwater in
the 1999 sampling event, we used chloride as an indicator parameter.
Plate 35 shows chloride over time for the three background wells. The
data are similar to TDS variations. For wells within the storage and
processing areas, chloride concentration is also similar to the trends
observed for TDS, with the exception of an anomalous value of 1,000
mg/1 for MW-g (1986). Plate 36 displays the historic trend in these wells.

Sulfate

Evaluation of sulfate concentration over time at selected wells will help
measure the ability of the groundwater zone to attenuate hydrocarbons
in the future.

Of the electron acceptors of oxygen, nitrate, sulfate and ferric iron, the
Refinery collected more sulfate data over the years. The April 1999 data
clearly show depletion of electron acceptors, including sulfate, within the
zone of high hydrocarbon concentration.

MW-1 and MW-4 provide a relatively complete history of sulfate
concentrations in groundwater at the Refinery. Plate 37 shows the
historic concentration of sulfate in MW-1 compared to the other
background wells, and to MW-3 and MW-8. The mean value for MW-1
over time is 681 mg/] (standard deviation of 298mg/1). MW-8, which is
further from Hammond Ditch than MW-1, exhibits sulfate
concentrations around 1,000 mg/l. In the late 1980s, sulfate in MW-3 is
about 2,000 mg/l; in 1999, long after closure of the Spray Irrigation
Area, sulfate is about 1,000 mg/l.
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Plate 38 shows MW-4 and MW-g sulfate concentration over time near
the documented petroleum release sites. The mean for MW-4 is 6.3 mg/]
(standard deviation of 3.5 mg/l) andMW-g varies between 12 mg/l and
117 mg/l. The mean sulfate concentration for the down-gradient wells
MW-11, RW-1, MW-34 and MW-35 is 44 mg/l.

In Plate 38, sulfate concentration in MW-5 is shown as decreasing since
1992.

Barium, Chromium and Lead

These three metals are detected in groundwater samples and considered a
hazardous constituent under RCRA. As mentioned earlier, the NOWP
and SOWP were originally characterized as RCRA waste management
units because benzene, chromium and lead were detected in API
seperator sludge at other refineries in concentrations that exceeded RCRA
limits. In the 1980s, the EPA found API separater sludge in the NOWP
and SOWP and thereby classified these units as RCRA units. Evaluating
lead and chromium in groundwater will assist in the determination of
whether or not the NOWP and SOWP have released hazardous
constituents to groundwater. We also selected barium for evaluation
because the 1999 analyses exceeded WQCC Standards in 14 wells.

A record of analyses exists only for wells MW-1 and MW-4. Table 8
shows that barium and chromium in MW-1 remain near or below the
detection limit, whereas lead appears to decline over time in this
background well. Although a lacuna exists in the record for MW-4
between 1989 and 1995, the barium concentration in this well appears
consistent over time. During the period of investigation, chromium and
lead are near or below the detection limits.

4.13 Exposure Assessment and GTl Risk Assessment

GTI identified constituents of concern (COCs) in their document
“Human Health and Ecological Risk Assessment,” dated Decemberi2,
1995. GTI identified the following chemicals as COPCs:

Soil Groundwater
Cadmium 2,4 Dimethylphenol
Copper 2-Methylnaphthalene
Nickel 3-Methylphenol
Zinc Naphthalene
Benzene Phenol

“Toluene Benzene

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
AND ABATEMENT PLAN — Glgnl Blssmfield Refinery

July5,1899

Paged8



R.T. Hicks CONSULTANTS, LTD.

Ethylbenzene Tolune
Xylenes Ethylbenzene
Xylenes

The 1995 GTI report identified media of concern (e.g. soil, water, air),
potential human and ecological receptors and the potential risk
associated with exposure to COPCs associated with the Refinery. GTI
included cadmium, copper, nickel and zinc in soil as a COPCs because
they were consistently detected above background levels. The organic
compounds in groundwater are COPCs because these constituents exceed
numerical standards in several monitoring wells. GTI did not identify
any inorganic constituents as COPCs in groundwater. GTI did not detect
COPCs in San Juan River sediments or in surface water from Hammond
Ditch water or the river. Therefore, GTI limited the media of concern to
surface soil, the perched groundwater zone, and Hammond Ditch
sediments.

During analysis of their data, GTT noted that their calculated baseline (a
“no action” scenario) risk associated with the onsite refinery worker was
not realistic. The standard default assumption employs residential
exposure frequencies, which are significantly longer than exposure
frequencies for workers. Additionally, the calculations cannot account for
future reductions in concentrations due to natural attenuation or
ongoing remediation measures.

GTI identified incidental soil ingestion, dermal contact and inhalation of
paticulates as a complete exposure pathway. The calculated cumulative
carcinogenic and non-carcinogenic risk of these three pathways were
four orders of magnitude below that which the EPA considers acceptable.
For instance, the calculated cumulative cancer risk for an onsite worker
is 3.0 E-10. The EPA considers 1.0 E-6 to 1.0 E-4 (1.0 E-6isa1ina
million risk of cancer) an acceptable risk.

GTI excluded potential risks to offsite receptors due to COPCs in soil
because they concluded that offsite concentrations would not present a
likelihood of risk to humans.

After analysis of the data, GTI concluded that there is no potential risk
posed to the onsite worker and that risks to any potential offsite resident
are within EPA acceptable limits. The only identified risk to an offsite
resident is exposure to the perched groundwater in the Jackson Lake
Terrace. The probability of such an exposure are very small because:

= the natural water quality in the Jackson Lake Terrace is relatively
poor, exhibiting over 3,000 mg/l TDS in areas removed from
Hammond Ditch recharge, limiting its potential as a long-term
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(greater than 200 years) water supply

= the saturated thickness of the Jackson Lake Terrace (less than 8
feet) limits its potential as a long-term water supply

= the area is served by the Bloomfield municipal water supply

= the property above the documented hydrocarbons in groundwater is
owned by the United States and the BLM identified no future
development plans for this property

The results of the GTI risk assessment indicate that there are no
unacceptable risks associated with the COPCs in the soil, sediments or
dissolved-phase chemicals in the groundwater.

After analysis of GTI’s data sets and the methods used for the 1995 Risk
Assessment, we concur with their findings.
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5 Discussion and Conclusions

5.1 Extent, Transport and Fate of Constituents of Concern

5.1.1 Separate-Phase Hydrocarbons (SPH)

We understand that SPH was present in the Nacimiento Formation seeps
prior to the installation of monitoring wells in 1984. The first
comprehensive mapping of SPH occurred in 1991. As Plates 18—20 show,
the magnitude and extent of SPH has diminished since implementation
of the groundwater recovery system in 1991.

Plates 18 and 19 suggest that hydrocarbons from the Refinery area are
migrating to the southwest—toward MW-26 and MW-27. Although this
pathway is not consistent with the potentiometric surface (see Plate 11),
an examination of Plate 15 helps explain the apparent SPH flow
direction. The saturated thickness of the Jackson Lake Terrace is less
than 1 foot at RW-3. This results in a relatively low transmissivity
compared to MW-11, MW-26 and MW-4, where the saturated thickness
of the Jackson Lake Terrace exceeds 6.5 feet. The higher transmissivity
between MW-11 and MW-4 creates a preferential groundwater flow
direction toward the southwest. Migration of SPH follows this same
pathway of higher transmissivity. In 1999, as Plate 20 shows, SPH is
confined to the Refinery property.

Plates 18-20 also indicate hydrocarbon migration north toward the
Nacimiento Formation cliff. As Plate 18 shows, before 1991 SPH had
migrated into the Nacimiento Formation cliff; this conforms with
hearsay evidence that during the 1980s SPH flowed from seeps on the
Nacimiento Formation cliff. In the early 1990s, the Refinery owners
began maintaining water in Hammond Ditch throughout the year. This
created a hydraulic barrier, preventing continued migration of SPH
beyond the ditch; as Plate 19 shows, in 1995 the zero SPH isopleth
parallels Hammond Ditch. As Plate 20 shows, in 1999 the zero isopleth
parallels Hammond Ditch in a smaller area, north of MW-20.
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The reduction of SPH within the Study Area to date has been dramatic.
There are several possible causes for this:

= At some sites, SPH thickness diminishes in response to water level
changes not related to operational recovery systems. This does not
seem to be the case at the Refinery, as groundwater levels
throughout the Refinery processing and storage areas generally
vary by less than 2 feet (see Plate 17).

= In older monitoring or recovery wells, clogging of the well screen
can also cause an apparent reduction in SPH. In sites showing this
phenomenon, the upper portion of the well screen is clogged by
emulsified SPH or microbial growth. Because the newer wells at the
Refinery (MW-42 andMW-43) exhibit the thickest accumulation of
SPH, we must question whether apparent SPH reductions measured
in other, older, wells might be due to well screen clogging.

We cannot, therefore, conclude that the groundwater recovery system
has effectively reduced the SPH mass. We conclude that a well
stimulation program or downhole camera survey in RW-17 and RW-19
is necessary to determine if well screen clogging is responsible for the
apparent reduction in SPH volume. We conclude that continued

0 pumping of RW-19 and RW-18 and initiation of recovery at MW-43 will
reduce the SPH mass at the Refinery.

We conclude that Hammond Ditch leakage continues to create a
hydraulic barrier to the northward flow of SPH. As recovery operations
continue and the mass of SPH in the northern Refinery area is reduced,
the effect of this hydraulic barrier will diminish. We conclude that
installation of hydrocarbon recovery equipment in MW-43 will accelerate
SPH removal.

5.1.2 Benzene (Plates 23, 30, 31, 38 and 39)

The extent of dissolved-phase benzene has remained constant over time,
but the magnitude of the concentrations has declined. Plate 23 shows the
benzene concentrations within the Study Area in 1999. Plates 29 and 30
show that benzene concentration within the Refinery crude processing
and petroleum storage areas remain consistent, while benzene
concentration down-gradient from these release areas is decreasing over
time. Comparing Plate 23 with Plate 39 (benzene isopleth map for 1994—
1995), however, reveals that the extent of benzene in groundwater has
not changed from 1995 to 1999.

Indirect evidence also suggests that the recovery system is reducing the
mass of hydrocarbons beneath the Refinery. Assuming that the reduction
o in SPH thickness is verified by the recovery well testing program (see
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above), removal of the SPH from groundwater reduces the source of
dissolved-phase benzene and other hydrocarbon constituents. Evaluation
of MW-11 in Plate 31 shows a steady decline in benzene concentration
beginning in 1994, three years after the expansion of the hydrocarbon
recovery system and one year after the most recent expansion and
upgrade of the system.

Upgrade of petroleum storage tanks, vigilant spill prevention and spill
countermeasures will reduce the potential for additional SPH to enter the
groundwater system. A reduction in the input of hydrocarbons from
surface spills will also result in reduced hydrocarbon concentrations in
groundwater.

Plate 40 shows the projected decline in benzene concentration over time
in three wells. The projection of MW-11 only uses data since 1994, when
a decreasing concentration trend is evident. We used a linear “best fit”
trendline to approximate first-order decay of benzene. (First-order decay
is employed by the EPA Model Bioplume IIL.) The projection of benzene
concentrations in MW-11 suggest that the area immediately south of the
Refinery property line will meet WQCC Standards (10 ug/l) as early as
2009. At the distal edge of hydrocarbons in groundwater (MW-35),
natural attenuation (microbial metabolism and dilution from recharge)
will restore groundwater to WQCC Standards during or after 2002. On
the western edge of the Refinery, benzene concentrations in RW-1 will
also meet standards during or after 2002. If the attenuation of benzene
follows an exponential decay, complete restoration of groundwater will
occur in MW-11 by 2055, in MW-35 by 2010 and in RW-1 by 2030.

At RW-1 and MW-11, leakage from Hammond Ditch and/or the Raw
Water ponds does not appear to influence the chemistry of the wells.
Therefore, we conclude that microbial metabolism of benzene is the
principal abatement mechanism at these locations. At MW-35, recharge
from the unnamed arroyo causes some dilution of benzene.

We conclude that, though the extent of benzene in the Study Area
remains unchanged from 1985 to 1999, the magnitude of benzene
concentrations is being reduced. We conclude that continued reduction of
the SPH mass by recovery operations will further reduce the magnitude
of benzene concentrations within the Study Area. We conclude that
natural attenuation will restore groundwater quality on the southwestern
and western portions of the Study Area as early as 2009. Additional
benzene data over time from Seeps 1 and 2 will permit prediction of the
time required for groundwater restoration on the northern portion of the
Study Area.
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Benzene migration has also been limited, despite the presence of more
than one foot of SPH in the Refinery since the late 1980s, and even
though the Refinery owners have not implemented any active
groundwater quality restoration system (with the exception of
hydrocarbon recovery operations). In the southwestern portion of the
Study Area, dissolved-phase benzene has not migrated beyond MW-35 or
MW-12. Evaluation of electron acceptor distribution (dissolved oxygen,
sulfate, nitrate, iron oxides) shows that the concentration of these
constituents is inversely proportional to the concentration of benzene.

Seep 5, a shallow drive-point well west of the Refinery, detected benzene
concentrations of 20 ug/1 and 56 ug/l in the 1998 and 1999 sampling
events. This well point is about 400 feet down-gradient from RW-1
(1,000 pg/l benzene in 1999) and MW-40 (2,300 ug/l1 benzene in 1999).
RW-1 exhibits decreasing benzene over time and relatively low
concentrations of sulfate and other electron acceptors.

We concluded that benzene concentration in RW-1 is mitigated by
microbial metabolism. We predict that, as early as 2002, benzene
concentration in RW-1 will approach the WQCC Standard of 10 ug/I.
After three additional years of SPH recovery in the central Refinery area,
the benzene source will be significantly diminished. We conclude that all
groundwater west of the Refinery boundary will meet WQCC Standards
as early as 2002.

In the northern portion of the Refinery, dissolved-phase benzene
continues to flow from the Nacimiento Formation cliff face into the San
Juan River Alluvium. Surface water data suggest that discharge of
groundwater to the river does not result in a measurable degradation in
surface water quality. Considering the large volume of water flowing in
the San Juan River and the relatively small flux of groundwater from the
alluvium into the river, dilution will effectively prevent detection of
benzene in the surface water.

We conclude that dissolved-phase benzene migration to the San Juan
River Alluvium will continue until the mass of SPH in the northern
Refinery area is further reduced. In the absence of a substantial data
collection program, an active abatement program is required within the
San Juan River Alluvium.

As discussed earlier, leakage from the unlined Hammond Ditch creates a

hydraulic barrier that effectively prevents northern migration of SPH.
This same leakage reduces the concentration of benzene in groundwater
adjacent to and down-gradient from the ditch. In 1999, we observed
benzene concentrations of 13,000 pg/l, 30,000 ug/l and 18,000 pg/l in

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
AND ABATEMENT PLAN — Giant Bloomfield Refinery

July5,1999




R.T. Hicks CONSULTANTS, LTD.

RW-22, RW-23 and MW-9 respectively, while Seep 1, which is 350 feet
down-gradient from these wells and 150 feet down-gradient from the
ditch, detected 800 ng/l.

We conclude that dilution and, to a lesser extent, natural attenuation
creates the observed 25-fold reduction in benzene concentration at the
Nacimiento Formation cliff-side seep. We conclude that microbial
metabolism of benzene on the northern portion of the Study Area will be
an effective abatement mechanism after all or most SPH is removed
from the central Refinery area.

5.1.3 Naphthalene and other SVOCs (Plate 21)

A comparison of Plate 21 with Plates 18—20 shows that naphthalene is
detected in wells that have shown SPH either in April 1999 or in past
sampling events. The exceptions to this observation—MW-34, MW-31,
MW-21, MW-27 and MW-28—are discussed below.

MW-34 is located outside the SPH plume, but shows a high
concentration of naphthalene. We conclude that the naphthalene in
MW-34 is a relic of a past hydrocarbon release from a nearby oil and gas
production well (see Plate 3), and is unrelated to the Refinery. Near the
production well, dissolved iron concentration is also two orders of
magnitude higher than in adjacent monitoring wells. The well site shows
evidence of past crude spills and/or produced water disposal activity. In
fact, the owner has posted a warning sign on the well referring to the
active bioremediation of such spills.

MW-31 and MW-21 are located adjacent to the SPH plume as mapped in

Plates 18 and 19. Detection of naphthalene at these wells is not surprising.

Conversely, MW-27 has exhibited SPH in past sampling events but
showed no naphthalene in the April 1999 analysis. MW-27 also detected
no benzene; we assume this is because the hydrocarbon spill that
impacted MW-27 was Jet A, a fuel containing only small amounts of
benzene. Unfortunately, the record does not contain past analyses of
naphthalene in any wells.

Lower concentrations of sulfate, dissolved oxygen, nitrate and iron as
compared to background wells suggest oxidation of hydrocarbons in the
southern and western portion of the Refinery. Biologic destruction of
naphthalene is a possible explanation for the absence of naphthalene in
MW-27. We conclude that naphthalene was once present in MW-27,
when SPH was observed in this well, but that biologic destruction of
naphthalene has reduced concentrations to below the detection limit.
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5.1.4 MTBE

MTBE is not produced at the Refinery, is stored in a single tank near the
product loading terminal (east of MW-13) and is added to the refined
products at the terminal. The fact that MW-13 exhibits MTBE at 18 ug/l
and other wells down-gradient from MW-13 show concentrations one
order of magnitude greater (e.g. MW-11, 160 ug/l; MW-34, 510 ug/l)
permits us to conclude that the Refinery released MTBE at or near the
terminal. We conclude that the release was a single event that caused a
“slug” of MTBE to enter groundwater and migrate down-gradient. The
center of mass of the MTBE slug is at or near MW-34. The March 26,
1996, spill and fire at the terminal may be the source of the MTBE in
groundwater.

5.1.5 Inorganic Parameters

5.1.5.1 Total Dissolved Solids (Plate 24)

Numerous factors influence the TDS of the groundwater zone. Leakage
from Hammond Ditch, the old Raw Water Ponds and the new Raw
Water Ponds (re-engineered from the former evaporation ponds)
recharges the Jackson Lake Terrace with low-TDS water. At and down-
gradient from the former Spray Irrigation Area (see Plate 4), TDS ranges
from over 5,000 mg/l (MW-5) to 3,000—4,000 mg/l (MW-13 and MW-
31). All three wells and several adjacent wells (e.g. MW-30) exhibit high
TDS values due to discharges from this former disposal area. In the
petroleum storage and crude processing areas of the Refinery, spills and
other surface releases contribute to the observed TDS values of 2,000
mg/1 or more in these areas. In the southern portion of the Study Area,
where the saturated thickness of the Jackson Lake Terrace is less than 2
feet, TDS is greater than 3,000 mg/l (MW-32 and MW-33).

We conclude that the background TDS concentration of the Jackson
Lake Terrace in the southern portion of the Study Area, unaffected by the
Refinery or Hammond Ditch, is greater than 3,500 mg/l (MW-32, MW-
33). Here, the Jackson Lake Terrace is thin and the water quality is more
similar to the underlying Nacimiento Formation. We conclude that TDS
concentrations at and down-gradient from the former Spray Irrigation
Area will continue to decrease over time (see Plate 34 for evidence of this
trend). We conclude that leakage from Hammond Ditch and recharge
from the unnamed arroyo in the southern portion of the Study Area
contributes low-TDS water to the Jackson Lake Terrace resulting in TDS
concentrations between 408 mg/l (MW-1) and 646 mg/l (MW-36).
Down-gradient from these recharge areas, TDS decrease and approach
background concentrations. We conclude that the background
concentration of TDS beneath the Refinery is best represented by MW-8
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(2,246 mg/1). We conclude that the magnitude and extent of TDS
concentrations above 1,000 mg/] will remain static until the recharge
regime changes (e.g. lining Hammond Ditch).

5.1.5.2 Chioride (Plate 25)

Chloride concentrations behave in a manner similar to that described
above for TDS.

5.1.5.3 Sulfate (Plate 26)

Sulfate concentrations exceed the 600 mg/l WQCC Standard in the
southern portion of the Study Area (MW-32 and MW-33) and at other
wells where the saturated thickness of the Jackson Lake Terrace is less
than 4-feet (MW-31, RW-3). Near the former Spray Irrigation Area
(MW-5, MW-3 and MW-30), sulfate concentrations also exceed the
WQCC Standard. In most wells where hydrocarbons are present, sulfate
concentration is below 50 mg/l.

We conclude that, where the saturated thickness of the Jackson Lake
Terrace is less than 4 feet, the background sulfate concentration is about
1,500 mg/l. We conclude that sulfate concentration at and near the
former Spray Irrigation Area will continue to decline with time. We
conclude that, in the northern portion of the Study Area, the oxidation of
hydrocarbons has caused sulfate to reduce to a lower oxidation state.

We conclude that sulfate concentration in the Jackson Lake Terrace
should remain relatively constant until oxidation of hydrocarbons is
complete. At that time, recharge from Hammond Ditch and the Raw
Water Ponds will increase sulfate concentration in the northern Study
Area to background concentrations (about 100 mg/1). Over time, wells
near the former Spray Irrigation Area will also exhibit background
sulfate concentrations.

§.1.5.4 Barium, Chromium and Lead (Plates 22, 27, 29)

Barium concentration in groundwater correlates with high hydrocarbon
content and/or low sulfate concentration. We conclude that barite
(BaS0g) is dissolving in groundwater in response to metabolic oxidation
of hydrocarbons. Barite is common in desert environments and is
probably a common mineral in the Jackson Lake Terrace. Barium
behaves like iron in and adjacent to petroleum hydrocarbon groundwater
plumes.
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As of 1999, chromium concentrations are high in three places: the
processing area, background well MW-8 and wells MW-37 and MW-38.
In the process area, the chromium concentrations of 0.19 mg/l (MW-40
and MW-41) could be due to past releases of chromium-containing
process-specific chemicals such as corrosion inhibitors. The
concentrations of 0.17 and 0.15 mg/l at MW-37 and MW-38 could not
have been caused by a past release not associated with the Refinery. At
MW-8, the concentration of 10 mg/l is two orders of magnitude higher
than contentations shown in any other analysis, past or present. We
conclude that these wells must be resampled and field filtered in
September 1999. Furthermore, we hypothesize that heavy minerals (such
as magnetite, illmenite and chromite), which dissolve in anaerobic
groundwater, contribute dissolved metals to groundwater.

Lead concentrations are similar to those for iron (see Plate 28). The
record of analyses demonstrates that lead was detected in about 30% of
the analyses. About 20% of the approximately 200 samples exceeded the
WQCC Standard (0.05 mg/1). Lead concentrations detected in
background well MW-1 have exceeded this standard eight times since
sampling began in 1984. We conclude that lead concentrations
throughout the Study Area are at or near natural background levels.

5.2 Provenance of Constituents of Concern (COCs)

In this report, we consider petroleum hydrocarbons and other analytes
that exceed WQCC Standards (e.g. TDS) to be constituents of concern
(COCs). Whereas the provenance of separate-phase hydrocarbons can be
clearly associated with releases from the Refinery, the source of other
COCs is not readily apparent.

In the southern portion of the Refinery, we conclude that the sources of
SPH are releases of jet fuel (e.g. March 8, 1991 — Tank 26) and diesel (e.g.
May 19, 1985 — Tank 19). In the central and northern Refinery area, we
conclude that SPH originated from releases of intermediate products (e.g.
November 7, 1984 — naphtha), diesel (e.g. April 8-9, 1986 — east of crude
unit) and gasoline (former Tanks 6 and 7).

We conclude that the principal source of dissolved-phase hydrocarbons,
such as benzene, is separate-phase hydrocarbons on groundwater.

The origin of several other constituents is related to the release of
hydrocarbons. The Jackson Lake Terrace was originally deposited under
aerobic conditions. During the Late Pleistocene, when precipitation was
greater than today, groundwater may have existed in the Jackson Lake
Terrace. Such groundwater would be oxidized. If groundwater existed in
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this unit during recent time but prior to the construction of Hammond
Ditch, this groundwater would also be oxidized. The releases of petroleum
hydrocarbons to groundwater depleted the oxygen in groundwater
beneath the Refinery. In such reducing groundwater, mineral oxides
(hematite, magnetite, ililmenite, chromite, barite, etc.) will dissolve and
release metals (iron, magnesium, chromium, barium, etc.). We conclude
that the following constituents of concern were released to groundwater
from the minerals of the Jackson Lake Terrace: barium, chromium,
cobalt, lead, manganese and nickel.

Many constituents of concern are above WQCC Standards in wells
removed from the Refinery or at locations up-gradient from active waste
management units. Except for wells adjacent to Hammond Ditch and the
Raw Water Ponds, chloride and TDS exceed WQCC Standards. We
conclude that concentrations of chloride and TDS naturally increase with
distance from artificial recharge areas. However, past Refinery activities
(the Spray Irrigation Area and the former evaporation ponds) also
contributed to increased concentrations of chloride and TDS. We
conclude that boron and aluminum are also naturally above WQCC
Standards or are a result of the lack of field filtering during the April 1999
sampling event. Field filtering during the September 1999 sampling may
o show that boron and aluminum are below WQCC Standards.

Except where reducing conditions have essentially removed sulfate from
groundwater, sulfate exceeds WQCC Standards throughout the southern
portion of the Study Area. We conclude that sulfate is naturally above
WQCC Standards and is not a result of Refinery releases.

5.3 Field Testing of Abatement Alternatives

5.3.1 Vapor Extraction/Air Sparge Pilot Testing

GTI conducted vapor extraction/air sparge pilot testing as part of the
Phase IV RFI. Previous submittals from GTI provide a complete
discussion of the procedures and findings from this pilot test. The
significant findings are listed below.

= Venting VEW-18S, a 2-inch well completed in a zone from 5-13 feet
below grade, produced measurable induced vacuum in wells up to
57 feet away. At a maximum applied vacuum of 42 inches of water
column, induced vacuum response was less than 0.19 inches,
reflecting the low permeability clay characteristic of this zone.
Maximum soil vapor flow from the test well was 115 scfm.
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Calculated effective radii of influence for this shallow zone ranged
from 2 feet (for removal of diesel products) to 36 feet (for removal
of gasoline products).

s Venting VEW-1D, a 2-inch well completed in a zone from 16—26
feet below grade, produced measurable induced vacuum in wells
19—57 feet from the vent well. At a maximum applied vacuum of 21
inches of water column, the induced vacuum ranged from 1.9—4.0
inches. High permeability sands and gravel in the deep zone may
account for the greater response to venting at this depth. Maximum
soil vapor flow from the deep test well was 131 scfm. Calculated
effective radii of influence for this deeper zone ranged from 3 feet
(for removal of diesel products) to 84 feet (for removal of gasoline
components).

» GTI evaluated saturated zone sparging effectiveness based on
observed induced pressure and VOC concentrations while sparging
at applied pressures of 3—5 psi. At 5 psi, maximum airflow into AS-
1, a 2-inch diameter well, was 19.5 scfm. Based on observed
pressure responses during the sparge test, GTI proposed a
conservative value of 50 feet as the effective radius of influence.

= During the combined pilot test, GTI measured a net negative
vacuum in all monitor points while venting at 18 inches of water
column and sparging at 5 psi, approximately 120% above
breakthrough pressure. This indicates that the vacuum system has
the capacity to contain all vapors generated through sparging. Due
to sparge pressure, vacuum measured in the monitor points during
the combined test was generally less than one-half of the vacuum
measured while venting only.

= Hydrocarbon mass removal rates reached 0.20 lIb/hr total fuel for
venting in the shallow zone. Removal rates rose to 5.5 Ib/hr total
fuel while venting and sparging in the deep zone. Oxygen levels
ranged from 4.3%—18% in the vented effluent. Concentrations of
methane ranged from 18%—-68%.

5.3.2 Bacterial Enumeration Studies

Petroleum hydrocarbons, particularly BTEX compounds and low
molecular weight hydrocarbons (<C,)), are generally biodegradable.
Extremely high concentrations of petroleum hydrocarbons, however, can
hinder biodegradation. In particular, biodegradation is generally not
optimal if petroleum hydrocarbon concentrations are greater than
20,000 mg/1, or if SPH is present.
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Effective bioremediation requires a sufficient density of hydrocarbon-
degrading bacteria. As part of the original CMS investigation undertaken
by GTI, groundwater samples from wells MW-11, MW-26, MW-30,
MW-31 and MW-34 were submitted for bacterial enumeration studies to
determine the density of total heterotrophic bacteria (THB) and
contaminant-utilizing bacteria (CUB). Appendix B of the CMS contains
the laboratory analytical results of this sampling event. These tests are
qualitative in nature, as the measurement of either the THB or CUB is
somewhat imprecise. However, these measurements can indicate the
relative health of the subsurface bacterial community. In general,
population densities of THB or CUB above 105 CFU/ml are considered
high; densities below 103 CFU/ml are considered low.

Bacteria counts from groundwater at the Refinery range from low to
moderate. THB counts for the five wells tested ranged from 1.3 x 103
CFU/ml to 5.9 x 10* CFU/ml. CUB counts ranged from 3.2 x 10> CFU/
ml to 4.7 x 10¢ CFU/ml. Table 10 summarizes bacterial counts for each
well.

Volatile hydrocarbons were detected in each of the tested monitoring
wells. GTI compared the microbial data with the chemical data to
determine whether there was a correlation between hydrocarbon
concentrations and bacterial counts. However, they were unable to
establish such a correlation. GTI concluded that factors other than
hydrocarbons alone are limiting biological activity in the saturated zone.

GTI also submitted groundwater samples from the five wells for analysis
of inorganic parameters, dissolved oxygen and pH. The inorganic
analytical results show that ammonia and orthophosphate are present in
the groundwater but at concentrations lower than optimal to support an
extensive bacteria population. Measurements of pH are within the
accepted aerobic bioremediation range (6—8). Dissolved oxygen
concentrations are lower than optimal and indicate that anaerobic
conditions may be present. A review of historical analytical data shows
elevated nitrate levels in MW-5, an up-gradient monitoring well,
compared to wells located within the hydrocarbon plume. From this, GTI
concluded that anaerobic biodegradation of hydrocarbons under
denitrifying conditions may be occurring. GTI also stated that high
methane levels measured during the vapor extraction/air sparge pilot test
suggest the occurrence of denitrifying conditions. Moderate levels of
sulfate are present in the plume area. Sulfate can serve as a terminal
electron acceptor under highly reducing conditions. GTI concluded that,
due to high sulfate concentrations, this mechanism is probably not
occurring at the site.
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According to GTI, the limited availability of dissolved oxygen and low

level of inorganic nutrients appear to be inhibiting factors for effective

biodegradation of the hydrocarbons at the site. However, the presence of

the heterotrophic bacteria and the high percentage of contaminant-

| utilizing bacteria in relation to the total heterotrophs indicates that the
base bacterial population for effective biodegradation exists.
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6 Screening of Abatement
Alternatives

Abatement options for the Refinery area include remedial technologies
and environmental management alternatives ranging from soil vapor
extraction to no action. The March 1993 “RCRA Facility Investigation —
Task I: Description of Current Conditions” report included a pre-
investigative evaluation of abatement options. As part of the Discharge
Plan and CMS process, Hicks Consultants re-evaluated abatement
alternatives in light of data collected as part of the RFI, GTT’s evaluation
in the original CMS and data from this investigation.

Hicks Consultants screened abatement options that address one or more
of the three previously outlined abatement objectives at the Refinery. We
employed a screening matrix to evaluate which technologies will meet
the abatement objectives most efficiently for the following four hydraulic
zones:

= surface water (the San Juan River)

= SPH in the unsaturated zone

= sorbed constituents of concern in the unsaturated zone
= dissolved constituents of concern in the saturated zone

Some of the abatement options identified, such as soil vapor extraction,
are applicable to more than one zone. Abatement options such as these
are perhaps more applicable to the site because one measure can help
fulfill more than one objective.

Hicks Consultants screened nine abatement options to address surface
water, nine options for SPH, nine options for the unsaturated zone and
seven options for the saturated zone.
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Hicks Consultants evaluated each technology according to three
categories of appropriateness: site characteristics, constituent of concern
characteristics and technology limitations. We eliminated those
technologies that were unacceptable in any one of the categories. Options
that were acceptable in all three areas were retained for further
consideration on a more detailed level.

A description of the rating considerations is provided below. Please note
that the evaluation of various remediation technologies does not imply
that any remediation technology is required to meet the abatement
objectives at the Refinery. A “no action” alternative is also a reasonable
solution, if it will meet the abatement objectives.

6.1 Description of Technology Evaluation Parameters

6.1.1 Site Characteristics

Hicks Consultants reviewed site data, including current operations,
geology and hydrology, to identify any conditions that would limit or
promote the use of particular abatement technologies at the Refinery.
Technologies whose use was clearly precluded by site conditions were not
retained for further consideration.

6.1.2 Constituent of Concern (COC) Characteristics

Hicks Consultants considered abatement options in light of the
characteristics of the COCs that may limit the effectiveness or feasibility
of particular technologies. Methods that were clearly limited in
remediating petroleum hydrocarbons were eliminated.

6.1.3Technology Limitations

For each of the abatement options, Hicks Consultants evaluated how
well-developed the technology is, how the technology has performed at
similar sites, and any inherent construction or operation and
maintenance problems. Technologies that have performed poorly, or
have not been fully demonstrated, at sites similar to the Refinery were
not retained for further consideration.

6.2 Retention of Options

A final decision on whether or not to retain a specific listed technology as
a candidate for application was made based on the three criteria listed
above. Any abatement options that were clearly unsuitable for this site
due to site or waste characteristics or inherent technology limitations
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were not retained for further consideration. Tables 11—14 summarize the
results of the screening process. The retained abatement options are
described below.
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7 Description of Retained
Abatement Options

The following sections contain brief descriptions of retained abatement
options, each listed under the abatement objective to which it applies.
Some abatement options identified, such as soil vapor extraction, are
applicable to more that one objective. The final evaluation for each
retained option is presented in section 8, below.

7.1 Seepage Control to the San Juan River (Surface Water)

Hydrocarbon-impacted groundwater under the Refinery flows toward
the San Juan River through seeps at the base of the bluff on the
northwest side of the site. The result is a zone of alluvium containing
hydrocarbons and SPH that recently impacted the river during a season
of low flow. To prevent future impact on the river, the hydrocarbon-
impacted groundwater flow from the alluvium into the river must be
mitigated. This can be accomplished either by diverting the flow or by
reducing hydrocarbon concentrations. Of these strategies, diverting the
flow requires less capital and construction effort, and provides more
immediate results; options based on this strategy also require much less
field data to evaluate. Due to the immediate threat to surface water and
the increased amount of field data required to evaluate options aimed at
reducing hydrocarbon concentrations, Hicks Consultants only considered
options based on flow control or diversion. Of these, we retained the
option of using sheet pilings to control the flow to the river. If, in the
future, the sheet pilings prove ineffective, Refinery staff will perform the
required investigations to allow evaluation of hydrocarbon reducing
technologies.
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7.1.1 Sheet Pilings and Slurry Wall

Installation of sheet pilings and a bentonite slurry wall will physically
restrict groundwater flow to the San Juan River. Sheet pilings driven into
the Nacimiento formation approximately 5—10 feet from the river’s edge
will minimize construction impact to the river and effectively seal off the
perched groundwater zone. A sealant will be applied between the pilings
to create an impermeable barrier. Sheet pilings extending around the
perimeter of the river bank to the outlet of the water make-up ponds (see
Plate 41), south along the west edge of the make-up ponds and east to
the east edge of the make-up ponds, will effectively surround the
hydrocarbon-impacted groundwater zone. A French Drain between the
cliff and the sheet piling will divert all impaired groundwater to the raw
water ponds, preventing hydrocarbons from flowing underneath the
sheet piling to the river.

7.2 Abatement of Separate-Phase Hydrocarbons (SPH) in the
Unsaturated Zone

SPH comprises the largest portion of the total mass of petroleum
hydrocarbons under the Refinery. GTI and Hicks Consultants both used
well gauging events to estimate the extent of SPH. According to GTT’s
calculations, SPH in the Study Area ranges from 57,000—-68,000 gallons.
In calculations for this report, we will use the highest number that GTI
calculated for SPH. Regardless of the total mass, however, SPH must be
contained to promote water quality and meet the abatement objectives.
To meet this objective, Hicks Consultants retained the five abatement
options presented below.

7.2.1 Option 1: Soil Vapor Extraction (SVE)

Soil vapor extraction (SVE) is a process in which soil vapors are
vacuumed out of the subsurface through vapor extraction wells
connected to a vacuum blower. Active venting of soil vapors promotes
continuous removal of volatile hydrocarbons sorbed to the soil matrix.
The induced flow of air through the vented soil formation also increases
the dissolved oxygen concentration available to hydrocarbon-degrading
bacteria.

SVE is most effective in course-grained soils impacted with volatile
contaminants, similar to the conditions that exist at the Refinery. Pilot
testing results from the RFI (see section 5.31, above) indicate that SVE is
feasible for use in eliminating hydrocarbons at the Refinery.
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Preliminary designs by GTI include one that uses 5 treatment zones,
serviced by 3 remediation equipment compounds. Each of the 5 zones
will consist of 8 SVE wells. Initial extraction rates will be restricted based
on air quality emission limits to prevent the need for air emission
abatement technology. As soil vapor concentrations decrease over time,
the extraction rates can increase accordingly.

7.2.2 Option 2: SVE and In Situ Air Sparging (I1AS)

Air sparging is a process in which ambient air is injected into
groundwater in the subsurface through multiple wells connected to a
pressure blower. SVE, as discussed above, coupled with air sparging, can
provide accelerated removal of hydrocarbons from the subsurface.

Together, SVE and air sparging remove SPH by volatilization and by
encouraging biodegradation through increased oxygen supply. Sparged
air bubbles strip volatile hydrocarbons from impacted groundwater. The
volatilized hydrocarbons flow into the unsaturated zone, where they are
captured by an SVE system. Additionally, sparging injects air directly into
groundwater, thereby supplying a greater amount of oxygen to the
subsurface than SVE alone. This additional oxygen promotes
hydrocarbon biodegradation.

Given the relatively thin saturated zone at the Refinery (<1 to 10 feet),
multiple sparge points would be required to create sufficient coverage of
the SPH plumes. Pilot testing results suggest that both SVE and IAS are
feasible technologies for the Refinery. Initial designs include 40
extraction wells and 75 sparging wells, organized into 5 treatment zones.
Extraction and sparging rates will be limited by the vapor concentrations
released to prevent the need for air emission controls.

7.2.3 Option 3:Total Fluids Pumping

Total fluids pumping is used to pump SPH and hydrocarbon-impacted
groundwater out of the subsurface for treatment or disposal above grade.
This is accomplished by pumping wells installed within the SPH plume.

Total fluids pumping from 7 recovery wells is currently employed at the
Refinery (see section 1.5). The recovery wells pump SPH and
hydrocarbon-impacted groundwater to the existing Refinery API
separator, then on to the RCRA units, the evaporation ponds and finally
the injection well. In the past, drawdowns in the pumping wells have
been relatively low, limited by the capacity of the facility’s water
treatment system. Since installation of the injection well in 1995, each
pump is able to discharge 1.5~2 gallons per minute.
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7.2.4 Option 4: Water Table Depression and SVE

Water table depression coupled with SVE is a process in which the water
table is lowered through pumping, thereby creating or exposing a smear
zone (an unsaturated zone through which the SPH travels as the water
table is lowered). A portion of the SPH is sorbed to the soil matrix in the
smear zone, then vacuumed out using SVE. The increased smear zone
creates a larger SPH surface area for the SVE flow to remove volatiles
and for hydrocarbon-degrading bacteria to feed on. The smear zone in
the soils matrix acts like a crude air-stripping matrix combined with a
fixed film bioreactor. SVE flow passing through the porous smear zone
soil matrix will pull off more volatile contaminants than SVE over the
flat plane surface of an SPH plume lying on groundwater. A thin SPH
coating on soil grains in the smear zone will be more diluted (less toxic)
and more accessible to hydrocarbon degraders. Using SVE coupled with
water table depression would provide faster removal of SPH from
groundwater than using SVE alone.

As discussed above, SVE is a feasible technology for the Refinery, and
could be enhanced locally (in the SPH plume areas) by water table
depression. However, the permeability of the Jackson Lake Terrace is so
great that in order to depress the water table sufficiently to provide a
reasonable benefit to SVE (>2 feet), large volumes of water (5—-10 gallons
per hour per well) must be discharged. This discharge could overwhelm
the existing wastewater disposal system.

7.2.5 Option 5: Monitored Natural Attenuation (MNA)

Monitored natural attenuation (also called intrinsic remediation) is a
remedial response that employs naturally occurring processes such as
dilution, biodegradation and volatilization. When SPH is present,
biodegradation generally progresses rapidly at the edges of the plume,
gradually reducing the plume around the release area. Thus, natural
attenuation will stabilize hydrocarbon migration and eventually reduce
SPH in the source area. Recent data indicate that this option will reduce
risk at the edges of the plume, where the risk to human health and the
environment is highest, within 10-30 years. It may eventually remove
all SPH at the Refinery, though complete restoration will take
significantly longer.

According to the USEPA OSWER Directive 9200.4-17P,

“In determining whether MNA is an appropriate remedy for soil or
groundwater at a given site, EPA or other regulatory authorities
should consider the following;:
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» Whether the contaminants present in soil or groundwater can be
effectively remediated by monitored natural attenuation processes;

= Whether or not the contaminant plume is stable and the potential
for the environmental conditions that influence plume stability to
change over time;

» Whether human health, drinking water supplies, other
groundwaters, surface waters, ecosystems, sediments, air, or other
environmental resources could be adversely impacted as a
consequence of selecting MNA as the remediation option;

= Current and projected demand for the affected resources over the
time period that the remedy will remain in effect;

= Whether the contamination, either by itself or as an accumulation
with other nearby sources (onsite or offsite), will exert a long-term
detrimental impact on available water supplies or other
environmental resources;

= Whether the estimated timeframe of remediation is reasonable
compared to timeframes required for other more active methods;

» The nature and distribution of sources of contamination and
whether these sources have been, or can be, adequately controlled;

» Whether the resulting transformation products present a greater
risk, due to increased toxicity and/or mobility, than do the parent
contaminants;

= The impact of existing and proposed active remediation measures
on the MNA component of the remedy, or the impact of
remediation measures or other operations/activities (e.g., pumping
wells) in close proximity to the site; and

» Whether reliable site-specific mechanisms for implementing
institutional controls are available, and if an institution responsible
for their monitoring and enforcement can be identified.

Historic groundwater data and bacterial enumeration studies
demonstrate that natural attenuation is feasible and is already occurring
at the Refinery. It has been well documented that monitored natural
attenuation is effective in degrading petroleum hydrocarbons in soil and
groundwater. Well gauging events from 1995-1999 demonstrate that the
hydrocarbon plume at the Refinery is stable and is in fact shrinking. The
only anticipated change in environmental conditions affecting
hydrocarbon migration at the site is the proposed lining of Hammond
Ditch and the evaporation ponds. These changes should reduce the
recharge to the subsurface, slowing hydrocarbon migration and thus
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allowing monitored natural attenuation processes in any given area more
time to degrade the petroleum products in a smaller area around the
Refinery.

As the analyses demonstrate, the current distribution of petroleum
hydrocarbons creates no adverse impact on human health or the
environment. There is no evidence that sediments, air or any other
environmental resource will be impacted by allowing the hydrocarbons
to remain in their current location until they are naturally degraded. The
groundwater at the Refinery is not used for drinking water or any other
purpose, nor will it be in the foreseeable future. Thus, there is no
projected demand for the “affected resource,” nor will the hydrocarbons
create any long-term detrimental impact on any nearby water supplies or
other resources.

Hicks Consultants estimates that monitored natural attenuation will
require approximately 60 years to reduce hydrocarbon concentrations
throughout the SPH plume to WQCC numerical standards.
Hydrocarbons in groundwater poses no threat to human health or the
environment at any place of reasonably foreseeable future use. Therefore,
we believe this is a reasonable timeframe for remediation.

Refinery personnel have controlled all known release points; they also
conduct regular maintenance and throughput checks to minimize any
future release. Past releases at the Refinery contained jet fuel, diesel and
gasoline products; the natural degradation of these products forms
innocuous chemical species. Thus, there is no additional risk created by
the degraded products.

The existing pumping system, and all the proposed active methods for
SPH recovery, will increase the potential for natural attenuation by
reducing hydrocarbon concentrations and/or introducing oxygen into the
subsurface. The existing pumping system may also decrease the
hydrocarbon migration rate by removing water and SPH from the up-
gradient release area.

The land containing subsurface hydrocarbons is owned either by the
Refinery or the BLM. The BLM cannot transfer the land or increase
groundwater usage until all hydrocarbons are below detection limits.
Therefore, institutional controls are already in place to prevent future
uses of groundwater or subsurface that will create a risk to human health
or the environment.

Semiannual or annual monitoring of selected groundwater wells provides
sufficient data to demonstrate that natural attenuation is progressing and
the hydrocarbon plume is not expanding. If groundwater monitoring
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demonstrates that hydrocarbon concentrations in the saturated zone are
remaining stable or decreasing over time, a similar assumption can be
made regarding the mass of hydrocarbons sorbed to soil.

7.3 Abatement of Sorbed COCs in the Unsaturated Zone

Hydrocarbons sorbed to soil generally account for a significant portion of
any hydrocarbon mass. Soil containing sorbed hydrocarbons is often a
continuing contributing source of dissolved hydrocarbons in
groundwater. This soil source must be eliminated before groundwater
can recover completely. To accomplish this objective at the Refinery,
Hicks Consultants retained the following two abatement options for
further consideration.

7.3.1 Option 1: Soil Vapor Extraction

The process of Soil Vapor Extraction and its potential effectiveness at the
Refinery are discussed as Option 1 for SPH remediation (see section

7.2.1).

7.3.2 Option 2: Monitored Natural Attenuation

Monitored natural attenuation is described in Option 5 under SPH
remediation (see section 7.2.5). Chemical data from the Refinery
subsurface suggest that natural attenuation has measurably abated the
impact to groundwater in the last ten years. If the current distribution of
hydrocarbons in the subsurface is below an acceptable EPA risk level,
monitored natural attenuation will be sufficient to meet future
abatement objectives.

74 Azbatement of Dissolved-Phase COCs in the Saturated
one

Some hydrocarbon constituents are soluble in water, becoming dissolved-
phase hydrocarbons and typically migrating farther from the release
point than SPH. Analytical results from groundwater sampling events at
the Refinery indicate that dissolved-phase hydrocarbons have migrated
outside the SPH plume boundaries. The mass of dissolved-phase
hydrocarbons is generally small relative to the masses in SPH and soil.
Hicks Consultants retained four abatement options to address dissolved-
phase hydrocarbons at the Refinery.

7.4.1 Option 1: Soil Vapor Extraction (SVE) and /n Situ Air Sparging
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(IAS)

SVE and IAS are described as Option 2 for SPH remediation (see section
7.2.2).

7.4.2 Option 2: Enhanced /n Situ Bioremediation

Enhanced in situ bioremediation is the injection of nutrients, such as
nitrogen, and phosphorous into groundwater to promote the
biodegradation of hydrocarbons before they reach the river. Bacterial
enumeration studies conducted at the Refinery have concluded that site
conditions (bacteria populations, contaminant type, temperature, pH,
geology) are amenable to bioremediation. However, these studies have
also demonstrated that the oxygen, nitrogen and phosphorus levels in
groundwater are lower than optimal for bioremediation. If these growth
factors are enhanced, bioremediation may have a significant effect on
reducing subsurface hydrocarbons.

Water-soluble agricultural fertilizers provide the necessary nutrients for
enhanced bioremediation in a cost-effective manner. Doses of the
fertilizer mixed with water will be poured down selected monitor wells
throughout the Refinery property.

The degree of hydrocarbon biodegradation can be monitored through
carbon dioxide levels before and after adding the nutrients. Organic
compounds are converted into carbon dioxide and water by the bacteria.
The rate of biodegradation can be calculated based on oxygen uptake and
carbon dioxide and water production. Carbon dioxide is a direct result of
the biodegradation of organic material by microorganisms in soil and
groundwater. In general, approximately 30—60% of organic carbon
degraded by bacteria is released as carbon dioxide. Because of this direct
relationship between biodegradation and carbon dioxide production,
monitoring of carbon dioxide provides data reflecting the mass of
hydrocarbon degradation. Monitoring carbon dioxide production is also
an effective way to check that bioremediation is proceeding efficiently,
and to calibrate the appropriate amount of nutrient addition. For
example, a significant reduction in carbon dioxide production can
indicate an imbalance in the biological system. This imbalance can result
from a lack of nutrients or oxygen, from the presence of microbial-
inhibiting substances, or from some other condition in the system. An
increase in the rate of carbon dioxide production following nutrient
addition will indicate that lack of such nutrients was a partial cause of
this imbalance. Nutrient addition will be adjusted based on the response
in carbon dioxide levels following the initial nutrient input.
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Nutrient addition to groundwater is permissible in New Mexico with a
Groundwater Discharge Permit issued by the NMED Groundwater
Bureau. Typically, the permit conditions require installation of down-
gradient sentinel wells to monitor for the presence of nitrogen and
phosphorus escaping the treatment area.

7.4.3 Option 3: Source Removal and Monitored Natural Attenuation

This corrective measure option entails the use of remediation
technologies such as vapor extraction or total fluids pumping to remove
and degrade SPH and soil sources. The water quality improvement will
then rely on monitored natural attenuation to diminish the dissolved-
phase hydrocarbons remaining. Semiannual or annual monitoring will
be necessary to demonstrate that the SPH plume is stable and the
dissolved-phase hydrocarbon concentrations are decreasing with time.

7.4.4 Option 4: Monitored Natural Attenuation (MNA)

The principles of monitored natural attenuation are described as Option 5
for SPH remediation (see section 7.2.5).
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8 Evaluation of Abatement
Alternatives

This section presents a detailed evaluation of retained abatement
alternatives based on how well they address the four abatement
objectives listed above (see section 6). Hicks Consultants examined each
alternative in terms of characteristics and environmental concerns
specific to the Refinery. Section 8.1 outlines the methodology applied.
Tables 15—-18 provide a summary of the evaluation.

Due to the magnitude of the release at the Refinery, we believe “no
action” is not an acceptable alternative for the Refinery. For purposes of
quantitative comparison, we have referred to monitored natural
attenuation (MNA) as the baseline, or zero, option and rated all other
alternatives relative to this option.

8.1 Evaluation Methodology

8.1.1 AOC-Specified Criteria

As directed in the Administrative Order on Consent, Hicks Consultants
evaluated each corrective action alternative according to the following
criteria:

8.1.1.1 Technical

Technical evaluation is based on the three factors discussed below.
Performance: Performance includes the ability of a particular method
to meet the objective, any waste or site characteristic that would impede

the effectiveness of a given method, and the useful life of the method in
question.
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Reliability: Reliability considerations include the operation and
maintenance requirements for each alternative, including the frequency
and complexity of maintenance operations, and the availability of labor
and materials. This category also includes the demonstrated reliability of
each method at similar sites.

Implementability: Implementability concerns the ease of installation,
time required to achieve a given level of response, constructability of the
system (including location of utilities, depth to water, heterogeneities and
location) and external factors such as required permits, equipment
availability and location of treatment and disposal facilities.
Implementability also includes consideration of the time needed for the
method to begin functioning effectively and the time required to reach a
desired level of remediation. Hicks Consultants approximated this length
of time using professional judgement.

8.1.1.2 Environmental

Environmental considerations include short- and long-term beneficial
and adverse effects, adverse effects on environmentally sensitive areas,
and analysis of measures to mitigate adverse effects.

8.1.1.3 Human Health

Human health factors include mitigation of short- and long-term
potential exposure and the ability of a particular method to be protective
of human health both during and after implementation. The
Administrative Order on Consent also includes potential exposure
pathways and potentially affected populations in this area of evaluation.
GTI performed a complete risk assessment for the site, discussing these
and other risk assessment factors associated with all aspects of the site
(see section 4.13). The risk assessment demonstrates that risks to human
health and the environment under current conditions are below target
levels accepted by the EPA. Therefore, only new exposure routes created
by the abatement were included in this area of evaluation.

8.1.1.4 Institutional

This area of evaluation considers effects of federal, state and local
standards and regulations and community relations on the design,
operation and timing of each abatement alternative.
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8.1.1.5Cost

Hicks Consultants developed a two-part cost estimate for each abatement
option. The first part of the estimate is for the year in which the method
is implemented. This includes all construction, engineering design, legal
and regulatory costs associated with installing the system and initiating
operation. This part also includes the first year’s costs for operation and
maintenance, labor and materials, energy, professional and laboratory
fees, disposal costs and administrative costs. The second part of the cost
estimate is an annual cost for every year following the first. This annual
cost includes operation and maintenance, energy, professional and
laboratory fees, disposal costs and administrative costs.

The costs developed during this evaluation are merely estimates and may
not match the actual costs of the corrective action alternatives
implemented at the Refinery. However, they are close enough to the
actual costs to use as evaluation tools in determining which corrective
action alternatives are most cost-effective for the Bloomfield Refinery.

8.1.2 Rating System

While the Administrative Order on Consent provides the above criteria
for evaluating different abatement options, it does not specify what
importance each element should carry. Hicks Consultants therefore
established a simple rating system, applying appropriate weighting
factors to those considerations deemed most important at the Refinery.

The abatement alternatives for each abatement option were evaluated
relative to monitored natural attenuation. If a measure provided higher
benefits than monitored natural attenuation in a particular category, it
was assigned a value of “+1.” If the measure proved less beneficial than
monitored natural attenuation, it was assigned a value of “—1.” If the
measure provided similar benefits, or provided additional benefits but also
created adverse effects of the same magnitude, the measure was assigned
a value of “0.” By definition, monitored natural attenuation was assigned
a “0” for every category.

In addition to the relative comparisons, Hicks Consultants assigned each
of the evaluation criteria a weighting factor based on the relative
importance at the Refinery. For example, Hicks Consultants deemed
protection of human health more important than cost of
implementation. Thus, the human health category was assigned a larger
weighting factor than the cost category. Table 19 lists the assigned
weighting factors and the justification for each.
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Tables 15—18 display the results of the rating and evaluation for each of
the abatement alternatives. Hicks Consultants selected the recommended
remedial system based on the relative merit of each alternative as
displayed in these tables.

8.2 Seepage Control to the San Juan River (Surface Water)

8.2.1 Sheet Pilings and Slurry Wall

Installing impermeable sheet piling and a bentonite slurry wall along the
edge of the San Juan River will have an immediate and long-lasting
effect in preventing dissolved-phase hydrocarbons and SPH in
groundwater from entering the river. This technology has been used for
many years and has proven effective at numerous sites. The pilings will
require a relatively quick, though labor intensive, installation period. As
there are no moving parts, the pilings require no maintenance and will
have a long useful life. The manufacturer’s warranty ensures that the
sheet piling will function for the life of the Refinery, commonly estimated
as 20 years for amortization purposes.

The installation of sheet pilings and slurry wall may have the adverse
effect of increasing turbidity and noise levels in the river bed area during
construction, but there will be no adverse long-term effects. The ability to
prevent hydrocarbons from entering the river will be immediate. Adverse
effects to the river will be minimized through careful construction and
installation procedures.

As demonstrated in the analyses, there is no current threat to human
health posed by hydrocarbons in the sediment of the San Juan River.
However, the river is used for recreation and fishing. The installation of
sheet pilings will remove any potential risk of future hydrocarbon
exposure in the river.

Installing sheet pilings is an active and visible abatement alternative that
immediately protects against the likelihood of future hydrocarbon
exposure. Thus, it should be acceptable to environmental regulators and
the surrounding community.

As described in plans previously submitted to the NMOCD, the initial
designs for a sheet piling system call for installing sheet piling to a depth
of approximately 22 feet, extending from the perimeter of the river bank
to the outlet of the water make-up ponds, then south along the west edge
of the make-up ponds and east to the east edge of the ponds. A French
Drain or similar system will be installed on the Refinery side of the
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impermeable barrier to pump SPH to a recovery tank as necessary. The
initial capital costs are estimated at $173,000, with only negligible costs
after the first year.

8.3 Abatement of Separate-Phase Hydrocarbons (SPH) in the
Unsaturated Zone

8.3.1 Soil Vapor Extraction (SVE)

Soil vapor extraction has proven successful in reducing SPH at sites
similar to the Bloomfield Refinery. An SVE system has its drawbacks: it
will require installation of approximately 40 wells, and the equipment
will have a limited useful life. However, installation of such equipment
will probably reduce hydrocarbon concentrations to nondetectable levels
within 5-10 years.

Soil vapor extraction will reduce the risk of having SPH in the subsurface,
but will also introduce the potential for exposure through air emissions.
The maximum flow rate will be limited by the allowable emission limits
for volatile organic compounds. Limiting the flow rate will preclude the
need for air emission control equipment; but installing a vapor extraction
system will increase the regulatory burden for the site by adding air
quality to the list of regulatory considerations.

Based on GTI’s preliminary design without the in situ air sparging
system, the approximate capital and maintenance costs for the first year
will be $799,000. GTI estimated annual operation and maintenance
costs thereafter at $82,000.

8.3.2 Soil Vapor Extraction (SVE) with In Situ Air Sparging (IAS)

SVE coupled with IAS will remove SPH from the subsurface more
quickly than SVE alone, probably reducing hydrocarbon concentrations
to nondetectable levels within 3—10 years. Pilot tests demonstrate that
SVE and IAS are feasible at the Refinery, but due to the thin unsaturated
zone, many IAS wells will be required to adequately cover the impacted
area.

The SVE/IAS system will require regular, but simple, maintenance for
efficient operation. These technologies are in use at numerous other sites

and are generally reliable if carefully maintained. This abatement option

will require the installation of over 100 extraction and injection wells in
addition to the vacuums, blowers and associated equipment. Well drilling
near the Refinery has proven to be relatively difficult. Therefore, it may
require many months to install all 100 wells and begin system operation.
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SVE/IAS systems typically have a limited useful life. Initial reductions in
SPH mass may be quite impressive, but it is common knowledge that
nearly all extraction systems reach an asymptotic level below which only
minor reductions can be made. In addition, all pumps and vacuums will
eventually fail to function. Thus, the cost of such a system must be
weighed against the productive life of the system and the importance of
reduction rates. In this case, the time required for remediation is
relatively unimportant because the current conditions pose no threat to
human health or the environment.

While this type of system will probably remove contaminants much
faster than monitored natural attenuation, it will also introduce a new
path for exposure by releasing volatilized hydrocarbons to the
atmosphere. While the flow rates will be limited to maintain air
emissions below acceptable regulatory levels, releasing hydrocarbons into
the air in any concentration creates a new pathway for possible human
exposure or environmental impairment.

This option involves active remediation methods, reducing the time
required to remove hydrocarbons from the decades required by
monitored natural attenuation to less than 10 years. However, since
there is no risk to human health or the environment created by the SPH
plume, the time required to reduce the hydrocarbon mass is relatively
unimportant. Thus, this option and monitored natural attenuation
should be equally acceptable to the regulatory agencies. SVE and IAS will
create the same response among the community as monitored natural
attenuation or a “no action” alternative, because there will be neither
visible efforts along the riverbed nor any immediate improvements to the
water quality.

As an initial design for this remedial approach, GTI proposed 5 treatment
zones, each containing 8 extraction wells and 15 injection wells. GTI
estimated the initial capital costs including the first year’s operation and
maintenance at $1,173,400, with annual operation and maintenance
costs of $82,000 thereafter.

8.3.3 Total Fluids Pumping

Total fluids pumping will meet the objective of removing SPH from the
source area. Pumping is most effective in saturated zones with high
hydraulic conductivities, such as those measured at the Refinery. The
equipment required for pumping has a limited useful life and requires 3—
4 hours of weekly maintenance to operate effectively. The hardness in
the water at the Refinery will require frequent cleaning of pumps to
maintain pumping efficiency.
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Total fluids pumping is a commonly used and well proven technology. A
total fluids pumping system is already in place at the Refinery; therefore,
there is no time delay associated with implementing this remedy. Source
reduction using total fluids pumping began at the site in 1989. The
reduction rate is unknown. GTI presented Refinery personnel with data
regarding the amount of SPH removed through pumping, but these
figures were later invalidated. Well gauging events, however, continue to
show a reduction in the size of the SPH plume.

Total fluids pumping decreases the inherent risk of having SPH in the
subsurface, but creates additional exposure pathways by bringing SPH
and hydrocarbon-impaired water above the surface. The Refinery has the
ability to treat both the SPH and the water onsite, thus reducing risks of
accidental release during transport. However, there are risks associated
with onsite disposal and possible accidental release in unimpaired
portions of the Refinery property.

Pumping should be acceptable to regulatory agencies because the system
is already in place and employs active methods to reduce the source area.
Community response should be the same for this method as for
monitored natural attenuation or a “no action” alternative, as both the
system and its effects will be relatively invisible to the public.

The system already in place is sufficient to continue active and efficient
recovery of SPH. Therefore, the only costs associated with total fluids
pumping are annual operation and maintenance costs and performance
monitoring. Based on data from previous years, the approximate annual
cost for total fluids pumping is $5,000.

8.3.4 Water Table Depression and SVE

In addition to the merits of stand-alone soil vapor extraction, water table
depression increases the smear zone, thereby increasing the surface area
of volatile hydrocarbons. The physical limitations associated with the
equipment are essentially the same as those discussed for SVE. The
system will have a limited useful life and will require weekly
maintenance to operate efficiently.

Due to infiltration, the high transmissivity of the Jackson Lake Terrace
and the thickness of the saturated zone, depressing the water table will
require extremely aggressive pumping. While this method will probably
reduce the source area faster than monitored natural attenuation, the
system’s ability to enhance stand-alone SVE results will depend on its
being able to sustain a flow rate greater than the infiltration rate.

DISCHARGE PLAM APPLICATION, SITE INVESTIGATION
AND ABATEMENT PLAN — Giant Bloomfield Refinery

July5,1999

Page 82




R.T. Hicks CONSULTANTS, LTD.

This remedy will reduce the inherent risk of having hydrocarbons in the
subsurface faster than monitored natural attenuation, but will also
introduce two new exposure pathways. In addition to the air emissions
associated with the extraction system, depressing the water table will
involve bringing large quantities of groundwater containing dissolved-
phase hydrocarbons above the surface. The potential risks to human
health and the environment associated with disposing of this water are
far greater than those posed by leaving the water in place.

The pumping system already in place may be sufficient to depress the
water table, but will probably need augmentation. Initial cost estimates
for this option include only capital costs for the SVE system. Based on
GTT’s estimates and pumping costs from previous years, the first year of
SVE and water table depression will cost approximately $10,000. Annual
maintenance thereafter will be approximately $5,000. Additional capital
costs may be involved if the current pumping system is not sufficient to
lower the water table effectively.

8.3.5 Monitored Natural Attenuation (MNA)

Monitored natural attenuation will eventually remove the SPH in the
source area, but will probably require decades to completely rehabilitate
the area. Because monitored natural attenuation is more effective in
dealing with low concentrations of hydrocarbons, the edges of the SPH
plume will be degraded more rapidly, causing the plume to shrink in
toward the source area. Thus, the time required for SPH removal using
MNA will be considerably longer than for the active methods listed
above.

Historic data show that natural attenuation is viable at the Refinery. This
method will have an infinite useful life. There is no maintenance required
for monitored natural attenuation; the monitoring burden will be
roughly equivalent to that required for SVE/IAS. Monitored natural
attenuation is already in progress at the Refinery. Thus, there is no new
equipment to install and no implementation time required.

There are no increased risks or new exposure pathways created using this
method, but the inherent risk due to SPH in the subsurface will exist
much longer than for more active methods. However, the risk
assessment demonstrates that the risk posed by the current distribution of
hydrocarbons is below target levels accepted by the EPA. Therefore, the
length of time required for remediation is relatively unimportant. Historic
data show that the plume is stable and the hydrocarbons are no longer
migrating. Therefore, aside from the inherent risk posed by hydrocarbons
in the subsurface, there is no risk to human health or the environment
posed by allowing the hydrocarbons to remain in place until they are
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naturally degraded. Because all treatment occurs in situ, this method
poses no risk of increasing exposure through disposal or a possible
accidental release of recovered product.

Monitored natural attenuation is generally encouraged by regulatory
agencies as an addition to active remediation methods. Given the close
proximity of the river and the extended timeframe required for
concentration reduction, monitored natural attenuation may not be
easily accepted as a stand-alone remedy for protecting the San Juan
River.

The only costs associated with this remedy are labor and analytical costs
for monitoring. Hicks Consultants recommends a year of semiannual
sampling, followed by annual sampling thereafter. We suggest
monitoring 15 wells and 3 seeps for BTEX constituents and 5 wells for
monitored natural attenuation parameters. Based on this preliminary
sampling plan, the first year cost will be $12,500. Annual costs thereafter
will be approximately $6,250.

8.4 Abatement of Sorbed COCs in the Unsaturated Zone
(Soil Remediation)

8.4.1 Soil Vapor Extraction

The applicability of soil vapor extraction to the Refinery is discussed
under SPH recovery (see section 8.3.1). The beneficial and adverse effects
of using this method for soil remediation are essentially the same as those
detailed above for SPH recovery.

8.4.2 Monitored Natural Attenuation

The applicability of monitored natural attenuation to the Refinery is
discussed under SPH recovery (see section 8.3.5). Monitored natural
attenuation may be more acceptable to regulatory agencies as a method
for treating the vadose zone once the SPH plume has been diminished
through more active treatment methods. Thus, the institutional rating
for monitored natural attenuation may be higher for soil remediation
than for SPH source reduction. Aside from this, the beneficial and
adverse effects of this method are the same as those discussed previously.
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8.5 Abatement of Dissolved-Phase COCs in the Saturated
Zone (Groundwater Remediation)

8.5.1 Soil Vapor Extraction (SVE) and In Situ Air Sparging (IAS)

The applicability of soil vapor extraciton and air sparging to the Refinery
is discussed under SPH recovery (see section 8.3.2). The basic arguments
in favor of and against using this type of remediation system for soil
remediation are the same as those for SPH recovery.

8.5.2 Enhanced In Situ Bioremediation

Enhanced bioremediation will meet the objective of removing
hydrocarbons from the saturated zone, but will likely require more time
than the SVE/IAS system. There is no equipment to install with this
method, and the method is effective for an infinite time. Enhanced
bioremediation requires no operation or maintenance, but increases the
sampling burden required for monitored natural attenuation. Optimizing
nutrient addition may require more frequent sampling for a larger
number of parameters, including carbon dioxide. This method will also
require careful monitoring of the nutrient levels in groundwater reaching
the river to prevent undesirable eutrophication effects.

The addition of nutrients to the subsurface will require preparation and
approval of a discharge plan, which will increase the time associated with
implementing this strategy. If nutrient addition is effective, the time
required to reduce hydrocarbons to nondetectable levels will be
approximately 5—-15 years. This is considerably faster than monitored
natural attenuation, but the timeframe is relatively unimportant due to
the low risk involved at the site. If nutrient addition is not effective due to
other limiting factors, such as dissolved oxygen or marginal bacteria
populations, this method may require as long as monitored natural
attenuation. Therefore, the anticipated benefit to human health or the
environment is only marginally higher than that of monitored natural
attenuation.

There are no initial capital costs associated with the implementation of
this method. Based on a preliminary assumption of semiannual nutrient
addition, the estimated annual costs for quarterly nutrient addition and
sampling are $34,000. Monitoring will include: BTEX analysis for 15
wells along the edges of the plume; monitored natural attenuation
parameters for 5 wells; and BTEX and nutrients analyses for 3 seeps. If
nutrient levels can be calibrated appropriately and groundwater analyses
are consistent throughout the first year, semiannual sampling may be
sufficient thereafter, which will reduce the annual costs to $21,000.
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8.5.3 Source Removal and Monitored natural attenuation

This remediation strategy involves using active remediation, such as SVE
or total fluids pumping, to remove SPH and reduce the hydrocarbon
concentrations in the source area, then allowing monitored natural
attenuation to reduce concentrations in the soil and groundwater. The
merits of each active method have been discussed in previous sections.
Hicks Consultants believes the most appropriate source removal method
for the Refinery will be total fluids pumping because the system is
already in place and functioning effectively.

There are no capital costs associated with using total fluids pumping and
monitored natural attenuation. Based on previous years’ pumping
operation costs and the estimated sampling burden, annual costs for this
corrective action alternative will be approximately $5,000.

8.5.4 Monitored Natural Attenuation

Monitored natural attenuation as it applies to the Refinery is discussed
above as an option for SPH recovery (see section 8.3.5). The same
arguments discussed in that section also apply to monitored natural
attenuation as a groundwater remedy. Many of the active remedies
considered will provide faster source degradation, but the rate of removal
of dissolved-phase hydrocarbons from groundwater may not be
significantly faster than unaided monitored natural attenuation. In
addition, the rate of removal is of little importance as the current risk to
human health and the environment is below acceptable EPA standards.
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9 Recommended Abatement
Plan

The recommended abatement plan consists of:

= Installing sheet piling and a bentonite clay slurry wall between the
Refinery and the San Juan River

= SPH pumping from wells RW-18, RW-19, MW-42 and MW-43
= Monitored natural attenuation

Based on the arguments presented in section 7 and the evaluation
methodology outlined in section 8.1, this alternative appears to provide
the highest level of protection to human health and the environment
with the fewest adverse effects. The following discussion provides
justification for selecting this remedial option based on the criteria listed
in the Administrative Order on Consent (section 8.1.1).

9.1 Technical

Performance: Sheet piling is the only abatement method guaranteed to
prevent seepage to the river and the only measure that will produce
immediate results. An impermeable barrier such as this should continue
to protect the river until the hydrocarbon concentrations in the seeps
naturally degrade to non-detectable levels. Monitored natural attenuation
is already occurring at the Refinery and has proven effective at
controlling hydrocarbon migration. Not withstanding significant changes
in the saturated zone properties, these natural processes will continue to
reduce hydrocarbon concentrations in the subsurface until the source
area is gone and dissolved-phase concentrations are non-detectable.
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Reliability: While many of the corrective action options require
frequent maintenance, neither sheet piling nor monitored natural
attenuation require any maintenance to continue operating effectively.
Monitored natural attenuation has been well documented at the Refinery
and at numerous other sites with similar characteristics.

Implementability: Sheet piling provides the timeliest remedy with
regard to protecting the river from hydrocarbons. While an impermeable
barrier will provide immediate protection, other corrective action
alternatives would require months or years to produce visible results in
the seeps. Though monitored natural attenuation will require the longest
period of time to reduce hydrocarbon concentrations, the Refinery is
already below the required risk-based concentrations.

Safety: Sheet piling and monitored natural attenuation are the only
abatement options that address the subsurface hydrocarbons without
introducing new exposure pathways or adverse effects on the
environment. Because the sheet piling will be driven to the proper depth
with a hydraulically driven vibratory hammer, there will be no exposure
to the construction workers through excavation. Following the initial
installation, neither of these methods require intrusion into the
subsurface or extraction of hydrocarbons from the subsurface. Because
the Refinery already meets the risk-based standards developed to protect
human health and the environment, the safest approach to remediation
is to minimize future exposure through new exposure pathways.

9.2 Human Health

The hydrocarbon concentrations measured at the Refinery are below the
risk-based standards required to protect human health and the
environment. Therefore, the time to completely remove the
hydrocarbons from the subsurface is relatively unimportant in terms of
risk to human health. However, methods that bring hydrocarbons to the
surface create new exposure pathways to the Refinery workers
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responsible for transportation and disposal of the extracted hydrocarbons,
and to the surrounding community if extracted hydrocarbons are
accidentally released in a currently unimpaired area. Therefore,
monitored natural attenuation, though it will require more time to
completely remove the hydrocarbons, is most protective of human health
because it minimizes the potential exposure pathways.

9.3 Environmental

The San Juan River is the most environmentally sensitive area near the
‘ Refinery. An impermeable barrier along the river bank will provide the
greatest protection to the river in the shortest period of time. Such a
barrier will also provide protection to the river for an essentially infinite
period of time. Monitored natural attenuation, while requiring a longer
period of time, will provide the same level of improvement to the
environment with none of the adverse impacts created by other
abatement alternatives.
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10 Contingency Plan

If future monitoring demonstrates that monitored natural attenuation is
no longer controlling migration of the hydrocarbons, Hicks Consultants
recommends implementing total fluids pumping to remove hydrocarbons
in the source area. Total fluids pumping scored highest among the active
methods in the evaluation tables. The system is already in place at the
Refinery. Therefore, there will be minimal costs involved with startup
and maintenance training. The necessary disposal facilities are located
onsite, reducing the risk of accidental release during transport and
disposal. Although there are added risks created by bringing SPH above
the surface, this method should reduce the hydrocarbon source
sufficiently to allow monitored natural attenuation to stabilize the outer
edges of the dissolved plume and prevent further migration.
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11 Monitoring Program

We first must determine if wells RW-2 and RW-14 through RW-19 will
permit the flow of SPH through the well screen. Pumping SPH, especially
with air-driven pumps, can create a hydrocarbon emulsion that clogs
well screen. We propose a video camera survey of RW-2 and RW-19. A
mechanical and chemical stimulation program may follow this
inspection program if necessary.

During the video camera survey, a submersible pump will evacuate the
well. If the well screen shows no evidence of clogging and fluid freely
flows through the well at or near the water table, we will conclude that
the well is not clogged. If the data suggest well screen clogging, Refinery
personnel will implement a mechanical and chemical stimulation
program.

This stimulation program will employ a 3-inch diameter, 5-foot long
bailer to mechanically surge the well. First, a pump pulling unit or drill
rig will rapidly evacuate the water within the well. As the water flows
into the well from the Jackson Lake Terrace, the pulling unit will rapidly
lower and then raise a bailer full of fresh water with the check valve
immobilized. This action will rapidly move water across the well screen
while groundwater flows into the well. The pulling unit will repeat this
process until the well produces water that is relatively free of sediment
and/or petroleum emulsion.

Refinery staff will consult with local oil well stimulation experts to
determine the appropriate chemical additives that may dissolve any
hydrocarbon or bacterial clogging of the well screen. After NMOCD
approval of the addition of chemicals, the well stimulation experts will
add the appropriate volume of chemicals for the appropriate duration.
Refinery staff will re-install the hydrocarbon recovery pump, commence
pumping and monitor the well for accumulation of SPH.

If SPH is detected after 30 days of pumping, Refinery staff will repeat the
process on the other recovery wells.
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Refinery staff will monitor the efficacy of the hydraulic barrier between
the San Juan River and the alluvial sediments with six permanent
piezometers. Refinery staff will install these steel drive-point wells with a
small backhoe. Plate 41 shows the location of these proposed wells. Each
well will be installed with approximately one foot of screen above the
water table.

In March, June, September and December, Refinery personnel will
measure water levels and SPH thickness in each well. Annually, Refinery
personnel will sample each well for BTEX and naphthalene.

Refinery personnel will measure water levels and SPH thickness in all 44
wells on a semiannual basis. This measurement program will monitor
the efficacy of the SPH removal program.

Refinery personnel will use 15 wells and 3 seep-monitoring points to
monitor natural attenuation of hydrocarbons. In 1999, Refinery
personnel will sample the following wells for BTEX and naphthalene
on a semiannual basis:

1. MW-1 10. MW-34
2. MW-8 11. MW-35
3. MW-3 12. MW-12
4.RW-15 13. MW-27
5. MW-g 14. MW-36
6. MW-4 15. MW-27
7. RW-1 16. Seep #2
8. MW-11 17. Seep #3
9. MW-26 18. Seep #5

Refinery personnel will also collect field measurements of dissolved
oxygen, nitrate and conductance from each well. To compliment the
semiannual field measurements of dissolved oxygen and nitrate, Refinery
personnel will sample following wells for sulfate, iron and methane:

1. MW-8 4.MW-34
2. RW-15 5. MW-35
3. MW-11

DISCHARGE PLAN APPLICATION, SITE INVESTIGATION
AND ABATEMENT PLAN — Giant Bloomfield Refinery

July5,1999




R.T. Hicks CoNSULTANTS, LTD.

After the first year of sampling (April 1999 and September 1999), the
Refinery will sample annually. The consistency of the groundwater
chemistry over the past 15 years of sampling demonstrates that annual
sampling is sufficient to document the natural attenuation process.

Every five years, prior to Discharge Plan renewal, Refinery personnel will

sample all of the wells identified above for all WQCC parameters except
radioactive constituents.
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Table 1
Previous Site

Investigations
Date Title - Author Summary
A Comprehensive Groundwater Study Proposal to
Bioomfield determine the extent of the hydrocarbon piume. Monitor
RCRA 3013 Final Refining wells MW-1 through MW-6 installed in February 1984 in
8/5/85{Workplan Company preparation for the workplan submittal.
Bloomfield This study first identified hydrocarbons outside of the
Report on Subsurface |Refining refinery boundaries. Bloomfield Refining Company
6/2/86|Hydrocarbon Data Company installed monitoring wells MW-7 through MW-10.
Final Closure Plan for This study provides data on waste material and
the APl Wastewater underlying soils associated with these solid waste
Ponds, Landfill, and management units. All analytical results were
Landfill Pond at the Engineering consistent with clean closure for all of the subject
8/20/86]Bloomfield Refinery Science areas.
A Final Report on
Section 3013
Administrative Order  [Engineering
2/6/87|Work Elements Science Identification of hydrocarbons in the unsaturated zone.
Site Investigation and
Remedial Action
Conceptual Design for |Geoscience Computer modeling determined that a three well
the Bloomfield Refining {Consultants, Ltd. |recovery system would be optimal to minimize further
4/4/88|Company (GCL) hydrocarbon migration.
Final Report on Soil
Vapor Survey, Well
installation and Geoscience Hydrocarbons are evident south of the site on BLM
Hydrocarbon Recovery |Consultants Ltd. |land. The study proposed a recovery well system to
8/3/89|System (GCL) minimize hydrocarbon migration from the refinery.
The proposed Interim Measures were: two additional
recovery wells, implement a pumping system, survey
wells, gauge liquid levels in the wells, startup tests for
Interim Measures Work |Groundwater the two new recovery welis and monitoring of all new
2/11/92|Plan Technology (GTI)jequipment.
RCRA Facility
investigation (RFI1)-Task The report describes surface and subsurface conditions
3/29/93|1 and Task || GTI and provides a draft work plan to conduct the RFI.
GTI
(subcontracted to| The highest level of hydrocarbon is the area around the
RFI-Phase I-Soil Gas  |Burlington flare, the roadway south of Tanks 11 and 12, and the
2/2/94|Survey Environmental) |[area surrounding Tanks 24 and 28.
GTI (Drilling
contracted to The area around the product loading area was not
RFI- Phase iI-Soil Western found to be significantly impacted by a product release
4/22/94|Boring Investigation Technologies)  |or to be a hydrocarbon source area.
RFI-Phase llI-Well
Installation/1st
Groundwater Sampling All wells not containing SPH were sampled (16). See
6/23/94|Event GTi analytical table for specific results.
RF|-Phase IlI- 2nd
Groundwater Sampling All wells not containing SPH were sampled (16). See
9/30/94]Event GTI analytical table for specific resuits.

Page 10of2



Date Title Author Summary
Values calculated for transmissivity and hydraulic
RFI- Phase V- conductivity were indicative of a high-permeability
Uppermost Aquifer saturated zone. Fast accumutation of SPH in the cone-
Hydraulic Testing and of-depression during pumping indicated that dual liquid
7/30/94)Modeling GT! removal is an alternative for the collection of the SPH.
GTI Calculated effective radii of influence for the shallow
(Subcontracted |zone ranged from 2 feet to 36 feet. Any vapors
RFI-Phase IV-Soil drilling to Layne |generated as a result of sparging can be captured and
Vapor Extraction/Air Environmental |contained by the vacuum system. Hydrocarbon mass
8/16/94|Sparging Pilot Studies |Services) removal rates ranged from .20 Ib./hr to 5.5 Ib./hr.
Stream and sediment sample analysis show no
RFI-Phase V-Stream significant impact to the Hammond Ditch or the San
8/14/94|and Sediment Sampling|GTi Juan River.
Human Health and There are no unacceptable risks to human health and
Ecological Risk environment unless the shallow unsaturated zone is
12/21/95] Assessment GT! used for potable water.
A summary using the previous investigations to
determine the best course of action at the GRC site.
Corrective Measures The study recommended air sparging, SPH recovery
12/21/95| Study GTI and vapor extraction.
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Table3 Soil Sampling Results
Soll Bamples - February 1994 (GTT)

SVOCs
TPH
Beryilium
Cadmium
Chromium
Copper
Lead
Nickel
Thallium
| Zinc
Detis
Acectone
Benzene
|Ethyibenzene
m,p-Xylene
o-Xylene
Toluene
Methylene Cl
SVOCs
TPH
um
Cadmium
um
Copper
Lead
Nickel
Thallium
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Table 4 Soil Samping Results

Soil Sample Analytical Results - 10/16/85 (Engineering Science)

Parameter
Units

Phenols

L1&L2, 06"
Quadrant #1-
Landfill

ND

Cr

11

Pb

10

Benzene

ND

Ethylbenzene

ND

Toluene

ND

Xylenes

mgkg  mpkg  mgkg  mghkg  mghkg  mgkg  mgkg

ND

MEK
__mg/kg

NA

L3&l14,6-12"
Quadrant #1-
Landfill

8.9

9.8

NA

L5&L6, 0-6"
Quadrant #2-
Landfill

9.9

NA

17&L8, 6-12"
Quadrant #2-
Landfill

7.6

6.7

NA

L9&L10, 0-6"
Quadrant #3-
Landfill

7.8

7.6

NA

L11&L12, 6-
12" Quadrant #3
Landfill

7.4

NA

L13&L14, 6-
12" Quadrant #4
Landfill

9.1

8.2

NA

L15&1.16, 6-
12" Quadrant #4
Landfill

7.7

NA

LP1&LP2,0-6"
Points 1&2 @
Landfill Pond

6.2

NA

LP3&LP4,6-12"
Points 1&2 @
Landfill Pond

8.1

8.5

NA

LP5&LP6,0-6"
Points 3&4 @
Landfill Pond

7.8

8.9

NA

LP7&LP8,6-12"
Points 3&4 @
Landfill Pond

10

12

NA

LP9&1LP10, O-
6" Points 5&6
Landfill Pond

12

0.0013

NA

LP11&LP12, 6-
12" Points 5&6

Landfill Pond]

ND

7.8

13

NA
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Table 4 Soil Samping Results

Soil Sample Analytical Results - 10/16/8S (Engineering Science)

Parameter
Units

Phenols Cr

LP13&LP14, 0-
6" S. Evap Pond
Landfill Pond

ND 2.3

Pb

Benzene

Ethylbenzene

Xylenes

MS1&MS2,
Mystery Sample

ND 24

0.053

APS1&APS2,0
6" NE&SE of
SOWP -

ND 4.4

NA

APS3&APS4, 6
12" NE&SE of
SOWP

ND 5.3

NA

APSS&APS6, 0
6" N&S of
SOWP

ND 5.5

NA

APS7&APSS, 6
12" N&S of
SOWP

ND 14

NA

APSS &
APS10, 0-6"
NW & SW of

SOWP

ND 6.8

5.1

NA

APS11&APS12
,6-12"NW &
SW of SOWP

ND 27

5.9

NA

APS13,0-6" SE
near influent
SOWP

ND 4.9

APNI&APN2,
0-6" NE & SE
of NOWP

ND 7.8

APN3&APN4,
6-12" NE&SE
of NOWP

ND 3.2

NA

APNS&APNGS,
0-6" NE&SE of
NOWP

ND 3.6

NA

APNT&APNS,
6-12" N&S of
NOWP

ND 2.3

NA

APNI9&APN10,
0-6" NW&SW

of NOWP

ND 29

NA
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Table 4 Soil Samping Results

Soil Sample Analytical Results - 10/16/85 (Engineering Science)

Parameter
Units

APN11&APNI
2,6-12"
NW&SW of
NOWP

Phenols Cr

Pb

Benzene

Ethylbenzene

Toluene

Xylenes

MEK

NA

Page 3 of 3




Table 5

Measured Hydraulic Conductivity

Measured K Values Location Source Method

ft/sec m/s

1.65 E-4 5.03 E-5 MW-1 Engineering- Slug Tests

3.30E-4 1.00 E-4 MW-2 (near MW-29) Science (1987)

1.29 E-4 3.84 E-5 MW-4

2.23E-4 6.80 E-5 MW-10 (RW-3) Geoscience Pumping Test 1

1.95 E-4 5.94 E-5 MW-10 (RW-3) Consuitants Pumping Test 2

4.49 E-5 1.36 E-5 MW-10 (RW-3) (3/88) Recovery Test 1

6.25 E-5 1.91 E-5 MW-10 ( RW-3) Recovery Test 2

234 E-5 7413 E86 MW-11 Recovery

2.04 E-3 6.22 E-4 MP-3 (near RW-19) Groundwater Pumping Test RW-19
1.83 E-3 5.58 E-4 MP-4 (near RW-19) Technology Pumping Test RW-19
5.09 E-4 1.55E-4 RWwW-22 (7/94) Pumping Test RW-22

lofl




Table 6
Groundwater Depth and SPH Over Time
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Table 7
April 1999 Groundwater Analytical Results




Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented
Woell Analyte Result
RW-23 1,2 Dichloroethane 00
MW-9 1,2 Dichlorosthane
MW 4 1,2 Dichlorosthane 5
[MW-#26 _ [1,2 Dichloroethane i
RW-1 1,2 Dichloroethane
mw 21 1,2 Dichloroethane 12.00
IMW 13 1,2 Dichloroethane 1.80
MW 44 1,2 Dichloroethane 1.70
MW -#32 11,2 Dichloroethane 1.40
IRW 17 ,2 4-Trimethylbenzene 44000.00
RW-3 1,2 4-Trimethylbenzene 42000.00
MW-41 1,2 4-Trimethylbenzene 17000.00
RW 2 1,2 4 Trimethylbenzene 14000.00
RW 15 1,2 4-Trimethylbenzene 13000.00
|MW-40 1,2, 4-Tnimethylbenzene 12000.00
MW -42 1,2, 4-Trimethylbenzene 5000.00
MW-28 1,2, 4-Trimethylbenzene 4300.00
|RW-23 1,2 4-Trimethylbenzene 2800.00
|RW 16 ,: 4-Trimethylbenzene 2400.00
MW 30 1,2 4-Trimsthylbenzene 2300.00
SEEP #1__|1,2,4-Trimethylbenzene 2200.00
RW 14 1,2 4-Trimethylbenzene 2100.00
MW-39 1,2,4-Trimethylbenzene 1400.00
RW-18 ,2,4-Trimethylbenzene 1200.00
MW -#26 ,2 4-Trimethylbenzene 1000.00
MW-9 ,2,4-Trimethylbenzene 930.00
MW-#11  |1,2,4-Trimethylbenzene 710.00
[SEEP #5__[1,2 4-Trimethylbenzene 640.00
IRW-18 1,2,4-Trimethylbenzene 570.00
RW-22 ,2,4-Trimethylbenzene 530.00
MW-#34 _ |1,2 4-Trimethyibenzene 510.00
MW 4 \2, 4-Trimethylbenzene 400.00
MW 21 1,2, 4-Trimethylbenzene 310.00
MW 31 1,2, 4-Trimethylbenzene 260.00
MW-#36  |1,2 4-Trimethylbenzene 200.00
MW-#27  [1,2 4-Trimethylbenzene 170.00
MW-#37  [1,2,4-Trimethylbenzene 110.00
|[MW-#35  [1,2,4-Trimethylbenzene 88.00
|RW-1 1,2 4-Trimethylbenzene 66.00
IMW 25 1,2 4-Trimethylbenzene 46.00
MW-#38  [1,2 4-Trimethylbenzene 19.00
MW 7 1,2,4-Trimethylbenzene 14.00
MW-#12  [1,2,4-Trimethylbenzene 7.00
MW 3 1,2, 4-Trimethylbenzene 5.40
MW-#32  [1,2,4-Trimethylbenzene 4.20
MW 1 1,2, 4-Trimethylbenzene 4.10
MW-#33  [1,2 4-Trimethylbenzene 3.80
IMwW 28 1,2 4-Trimethylbenzene 3.40
MW 8 1,2 4-Trimethylbenzene 3.20
SEEP #4  [1,2, 4 Trimethylbenzene 3.00
MW 44 1,2,4-Trimethylbenzene 2.70
ITRIP BLA [1,2 4-Trimethylbenzene 2.10
MW 13 1,2 4-Trimethylbenzene 2.00
RW-3 1,3,5-Trimethylbenzene 11000.00
RW 2 1 3 S-Trimethylbenzene 6200.00
MW-41 .3.5-Trimethyibenzene 4500.00
RW 15 1,3.5-Trimethylbenzene 4200.00
RW 17 ,3,5-Trimethylbenzene 2700.00
MW -40 ,3,5-Trimethylbenzene 2100.00
MW-28 ,3,5-Trimethylbenzene 600.00
MW -42 .3,5-Trimethylbenzene 600.00
(MW 30 1,3,5-Trimethylbenzene 1100.00
RW-23 1,3,5-Trimethylbenzene 890.00
RW 14 1,3,5-Trimethylbenzene 810.00
MW-39 1,3,5-Trimethyibenzene 540.00
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented
SEEP®1 1,3,5-Trimethylbenzene 480.00
MW-#26  [1,3 5-Trimethylbenzene 460,00
MW -#11 1,3,5-Trimethylbenzene 380.00
MW-8 1,3,5- Trimathylbenzene 380.00
RW 16 1,3,5-Trimethylb 180.00
SEEP #5 |1,3,5-Tnmethylbenzene 94.00
MW 31 1,3,5-Tnmethylbenzene 58.00
MW 4 1,3,5-Trimethylbenzene 54.00
MW 21 1,3,5-Trimethylbenzene 39,00
RW-1 1,3,5-Trimethylbenzene 13.00
MW -#34 1,3,5-Trimethylbenzene 12.00
MW -#36 1,3,5-Trimethylbenzene 5.80
MW-#35 1,3,5-Trimethylbenzene 5.50
MW 7 1,3,5-Trimethylbenzene 5.30
|MW-#12  |1,35-Tnmethylbenzene 3.80
MW-#32 1,3, 5-Tnmethylbenzene 2.10
MW-#33  [1,3,5-Trimethylbenzene 1.80
MW 3 1,3,5-Trimethylbenzene 1.70
MW 1 1,3,5-Tnmethylbenzene 1.60
MW 8 1,3,5-Trimethylbenzene 140
MW 29 1,3,5-Trimethylbenzene 1.30
TRIP BLA |1,3,5-Trimethylbenzene 1.00
MW 44 1,3,5-Trimethylbenzene 1.00
RW-18 1-METHYLNAPHTHALEN | 12000.00
MW -42 1-METHY LNAPHTHALEN .00
MW -40 1-METHYLNAPHTHALEN .00
MW-41 1-METHYLNAPHTHALEN .00
RW 16 1-ME THYLNAPHTHALEN | 430.00
RW 2 1-METHYLNAPHTHALEN | 410.00
RW 15 1-METHYLNAPHTHALEN Eiﬁoo
RW 14 1-METHY LNAPHTHALEN _fl_g.UJ
IRW 17 1-METHYLNAPHTHALEN | 140.00
MW-43 _ |[1-METHYLNAPHTHALEN | 100.00
MW -#27 1-METHYLNAPHTHALEN 87.00
MW-#26  |1-METHYLNAPHTHALEN | 81.00
MW -20 1-METHYLNAPHTHALEN __y.;loo
MW -9 1-METHYLNAPHTHALEN | 62.00
MW 4 1-METHYLNAPHTHALEN | 3200
MW -40 2, 4-DIMETHYLPHENOL 310.00
RW 17 2,4-DIMETHYLPHENOL 24.00
MW -8 2,4-DIMETHY LPHENOL 18.00
RW 15 2,4-DIME THY LPHENOL 15.00
RW-18 2-METHYLNAPHTHALEN | 18000.00
MW-42 2-METHYLNAPHTHALEN | 14000.00
MW-40 2-METHYLNAPHTHALEN | 12000.00
MW-41 2-METHYLNAPHTHALEN | 3600.00
RW 2 2-METHYLNAPHTHALEN | 710.00
RW 15 2-METHYLNAPHTHALEN 420,00
RW 16 2-METHYLNAPHTHALEN | 360.00
RW 14 2-METHYLNAPHTHALEN 280.00
RW 17 2-METHYLNAPHTHALEN 160.00
MW-43 2-METHYLNAPHTHALEN _31_:00
MW#26  [2-METHYLNAPHTHALEN | 120.00
MW-9 2-METHY LNAPHTHALEN 100.00
MW -20 2-METHYLNAPHTHALEN ___.DO
MW 4 2-METHYLNAPHTHALEN 52.00
MW -#27 2-METHYLNAPHTHALEN .00
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Table 7 April 1999 Groundwater

Analytical Results

Values below detection are not presented
MW-43 2-METHYLPHENOL 10.00
MW-43 3+4 METHYLPHENOL 11.00
RW 15 3+4 ME THYLPHENOL 9.60
RW 2 4-CHLOROANILINE 58.00
RW 14 ACENAPHTHENE CCC 6.60
MW-43 ACENAPHTHENE CCC 4.60
MW-20 ACENAPHTHENE CCC 3.80
MW-#34  |Acetone 30.00
MW -#38 Acelone 8.50
MW#12__|Ag 0.01
MW 25 AQ 0.01
MW -#38 Al 200.00
MW-41 Al ggw
MW-42 Al 163.
MW-#37  |Al ’ﬁ,m
MW -40 Al 54.00
MW-39 Al 50
MW -43 Al 50
MW 44 Al E.ﬁo
MW-28 Al 40
MW -#32 Al 4.50
MW -#36 Al 440
RW 15 Al 3.20
RW-23 Al 2.90
RW 16 Al 260
MW-#35 Al 2.50
MW 3 Al 2.30
MW-#12 Al 1.60
MW -#26 Al 1.30
MW 25 Al 1.10
MW 5 Al 1.00
RW-18 Al 0.70
MW -#11 Al 0.60
MW 30 Al 0.60
MW B Al 0.50
RW-22 Al 0.40
MW 1 Al 0.20
RW 2 Al 0.20
MW-8 Al 0.10
MW 29 Al 0.10
RW 14 Al 0.10
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Table 7 April 1999 Groundwater

Analytical Results

Values below detection are not presented

RW 17 B 2.

MW 31 B 0,80
MW 13 |B 0.88
MW 30 |B 0.81
RW-3 B 0.78
RW-19 __|B 0.78
RW 16 B 0.73
RW 15 B 0.67
RW-22 B 0.60
MW-42 B 0.60
MW-9 B 0.59
MW-20 B 0.59
RW-23__|B 0.58
RW-1 B 0.58
MW 21 B 0.58
MW-43 _ |B 0.57
MW#32 |B 0.52
MW 4 B 0.51
MW 5 B 0.49
RW 2 B 0.45
RW 14 B 0.46
MW#26 |B 0.43
MW 25 |B 0.43
MW 3 B 0.42
MW#11_|B 0.40
MW 44 |B 0.38
MW#33 B 037
MW-40 __|B 0.33
MW-41 B 0.31
MW 7 B 0.29
MW#27 _|B 0.27
MW#34_|B 0.26
MW-28 __|B 0.26
MW#35 |B 0.22
RW-18 B 0.22
MW#37 B 0.21
MW 8 B 0.18
MW-#28 E |B 0.12
MW#36 |B 0.11
MW-#38 |B 0.11
MW?29 |B 0.11
MW 1 B 0.06
MW-38 B 0.05
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented

MW-42 Ba 1,80
MW-43 Ba 11,
|RW 17 Ba 11
|MwW-41 Ba
MW -40 Ba
RW-18 Ba L
RW-18 Ba 3.14
MW-#37  |Ba %u
MW-#38 |Ba
MW-39 Ba 2.25
RW-1 Ba 197
RW 2 Ha 1.90
MW 4 Ba 1.87
MW-9 Ba 1.
MW-28 Ba 1.45
MW-#26  [Ba 42
RW-22 Ba 1.30
RW-23 Ba 0.98
RW 15 Ba 0.96
MW 21 Ba 0.84
MW-20 Ba 0.78
MW-#36  |[Ba 0,65
RW 14 |Ba 0.62
MW -#11 Ba 0.58
|IMW-#34  |Ba 0.51
MW-#35 |[Ba 0.48
MW 44 A 0.44
RW 16 Ba 0.44
MW 25 Ba 037
RW-3 Ba 0.19
MW-#12  [Ba 0.18
MW-#27 |Ba 0.15
MW-#32  [Ba 0.10
MW-#28 E [Ba 0.08
MW 30 Ba 0.06
MW 31 Ba 0.03
MW 8 Ba 0.03
MW 3 Ba 0.03
MW-#33 [Ba 0.02
MW 13 Ba 0.02
MW 5 Ba 001
MW 1 Ba 0.01
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented
RW-23 Benzens 00
MW -8 Benzeno ¥ J
RW 15 Benzene 4 .00
RW-22 Henzene .00
MW-28  |[Benzene 00
MW-43  [Benzene :
RW 2 |Benzene §200.00
MW 4 Benzene 8900.00
MW-39 Benzene .00
RW-3 Benzene 00
IMW-#26 __ |Benzene .00
RW 14 Benzone .00
MW-42 Benzene 00
MW 30 Benzene 00
RW-18 Banzena 00
MW-#11  |Benzene .00
MW -40 Benzene .00
RW 16 Henzene 1600.00
MW-41 Henzane ~1400.00
RW-1 |Benzene 1000.00
|SEEP #1  |Benzene 800,00
MW 21 |Benzens 860
MW-#28 E |Benzene 160.00
MW -#34 Benzene ;jé%!
MW 31 Benzone A
SEEP #5 |Benzene 56.00
MW-20  [Benzene 36.00
MW 25 |Benzene 33.00
MW-#12  |Benzene 23.00
MW -#32 Benzene 6.10
MW-#35  |Benzene 5.50
MW 3 |Benzene 4.70
MW-#33 Benzeno 450
MW 1 Benzene 2.80
MW 7 Benzene 2.30
MW 28 Benzene 1.70
MW 8 |Benzene 1.60
|MW 44  |Benzene 1.40
RW 15 BENZOIC ACID 140.00
RW-18 BIS(2-ETHYLHEXYL}PHT | 420000
MW-9 BIS(2-ETHYLHEXYL)PHT | 110.00
RW 17 BIS(2-ETHYLHEXYL)PHT 94.00
|MW-#27  |BIS(2-ETHYLHEXYL)PHT | 82.00
RW 16 BIS(2-ETHYLHEXYL)PHT | 36.00
RW 15 BIS(2-ETHYLHEXYL)PHT | 3500
MW-#28 E_|BIS(2-ETHYLHEXYL)PHT | 30.00
MW-20 BIS(2-ETHYLHEXYL)PHT | 25.00
MW 4 BIS(2-ETHYLHEXYL)PHT | 24.00
MW -43 BIS(2-ETHYLHEXYL)PHT 23.00
RW 2 BIS(2-E THYLHEXYL)PHT 22.00
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Analytical Results

Table 7 April 1999 Groundwater

Values below detection are not prasented

RW17___ |Ca 1360.00
MW38__|CA 667.00
MW 5§ CA 492.00
MW 3 CA 472.00
MW-#32__|CA 452.00
MW 7 CA 424.00
MW 4 CA 423.00
MW-#33__|Ca 420.00
MW 44 |CA 391.00
MW 31 |CA 367.00
MW 8 CA 317.00
MW21__ [CA 310.00
MW-40 __ [CA 286.00
MW-41___[CA 274.00
MW 13 [CA 252.00
MW30 _[CA 250.00
MW43 __ [CA 237.00
MW#38 _|CA 234.00
MW 25 |CA 234,00
RW-18___|CA 210.00
MW#37 _|Ca 202.00
RW-3 CA 193.00
MW-20  |CA 184.00
RW-1 CA 180.00
RW-19__ [CA 178.00
MW -9 CA 176.00
RW16___|CA 168.00
RW 2 CA 160.00
[MW#12__ [Ca 154.00
RW 15 |CA 152.00
MW-42 __ [CA 150.00
RW-23___[CA 136.00
MW#27 _|CA 123.00
MW-#11__|Ca 121.00
RW-22___|CA 93.30
MW#34__[Ca 89.80
MW#36_|Ca 81.80
MW#35_|Ca 75.30
RW14 _ [CA 66.40
MW#26 _|CA 64.80
MW-28 __|CA 57.30
MW #28 E_|CA 33.00
MW 1 CA 16.80
MW 28 _ |CA 16.30
RW-18__|cd 0.01
MW-42 _|cd 0.01
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Table 7 April 1999 Groundwater

Analytical Results

Values below delection are not presented

MW 5 CHLORIDE "2340.00
MW40 __ |CHLORIDE j%oo
MW-#32 _|CHLORIDE 00
MW41 __ |CHLORIDE 00
MW 21 |CHLORIDE 1%,00
MW 3 CHLORIDE 1280.00
MW-#33 _ |CHLORIDE 122000
RW-18 __ |CHLORIDE 1030.00
RW-1 CHLORIDE 932 .00

RW 15 |CHLORIDE .00

MW-20 __ |CHLORIDE 705.00

MW 44 |CHLORIDE 608,00
MW-43 __ |CHLORIDE 606.00
MW 30 |CHLORIDE 582.00
MW 13 |CHLORIDE 568.00
RW 16 |CHLORIDE §04.00
MW 4 CHLORIDE 446.00
RW 14 |CHLORIDE —404.00
RW-3 CHLORIDE 402.00
MW 31 |CHLORIDE 361.00
RW 2 CHLORIDE 387.00
RW 17 |CHLORIDE —308.00
MW-#11__|CHLORIDE ~266.00
MW 8 CHLORIDE 243.00
MW#37 _|CHLORIDE 208.00
MW-#27 _|CHLORIDE 205.00
MW 25 |CHLORIDE 184.00
MW -9 CHLORIDE 183.00
MW42 __ |CHLORIDE 181.00
RW-22 __ |CHLORIDE 165,00
MW-#34__|CHLORIDE 164.00
MW-#35 _ |CHLORIDE 135.00
RW-23 __ |CHLORIDE 134,00
RW-18 __ |CHLORIDE 106.00
MW-#26 _|CHLORIDE 96 70

MW-#38 _|CHLORIDE 77.80

MW#36 _|CHLORIDE 6350

MW 28 |CHLORIDE 48.80

MW-28 __|CHLORIDE 48.00

MW-#12__ |CHLORIDE 47.70

MW 1 CHLORIDE 36.80

MW -#28 E |CHLORIDE 30.50

MW 7 CHLORIDE 30.50

MW-38 __ |CHLORIDE 24.60
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Table 7 April 1999 Groundwater .
Analytical Results
Values below detection are not presented
MW-40 Co :
MW -42 Co ;
MW -41 Co 4
MW -#38 Co
MW -#37 Co
MW-38 Co
MW 8 Co
[MW-43 Co 0.04
|RW-18 Co 0.04
|MW 44 Co 0.04
|MwW-28 Co 0.02
MW 3 Co 0.02
[Mw-#32  [Co 0.01
|RW-22 Co 001
RW-23 Co 0.01
Mw 7 Co 0.01
RW 16 Co 0.01
MW 5 Conductivity B600.00
MW -40 Conductivity 7810.00
MW 7 Conductivity 7250 00
RW-3 Conductivity 7010.00
MW-#32 Conductivity B6480.00
MW 44 Conductivity 6160.00
MW 3 Conductivity 5960.00
MW -#33 Conductivity 5390.00
MW-41 Conductivity 5170.00
MW 21 Conductivity 5070.00
MW 31 Conductivity 4920.00
MW 30 Conductivity 4520.00
RW-18 _ [Conductivity 4440.00
RW-1 Conductivity 4410.00
MW 13 Conductivity 4220.00 .
MW -38 Conductivity 4100.00
RW 15 Conductivity 3840.00
RW 17 Conductivity 3910.00
RW 16 Conductivity 3810.00
MW-20 Conductivity 3720.00
MW-43 Cmdl.u:M 3240.00
MW 4 Conductivity 3160.00
RW 2 Conductivity 3010.00
MW 25 |Conductivity 2750.00
RW 14 Conductivity 2660.00
MW-§ Conductivity 2560.00
MW 8 Conductivity 2550.00
MW-#11 Conductivity 2410.00
RW-23 Conductivity 2380.00
RW-18 Conductivity 2180.00
MW-42 Conductivity 2140.00
MW -#26 Conductivity 2080.00
RW-22 Conductivity 2080.00
MW-#27  |Conductivity 2040.00
MW-#34  |Conductivity 1880.00
MW -#37 Conductivity 1900.00
|MW#35 |Conductivity 1600.00
MW-#38 _|Conductivity 1280.00
MW-28 Conductivity 1150.00
MW -#36 Conductivity 1050.00
MW -#12 Conductivity B65.00
MW 29 Conductivity B61.00
MW 1 Canductivity 666.00
MW -#28 E |Conductivity 356.00
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. Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented

MW 8 Cr "10.00
MW-38___[Cr 1.13
MW 44 Cr 0.30
MW-40 __|Cr 0.19
MW -41 Cr 0.18
MW -#37 Cr 017
MW-#38__|Cr 0.15
MW42 __ [Cr 0.14
MW-43___|Cr 0.11
MW-#12  |Cr 0.06
MW#32__|Cr 0.04
MW28 __ [Cr 0.04
RW-18___ |Cr 0.04
RW-23___ [Cr 0.03
MW 25 [Cr 0.02
MW 13 [cr 0.02
RW 16 Cr 0.02
RW 2 Cr 0.01
RW-18 __ |Cu 0.43
MW#38 _|Cu 032
MW -41 Cu 0.26
MW#37 _|Cu 0.25
MW-a2 _ |Ccu 0.24
MW -40 Cu 0.20
MW 8 Cu 0,20
MW-38 __ |Cu 0.18
MW-43 __ |Cu 0.07
MW 44 Cu 0.05
MW-28___|Cu 0.04
MW20 _ |Cu 0.04
MW 30 [Cu 0.04

. MW-#36 _|Cu 0.01
MW-#35__|Cu 0.01
MW=#12 |Cu 0.01
MW-#28 E |Cu 0.01
MW 4 Cu 0.01
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented

MW-41 DIBENZOFURAN 120.00
MW-20 DIBENZOFURAN 2.00
MW-#27 DIETHYLPHTHALATE 17.00
MW-#28 E |DI-N-OCTYLPTHALATE C 1.50
MW -#28 E |Dissolved Oxygen 7.70
|MW-28 Dissolved Oxygen 7.30
MW-20 |Dissolved Oxygen 7.00
RW-1 Dissolved Oxygen 6.10
MW 4 Dissolved Oxygen 5.00
RW 15 Dissolved Oxygen 5.00
MW-9 Dissolved Oxygen 4.90
MW-41 Dissolved Oxygen 4.90
MW-42 Dissolved Oxygen 4.90
RW-18 Dissolved Oxygen 4.10
RW-23 Dissolved Oxygen 3.70
MW-43 Dissolved Oxygen 3.40
MW -40 Dissolved Oxygen 3.20
RW-22 Dissolved Oxygen 3.10
MW-38 Dissolved Oxygen 1.40
RW 14 Dissolved Oxygen 1.40
RW-18 Dissolved Oxygen 0.60
RW 2 Dissolved Oxygen 0.50
RW 17 Dissolved Oxygen 0.40
RW 16 Dissolved Oxygen 0.40
RW-3 Dissolved Oxygen 0.30
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Table 7 April 1999 Groundwater
Analytical Results

Values below detection mre not presented

RW 15 [Ethylbenzene (CCC) 6600.00
RW 2 Ethylbenzene (CCC) 5100.00
RW-23 Ethyibenzens (CCC) 4500.00
[RW 17 Ethylbenzene (CCC) .00
MW-28 Ethylbenzena (CCC) 4100.00
RW 14 Ethylbenzene (CCC) 00.00
RW-3 Ethylbonzene (CCC) %.uo
MW-38 __|Ethylbenzene (CCC) 1800.00
MW -42 Ethylbenzene (CCC) 1800.00
MW 30 |Ethylbenzene (CCC) 1700.00
RW-22 __|Ethylbenzens (CCC) 1400,00
SEEP #1__|Ethylbenzens (CCC) 1400 00
RW 16 |Ethyibenzene (CCC) 1400.00
MW -9 Ethylbenzene (CCC) .00
RW-19 Ethylbenzene (CCC) 820,00
MW-#26 _ |Ethylbenzene (CCC) 800.00
MW 4 Ethyibenzene (CCC) 600.00
MW-41___|Ethylbenzene (CCC) 580.00
MW-43 __|Ethylbenzene (CCC) 540,00
MW-#11__ |Ethylbenzene (CCC) 330 00
MW 21 |Ethylbenzene (CCC) 250.00
RW-1 Ethylbenzene (CCC) 130.00
MW-#28 E_|Ethylbenzene (CCC) 130,00
MW 25 |Ethylbenzens (CCC) 28.00
SEEP #5__|Ethylbenzene (CCC) 10.00
MW 31 Ethylbenzene (CCC) 10.00
MW-20 __|Ethyibonzene (CCC) 7.60
MW 7 Ethylbenzene (CCC) 7.30
MW-#34__|Ethylbenzene (CCC) 6.20
MW-#12__|Ethylbenzene (CCC)_ 500
MW 3 Ethyibenzene (CCC) 4.70
MW 1 Ethylbenzene (CCC) 2.50
MW-#32 _|Ethylbenzene (CCC) 2.30
MW-#33  |Ethylbenzene (CCC) 2.00
MW B [Ethyib (CCC) 2.00
MW 29 |Ethylbenzens (CCC) 1.80
MW 44 Ethyibenzena (CCC) 1.60
SEEP #4__|Ethylbenzene (CCC) 1.50
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not prese

MW-41 Fe 2
MW -42 Fe .00
MW-#38 |Fe 15.00
MW -40 Fa 00
RW-18 Fe .00
MW-#37 |Fe ]
MW-39 Fa 1
RW 17 Fe 15.00
MW 8 Fe 107.
MW -43 Fe A
RW 2 Fe .80
MW 44 Fe i
MW-28 Fo 37,00
MW 3 Fe 18,
RW-19 Fe 1
MW 21 Fe 13.40
MW-#11 [Fe 12.60
RW 15 Fe .20
MW 4 Fe 12.10
RW 16 Fe 10.40
RW-23 Fe .85
MW -8 Fe .85
MW 5 Fe .62
MW-#26  |Fe 54
RW-22 Fe 1
MW-#34  |Fe .80
MW-#36 |Fe A9
MW 30 Fe 09
MW 25 o %‘ﬁ
MW-#35  [Fe 642
[MW-20 Fe 7
RW 14 Fe ;
RW-1 Fe g
MW 1 Fe fb
MW-#32 |Fe 524
RW-3 Fe 358
MW-#27  [Fe ;
MW-#12 |Fe
MW 31 Fe 0.86
MW-#33 |Fe 0.39
MW 13 Fe 0.38
MW 29 Fe 0.36
MW-#2B E [Fe 0.06

Page 13 of 26




Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented

MW-42  [FLUORENE 1500.00
RW-18  |FLUORENE 1400.00
MW 40 FLUORENE 810.00
MW-41 FLUORENE 480.00
RW 16 FLUORENE 33.00
RW 2 FLUORENE 23.00
RW 17 FLUORENE 12.00
MW-43 FLUORENE 7.50
RW 15 FLUORENE 7.50
RW 14 FLUORENE 6.60
MW-20 FLUORENE 6.20
MW 29  |FLUORIDE 1.70
RW 15  |FLUORIDE 1.30
MW-38 FLUORIDE 1.10
MW 1 FLUDRIDE 1.10
MW #38  |FLUORIDE 1.00
MW-#28 E_|FLUORIDE 1.00
MW-#836  [FLUORIDE 0.80
MW-#34  [FLUORIDE 0.60
MW-#37 [FLUORIDE 0.60
MW-#12  [FLUORIDE 0.60
MW 8 FLUORIDE 0.60
MW-#35 |FLUORIDE 050
RW-18 HG-L 0.00
MW-41 HG-L 0.00
MW -#36 HG-L 0.00
MW-#37  [HG-L 0.00
MW 44 HG-L 0.00
MW -39 HG-L 0.00
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented
MW 44 |K 27.90
MW-#38__|K 25.40
MW-38_ |K 25.00
RW 17 |K 25.00
MWA40 K 23.70
MW 41 K 23.30
MW#37__ K 21.30
MWA42 K 19.60
MW-43 K 14.50
MW-20  |K 11.00
MW 7 K 9.70
MW 5 K 7.50
MW 3 K 6.40
RW-3 K 6.30
MW 31 |K 610
RW-18__|K 510
RW 2 K 510
MW-#33__ |K 5.00
RW-1 K 5.00
MW 30 |K 5.00
MW-28 K 4.90
MW 21 K 4.80
MW#32__|K 4.60
RW-23___|K 4.30
MW 13 |K 4.20
MW-#28 E_|K 4.10
RW15 _ |K 410
RW-18__|K 3.80
RW 16 K 3.80
MW 8 K 3.70
RW-22 K 350
MW 25 |K 3.40
MW 4 K 330
MW-#36_ |K 2.80
MW-8 K 2.60
RW 14 |K 2.80
[MW#26 K 2.60
MW#27 K 2.00
MW#35 _ |K 1.80
MW 1 K 1.80
MW 28 |K 1.60
MW#11_|K 1.20
MW-#12__|K 1.20
MW -#34 K 1.10
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not pr ted

MW-#34  [Methyl t-Butyl Ether (MtBE)[ 510.00
MW-#36  |Methyl 1-Butyl Ether (WIBE)| 240.00
|MW-#11  [Methyl t-Butyl Ether (MBE)| 160.00
|[MW-#12  [Methyl t-Butyl Ether (MtBE)| 140.00
MW-#38  [Mothyl t-Butyl Ether (MIBE)| 61.00
MW 13 Methyl t-Butyl Ether (MBE)| 18.00
MW 21 Mothyl t-Butyl Ether (MIBE)| 17.00
MW 3 Methyl t-Butyl Ether (MIBE)| 13.00
MW 44 Mothyl t-Butyl Ether (MtBE)[ 12.00
MW 5 Mathyl t-Butyl Ether (MIBE)| 450
MW 29 Mothy! t-Butyl Ether (MIBE)| 230
MW 8 |Methyl 1-Butyl Ether (MIBE)| 210
RW 17 Mg 629.00
MW-41 MG 150.00
MW -40 MG 148.00
MW 31 MG 142.00
MW 5 MG 141 00
RW-3 MG 97.40
MW 21 MG 84.80
MW -42 MG 79.60
RW 16 MG 79.50
MW 30 MG 78 60
MW-#32 Mg 77.50
MW 25 MG 75.20
RW-19 MG 74 BO
MW 44 MG 72.20
MW 3 MG 71.80
MW-43 MG 66.60
MW-#33  |Mg 65.10
MW 13 MG 64 20
MW-20 MG 61.90
MW-#37  [Mg 50.60
MW-#38  [MG 56,80
RW-1 MG 56.40
RW-23 MG 56.10
MW 4 MG 46 00
RW-22 MG 45,30
RW 15 MG 4470
MW-39 MG 44.20
RW 2 |MG 39.00
|Mw-28 MG 36.00
|RW-18 MG 34.60
MW 8 MG 33.20
RW 14 MG 29.20
MW-#11  |Mg 27.20
MW-8 MG 26.70
MW-#26  [MG 21.40
MW -#12 20 60
MW -#34 17.00
MW-#27 [MG 16.30
MW-#35 [Mg 14.90
MW-#36  |Mg 13.20
MW 7 MG 7.90
MW-#28 E [MG 5.30
MW 1 MG 4,60
MW 29 MG 3.90
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not pr

MW 30 [Mn ﬁ.m
MW 41 Mn 4.40
MW-40 _ [Mn 11.00
RW 17 Mn 8.55
MW-#37 _ |[Mn .63
MW 21 Mn A4
MW-43 Mn :
MW=42  |Mn
MW-20 _ |Mn 57
RW-23 Mn ~ 547
MW-#38_ [Mn 5. 40
RW-19 Mn 533
RW 15 Mn 511
MW-38 _ [Mn
[RW=22 Mn
IMW 4 Mn A4
MW 25 |Mn 430
RW 2 Mn 4.28
MW#34  |Mn A1
MW-#12__ [Mn kil
MW 8 Mn 3.70
RW-18 Mn 68
[Mw-a Mn A2
RW-1 Mn 342
MW-28  |Mn 3.36
RW 16 IMn .
MW-#26 |[Mn 275
MW-#11__ |Mn 247
MW 44 [Mn 241
MW#36__ |Mn 237
RW 14 Mn 23
RW-3 Mn i
MW-#35  [Mn 86
MW-#27  |Mn :
MW 31 Mn d
MW 13 [Mn .01
MW 1 [Mn 0.42
MW3 __ [Mn 0.26
MW-#32  [Mn 24
MW 298  |Mn %.m
MW 5 |Mn 0.11
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Table 7 April 1999 Groundwater

Analytical Results

Values below detection are not presented

RW 17 Na 3950.00
RW-3 NA 1680.00
MW 7 NA 1620.00
MW -40 NA 1600.00
MW 5 NA 1280.00
MW 41 NA 1270.00
MW-#32  [NA 1010.00
MW 3 NA 993.00
MW 44 NA 993.00
MW 13 NA 811.00
RW-1 NA 792.00
RW-16 NA 175.00
RW 15 NA 725.00
MW 21 NA 713.00
MW-#33  |NA 706.00
MW 31 NA 696.00
MW 30 NA 669.00
RW 16 NA 654.00
MW-38 NA 580.00
RW 2 NA 563.00
MW 4 NA 541.00
RW 14 NA 539.00
MW 8 NA 532.00
MW-20 NA 509.00
MW-42 NA 437.00
MW-9 Na 434,00
MW-43 Na 430.00
MW-#11  [Na 410.00
MW-#26  [Na 409.00
MW-#34  [Na 359.00
MW 25 Na 358.00
RW-23 Na 340,00
MW-#27  [Na 326.00
MW-#37  |Na 318.00
RW-22 Na 318.00
RW-18 NA 304.00
MW-#35  [Na 258,00
MW 29 Na 160.00
MW-#36  [Na 144 00
MW-28 Na 137.00
MW-#38  [Na 128.00
MW 1 MNa 112.00
MW-#12  [Na 59.70

MW -#28 E |NA 37.60
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented

MW -40 Naphthalene 35000.00
RW 17 Naphthalene .00
MW-41 Naphthalene .00
RW 15 Naphthalene .00
MW-42 Naphthalene X
RW-3 Naphthalene .00
RW-18 NAPHTHALENE 00
MW-42 NAPHTHALENE .00
RW-19 Naphthalene .00
MW -40 NAPHTHALENE 00.
MW-41 NAPHTHALENE .00
RW 16 Naphthalene .00
RW 15 NAPHTHALENE 750,00
RW-23 Naphthalene _630.00
RW 14 NAPHTHALENE 560,00
RW 2 NAPHTHALENE .00
MW-#28 _ |Naphihalene 300,00
MW-9 Naphthalene .00
SEEP #1__ |Naphthalene .00
MW -#26  [NAPHTHALENE 10.00
MW-8 NAPHTHALENE .00
RW 16 |NAPHTHALENE T180.00
MW-43 NAPHTHALENE 80.00
MW 21 Naphthalene 60.00
RW 17 NAPHTHALENE 00
RW-1 Naphthalene 110.00
MW 4 NAPHTHALENE 00.00
MW-20 Naphthalene .00
MW-#34  |Naphthalene 66.00
MW-20 NAPHTHALENE 54.00
MW 31 Naphthalene 34,00
MW B8 Ni 1.02
MW-38 Ni 0.37
MW 3 Ni 0,18
MW 44 Ni 0.18
MW -42 Ni 0.15
MW-41 Ni 0.1
MW#38  |Ni 0.10
MW#37 [N 0.09
MW-40 Ni 0.08
MW 30 Ni 0.05
MW#12 |NI 0.04
MW 13 Ni 0.04
MW 29 |Ni 0.04
MW-43 Ni 0.03
MW#2BE |Ni 0.03
MW 5 Ni 0.03
MW#32  |Ni 0.02
MW-8 Ni 0.02
RW-18 Ni 0.02
MW 1 Ni 0.02
RW 14 |Ni 0.02
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. Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presanted

MW 3 NITRATE NITROGEN 34.10
MW 5 NITRATE NITROGEN 27.70
MW 31 NITRATE NITROGEN 27.10
MW-#32 NITRATE NITROGEN 22.40
MW 13 NITRATE NITROGEN 21.50
MWW -#33 NITRATE NITROGEN 15.60
MW 8 NITRATE NITROGEN 11.30
MW 1 NITRATE NITROGEN 2.30
RW-18 NITRATE NITROGEN 1.00
MW 7 NITRATE NITROGEN 0.60
MW-#28E |[NITRATE NITROGEN 0.40
MW-#36 NITRATE NITROGEN 0.20
MW 29 NITRATE NITROGEN 0.20
MW 31 NITRITE NITROGEN 2.20
RW-18 NITRITE NITROGEN 1.20
RW 14 N-NITROSODIPHENYLAM| 450
RW 15 O-Xylene 8400.00
MW-28 _ |O-Xylene ~7000.00
RW 14 O-Xylene —4-50_900
RW-23 O-Xylene - 4600.00
RW 2 O-Xylene 3100.00
MW -39 O-Xylene 3000.00
MW 30 O-Xylene 1800.00
RW.22 O-Xylene 1300.00
MW-42 O-Xylene 1200.00
MW-43 O-Xylene 840.00
MW-9 O-Xylene 510.00
RW 16 O-Xylene 220.00
MW-#28 E_|O-Xylene 150,00
RW-1 O-Xylene B87.00
MW 31 O-Xylene 61.00

. MW 21 O-Xylene 11.00
MW 7 0-Xylene 7,60
SEEP #4  |O-Xylene 2.20
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RW 2 PIM Xylenes

RW 15 PIM Xylenes

RW-23 PiM Xylenes

Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not prese

MW-28 PIM Xylenes

RW 14 PIM Xylenes

|MW-39 PIM Xylenes

RW-3 PIM Xylenes .
MW -#11 P/M Xylenaes '
MW -#26  [P/M Xylenes .00
RW-22 P/M Xylanes f
MW -42 [Pim Xylenes A
MW 30 PIM Xylones 00
MW-8 PIM Xyl

RW 17 P/M Xylenes 200,
[MwW-43 P/M Xylanes .00
MW-41  [P/M Xylenes

RW 16 |P/M Xylenes .00
SEEP #1  [P/M Xylenes .00
MW-#28 E_|P/M Xylenes 560.
MW 21 |P/M Xylenes 440.00
|RW-1 |P/M Xyi 430.00
|SEEP #5  |PIM Xyl 330.00
MW 4 PIM Xylenes 330.00
MW 31 PIM Xylenes 260.00
MW-#12  [P/M Xylenes 130.00
MW -#34  [P/M Xylenes 80.00
MW-#32  [P/M Xylenes 62.00
MW -#35 P/M Xylenes 59.00
MW 25 P/M Xylenes 5500
MW-#36  |P/M Xylones 54,00
MW-#33  [P/M Xylenes 52.00
MW 7 PIM Xylanes 38.00
MW 1 P/M Xylenes 30.00
MW 3 PIM Xylenes 29.00
MW-#27  [P/M Xylenes 28.00
MW 8 PIM Xylanes 23.00
MW 29 P/M Xylenes 22.00
TRIP BLA [P/M Xylenes 14.00
SEEP #4  |P/M Xylenes 8 90
MW 44  |P/M Xylenes 5.70
MW 13 |P/M Xylenes 3.30
MW-9 |PB

MW-42  [PB

MW-#38 |PB

MW-40  |PB

MW -41 |PB

MW-#37  [PB i
MW-43 PB 10
MW-28 PB 10
RW-23 PB 1
MW-38 PB

RW-18 PB

RW 2 PB

RW-22 PB 002
MW 44 PB 0.02
MW#11  |[PB 0.02
MW 30 PB 0.02
MW#34 [PB 0.01
MW#12  [PB 0.01
|MW-#36  |PB 0.01
MW-#35 [PB 0.01
RW 15 PB 0.00
MW-#26  [PB 0.00
MW 4 PB 0.00
RW-3 PB 0.00
RW-19 PB 0.00
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Table 7 April 1999 Groundwater

Analytical Results

Values below delection are not presented

MW-38  [pH 8.80
MW 7 B.30
RW-18 pH B.20
MW 1 pH 8.00
MW-#2B E |pH 7.80
MW 29 pH 7.90
MW -#33 7.60
MW 8 pH 7.60
MW-#37  |pH 7.50
MW-#12  [pH 7.50
MW-#38 |pH 7.50
MW-#36  [pH 7.40
MW#27  [pH 7.30
MW 5 pH 7.30
MW 3 pH 7.30
MW -#32 pH 7.20
RW-3 pH 7.20
RW 17 pH 7.20
MW 31 pH 7.20
MW 44 pH 7.20
RW 14 pH 7.20
RW 16 H 7.20
MW -#35 pH 7.10
MW-41 7.10
RW-23 pH 7.00
MW-20 pH 7.00
RW-1 pH 7.00
MW -42 pH 7.00
MW 25 pH 7.00
MW 13 7.00
RW 15 H 7.00
MW-#34 |pH 6.90
MW -#11 pH 6.80
MW -#26 pH 6.90
RW-22 6.90
MW-3 E: 6.90
MW-40 pH 6.90
MW 21 pH 6.90
RW 2 pH 6.90
MW.-28 H 6.80
RW-18 pH 6.80
MW 30 pH 6.80
MW 4 pH 6.80
MW -43 pH 6.70
RW-18 PHENANTHRENE 3200.00
MW-42 PHENANTHRENE 2500.00
MW-40 PHENANTHRENE 860.00
MW-41 PHENANTHRENE 870.00
RW 16 PHENANTHRENE 56.00
RW 2 PHENANTHRENE 25,00
RW 15 PHENANTHRENE 17.00
MW-43 PHENANTHRENE 13.00
RW 14 PHENANTHRENE 11.00
RW 17 PHENANTHRENE 6.60
MW -20 PHENANTHRENE 6.30
MW -9 PHENANTHRENE 5.00
RW-18 PYRENE 210.00
MW-42 PYRENE 160.00
RW-18 Se 0.10
MW -40 Se 0.08
MW-42 Se 0.08
MW 8 Se 0.07
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Table 7 April 1999 Groundwater

Analytical Results

Values below detection are not presented

MW-#37  |Si 85.40
MW-43 Si 83.00
MW-42 Si 80.90
RW 17 Si 72.90
MW-#38 Si 72.50
MW-38 Si 69.80
MW-40 Si 61.30
MW-41 Si 49 680
MW-28 Si 41.00
MW 44 Si 39.20
MW-20 Si 31.90
RW 186 Si 30.20
RW 15 Si 28.40
RW-23 Si 28.30
MW 30 Si 27.10
MW-#26 Si 25.40
RwW-22 Si 24,60
MW -#32 Si 24.00
RW-19 Si 24.00
RW 2 Si 23.90
MW-8 Si 23.40
MW-#28 E [Si 22.80
MW -#36 Si 21.90
MW 4 Si 21.80
RW-18 Si 21.50
MW 25 Si 21.40
MW-#11 Si 21.30
MW-#35  |Si 20,60
RW 14 Si 20.60
RW-1 Si 20.40
MW -#34 Si 19.90
MW 8 Si 19.90
MW 21 Si 19.90
RW-3 Si 18.30
MW 3 Si 18.70
MW-#27 Si 17.00
MW 5 Si 16.10
MW 13 Si 16.00
MW-#12 Sl 14.00
MW-#33 Si 13.60
MW 1 Si 10.80
MW 29 Si 10.60
MW 7 Si 8.80
MW 31 Si 8.70
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Table 7 April 1999 Groundwater
Analytical Results
Values below detection are not presented
MW 7 SULFATE 432000
MW 44 SULFATE 2610.00
MW-39  [SULFATE 2530.00
MW 31 SULFATE 1600.00
RW-3 SULFATE 1570.00
MW-#32  |SULFATE 1230.00
MW-#33  |SULFATE 1060.00
MW 5 SULFATE 1030.00
MW 3 SULFATE 843.00
MW 8 SULFATE 784.00
RW 17 SULFATE 718.00
MW 30 [SULFATE 668.00
MW 13 |SULFATE 538.00
MW 25 [SULFATE 450,00
MW-#12  |SULFATE 178.00
MW 28 SULFATE 150.00
RW-18 SULFATE 141.00
MW 1 SULFATE 124.00
RW-23 SULFATE 96 40
RW 16 SULFATE 74 90
RW 2 SULFATE 50.30
MW-#28 E_|SULFATE 48 50
MW 21 SULFATE 4190
MW-#38_ |SULFATE 32.00
|MW-#36  |SULFATE 26.10
MW-#37 |SULFATE 19.30
MW 4 SULFATE 18.30
MW-#35 |SULFATE 16.20
RW-22 SULFATE 15.70
MW-#27 |SULFATE 14 60
MW-9 SULFATE 14 .60
MW-#34 _ |SULFATE 13.60
RW-1 SULFATE 7.60
[RW-18 SULFATE 1.80
{MwW-20 SULFATE 0.80
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Table 7 April 1999 Groundwater
Analytical Resulits
Values below detection are not pre

MW 7 TDS
MW 5 TDS .00
RW-3 TDS .00
MW 44 708 j
MW-40 TDS .00
MW#32 [TDS 10.00
MW 31 TDS ,00
MW 3 TDS
MW-38 TDS .00
MW-#33 |TDS
MW 30 DS
MW-41 DS
MW 21 TDS
|RW 17 TDS
|MW 13 TDS 00
|RW-18 TDS .00
RW-1 TDS 10.
RW 16 TDS 00

RW 15 TDS

MW-20 TDS

MW 4 TDS

RW 2 TDS

MW43 _ |TDS .00
MW 25 TDS ;g_a
MW 8 TDS .00
MW .9 TDS 00
RW 14 TDS 00
RW-23 TDS .00
MW-#11_|TDS 1510.00
MW-#26  |TDS 1400,
MW42 _ |TDS .00
RW-22 TDS i
MW-#34__|TDS .00
MW-#27 _|TDS .00
RW-18 _ |TDS

MW-#37 _|TDS 40.00
MW-#35 |TDS 975.00
MW-28 _ |TDS 720.00
MW-#36|TDS $46.00
MW#38  |TDS 642.00
MW-#12_|TDS 576.00
MW 28 |TDS 531.00
MW 1 TDS 408.00
MW-#28 E |1DS 289.00
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Table 7 April 1999 Groundwater

Analytical Results

Values below detection are not presented

MW-28 _ |Toluene (CCC) 46000.00
RW 15 Toluene (CCC) 25000.00
RW 14 Toluene (CCC) 22000.00
RW-23 Toluena (CCC) 17000.00
MW-38 __ |Toluene (CCC) 11000.00
MW-43 __ |Tolusne (CCC) 7900.00
RW-22 Toluene (CCC) 5500.00
MW 30 Toluene (CCC) 1_1_'_00‘00
MW -6 Toluene (CCC) 690.00
RW 16 Toluene (CCC) 610.00
MW -#28 E |Toluene (CCC) 580.00
RW-1 Toluene (CCC) 260.00
MW-20 Toluene (CCC) 5.20
SEEP #4_|Toluene (CCC) 4.00
MW 7 Toluene (CCC) 2.70
RW-18 Zn 1.16
MW -41 Zn 0.86
MW -40 Zn 0.77
MW -42 Zn 0.73
MW -#38 Zn 0.62
MW -#37 Zn 0.52
MW-38 Zn 0.35
MW-43 Zn 0.16
MW 44 Zn 0.15
RW-19 Zn 0.07
MW -#12 Zn 0.06
MW-28 Zn 0.04
MW -#35 Zn 0.03
MW -#32 Zn 0.03
MW-20 Zn 0.03
MW 25 Zn 0.03
MW -#34 n 0.02
MW -#36 Zn 0.02
MW-#11 Zn 0.02
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Table 8
Groundwater Analytical Results — Inorganic
Parameters
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Table 9
Groundwater Analytical Results — Organic Parameters
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Table 10

Bacterial Enumeration Study

Well Number CUB (CFU/ml) THB (CFU/ml)
MW-11 52x10° 6.8 x 10°
MW-26 1.1 x 10" 51x10°
MW-30 3.2x 10° 1.3x10°
MW-31 4.8x10° 7.9x10°
MW-34 4.7 x10" 59x10"
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Table 11

Corrective Measure Options Screening:

San Juan River Seepage Control (Surface Water) Alternatives

Corrective Compatible With - | Technical | Retain? Comments
Measure Option Site COC's | Limitations? | (Yes/No)

Alluvium is hydraulically connected to the San
Dewater Pumping N Y Y No  |Juan River
Grount Curtain or
Sheet Piling Y Y N Yes {Immediate short-term results

Addresses dissolved hydrocarbons in alluvium,
Air Curtain Y Y Y No |no immediate improvement

Infiltration from San Juan River would required
Intercepter Trench N Y Y No _|excessive pumping.
Pumping to Reverse Infiltration from San Juan River would required
Gradient N Y Y No |excessive pumping,

Technically complicated, Would increase water
Clean Water Curtain costs or compete with refinery processes for
Injection N Y Y No |water allocation.
SVE & 1AS Source Addresses hydrocarbons in alluvium, no
Removal Y Y Y No |immediate improvement in river
Enhanced In-Situ Addresses hydrocarbons in alluvium, no
Bioremediation Y Y Y No immediate improvement in river
No Action/Natural
Attenuation and Addresses hydrocarbons in alluvium, no
Monitoring Y Y Y No |immediate improvement in river
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Table 12

Corrective Measure Options Screening:

Separate-Phase Hydrocarbon Recovery Alternatives

Corrective Compatible With - | Technical | Retain? Comments
Measure Option Site COC's | Limitations? | (Yes/No)
Limited radius of influence would require many
Skimming Pumps Y Y N No__|wells and a long time.
No need to pump SPH and water separately
Dual Pump System because the refinery waste water treatment plant
(Groundwater & SPH) Y Y N No has an O/W separator.
Soil Vapor Extraction
(SVE) Y Y N Yes |Pilot testing shows SVE to be feasible.
The thin saturated thickness would require many
SVE and In-Situ Air TAS points, but enhanced volatilization will
Sparging (1AS) Y Y Y Yes jreduce treatment time.
Thickness of saturated zone may require
excessive pumping, would increase amount of
High-Vacuum Dual water to be disposed through injection well -
Phase Extraction N Y Y No |very expensive
Total Fluids Pumping Y Y N Yes |Already being implemented.
Infiltration from Hammond Ditch and other
Refinery sources would require excessive
Water Table pumping, but increased surface area would
Depression and SVE Y Y Y Yes |enhance SVE.
NMED generally requires removal of all
No Action/Natural measureable SPH, may not be permissable as
Attenuation and stand alone remedy. Would require decades to
Monitoring Y Y N Yes |remove all SPH.
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Table 13

Corrective Measure Options Screening:
Soil Abatement (Sorbed COCs in Unsaturated Zone) Alternatives

Corrective Compatible With - | Technical | Retain? Comments
Measure Option Site COC's | Limitations? | (Yes/No)

Soil Vapor Extraction Pilot testing shows that SVE is feasible, relatively
(SVE) Y Y N Yes |short abatement time

Difficult access in refinery area, further
Bioventing Y Y N No {subsurface investigation required
Excavation & Refinery building and tanks make area
Disposal/ Ex-Situ inaccesible, disposal is costly, increased exposure
Treatment N Y N No |with ex-situ treatment

Not compatible with constituents of concern and
In-Situ Soil Washing N N Y No |soils properties
Chemical Not compatible with constituents of concern and
Fixation/Stabilization N N Y No [soils properties

Not compatible with constituents of concern and
Vitrification N N Y No |soils properties
Steam-Injection Constituents are volatile enough at ambient
Stripping Y Y N No temperatures, no added benefit.

Difficult to uniformly distribut nutrients in soil,
Enhanced may be other limiting factors, increased
Bioremediation Y Y Y No __|monitoring burden
No Action/Natural Historic data demonstrates effective natural
Attenuation and attenuation is already occurring, long time frame
Monitoring Y Y N Yes |[required

Page 1 of 1




Table 14
Corrective Measure Options Screening:

Groundwater Abatement (Dissolved-Phase COCs in Saturated Zone) Alternatives

Corrective Compatible With - | Technical | Retain? Comments
Measure Option Site COC's | Limitations? | (Yes/No)

Lining pond would create silting problem as

Altered Water Mgmt. material settles out, leakage allows TDS to
Practices (decrease remain relatively constant, lining ponds allows
leakage from ponds) N Y Y No _|less throughput limiting refinery operations
Pump, Treat &

Reinject Groundwater Y Y Y No |Not viable until SPH removal is complete.
Pump, Treat &

Reinfiltrate Would require large infiltration gallery, not
Groundwater N Y Y No |viable until SPHremoval is complete.

Not recommended for use with SPH thicker than
Geo-Cleanse N Y Y No |6", access in Refinery area may be difficult

Thin saturated zone will require many IAS
points, pilot tests show IAS to be feasible,
In-Situ Air Sparging relatively short abatement period, high

(IAS) Y Y N Yes |maintenance.

Injection of nutrients will enhance in-situ
biodegradation of hydrocarbons, increased

Enhanced In-Situ monitoring burden nutrient addition may be
Bioremediation Y Y N Yes |difficult to calibrate, low maintenance
Contaminant Source Contributes to all abatement objectives, natural
Removal/Natural attenuation will proceed more rapidly once SPH
Attenuation Y Y N Yes |is reduced

No Action/Natural Historic data show natural attenuation is already
Attenuation and occurring at the site, long abatement period
Monitoring Y Y N Yes |required, low maintenance
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Table 17
Evaluation of Corrective Measure Alternatives:
Abatement of Sorbed COCs in Unsaturated Zone (Soil Remediation)

No Action/ Natural
Attenuation &

Corrective Measure Alternative SVE Monitoring
Technical

Performance 1 0

Reliability -1 0

Implementability -1 0

Total -1 0

Importance Factor 2 2

Overall Rating -2 0
Environmental

Rating -1 0

Importance Factor 3 3

Overall Rating -3 0
Human Health

Rating 0 0

Importance Factor 3 3

Overall Rating 0 0
Institutional

Rating 0

Importance Factor 1 1

Overall Rating 0
Estimated Cost

Rating -1 0

Importance Factor 1 1

Overall Rating -1 0
Total Rating 0
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Table 19

Relative Weighting for Evaluation Critera

Criteria

Weighting Factor

Rationale

Technical

2

Performance and reliability determine effectiveness
of method, time required for remediation and
probability of exposure through new pathways.

Environmental

Purpose of remediation is to reduce/prevent
exposure to natural environment. Proximity of San
Juan River creates sensitive natural environment
near release site.

Human Health

Proximity to town of Bloomfield and number of
employees at Refinery make protection of human
health extremely important.

Institutional

Relative popularity with regulators is unimportant
as long as method is approved. Community opinion
of the Refinery is already very high; choice of
method will have little influence on this.

Cost Estimate

Method should be cost effective, but all measures
will be expensive due to long cleanup time; more
costly method may be most protective.
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Alluvium

Alluvial apron deposits typically adjacent to cliffs along River
Post-glaclal terrace daposits

Jackson Lake terrace deposits

Late Bull Lake terrace deposits

Early Bull Lake terrace deposits

Pra-Wisconsin terrace deposits

Nacimiento Formation
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Plate 5
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505.266.5004 Fax: 505.266.7738 Surface Geology Map

June, 1999
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— Wind Blown Deposit ’ — Nacimiento Formation
— Jackson Lake Terrace/Nacimiento Formation
——— — Ground Surface Line
— Wind Blown Deposlits/Jackson Laoke Terrace
intertace |ine
—=— — Woter Table Line
— Jookson Loke Terrace/Nacimiento formation
Interface |1ne
" San Juan River
Chamel Deposits: Current day Son Juon River channel debr i comprised of cobbles. boulders. grovels ond occosional reworked
Jackson Loke Terroce deposits. Lies directly on dense shole of the Nocimiento Formotion.
Wind Biown Deposits! Eollon cccumulictions of very fine sonds silts ond some clays. Solls In thls deposit are loose to mogerately
dgense. typicolly oy to moist. ond |light brown. The sonds ore rounded to eubrounded: ond ore often frosted.
. These s0ile form jow |ying dunes where tiere is significant accumulotions south of +he San Juon River. The
deposits ore thin to absent near the edgs of the bluff In the refinery arec.
... jJockson Loke Terrooe: Moderate to very hign energy fluvial depisits. Lower energy deposits consist of medium O coorse sands.
fine to medium gravel 12" ronga). occosianally there moy be slits or cloys within the deposit |Tkely as
flood ploin outwosh., Higher energy deposits ore typical ly seen near the edge of the refinery bIuff but
extend south a significont distance. At +he refipery site. the deposit tends 1o fine somewhot fo the south.
= The high energy deposits consist of cobble tc boulder slzed rogk. The rock Is generglly metomorphics ond
Igneocus types that are very densaly lold within the deposit. The rook (g gererglly wel| rounded but often
disk shaped with the moximum ¢ minimum Jimensione hoving rotios of five o gregter. The woter +ablie ot
= this site is normal iy in the lower portion of this deposlt.
Nocimisnto Formotlon: Inmediately below the refinery the forma-ion consiste of shales. sl lftstones. and very fine sondstones. Shale
ot ESEE is by far the dominont material type. The formotion s dry to domp except in the upper one to three feet
of the formotion where woter has Intruded from the Jockson Lake Terroce moterlals. The formation Is typically |
grey to green, and |5 moderately dense to dense. :
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PLATE 7
N-S Profile Bloomfield Refinery

— Wind Blown Deposlit . — Nacimiento Formation

“+ — Jackson Lake Terrace/Nacimiento Formation

— Ground Surface Line

——— — Wind Blown Deposl+s/Jackson Lake Terrace
Interface |ine

—=Z— — \Wgter Table Line

—— — Jackson Loke Terrace/Nacimiento Formation
Interface line

San Juan River
channe| Deposi+s: Current day Son Juon River chonnel debris comprised of cobbies. boulders. gravels and occasional reworked
Jackson Loke Terrace deposits. Lies directiy on dense shale of the Nocimisnto Formation.

Wind Blown Deposite: Eollan gcoumulations of very fine sonds 8l1+s ond some clays. Soila in this deposit are looss to moderately
genss. Typicolly dry to moist. ond |ight Drown., The sgnds are roundad 10 SUDrouNGed. and ore often frosted.
Thess solls form low |ying dunes whers thers s significont occumulations south of tha San Juan Rivar. The
depoaite ae thin to absent near +he adge of +he DIuff In the refinery arsa.

““TJookson Loke TerTooe! Modergte to very high snergy fluvial deposits. Lower energy depositsa consist of medium to coarse sonds.

fine to medium grovel (2° ronge). occosional ly there moy be sii+s or clays within the deposit |ikely os
flood plain outwaosh. Higher snergy deposits are typlical ly seen near the sdge of the rafinery bluff but
sxtend south o significant distonce. At the refinery site. the depcsit tends to fine somawhat +o the south.
The Nign energy deposit+s consist of cobble to boulder sized rock. Tha rook [s generally metomorphics and
igneous types that are very densely lald within the deposit. The rock s genarally wall rounded but often
disk shoped with the maximum to minimum dimensions having ratios of five o greater. The watar table at
this site Is noomally in the iower portion of this deposit.

NooImlento Formation: Immediats iy beiow the rafinery the formation consists of shales. sl |tstones. and very fine sandstonss. Shals

I's by faor the dominant material type. The formation s dry to damp excapt In the upper ona +o three feet
of the formotion where water hos intrucded from the Jockson Loke Terrace materials. The formatjon is typlcally
grey to grsen. and |s moderately demse to dense.
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PLATE 8

E-W Profile Bloomfield Refinery

"Hammond: D 4

Wind BIown Deposi+s i sz ol S Sl S R Leseiednd

:San. Juan River
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— Wind Blown Deposit ’ — Nocimiento Formation
2% — Jockson Lake Terrace/Nacimiento Formation

— Ground Surfoce Line
— Wind Blown Deposits/Jackson Loke Terraoce
interface |ine
—=%— — wgter Table Line

— — Jackson Loke Terrace/Nocimientoc Formation
interfoce |ine
Son Juon Rilver

Chonne | Deposits: Current ooy Son Juon River chonnel! debris comprised of cobblas. boulders. grovels ond occoslional reworked

Joockeon Loke Terrooe deposits. Lies directly on dense shale of the Nocimiento Formotion.

1wing Blown Deposits: Eollon cccumuiotions of very fine sonds slits ond some clays. Solls In +hls deposi+ ore |oose +6 moderctely
dense. typlcally ary to moist. ond |ight brown. The sonds are rounded to subrounded. and are often frosted.

These solis form jow Iying dunes where there |s algnificont occumuiotions soutn of the Son Juanm River.
deposits ore thin to aobsent neor +he edge of the biuff In +he refinery orec.

Jackson Laoke Terrcoe: Moderate 10 very high energy fluvial deposits. Lower energy deposits conslist of medium to coorse sands.

fine to medium grovel (2° rongel. occcoslondl |y there may be sl i4s o cloys within the deposi+ Ilkaly os
fiood plain outwosh. Higher energy deposi+ts ore typloal |y seen neor the sdos of the refinery biuff but

extend south o significont distonce. At the refinery site. the deposit tends 10 fine somewhaot to the south.
The high energy deposits consist of cobble To boulder sized rock. The rock Is generclly metamorphics ond
ignecus types thot ore very densely lald within the deposit. The roock s generglily wel | rounded but often

disk shoped with the moximum to minimum dimensions having ratios of five or grecter. The woter table ot
this site le normal |y In +he lower portion of this deposit.

Nocimlento Formotion: Immedictely below the refinery the formotion consists of shales. alitstones. ond very fine sondstones.
is by for the dominont moteric! +ype. The formotion s ory +o domp except |n the UPpDer one +o +hree feet

of the formotion where woter has intruded from the Jockson Loke Terroce matericis. The formotion ls typlcally

grey to Qreen. ond |s moderately dense to dense.
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Northern Portion Study Area
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View Record Detail

Faxback 11434

9441.1989(30)

United States Environmental Protection Agency
Washington, D.C. 20460
Office of Solid Waste and Emergency Response

June 19, 1989

Mr. Thomas C. Jorling
Commissioner

Department of Environmental
Conservation

State of New York

Albany, New York 12233-1010

Dear Mr. Jorling:

I am writing in response to your letter of May 5, 1989, in

which you ask numerous questions concerning the regulatory status,
under the Resource Conservation and Recovery Act (RCRA), of
environmental media (ground water, soil, and sediment) contaminated
with RCRA-listed hazardous waste.

As you point out in your letter, it is correct that the

Agency's "contained-in" interpretation is that contaminated
environmental media must be managed as if they were hazardous
wastes until they no longer contain the listed waste, or are

delisted. This leads to the critical question of when an

environmental medium contaminated by listed hazardous waste ceases
to be a listed hazardous waste. In your letter, you discuss three
possible answers (based on previous EPA positions and documents)
which you believe address this question, and request the Agency to
clarify its interpretation. Each of these is discussed below.

The first possible answer you cite would be that the

contaminated media would be a hazardous waste unless and until it

is delisted, based on the "mixture" and "derived-from" rules. As

you correctly state in your letter, a waste that meets a listing
description due to the application of either of these rules remains

a listed hazardous waste until it is delisted. However, these two

rules do not pertain to contaminated environmental media. Under our
regulations, contaminated media are not considered solid wastes in

http://yosemite.epa.gov/OSW/rcra.nsf/Documents/E46D59954E45E487852565DA006F044B
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the sense of being abandoned, recycled, or inherently waste-like as
those terms are defined in the regulations. Therefore, contaminated
environmental media cannot be considered a hazardous waste via the
"mixture" rule (i.e., to have a hazardous waste mixture, a
hazardous waste must be mixed with a solid waste per 40 CFR
261.3(a)(2)(iv)). Similarly, the "derived-from rule does not apply
to contaminated media. Qur basis for stating that contaminated
environmental media must be managed as hazardous wastes is that
they "contain" listed hazardous waste. These environmental media
must be managed as hazardous waste because, and only as long as,
they "contain" a listed hazardous waste, (i.e., until
decontaminated).

The second possibility you mention is that environmental media
contaminated with a RCRA listed waste no longer have to be managed
as a hazardous waste if the hazardous constituents are completely
removed by treatment. This is consistent with the Agency's
"contained-in" interpretation and represents the Agency's current
policy.

The third possibility you discuss comes from Sylvia Lowrance's
January 24, 1989, memorandum that you cited in your letter. This
memorandum indicates that OSW has not issued any definitive
guidance as to when, or at what levels, environmental media
contaminated with listed hazardous waste are no longer considered
to contain that hazardous waste. It also states that until such
definitive guidance is issued, the Regions may determine these
levels on a case-specific basis. Where this determination involves
an authorized State, such as New York, our policy is that the State
may also make such a determination.

Related to such a determination, you ask whether a risk

assessment approach that addressed the public health and
environmental impacts of hazardous constituents remaining in
treatment residuals would be acceptable. This approach would be
acceptable for contaminated media, but would not be acceptable for
"derived-from" wastes under our current rules. Additionally,
consistent with the statute, you could substitute more stringent
standards or criteria for contaminated environmental media than
those recommended by the Federal EPA if you determined it to be
appropriate.

The Agency is currently involved in a rulemaking effort

directed at setting de minimis levels for hazardous constituents

below which eligible listed wastes, treatment residuals from those
wastes, and environmental media contaminated with those listed
wastes would no longer have to be managed as hazardous wastes. The
approach being contemplated in the De Minimis program would be
similar to that used in the proposed RCRA Clean Closure Guidance in
terms of the exposure scenario (direct ingestion), the management

Page 2 of 3
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scenario (not in a waste management unit), and the levels

0 (primarily health-based).

Your final question related to whether the "remove and
decontaminate” procedure set forth in the March 19, 1987 Federal
Register preamble to the conforming regulations on closing surface
impoundments applies when making complete removal determinations
for soil. These procedures do apply when one chooses to clean close
a hazardous waste surface impoundment by removing the waste. The
preamble language states that the Agency interprets the term
"remove" and "decontaminate" to mean removal of all wastes, liners,
and/or leachate (including ground water) that pose a substantial
present or potential threat to human health or the environment (52
FR 8796). Further discussion of these requirements is provided in

a clarification notice published on March 28, 1988, (53 FR 1144)
and in OSWER Policy Directive # 9476.00-18 on demonstrating
equivalence of Part 265 clean closure with Part 264 requirements
(copy enclosed).

I hope that this response will be helpful to you in

establishing and implementing New York's hazardous waste policies
on related issues. Should you have additional questions, please
contact Bob Dellinger, Chief of the Waste Characterization Branch
at (202) 475-8551.

0 Sincerely yours,

Jonathan Z. Cannon
Acting Assistant Administrator
O

http://yosemite.epa.gov/OSW/rcra.nsf/Documents/E46D59954E45E48785256 5DA006F044B 7/2/99
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Yiew Record Detail

Faxback 11140
9441.1986(23)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
MAR 21 1986

Mr. Thomas J. Jackson

Thorp, Reed, and Armstrong
One Riverfront Center
Pittsburgh, Pennsylvania 15222

Dear Mr. Jackson:

This is in response to your letter dated, February 28,

1986. In your letter, you requested an interpretation of the
Federal hazardous waste rules concerning a mixture of methanol
and a non-hazardous waste which does not exhibit the ignitability
characteristic. Under the Federal hazardous waste rules,

this mixture would not be defined as a hazardous waste,
provided the waste does not exhibit any of the other hazardous
waste characteristics (i.e., corrosivity, reactivity, and
extraction procedure (EP) toxicity). In particular, a mixture

of a characteristic hazardous waste, including wastes that

are listed solely because they exhibit one or more of the
hazardous waste characteristics and a solid waste is not
hazardous if the mixture does not exhibit any of the hazardous
waste characteristics. In the example described in your 1/
letter, methanol (a hazardous waste due to its ignitability)

is mixed with a non-hazardous wastestream; the resulting
mixture is no longer ignitable. Therefore, this mixture

would not be considered hazardous (as long as the waste does
not exhibit any of the other hazardous waste characteristics)
under the Federal hazardous waste rules (i.e., a delisting
petition is not necessary). States, however, may have rules
that are more stringent or broader in scope than the Federal
rules. Therefore, this waste remains hazardous under
Pennsylvania law, unless it is exempted in accordance with
State law.

http://yosemite.epa.gov/OSW/rcra.nsf/Documents/E29D 1B9B02CBCE8285256SDA006F02F4  7/2/99
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1/ If the methanol is being used as a solvent, the spent methanol
would be defined as EPA Hazardous Waste No. F003.
2-

Please feel free to give me a call at (202) 475-8551 if
you have any further questions.

Sincerely,

Matthew A. Straus
Chief
Waste Identification Branch

cc: Bob Allen, EPA Region III
David Freidman, Pennsylvania Department of Natural Resources

http://yosemite.epa.gov/OSW/rcra.nsf/Documents/E29D1B9B02CBCE82852565DA006F02F4 7/2/99
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w View Record Detail
Faxback 13743

9441.1995(20)
Hotline Questions and Answers
May 1995

1. Solid Waste Determination for Spilled Commercial Chemical
Products

According to 40 CFR [0261.2, Table 1, hazardous commercial
chemical products, when recycled, are exempt from RCRA because
they are not solid wastes. If a manufacturer spills a commercial
chemical product into the soil and intends to reclaim the spill
residue, is the spill residue exempt from RCRA standards?

The intent to recycle a commercial chemical product spill

residue does not exempt the material from RCRA jurisdiction. In
u fact, EPA has stated that contaminated soils and other cleanup

residues generally are solid wastes because of the difficulty

associated with recycling wastes contained within environmental

media (54 FR 48494; November 22, 1989). Sometimes, however, a

spill residue can be returned to a process or otherwise put to

use, and thus remain exempt from RCRA standards.

In order to demonstrate that a spill residue is not a solid

waste, the generator has the burden of proving that legitimate
recycling will take place. The Agency has adopted objective
considerations to evaluate a generator's claim that a spilled
product will be legitimately recycled. The length of time the
spill residue has existed is one such consideration. In order to
prove that legitimate recycling will occur, a generator may also
show that recycling has already begun, the material is valuable,
the material can feasibly be recycled and/or the company has
recycled such material in the past (55 FR 22671; June 1, 1990).

In the absence of strong, objective indicators of recycling

or intent to recycle a spill residue, "the materials are solid

wastes immediately upon being spilled because they have been

abandoned" (54 FR 48494; November 22, 1989), and must be managed
o in accordance with all applicable RCRA standards.

http://yosemite.epa.gov/OSW/rcra.nsf/Documents/4AEE28B16A6FF1A78852565DA006F08DD  7/2/99
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Drilling Date:

Location: 29.

Depth
in Feet

TABLE 3.5

WELL LOG FOR MONITORING WELL NUMBER 1

February 8, 1984
11.27.24221

Description

0-5
5-10
10-12

12-22

®

DTG5.TT.33

Light brown clayey sand, coarse, poorly sorted, quartzose,
and slightly calcareous

Yellowish gray sandy pebbles and cobbles, poorly sorted,
rounded to subrounded

Yellowish gray pebbly sand, very coarse, poorly sorted,
felospathic and noncalcareous

Dark gray pebbly and sandy cobbles, some quartz pebbles,
most are volcanic, subrounded cobbles and pebbles, some
clay, a little water at about 16 feet

Gray-green clayey sand becoming light yellow clayey sand-
stone and sandy claystone

3-7




Drilling Date:

TABLE 3.6

WELL LOG FOR MONITORING WELL NUMBER 2

February 7, 1984

Location: 29.11.27.24321

Depth
in Feet

Description

0-5

5-10

10-15

15-20

20-25

25-26

DTG5.TT.35

Light yellow brown silty sandy clay, very calcareous

Light yellow brown clayey sand, subrounded to subangular,
moderately to poorly sorted, very calcareous

Light brown pebbly sand, clayey, very calcareous, cobbles
at 15 feet

Gray sandy pebbles, poorly sorted coarse quaftzose sand,
pebbles are dark gray and volcanic

Dary gray cobbles, some quartz pebbles, mostly voleanic,
some sand

Yellow gray clayey sandstone and sandy claystone

3-8




Drilling Date:
Location:

Depth
in Feet

TABLE 3.7

WELL LOG FOR MONITORING WELL NUMBER 3

February 8, 1984

29.11.27.24443

Description

0-5

5-10

10-15

15-27

27-35

DTG5.TT.46

Yellow brown sandy silt and clay, very calcareous quartzose
Yellow brown sand, calcareous, silty and clayey, quartzose

Yellow brown sand, silty and clayey, fine-grained, very
calcareous, quartzose

Light brown clay, sandy, very clacareous, hecoming pebbly
with depth

Gray yellow brown cobbly sand, coarse, poorly sorted, silty
and clayey, volcanic pebbles, small amount of water at
about 35 feet

Gray cobbles, pebbly and sandy, coarse sand, yellow gray
clayey sandstone at about 40 feet

3-9




Drilling Date:

Location: 29.

Depth
in Feet

TABLE 3.8

WELL LOG FOR MONITORING WELL NUMBER 4

February 9, 1984
11.27.23344

Description

0-5

10-15

15-19

19-25

25-30

30-32

32

DTG5.TT .47

Yellow gray-brown sandy silt and clay, calcareous

Yellow brown silty sandy clay and clayey silt, very slightly
calcareous

Reddish yellow-brown clayey sandy silt, silty clay, fine-
grained quartzose sand, noncalcareous

Light brown coarse sand with clay and pebbles, calcareous
Gray pebbly sand, very coarse, poorly sorted, some clay and
silt, subrounded to subangular, quartzose, pebbles rounded,

slightly calcareous

Gray cobbles and pebbles, subrounded to rounded, volecanic;
at about 28 feet, hydrocarbon smell and color

Gray cobbly sand, with hydrocarbon smell and color, coarse-
grained, sand is quartzose and feldspathic, subrounded and
subangular quartz grains are clear

Yellow gray clayey sandstone

3-10




Drilling Date:

Location: 29.

Depth
in Feet

TABLE 3.9

WELL LOG FOR MONITORING WELL NUMBER 5

February 6, 1984
11.26.31112

Description

0-5

10-15

15-20

20-25

25-35

35-37

37-47

47-50

50-54

DTG5.TT.48

Pale yellow brown clay, silty, some sand, calcareous

Pale yellow brown clayey sand and quartzose silt, poorly
sorted, calcareous

Yellow brown sand, subrounded quartzose sand slightly
calcareous

Yellow brown sand, clayvey, moderately coarse-grained, very
calcareous

Yellow brown sand, clayey, silty, fine- to medium-grained,
moderately sorted, noncalcareous

Yellow brown sand, silty and slightly clayey, fine- to
medium-grained, well sorted, subangular, noncalcareous,
becoming more clayey with depth

Yellow brown pebbly and cobbly sand, clayey, calcareous

Dark gray sandy and clayey cobbles and pebbles, water at
42 feet

| Dark gray cobbles with greenish clay

Green-gray pebbly clay

3-11




Drilling Date:

Location: 29.

TABLE 3.10

WELL LOG FOR MONITORING WELL NUMBER 6

February 7, 1984
11.27.42144 or 42233

Pale yellow brown sand, clayey and silty, subangular, poorly
sorted, quartzose, very calcareous, becoming more clayey

Pale yellow brown silt, sandy and clayey, silt is coarse,
sand is very fine, moderate sorting, quartzose and cal-

Pale yellow sand, slightly clayey, subrounded, well sorted,
quartzose, noncalcareous
Pale yellow sand, coarse- to medium-grained, quartzose,

Pale yellow sand, clayey, fine-grained, silty, quartzose,

Gray-black cobbles and pebbles, volcanic

Depth
in Feet Description
0-15

with depth
15-20

careous
20-25
25-35

noncalcareous
35-41

slightly calcareous
41-49
49-52

DTG5.TT.49

Gray-green clayey sandstone and sandy claystone

3

12




TABLE 3.1

WELL LOG FOR MONITORING WELL NUMBER 7

Drilling Date: February 25

Depth
in Feet Description
0-1 Gravel fill
1-5 Brown sandy silt and clay with small gravels
5-10 Brown sandy silt and clay, more firm and sticky
10-15 Lighter brown sandy silt and sticky clay
15-20 Lighter brown sandy silt and clay, larger cobbles and pebbles
20-25 Sand with cobbles and pebbles
25-30 Sand
30-35 Greenish clay with pebbles, top of Nacimiento estimated at 32
feet
35-40 Greenish clay, few pebbles
40-45 Green to gray clay, smooth drilling
45-50 Green to gray clay, smooth drilling
50-65 ticky gray to green clay

Elevation of Top of Pipe: 5524.09 feet
Total Depth of Casing: 62.11 feet

Description of Casing: Bottom of casing has a 2 foot stainless steel blank
section for a silt trap, followed by a 10 foot section of 6" 1.D.
stainless steel screen, in turn followed by 6" 1.D. schedule 40 PVC casing
to the top of pipe. Sand was added to 45 feet below grade, bentonite to 41
feet below grade, and grout to the surface.

3-3
DTG5.TT.26




TABLE 3.2

WELL LOG FOR MONITORING WELL NUMBER 8

Drilling Date: February 28, 1986

Depth

in Feet Description

0-20 Light brown sandy clay, similar to that found on the ground
surface

20-34 Cobbles and pebbles

34 Green-gray clay and sandstone, intermixed with small pebbles

and sand. Top of Nacimiento.

Elevation of Top of Casing: 5531.12 feet
Total Depth of Casing: 34.94 feet

Description of Casing: Bottom of casing has a 2 foot
section for a silt trap, followed by 20 feet of 6"
screen, followed by 6" 1.D. schedule 40 PVC to the
cection of the hole was sended to within 7 feet

stainless steel blank
1.D. stainless steel
surface. The screened
of the surface, 2

bentonite seal (1/2 bucket) was added and concrete was used for a surface

seai.

DTG5.TT.26




TABLE 3.3

WELL LOG FOR MONITORING WELL NUMBER 9

Drilling Date: March 3, 1986

Depth

in Feet Description

0-5 Fill material, some rock

5-10 Sticky reddish brown silty clay

10-15 Lighter color silty clay, some pebbles
15-20 Lighter color silty clay, some pebbles
20-25 Cobbles, pebbles, sand
25-30 Cobbles, greenish clay, top of Nacimiento

Elevation of Top of Casing: 5519.70 feet
Total Depth of Casing: 33.99 feet

Description of Casing: Bottom of casing has a 2 foot stainless steel blank
section for a silt trap followed by 20 feet of 6" I.D. stainless steel
screen, followed by 6" 1.D. schedule 40 PVC to the surface. The screened
section of the hole was sanded to within 7 feet of the surface, a
bentonite seal (1/2 bucket) was added and concrete was used for a surface
seal.

3-5
DTG5.TT.26
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TABLE 3.4 .

WELL LOG FOR MONITORING WELL NUMBER 10

Drilling Date: March 4, 1986

Depth
in Feet Description
0-5 Topsoil, roadbase, reddish brown sandy clay
5-10 Reddish brown silty, sandy clay
10-15 Cobbles, pebbles
15-20 Gravel, cobbles, pebbles
20-25 Greenish clay at 23 feet, top of Nacimiento
25-30 Greenish clay, Nacimiento
30-35 Nacimiento, color changed from yellow-green to blue-gray .

Elevation of Top of Casing: 5516.86 feet
Total Depth of Casing: 33.93 feet

Description of Casing: Bottom of casing has a 2 foot stainless steel blank
section for a silt trap, followed by 20 feet of 6" I.D. stainless steel
screen, followed by 6" 1.D. schedule 40 PVC to the surface. The screened
section of the hole was sanded to within 7 feet of the surface, a
bentonite seal (1/2 bucket) was added and concrete was used for a surface
seal.

3-6
DTG5.TT.26




LITHOLOGIC LOG (SOiL)

Page _1_ of _§

$ITE 1D: BRC LOCATION ID: _ Mw-10 {RW-3)
SITE COORDINATES (ft.):
N

3
GROUND ELEVATION (ft. MSL): =5514
STATE: __New Mexico COUNTY: __Sapn Jusn
DRILLING METHOD: _ Auge
DRILLING CONTR.: __Earl & Sons, Inc,
DATE STARTED: __& March 1986 DATE COMPLETED: __ &4 March 1986
FIELD REP,: ____ Engineering-Science, ]nc,

e.

20

30

35

40

45

SEARNN

1.0/ 35!

COMMENTS:
174 6 S

LOCATION DESCRIPTION:
Orilling Time | Serple Type

Depth and Interval Lithologic Description

0-5' Yopsofl, Rosdbase, Sandy Clay
] S7-10r $id [
10

107-15' Cobbles and Pebbles

157-20’ Gravel, Cobbles, and Pebbles

207-30' Green Clay: Nacimiento Formation

307-35¢ Nacimiento Formation - Yellow-green to blue-gray.




LITHOLOGIC LOG

LOCATION MAP:

SITE 1D: BRC

SITE COORDINATES ({ft.):
N

Page _1 of __1

LOCATION ID: BRC-11

GROUND ELEVATION (Fft. MSL):
STATE: NEW MEXICO

COUNTY: SAN JUAN

DRILLING METHOD: AIR CASING ORIVER ROTARY

DRILLING CONTR.: BEFMAN

1/4

W4 14 s s

DATE STARTED: 7-31-87

DAIL COMPLETCD: 7-31-87

FIELD REP.: KASZUDBA/SELKE

LOCATION DESCRIPTION: ID-21°

COMMENTS: STEAM CLEANED RIG_AND ALL TOOLS PRIOR_TO ORILLING.

Drilling Time

Sampie Type

Depth Visual % Scale: and Interval Lithologic Description
elo|oie|o]|e
5 0- 5' 0 -5 SAND, mod yelsh brn (10YR5/4}, fine
to med. gr. sand w/minor crs gr. sand
and pebble gravel (up to 1"). Uncon-
solidated, moderately well sorted,
Ofe]e]e]e]e subrounded, no odor.
10 5-10" 5 -10' GRAVELLY SAND, olive gray {5Y4/1),
olof-|-i-|- fine to med. gr. sand w/minor crs gr.
sand unconsolidated, mod. well sorted,
subrounded, gravel clasts (%" to 2")
03 ) g e subrounded. Moderate degradation

15 odnr.

10-12%" 10 -12.%' SANDY CLAY, 1t. olive gray (5Y5/2),
fine to med. gr. sand in clay matrix
no odor.

12%-15" 12%-15° SANDY CLAY, as above.

20 [ 15-21° 15 =21 SANDY CLAY, yelsh gray (5Y7/2), fine
gr. sand in clay matrix, clay chips up
to 1%" from moderately consolidated
clay (or weathered shale).

25 NOTE : Saturation from ~7-8' to ~12%'
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16’

2l

B

»

—

10 STEEL PIPE WITH
LOCKING CAP

/4' STAINLESS STEEL PIPE

WITH LOCKING CAP

4* PVC PIPE
CONCRETE

'.'Q

Y

I

o

o]

.y

SUAEA

/4’X4’ CONCRETE SLAB

——BENTONITE PLUG
\\
4’ STAINLESS STEEL PIPE

\\ 8/12 SAND

~4* STAINLESS STEEL
CENTRALIZER

of S3/8% PEA GRAVEL

-~
© }TU--~44 STAINLESS STEEL SCREEN
. (05’ SLOT
o
(o]
(o]
47 STAINLESS STEEL
2~ CENTRALIZER
(o]

* STAINLESS STEEL PIP

TH CAP

TOTAL DEPTH OF WELL CASING

--=——TOTAL DEPTH OF BOREHOLE

MONITOR WELL BRC-11




LITHOLOGIC LOG

LOCATION MAP:

Page _1 _ of .
SITE 1D: BRC LOCATION 1D: BRC-12
SITE COORDINATES (ft.):
N £
GROUND ELEVATION (ft. MSL):
STATE: NEW MEXICO COUNTY: SAN JUAN

DRILLING METHOD: AIR CASING DRIVER ROTARY

DRILLING CONTR.: BEEMAN BROTHERS

S VZ IR V2 R VR V2 K S

FIELD REP.: KASZUBA

DATE STARTED: 8-1-87 DATE COMPLETED: 8-1-87

LOCATION DESCRIPTION:

COMMENTS: SATURATED FROM ~5°'-~12'. 7TD=17".

STEAM-CLEANED ALL TOOLS PRIOR TO ORILLING,

Drilling Time| Sample Type
Depth Visual % Scale: and Interval Lithologic Description
sioisisjeieisie
] 0- 5 0- 5' SAND, mod yellawish brwn (10YR5/4), fine-to
med-grained sand, unconsolidated, well-
sorted, subrounded, No HC odor. Saturated @
Oleleleleisie ~58',
olefe |- . 5- 9’ 5- 8' SAND, as above. Saturated. Gravelly sand
10 8 9'. Subrounded gravel, 2" dia.
9-10’ 9-10" SANDY CLAY, dusky yellow (5Y6/4), fine-to
med-gr sand in clay matrix. No HC odor.
Saturated.
o[e 10-15° 10-15' SANDY CLAY, as ahove. Minor chips of clay
15 fe {shale), ~10%. Saturated to ~12°.
slefofe]efe]s]e 15-16° 15-16° SANDY CLAY, as ahove. Clay chips up to %"
' (moderately consolidated clay or weatherer
shale). Contains <10% gypsum, No HC odor.
16-17° 16-17" CLAYEY SAND, dusky yellow (5Y6/4), sand is
20 fine-grained, well-sorted, No
HC odor.
25
30
35 \
40
45
50




r 1. ~10" STEEL PIPE WITH
L LOCKING CAP

* STAINLESS STEEL PIPE

M | } WITH LOCKING CAP
CONCRETE
B 5’/4%4' CONCRETE PAD

T T T r=ar-, .
[} _...-._. .

TS el
AN N &

"0"
.8

EYNAN

P
7 oLt
A
/ 4/ A "

a5 o 4 STAINLESS STEEL PIPE

\\8/12 SAND

4 ° ° 4* STAINLESS STEEL
o CENTRALIZER

o S~ 3/8" PEA GRAVEL

4" STAINLESS STEEL
SCREEN (05" sSLOT

LLLETLEE I

WITH CAP
p [«]
0
o]
0 (o]
o — (o]
o o
9 4* STAINLESS STEEL
" CENTRALIZER

Jh
T

14 [0l | TOTAL DEPTH OF WELL CASING
o © o
[e] o a [
Q o
170 ° o -a—TOTAL DEPTH 0OF BOREHOLE

MONITOR WELL BRC-12




LITHOLOGIC LOG (SOIL)

N ey

Page _1 of _1
SITE 1D: __BRC

LOCATION ID: __ P-4 (MW-13) ﬂ.
N 3

SITE COORDINATES (ft.):
GROUND ELEVATION (ft. MSL): _ 5538,42

pAele} \ STATE: _New Mexico COUNTY: _San Juen
-;------61—.(.;'!4 DRILLING METHOD: _ Casing Driver
8 oy Aeyrdt DRILLING CONTR.: _ Beeman Brothers
- o [ DATE STARTED: 2 September 1988 DATE COMPLETED: 3 September 1988
= 9 | - FIELD REP,: _W.S, Dubyk
P-4 g~ = COMMENTS: _Static on September 9, 1988; 37.917 from TOC.
: { - .
- .. , P | A3
174 1/4 174 176 S T R -
LOCATION DESCRIPTION:
Drilling Time | Sample Type
Depth Visual X Lith Scate: and Intervat Lithotogic Description
A 07-27¢ Silt and Clay - Moderate brown (5 YR 4/4) to tight
A brown (5 YR 5/6).
w’//VV/V
AN
s A/ / /Vb‘
nigle’
I NAV
AN
AN
VA
AN
AT
VV %
10 A U
A
elost
q //V//V
// j/ A
fglesie!
15 A VA
//}// ¢
fgldele’
///V %
9e%
//Vy/ ’
20 M
//M///J
,AV/V‘///U
Igkeiig
VAW
A ///A ’
.S A 1233
1 /“ 27'-30’ Sand - Very pale or (5 YR B8/2) fine to coarse
A v ’ grained, anguler to subangular predominantly quartz.
30 307-40* Gravel and Sand - Light gray (N7). Sand is medium
to coarse grained, subrounded to rounded. Gravel is
subangular to rounded, up to 3" dia_meter.
35
40 1415 417-437 Clay - Pale olive (10 Y 6/2), plastic.
437-45' Gravel and Sand - As sbove,
&5 1420 45'-51/ Shate; Nacimiento Formation - Dusky yellow (5 Y
6/4) to olive gray (5 Y 3/2).
50
1455




& _ x 2' STAINLESS STEEL
LOCKING CAP

8" . X _4__ CEMENT FILLED

STEEL GUARD PIPE

3 X._3'__ CONCRETE SLAB

L~ BENTONITE PLUG

6 13'
//_____ x 13 _pvc PirE
/]
/
W

6.50'
7.00°
19' 4 STATIC WATER
LEVEL

1~ 6 x_20'  STAINLESS STEEL
: SCREEN

3293 .
— BOTTOM DF SCREEN R
T~ _6"  x 2 STAINLESS STEEL PIPE

33.93° | TOTAL DEPTH DF WELL

35.0’

TOTAL DEPTH OF BOREHOLE

COMPLETION DIAGRAM B

RECOVERY WELL MW-13 (RW-3)
(RECONSTRUCTED FROM VERBAL DESCRIPTION
SUPPLIED BY ENGINEERING-SCIENCE, 1987)
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J | GROUNDWATER

0 ) Tecrvocosy

Drilling Log
Monitoring Well MW~-25

-

* ®
| i ini See Site Map
| Project BAC : Ownel: Bloomfield Refining Co. For Boring Location
‘f Location 50 County Road 4990, Bioomfieid, New Mexico Proj. No, 02335304
: Surface Elev. 527.*5 Total Hole Depth 38.11. ___ Diameter LLin. COMMENTS:
| Top of Casing $5520-4% Water Level Initial 28 7. Static
1 Screen: Dia £.in. Length f4 1t. : Type/Size FRE 0.020 in. Start £1000 hvs. 2 11, sity leg instated
‘! Casing: Dia 6 in. Length 24/2 1t. Type ERE rom 36 feet to 36 feet.
[ Fil Material 10/20 Co. Siica Rig/Core Drill Systems 180
- Orit Co. Layne Method Air Percussion
[ Driner Gabby Rodriguez | og By Jerry May Date 05/11/94 Permit # N
Checked By License No.
: EEIPRE
—~ - == 5§ & o © i i
f&::' $3 [ef| @ :.8; A Rk Description
& || =8 Jegl g 5 S| 8o 9 (Color, Texture, Structure)
S ,?, g :: o o Jl Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35% to 50X
=)
L —2
‘ - 0 - - Brown clayey SILT (dry-moist)
| s 4 :‘<' <
; o Ikl &
| YRy
| - -1 < <
| L N tl N ML
[: — 4 | £ <
i LA
| - - <
, 1 kY 0
-6+ n an ,Ly
i T »‘,, . / Brown fine poorly—graded silty/clayey SAND (moist)
g 6] [ W%
1 & ) % aM
] 1 A se
" N 1 %
8 n © X A

-
-

-
o 4

-
.
[=]

- 16 -

= -

= 18 IR
L 20 {5
- 22 -

- -

b 2
-

4 |
o
1

LA LTALSTAST AT ATTACTALTAL AT AS ACTAS A
=2

e 4

.,
B L AL AL AL AL AL AL AL AL A
RS2 2.

|

Tan fine poorly~graded SAND (moist)

| | 24 -

06/21/1994 iithlog-mar93

Page: 1 of 2
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| ﬂj—j Drilling Log
| B GROUNDWATER

T Monitaring Well MW-25
TECHNOLOGY
Project BRC Owner Bloomfield Refining Co.
Location 50 County Road 4990, Bloomtield, New Mexico Proj. No. 023353014
. §1 1922 |8 L
£2 | 5% HIC 5 : Eg 2 Description
S ) =g jag) & § o~ la (Color, Texture, Structure)
8 g g ® o g Trace < 10X, Littie 10X to 20X, Some 20X to 35X, And 35X to 50%
| 24 _ e
= ysp
[ FI=F-) 2o To
- 26— - = >, Tan fine—coarse, poorly—graded SAND with gravel and cobbles
= of 3 (moist)
= ol |- Dark gray-stained at 28 feet.
~28 1 |= A—IV— Groundwater encountered at 28 feet 5/11/94
= oS
- - : oO
~ 30 —|.|=|. I ss0 Oo% Dark gray-stained cobbies (littie fines)
s 4 1= 0°OOC GP
[~ ] = < oo
= Q5
- 344 = o~ \E%J Brown silty clay lens at 34 feet (moist)
| 1= = NA- Tan very fine poorly-graded SAND (dry)
= Encountered weathered limestone at 35 feet (dry)
- 36 . =
- 38 L End of boring at 38 teet (1110 hrs.). Installed well screened from
| 22 to 36 feet on 5/11/94.
— 40
40 ]
I ~ 44 —
}-46 —
I ]
48 -
l —- 50
- -
I |s
| o
I i
' ~ 56
06/21/1994 lithlog-mar93 Page: 2 of 2
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T Drilling Log
¢ )
| N J[_] GROUNDWATER Monitoring Well MW-26
0 TECHNOLOGY
BRC / i fini . See Site Map
Project Owne( Bloomfield Refining Co. For Boring Location
Location S0 County Road 4880, Bloomfield, New Mexico Proj. No. 023353014
_ Surface Elev. 22/%:5F Totat Hole Depth 231t Diameter J5.in. COMMENTS:
Top of Caslngfb_/‘LI Water Level Initial /5.7t Static
Screen:Dia £0.______ Length 14 1t Type/Size FRE 0.020 in. Start 8 0730 krs. Silt leg installed from
Casing:Dia 80 ______ Length 9721t Type FRE 2! feet to 23 feet.
Fill Material 10/20 Co. Silica Rig/Core Drill Systems 180
| DOrill Co, Layne Method Air Percussion R
; Oriller GabbJ' Rodriguez Log By Jerry May Date 05/12/94 Permit #
Checked By License No.
5 ezl (3
23| =% [cElle 3 S Zald Description
o= | f3 282 9 g 83
o~ E Sle = el =218 (Color, Texture, Structure)
S o 5? »® © @ (| Trace < 10X, Littie 10X to 20X, Some 20X to 35X, And 35X to 50X
>
L ~2 3 —
- 0 = T Tan fine poorly—graded silty SAND (moist)
N N
[ i <r ‘<r
Lo ] (¢
tvr X SM
0 R XY
- 4 i
7 ke
i 3 22 Tan fine poorly~graded SAND (moist)
| 73
- 8 — g Tan fine—coarse SAND with a little pea gravel and cobbles (dry)
N -0 ER]
} - 1-1= e Cobbles with some fines (dry)
3 - 12 = Scﬁ 6P
s 4= o
s é ool sp Tan fine—coarse poorly—-graded SAND (dry)
- 14 = . . .
= Gray-stained cobbles with some fines dry-wet
I 4 : g 0,?% V— Groundwater encountered at 15 feet on 5/12/94
- 16 —:': =-E OODOC Dark gray-stained silty clay lens at 16 feet
- 1 ; QEOC GP
- 18 —[|1= o
= 059 .
- 1= OOOC Dark gray-stained silty clay lens at 19 feet
- 20— = o 2 Encountered weathered limestone (moist)
® .-
- 2+t | Dry at 22 feet
- ' End of boring at 23 feet (0820 hrs)). Installed well screened from
54 ] 7 to 21 feet on 5/12/94.
|
06/23/1994 lithlog-mar83 Page: 1 of 1
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j:] GROUNDWATER

L';]_D_g TECHNOLOGY

Project BRC

Drilling Log ‘
Monitoring Well MW-28

Ownet Bloomfield Relining Co. See Site Map

Location 50 County Road 4990, Bloomfield, New Mexico

For Boring Location
Prol. No., 023353014 g i

Top of Casing $524:5 2 Water Level Initial 2511 __ Static
Screen: Dia 40

Surface Elev. £2%(. 5% Total Hole Depth 331t Diameter 1O in. COMMENTS:
Length 15 1t. Type/Size £RE 0.020 in. Start g 5I0rza trs. Instaled sitt feg from
Length 20/2 ft. Type FRE 33 to 35 feet.

Casing: Dia 4.in.

Fill Material 10/20 Co. Séca

Orilt Co. Layne

Rig/Core Orill Systems 180
Method Air_Percussion

Driller .Gabby Rodriquez_ (og By Jerry May Date 05/13/94 _ permit #
Checked By License No.
§ 2 3Izlo |8
~ - Lo - [ ] ~ . .
fd:.‘ 58 okl ¢ § :lZ9 g Description
-} =g faall 8 ; ¢ | oo @ (Color, Texture, Structure)
S o 2% 10 [q| Trace < 10X, Little 10X to 20%, Some 20% to 35%, And 35X to 50%
o N o)
o | I
- O - o Tan fine poorly—graded silty SAND (dry-moist)
] L Il
s I < 31
{ \ it
TN g1
— | g < 4t
2 AN L
|- 1< < 11
N RN
-~ -1 < < T
4 LA, 11
- -‘<r ><r 124 11l Gray-stained/tan tine poorly~graded silty SAND (moist)
Y N 1r
_6-_‘<r ‘<'q TLtisH
N N 11
s dl¢ < A1
|_ 8 W ! L n wa
1< <
F,(r v<'1 //
! 1o / |
- 10 -;r :fr 452 / cL Black-stained silty CLAY (moist)
L i< <
12 M<r N(r /
e ben é
- < < 4TIl
14 N 0 f .
}- '\‘“ . ) -
i B8 65 S Tan fine poarly-graded silty SAND (moist)
- 16 — " 1
i N ,H Tan fine~coarse poorly—graded SAND with gravel and cobbles
.39,
- 18 — [ NS >
= 4.0
s A 1= 3 o
= -13.0
— 20 - 1=} ] 333 P
= ~Jofl 3L
- 1-1= o) o
= 3.0 ‘
- 22 .= 1.
= R Yo
F - E '-:L)_ .
= 3o
- 24 2507 0

Page: t of 2




’ . . l

Project BRC Owner Bloomfield Refining Co.
Location 90 County Road 4990, Bloomtield, New Mexico Proj. No. 023353014

Description

(Color, Texture, Structure)
Trace < 10X, Little 10X to 20X, Some 20X to 35X, Angd 35X to 50%

p
ft
Well
Completion
PID
(ppm)
Sample 1D
Blow Count/
X Recovery
Graphic
Log

juscs Ciass.

- 24 —i- —l2507 RR VN (Dark gray-stained at 24 feet)
Y Groundwaler encountered at 25 feet on 5/13/94

0500050000

Encountered weathered limestone »

TN

[~ ']:.: S 174

el st

. - End of boring at 35 feet (1100 hrs). Installed well screened from
36 — 18 to 33 feet on 5/13/94.

_ 40—

54 - :

| 56

NRIAIO0A thiAA.-marQ] Page: i o 'l’v
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H Drilling Log .
ST GROUNDWATER Monitoring Well MW-29
. TECHNOLOGY ’
Project BRC Owner Bloomfield Refining Co. f.gre gélrﬁvgipocalion
Location 50 Couﬁ 'y Road 4990, Bloomfield, New Mexico Proj. No. 023353014
Surface Elev. 2218. f( Total Hole Depth 26 ft.___ Diameter f0.in. COMMENTS:
Top of Casing25H55  wWater Level Initial 201t ___ Static
Screen: Dia 40 Length 4 It. Type/Size £RE 0.020 in. %a:té:ldlw Irs. Instaled silt leg 24 to
Casing: Dia 40.______ Length f2/2 1t. Type £RE et
Fill Material 10/20 Co. Silica Rig/Core Drill Systems 180
Drill Co. Layne Method Air_Percussion -
Oriller Gabby Rodriquez | og By Jerry May Date 05/12/94 _ permit #
Checked By License No.

: EEIINE

2 ~l= € § () . .

fd:. 53 o[ @ 5 g o g Description
3- 2 feag e - 0| 23fw (Color, Texture, Structure)
S a2 : o |3 I trace < 10%, Little 10% to 20%, Some 20X to 35X, And 35% to 50%
>
-2 —
- 0 - Tan fine poorly—graded silty SAND (moist)
N
- X< SM
a4
- 2 —L<r Tan silty CLAY (moist)
-1<

-

cL
- Tan fine poorly—graded SAND (moist) .

|
S
__
A

- 15
=10 =t o
- 12 1= Tan fine-coarse poorly-graded SAND with grave! and cobbles
= 3.0,
= 3o
L 14 —}' = 5 o
= 4.0
i 1- = 9 1o
- 16 -} (|= o 2E
e {o
= 3.0
- 18 —|-[= 2
= .. 0
= 3.0
- 20— |1= 18 30 Y Groundwater encountered at 20 feet on 5/12/94
= Q
4 1= %E% Cobbles with some fines (wet)
= op |
- 22— 1= ) :)DO :
= LOOC :
1 1 1= . Encountered weathered limestone (dry) ;
- 24 =

A A A s i e Page: | of 2




Drilling Log

Project BRC Owner Bloomfield Refining Co.
Location 50 County Road 4990, Bloomfield, New Mexico Proj. No. 923353014

[ 1]

i
H
1
i
1
i

GROUNDWATER : : Monitoring Well MW-29
TECHNOLOGY

( ft.)

£
L o
[aX
a
o

Description

(Color, Texture, Structure)
Trace < 10X, Little 10X to 20X, Some 20% to 35%, And 35X to 50X

Well
Completion
PID
(ppm)
Sample ID
Blow Count/
X Recovery
Graphic
Log
fuscs Class.)

|-

- 24

- 26

| 28

-

End of boring at 26 feet (1510 hrs). Installed well screened from 1Q
to 24 feet.

Ctan mann Page: 2 of 2



Drilling Lo
| g

(1 GROUNDWATER Monitoring Well MW-=30
L TECHNOLOGY
Project BRC Owner Bloomtield Refining Co. Egre Bsélr%gaﬁ)cahbn
Location 50 County Road 4990, Bloomfield, New Mexico Proj. No. 023353014
Surface Elev. 257042 Total Hole Depth 381t Diameter JO.in COMMENTS:
Top of Casing 253% £ 2-water Level Initial 3Lft.____ Static
Screen:Dia 4in_______ Length f3.1t. Type/Size £RE 0.020 in. Start £ 0720 hrs. Instaled sit &g trom
Casing: Dia 40 Length 2372 11 Type FRE 0 5 feet
Fill Materiat 10/20 Co. Silica Rig/Core Drill Systems 180
Dritl Co. Layne Method Air_Percussion
Oriller Gabby Rodriguez (og By Jerry May Date .05/13/94__ permit #
Checked By License No.
S e 32 g
o | =3 1.8l e 3 s 2o 2 Description
a¥ v¥ [2al % a
g || =g |aaf g Pl (Color, Texture, Structure)
4 o o & © 3 Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50X
O 0 D »r 35
— —2 -— 1
s i
- 0 X E: Tan fine poorly—graded silty SAND (moist)
- 1< <
H r
o __F P
i M(r ir
LY
- 4 i< <
. A, g1
i -gﬂ Er 22 :~:- {Same as above)
-~ 6 =< <
AR
o -k< k<
YL BN YR
~ 8 -4}< <
i ir &
- <
1TERY
- 10 IR {Same as above)
N ¢
1< <
i AN SM
- ]2 ~ll< <
ir N<r
14 - :I: |
l— s <
T t:ﬂ q1.
i 1T ;' 30 1 (Same as above)
- 16 < <
LY
o e, /:':.
- 18 é;
| % :;:
[— 20 - :. A
L2, 5] ®
- 22 = - Tan fine—coarse poorly-graded SAND with pea gravel and cobbtes
= 1
o - . : .‘ S-E
24 JIE {iol ©*

Page: 1 of 2




Drilling Log

YEE GROUNDWATER Monitoring Well MW=30
| TECHNOLOGY
Project BRC Owner Bloomtield Refining Co.
Location 50 County Road 4990, Bloomflield, New Mexico Pro}. No. 023353014
5 a2 2
s~ f _ Tle 2 812102 Description
af | 32 |oGfl ¢ 3 5| &2(0 P
S3- || =2 |8l g x & || 0= 9 (Color, Texture, Structure)
8 8 ‘% :: © (g Trace < 10X, Little 10X to 20%, Some 20X to 3§X, And 35% to 50%
24 —f—— ..
= -}.0.
- 1= 62 o (Same as above)
= 3.0
- 26 1= R
L= =-}.0
- 1= || 3F
3 : ..o
- 28 - 1= .
[ = R
= -0,
— 30— 1=T 1 s20 7 Dark gray—-stained cobbles with some fines (moist~very moist)
3 1. § ' OBOC V  Assume groundwater encountered at 31 feet on 5/13/94
- 32 | = o
= Kl
s U= 0<
3400 1= oY .
= 0°O {Some clay and silt at 34 feet)
1A= 1 203 ' A Encountered weathered limestone (dry)
_ 36 - =
38 L I. End of boring at 38 feet (0800 hrs). Installed well screened from
| i 21 to 36 feet.
40 -
_ 40 ]
i 4
44—
- -
- 46 —
48 —
- 50
o -
52
~54
- 4
- 56 -
N U pPage: 2 ot 2

-.-W




Drilling Log
'ﬁ HES GROUNDWATER
Lo

Monitoring Well

MW—31

TECHNOLOGY
) .
l}’ Project BRC Owner Bloomfield Refining Co. ﬁgf Bs;lylr%gi% cation
‘ Location 50 County Road 4390, Bloomfieid, New Mexico Proj. No. 023353014
‘ Surface Elev. 222211 Total Hole Depth 37.1t.__ Diameter J0_in. COMMENTS:
j F Top of Casing 223217 wWater Level Initial 301t Static
| ¥ Screen: Dia 4.in. Length J4_1t. Type/Size FRE 0.020 in. Start 8 {200 trs.
Casing: Dia 4in._______ Length 23721t Type FRE
: m, Fil Material 0/20 Co. Silica Rig/Core Drill Systems 180
‘ Drill Co. Layne Method Air_Percussion .
Drilier Gabby Rodriquez | og By Jerry May Date 05/12/94__ Pernit #
m Checked By License No.
| g EEIPE
—~ - - - S ‘6 L 0 i i
fa: 55 |oE| ¢ § A ELIE Description
} gv Zg aa % x o Silwn (Color, Texture, Structure)
8 3 g :: o § Trace < 10%, Little 10X to 20X, Some 20X to 35X, And 35X to 50X

t—
ol
|

N
-
|

- 0 ~
N L)
I - P
ly N
N
- 2 — <
! 1 A
| - 4 <
i Ly N
N
i L 4 <
* H Ly
L - <
d L' NA
<

-
—_

SM

-
-

-
-

-y

!
(@)
LTALTALTAST AL ALSAS AN ASTALTAS
=

2
=2
o

b= 4

= e 4 2.

=T
]
A

o 4 e 2 e J

o 4

e 2 4

Ll
1
S < AL A AL

RN S AL AT AT ALRTAT ASTASTASTAS AL

_'20'“;f QE 19

T
o
|
('A<A

~

nN

1
iy

I [

Tan fine poorly—graded silty SAND (moist)

Tan fine poorly—-graded SAND (moist)

AR I HONA b hIAA—marQ

m—-—-—-__—_m__._

Page: 1 of 2




A ER i B BN A M Wm =

Project BRC

DEI GROUNDWATER
]L || J TECHNOLOGY

Location 50 County Road 4990, Bioomfield, New Mexico

Drilling Log

Owner Bloomfield Refining Co.

Proj. No. 023353014

Monitorirng Well MW-31

Lo~
-t
ad

ov

Well

Completion
PID
(ppm)

Sample ID

Blow Count/
% Recovery

Graphic
Log

juscs Class,

Description
(Color, Texture, Structure)

Trace < 10X, Littie 10X to 20X, Some 20X to 35X, And 35% to 50X

~- 24

26
- 28
_30_'.‘..
—-32-—:'.‘1
34"
i ';". 539
s L

38 —

40 —

_ 42 —

44 -

o -

46 —

48

o -

- 50 -

o -

52 ]

54

85

g1

 “Jl2028

Y

- 56

o l.l'l.l.......l'l.."'l'..'.
A

ool o N oo

090
oA

)
0

GP

Fine—coarse poorly—graded SAND with gravel and cobbles (moist)

Y Groundwater encountered at 30 feet on 5/12/94

Gray-stained cobbles with a little fines (wet)

(Dark gray-stained at 32 feet)

Encountered weathered limestone (moist—dry)

End of boring at 37 feet (1225 hrs). Installed well screened from

21 to 35 feet on 5/12/94.

NEISHANA Bilam .m0

Page: 2 of 2




DD GROUNDWATER

Drilling Log

B

| TECHNOLOGY

Owner Bloomfield Refining Company

Project Bloomfield Refining Company

Location

Monitoring Well

X

MW-33

50 County Road 4990, Bioomfield, NM

Surface Elev. 5515.86 Total Hole Depth 23 ff.___ Diameter 9.in.
Top of Casing 251846 water Level Initial 191t Static' Dry ft.

Proj. No, 023353014

See Site Map
For Boring Location

COMMENTS:

Screen: Dia 40 Length 14 1t Type/Size FRE/0.020 in.
Casing: Dia 4.in._______ Length (L6 1t Type FRE
Fill Materia! 10/20 Silica Sand Rig/Core Drill Systems 180
Drill Co. Layne Method Air Hammer Percussion
Driller .G._Rodriquez Log By £._Shannon Date 02/23/95  Permit #
Checked By .ELS _3-14-4s License No.
: 2%z
= ~l = € & O . S .
ﬁ'{ 53 [of| ¢ § g %g' 8 Description
Ao || =g =8 g ;3, o P (Color, Texture, Structure)
S @2 ell® @ [| Trace < 10%, Littie 10X to 20X, Some 20X to 35X, And 35% to 50%
— —
-0 1 T , . . —— .
Nl fH . 0-7 ft.: Brown medium to fine SAND, littie silt, little coarse to fine
5 -‘<r ‘<r 11 gravel, occasional cobbles, dry.
N N ERE
-2 ] [ -
o .
- < < . A )
é & 1 sm
& 23 1l
- { Tt
| = L0 - __ 7-20 ft.: Coarse to fine GRAVEL/COBBLES, some coarse to fine
- 8 1= o foo] well graded sand, trace silty, dry.
= Of-:-]
I = DOO -]
- 10 - (= o 1
= DO o
- - - | O L
= ! Qf--]
- 12 — = 1 >O o
= LOY-]
- - = 2 {1
= Joflee
- 14 < = K {0 SP
= » O}
I 1= : ¢
T RE 1
— i fo
- G1= L % X
- 18 |2 f%«f:j
g 4= ! f% . j’ Y Cutiings damo &t 19"
= i P O
-20 4 |= ; - IR
= TJ_ 20-22.8 ft.: Tanish brown SILT/weathered LIMESTONE, dry.
] | =
- 22 — i e -
I = —
5 . “ N A\ 22.8-23 {t.. Gray LIMESTONE, weathered, dry. |
- 24 - i End of boring at 23 feet. Set MW-33 with screened interval from
i 6.9-20.9 feet below grade.

O s e

1

~nfs




1B

Drilling Log

l_"—"—] GROUNDWATER o Monitoring Well MW-34
TECHNOLOGY o :
Project .Bloomfield Refining Company Owner Bloomfield Refining Company ggf ggf‘; g‘z"") cation
Location 50 County Road 4990, Bloomfield, NM Pro]. No. 023353014
Surface Elev. 5505.53 Total Hole Depth 191t Diameter 0 in. COMMENTS:
Top of CasingM Water Level Initial J2ft.__ Static
Screen:Dia 4in. _____ Length /4 1t Type/Size FRE/0.020 in.
Casing: Dia 4in.  tength 7.8 1L Type FRE
Ell Material 10/20 Silica Sand . Rig/Core Drill Systems 180
Drill Co. Layne : Method Air Hammer Percussion h
Driller .G. Rodriquez Log By £. Shannon Date 02/23/95  pPermit #
Checked By _ElS 31445 License No.
5 g2 “
— = — -t .C Q 2 . .
5&:. 58 |of| e é | Zo 8 Description
- | =2 |eg|lE : 8 || o= o (Color, Texture, Structure)
8 S 2% | © ||@ | Trace < 1ox, Littie 10% to 20X, Some 20% to 35%, And 35X to 50%
po] .
| —2 ]
B 141 0-9 ft.: Brown coarse to fine poorly graded SAND, littie coarse to
- 1. fine gravel, little silt, occasional cobbles.
- 4 =)
Cl=1 ERANIEL
-6 =]
| 1 = o° C_ 9-14 ft.: Coarse to fine GRAVEL/COBBLES, some coarse to fine
= 10 1=t o é)o sand, trace silt, dry.
=1 109
e %54
=1 GP
- 12 41 =1 DOOOOOC v Wet at 12, gray~-staining.
i 7 ‘: § : .I >O C?O
L4 |2 o] |
N susa il Yeliowish brown SILT/weathered LIMESTONE, dry.
R NE ;{1 14.7-19 ft.. Gray LIMESTONE.
S NS T T
= 1
B 4 - iy | T 11
— 18 — -
T T
4 I — S
End or boring at 19 feet.
- 20 -
I h Setl MW- 34 with screened interval from 2.5-16 5 feet below Grals
- 22 - !
D4 ]




PRECISION ENGINEBRING, INC. FILB #: 97-028

LOCATION:BLOOMFIELD REFINRRY ELEVATION: 5512.39

SBE BORING PLAN LOG OF TEST BORINGS TOTAL DEPTE: 23,1
LOGGED BY: ™
DATE: 4-29-97
STATIC WATER: 20.5
BORING ID: MK-35
PAGR: 1

MATERIAL CHARACTERISTICS PID
(MOTSTURE, CONDITION, COLOR GRAINSIZR BTC. ) (ppm)

-1 O o
3 D> 2 D

DEPTH

0.0-5.5 TR
thet..tit

trit. .ttt
(RS S X 3]
(322N X 41
tert..tdt
(2228 221
LR 3 3 ]
thik_ .ttt
[ R N X 3 E*Q
(EZE N 13
tttto.tkt
6.5-8.5 ttiretiit
(222223231
1252222221
§.5-13.5  [tregpotte
tiigqqttt
titooofit
*ttooofit
tiioogi*i LQ_
ittooottt
itioooti!
ittoooiii
trigopttt
*tioootii
Trigoottt
tfioooti*

SAND, VERY FINE TO FINE, SILTY, DAMP, LIGHT BROWN TO BROWN, LQOSE, -NO ODOR, 0
(MORE DAMP AT 2.0' T0 3.5')

SAND, FINE, SOME COARSE, TAN, DAMP, NO ODOR 0

SAND, FINE, FINE GRAVEL, SOME COARSE COMING UP FLIGHTS, DAMP, MODERATELY DENSE,
BROWN

13.5-15.0  [0000**000
0000*#000
0000+*00015_
15.0-21.5  |0000**000
0000%*000
0000%*000
0000+000
0000000
0000**000
0000¢#000
000041000
0000t*000
0000+000]20_
0000%+000
0000*+000
21,5 0000*#000

GRAVEL, COARSE, SOME FINE, SOME COBBLES, SANDY, FINE, MORE COBBLY AT 15.0', 0
VERY DAMP

COBBLBS, GRAVELLY, COARSE, SOME FINE, SLIGHTLY SANDY, PINE, DAMP, VERY SLOW
DRILLING, NO ODOR

VERY WEAKLY WATER BRARIRG 20.5' TQ 21.5' 0

21.5'23.1 =szss3333s=s

TOTAL DEPTH |==z=ss=:===

NACIMIENTO FORMATION 0
SHALE, SANDY, GREEN, DAMP, DENSE, NO WATER IN SAMPLE OR ON SPLIT SPOON, NOT WATER
BRARING

Y O I IO MMM ICACITM OO

LOGGID BY: TH
AND TYDE QR BQRING: 4 1/4" ID CONTINUQUS FLIGHT H3A




Monitoring Well

NO.

Instal lation Diagram

MW=35

Project #

Casing Cap
= L%,/—Pro+60+ive Casing Cover
Concrete Pad
i ‘—4 K
| / Y,
, Bottom of 2.5
Comcrefe'___g_‘_6_7____++. Protective Cover
Bottom of Concrete
9.67'
Greut :_____O _____ Tt.
| Top of Bentonited. 67 ¢
/. e [y
Bentonite Plug:___l:® ___++
\| Top of Sond Pack 11,25
1.85 L Top of Screen 13.1 \
® Tl
Sand Pack Screen: g
__ 11085 e+, 100 s =
\ \ _:_ Bottom of Screen 23.1
L Piezometer Tip Y
Bottom of Boring 23 .
Boring Dicmefer:__s___S_{_B_..
Sand Type:_____ ?:L_I_O___-_ Bollards, Type/Size:_ _._.. ?---_S.:r.E_gL
Ben+oni1e:-;).{?___C_H_IB_S_ Screen Type/Size:_-__O_:_Q]_Q____
________________ ) . 2" SCH 40. PVC
Cement/Grouts - oo Riser Type/Sizer o oooeoooo
Wo?er.___—:_—___.—._____—_--_ Locking Expandable Casing Plug?___Y_E_b_ _____ Sita
O+hert . .o Bottom Cap Used?_-_.‘f.Eé ....... Site Eosf?ng:j_z;_'z__o_j
L 97-02 BLOOMF IELD REF INING




PRBCISION BNGINBERING, INC. FILE §:

LOCATION:BLOOMFIELD REFINERY ELEVATION:
SBE BORING PLAN

L0G OF TBST BORINGS TOTAL DEPTH:
LOGGED BY:

DERTH

b2 O o

Fut.—':b-nm

DATE:

STATIC WATER:
BORING ID:
PAGE:

97-028
5510.56
PARIL
™
4-29-97
19.5
MH-36

1

MATERIAL CHARACTERISTICS
_(MOISTURR, CONDITION, COLOR GRAINSIZE RTC. |

PID
(ppml

0.0-7.5

trdt__ttt

(2322 3]

ttit. .ttt
thbd._tit
tret_ .ttt
rrrr._tid

RS2 PN E]

IR R T8 £ 2 )
ttik. bt
(22 N 21
trkt. ttd
tret__tie
P2 S N £ 2]
thte . ftt
trit. bttt

SAND, PINE, SLIGHTLY SILTY, LOOSE, DAMP, LIGET BROWN, NO ODOR

12.0-18.5

19.5

000000000
006000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
(100000000
000000000
000000000
000000000
000000000

GRAVEL, COARSE, SOME FINE, VERY COBBLY, VERY SLOW DRILLING, DAMP

COBBLES, GRAVELLY, COARSE, VERY HARD DRILLING, DAMP TO DRY

19.5-20.5
20,5

tttoopttt
*!EQQO***

SARD, FINE, GRAVBLLY, PINE TO COARSE, EASIER DRILLING, ¥O ODOR, WZAKLY WATER
BRARING

20.5-21.5
215

=ZS=S=ss=2ss

Il il v ik incinieinicirieirieicieiririnizircieieit il e e ke ke ke ke ke ke ke K e K R K Kae ¥ o B adie - B - Ji o)

NACIMIEETQ FORMATION
SHALE, SANDY, GRERN, DAMP, DENSE, NOT WATER BRARING

TOTAL DEPTHE

-

LOGGED BY:

AND TYPE QF BORING: 4 1/4" ID CONTINUOUS PLIGHT HSA

™




Instal lation Diagram
Monitoring Wel!l No. MW-36

Casing Cap
l — L%//—Pro+ec+ive Casing Cover

__é{::Comcre+e Pad

| / /]
6.0’ Bottom of 2.5
Concrete: ___-1Y ____ 4. Protective Cover \ﬁ
\ Bottom of Concrete
] T ;
: 6.0
0
Grout: _ ________ f+
\ Too of Bentonite 6.0,
. ——
. 5.0 /i
Bentonite Plugr __ " Y ____ ft.
\ Top of Sand Pack 8.0
- 7
3-0 Top of Screen 11.0
® | -
Sand Pack: Screen: =
13.2 4 0.0 s =
Vo E Botrom of Screen 1.2
L Piezometer Tip \{
\ Bottom of Boring 21.2
£
Bor ing D?ame‘rer:__8.-_—_5.{_8__
- i
Sand Type:___j-@__?.q__.._ Bollords, Type/Size:_-___:).___S_._r_E.gL
Benfonife:_:z"_/__B__E:_}__{_I_Fj_S_ Screen Type/Size:_-_.U.'_p_l_O_____
________________ . . 2" SCH 40. PVC
Coment /6r outt — o oo Riser Type/Size! @ mmeacaa e
_______ Y:- -~
Woter: e Locking Expandable Casing Plug?_____E.S_ _____ Site Nonhing:i@_s_f_‘_g_g
_____ YES . . YTT9.57
Others . Bottom Cap Used? oo T o Site Easting:_____—1 7.




LOCATION:BLOOMFIELD REFINERY
SEE BORING PLAN

DEPTH

PRECISION BNGINEERING, INC. FILE §:

ELEVATION:
LOG OF TEST BORINGS TOTAL DEPTEH:

LOGGED BY:

— O o

) 3 3 U2

DATR:

STATIC WATER:
BORING ID:
PAGE;

97-028
5513.04
25.0°

5-1-97
1.0
MH-37

MATERIAL CHARACTERISTICS
(MOISTURE, CONDITION, COLOR, GRAINSIZR BTC.)

PID

(ppml

0.0-7.0

7.0-11.0

trdt__tit

ttid. .ttt

(222 S 2 ]
krtd._tit
ket ttt
1222221
(RSN L ]
(2328 2 ]
tred__tie
trer. ftt
tret. bt
222923
tikto bt

trtt .ttt

itt--/tfi
ii*.-/itt
i*i../iii
ti*.-/tfi
iit.-/iii
tii../tit
*ii../i*t
Trto o frit

SAND, FINE, SILTY, DAMP, LOQSE, RED BROWN

SAND, VERY FINE, SILTY, SLIGHTLY CLAYEY, DAMP, MODERATELY DENSE, RED BROWN, SOME
FINE GRAVEL AT 10.0!

000000000

GRAVEL, COARCE, SOQME FINE, SOME COBBLRS, SLQW DRILLING, DAMP

[Uy NN

mr—-mo%—-
[oury Taing o
(S8 8,1

[ - I
~3 Iy PO b

itt..//it
A IAL

SAND, RINB, SILTY, CLAYEY, DAMP, RED BROWN, NO ODOR

—
[S)
—

17.0-22.0

22.0

000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

GRAVEL, COARSE, COBBLES, SLOW DRILLING, DENSE, DAMP

COBBLES, GRAVELLY, COARSE, VERY SLOW DRILLING, NO ODOR, DENSE, DAMP,

WEARLY WATER BEARING 21.0-22.0

22,0-25.0

¥l einiriviziriciciricinieivicicin i iniriekel el oie ke i ke ke ke ke ke ke ke ke ke ke ke ke Ke R X K K Warl —o M —adli =l S i o)

NACIMIENTO FORMATION
GRREN, FISSLE, DAMP, NO ODOR. NOT WATER BRARING

LOGGRD BY:

AND TYPR QF BQRING: 4 1/4" ID CONTINUQUS FLIGHT HSA

™

®




PRECISION ENGINEERING, INC. FILE §: 97-028
LOCATION:BLOOMFIELD REFINERY ELEVATION: 5513.04
0 SEE BORING PLAN L0G OF TEST BORINGS TOTAL DEPTH: 25.0"
LOGGED BY: ™
§ DATE: 5-1-97
S|4 STATIC WATER: 21.9
P Ci X BORING ID: HH-37
L AP PAGE; 2
0 L|L MATERIAL CHARACTRRISTICS PID
DEPTH T E1E (MOISTURE, CONDITION, COLOR, GRAINSIZR, ETC.) {ppm)
22.0-25.0 C |BACIMIENTQ PORMATION
C |GREEN, FISSLE, DAMP, NO ODOR, NOT WATER BEARING
¢
0.0 ¢
TOTAL DEPTH ]
0
L
40
4
LOGGED BY: TH

4 1/4" 1D CONTINUQUS FLIGHT HSA

OAND TYPR OF BORING:




Installation Diagram

Monitoring Well

~PJC)- hAVV'—:S.Y

. —Casing Cap
= _——Protective Casing Cover

\4 Concrete Pad
/ ,
9.0’ Bottom of 2.5
Concrefe: ____:_ _____ f+ Protective Cover \‘L
\ Bottom of Concrete
p——— et
9.0
0
Grout: o ________ f+
\ Top of Bentormite §.,0'
—
-~ ’ X
Bentonite Plug: 20 _#e.
| Top of Sand Pack 11,0 \
\ ,
4.0 Top of Screen 15.0 \
Sand Pack: Screen: =
14.2___++ __10:0 s =
E Bottom of Screen 25.0 \
LI Piezometer Tip
\ Bottom of Boring 25.2
= i"
Bor ing Diome‘rer:____:’_{_e__
Sand Tyoe:____‘]_gj_?_o__-__ Boltards. Type/size:____-.3____s_-.r.E.gL
BemomJ,e:__3_/_/_8__§_"_{_1_F_)_S_ Screen Type/Size:____Ql_Qj_o_____
________________ ) .. 2° SCH 40. PVC
Cemant ZGr QUt: - o o Riser Type/Sizet! e ooowaoo
Wofer._-___.—:.__-:.—_.:“ Locking Expandable Casing Plug?-_.\i_E_S_ _____ Site Norfh;ng:f‘_ﬂ.t?.'.@fl
i
Other:. T TTTTT . Bottom Cap Used?-_-_\_/_E_S_ _______ Site Eosﬁng:j.{.g_e’__'_o_} ;
o ~ ®
Project #:_,_3_7._95_61 Project Ncme:'_B_E_O_QEVE_I.EE_Q__F_QE_'__]-N_I NG 3 Ievmic>r1:_:>_5:|_3’_'.gf1 ‘




PRECISION ENGINEERING, INC. FILE §:

LOCATION:BLOOMFIELD REFINERY ELEVATION:

SEE BORING PLAN

LOG OF TEST BORINGS TOTAL DEPTR:
LOGGED BY:

DEPTH

b3 O o

i £ 3 () O

DATR:

STATIC WATER:
BORING 1ID:
PAGR:

97-028
5512.87
23.5!

™

4-29-97
21.0
Mi-38

ATERIAL CHARACTERIST
(MOISTURR, CONDITION. COLOR GRAINSIZE ETC,)

PID
{ppm)

0.0-7.5

7.5-11.5

11.5

ttt..oott
tet..qott
trt..gott
ttf.-ooii
trf..gott
fif.-ooi*
tit._gott
i*t..oo*i
ttt..go%t
trt..qott
tri..optt
trt..gott
**i..ooii
trt..gpkt
fit.-oott
**fooofit
iiiooofit
i*ioooiii
**toootti
ittoooi*t
ttigoottt
trigoottt
ttioogttt

SAND, PINR, SILTY, DAMP, BROWN, LOOSE, SOME FINE GRAVEL

SAND, FINE, GRAVELLY, COARSE, SOME FINE, LIGHT BROWN, DAMP, MODERATELY DENSE,
NO ODOR

11.5-22.0

22.0

000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

000000000}

000000000
000000000
000000000
000000000
000000000
000000000
000000000

COBBLRS, GRAVELLY, COARSE, VERY HARD, SLOW DRILLING, NO ODOR, DAMP

WEAKLY WATER BEARING 21.0

22.0-23.5
TOTAL DEPTH

Onnnnnnnmmnnr)r:onnr}r‘:ﬁnnnnnr}nr}nf‘)nnnf‘)ﬁr‘)ﬁor‘)onnnnnmmr‘-cs:g::z-m

NACIMIENTQ FORMATION

SHALE, VERY SANDY, DAMP, NOT WATER BRARING, DENGE

LOGGED BY:

AND TYPR QF BQRING: 4 1/4" ID CONTINUQUS FLIGHT HSA

™




Moni tor i

Instal lation Diagram

ng Well No. MW-38

, Casing Cap
= L%//-Pro+ec+ive Casing Cover
__éZ:;Concre+e Pad
] 7 y
; Bottom of 2.5
Concre-fe:___g'_g____{-f. Protective Cover ]
Bottom of Concrete
3.0
Grou*.“.-_.._? _____ ft.
Bl Top of Bentonite §,0 ",
——— ‘/
Bentonite Plug:.___1_‘_5 _____ £+
\ Top of Sand Pack 10.5°
) I
3.0 N Top of Screen 13.58

@ -

Sand Pack: Screen: =

__13.2 44 100 sy =

V__ E Bottcm of Screen 23.5 -
LT Piezometer Tip
\ Bottom of 3cring 23.7
Boring Diameter: -.8_?_5_{_8_-
Sand Tyoe._-_j_§___é_19_____ Bollards. Type/sSizet ____ ?____S_I_E_gl‘
Berrronife:_;j_{?.__c_Pj_I_P._S_ Screen Type/su'ze.___p_lp_j_q____
________________ i . 2° SCH 40. PVC
Cement ZGroutt - oo Riser Type/SizZet oo

‘ WO‘I’eL'._-___.—_...—_—._—_—_-- Locking Expandabie Casing P!ug?-__\i_E_S_ _____
Other: . ____ Bottom Cap Used?-_-_\f_Eé _______
1 0 Project x:-?j.r.o_?_B_ Project Ncrne:?_EQQ_ME}_E_L_Q_B_EE.I_N.I NG




PROJBCT:

Bloomfield Refinery
CKS Wells & Borings

P
L
0
I

o = e 2

S o ro 3R D O

PRECISION ENGINEERING, INC.
LOG OF TEST BORINGS

PILR #:
RLRVATION:
TOTAL DEPTE:
LOGGRD BY:
DATR:

STATIC RATER:

BORING ID:
PAGE:

98-149 . -
5522 ft

36 ft
WEK
9-28-98
18 ft
MH-39

I
{MOTSTURE, CONDITION, COLOR, GRAINST2R, RTC )

PID
ippm}

t.tt ottt

nd, fine, silty, ROLIAN

0100t00%0
0t00%00+0

gravel, sandy

t-tt/tt.t
t-it/ti.i
i.it/tt.t
t.tt/tt-*

sand, silty, clayey, moist, loose, brown
more clayey, soft, wet, black

22.0

04004000
0+00%00%0
0t00%00%0
0£00%00+0
0+00%00%0
0t00%00t0
0+00+00t0
0%00%000
0+00*00%0
0+00%00%0
000000
00+0+0*(0
0t00*0*0
000000

¥00+0040

Gravel, sandy, moist, moderately demse, grey-black, JACKSON LAXE

more cobbly at 14’

water bearing at 18', sandier from 18-2(0'

gravel & cobbles, moist, very demse, black

36,0

558454885
58854558
55845588
568+5¢85§
558+5+888
§85¢5+388
558+5¢88§
555454588
5585588
5855888
58545585
§85%54888
585+5+588

$5t54588

Sandstone, slightly sandy, moist, dense, NACIMIENTO

total depth

45

SI1ZE AND TYPE OF BORING: 4.25" ID HSA

LOGGED BY: WHK




PRECISION ENGINEERING, INC. FILE #: 97-028

LOCATION: SEE SITE PLAN ELEVATION: 5526.21
LOG. OF TEST BORINGS TOTAL DEPTH: 34.5°

LOGGED BY: ™

DATE: - 3-11-97

STATIC WATER: NOT FOUND

BORING 1D: MW-40

PAGE : 1
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o MATERIAL CHARACTERISTICS b PID
(MOISTURE  CONDITION, COLOR, GRAINSIZE ETC.) [__(ppm)
CLAY, SANDY, FINE, SILTY, FIRM, SOME FINE GRAVEL. DARK BROWN TO BLACK, DAMP, SLIGHT
0DOR
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| __DEPTH | T

| 0.0-17.0 |//%*-0///)
| |/7%%-0/11)
I |/1%%-0/L/ ]
| [11%%-0/11|
{ {/1%%-0111|
I |/1%%-0/11}
] [17%%-0//1|
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| |/1%%-0L//]
| |//%%-0///]5.0
| |/7%%-011/|
l [/1%%-0//1]
| [/1%%-0/11)
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|GRAB SAMPLE-NO CHANGE
[CLAY. SILTY. SANDY. MOIST. DARK BROWN. FIRM. NO ODOR
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|1/%%-0//1]
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[/1%%-0111)
[17%%-0/1/|
|//%%-01/1]
[1/%%-0//1]
V0111
[11%%-0//1]
[1/%%-0(//|

[//%%-0//1]| 15
[//%%-0/1/]
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ISAND. {INL. SOMC COARSE. RED-BROWN, VERY DAMP TO MOIST. MODCRAILLY DENSE. SLIGHTLY
[CLAYLY _NO_ODOR

ISILT. CIAYEY SANDY. FINE. DARK BROWN. MOIST. NO ODOR

I

]

[COBBLES. GRAVETLY . (1 INE TO COARSE). SOME SMALL BOULDERS. NO ODOR. VFRY SIOW
[DRILTING

| 17.5-19.5  [---//*---]
| |-/ /%=
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SIZE AND TYPE OF BORING: 4 1/4" 1D CONTINUOUS 11 1GHT HSA
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LOCATION: SEE SITE PLAN

PRECISION ENGINEERING, INC. FILE #:
ELEVATION:
LOG. OF TEST .BORINGS JOTAL -DEPTH:
+OGGED -BY:
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DEPTH |

DATE:

STATIC WATER:
BORING. ID:
PAGE :

97-028
5626.21
4.5

™

3-11-97

NOT FOUND

‘MW-40

2

MATERIAL CHARACTERISTICS
(MOISTURE  CONDITION, COLOR, GRAINSIZE FTC.)

PID
{ppm)

000000000
000000000
000000000}
000000000 25
000000000

1000000000
{000000000]
1000000000}
1000000000
1000000000
000000000
1000000000

31,5 1000000000] 30

COBBLES. GRAVELLY. (FINE TO COARSE), SOME SMALL BOULDERS, NC ODOR, VERY SLOW
DRILLING

EASIER DRILLING, LESS AUGER SCRAPING
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33.5-34.5  |SS5555555]
[SSSSSSSSS|
34.5 _ [SSSSSSSSS| 35

[NACIMIENTO FORMATION
[DENSE, AUGER NOT SCRAPING
I
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|NACIMIENTO FORMATION

|BLACKISH COLOR, TURNING MORE WHITE 36.0 FEET. NO WATER IN HOLE OR SAMPLE AS OF
14:40 PM, S{IGHT ODOR TN SAMPLE
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|DISCOVERED 2.5 FEET OF WATER IN HOLE AFTER PULLING AUGER
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LOGGLD BY:

SIZE AND TYPE OF BORING: 4 1/4" 11} CONTINUOUS 11 1GHT HSA
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LOCATION: SEE SITE PLAN

FILE #:
ELEVATION:
TOTAL DEPTH:
LOGGED BY:

PRECISION ENGINEERING. INC.

LOG OF TEST BORINGS
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DEPTH |

DATE:

STATIC WATER:

PAGE :

97-028
§525.13
33.0°

™
3-12-97

NOT FOUND
MW-41
1

S
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M BORING ID:
P

L] MATERIAL CHARACTERISTICS

(MOISTURE , CONDITION, COLOR,GRAINSIZE .ETC.)

PID
(ppm)
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|
0.0-7.0  [//1--*111} |

[11-*111] |
[111--%111] |
[111--*111] |
ViI-=%i11) |
Vil-*111] |
[111--%111] |
[111--%171] |
[1=-%111) |
[/11--%171]5.0]
[111--%111]
[111--%171]
V1-=%111)

7.0 W1f--*171]

. SILTY, SANDY, FINE, MOIST, SOFY
0 0 5 FEET MORE BLACK
0.5-5.0 FEET DARK GREY, FAINT ODOR, ODOR SEEMS OLD, SOME FINE GRAVEL

!
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7.0-12.0  [FEx-L k]
[Fkko L kR ||
TV LL] B
[#Hko - frxk ||
l***_-/***l |
'***__/***, 10 I
JHRk L [k |
|***-_/***|
I***-_/***I

!
!
I
J***__/***i J

SAND, FINE. SILTY, SLIGHTLY CLAYEY, LOOSE. VERY DAMP. GREY BROWN. NO ODOR

12.0-16.0 [///-=111]]
(/111171
[/11-=1111
[111--1111]
V=111
[//1--1111]18
[111--1111}

16.0 11//--1177]

. SLIGHTLY SILTY. MOIST. GREY BROWN. NO ODOR

16.0-16. 5 _RARQ Rk |

17.5__ 1000000000|

JSAND, FINE, SOME COARSE, SLIGHTLY CLAYEY, GREY BROWN, VERY DAMP, NO ODOR
[COBBLES. VERY SLOW DRILLING. AUGER SCRAPING

17.5-18 5 *ekiorxdis|

i8.5

’ *kkkkkkdkk l

C
C
o
C |SAND. FINC.
1

DAMP . GREY BROWN. NO ODOR. FASY DRILLING
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1000000000
[000000000 |
1000000000 |
[000000000 |
1000000000

1000000000

I
|
|
{
I
I
|
|
I
!
|
I
!
I
!
{
I
I
|
l
I
I
|
I
I
J 12.0
! |
I I
I I
I I
! |
I I
I |
L ]
1 1
[ 16.5-17.5  [000000000| |
L 1
I I
I |
I l
I |
I I
I |
I I
| I
! I
I I
|

1

COBBLES. VERY SIOW DRILLUING. SOMI™ SMAI L BOULDERS

ST OO O

I
I
I
I
I
I
I
I
.

I
]
|
I
!
!
I
I
I
|
|
|
I
I
I
|
I
!
I
(
I
I
|
|
!
|
f
I
!
I
[
I
I
L
J
I
|
I
!
I
I
!
I
I
!
I
|
|

I
JSIZE AND_TYPE OF BORING:

4 1/4"

LOGGED BY:

1D _CONTINUQUS [T 1GHT HSA
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PRECISION ENGINEERING. INC. FILE #:

LOCATION: SEE SITE PLAN ELEVATION:

LOG OF TEST BORINGS TOTAL QEPTH:
LOGGED BY:
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- © — v
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BORING ID:
PAGE :

STATIC WATER:

97-028
5525.13
33.0°

™
3-12-97
NOT FOUND
MW-41
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MATERIAL CHARACTERISTICS
(MOISTURE ,CONDITION COLOR, GRAINSIZE ETC.)

r—___.—___._

PID
(ppm)_

1000000000 |
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1000000000 |
1000000000 |
1000000000}
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30.0 10000000001 30

COBBLES. VERY SLOW DRILLING, SOME SMALL BOULDERS
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OO OO

33.0  |SSSSSSSSS]
AL DEPTH | I

I
| I
! !
I I
l |
I I
l I
! I
! [
! I
I I
! I
! I
| I
| |
f |
! I
! I
{ |
| I
| I
I I
I I
I

'o L

L — e e e e e — e e ————

|
I
I
I
|
|
!
I
I
I
I
|
|
I
I
I
|
I
I
|
|
|
I
I
|

|
|
I
!
I
I
[
I
|
I
|
l
I
!
I
]
I
I
I
I
I
|
|
!
I
I
I
I
I
I
I
I
I
|
I
I
|
I
|
|
|
|
!
I
I
I
I
J

1OGGED BY:

ISE/L AND IYPE OF_BORING: 4 1/4" 10 CONTINUQUS 't [GHT HSA

M

e e — - —




PRECISION ENGINEERING, INC.

PROJECT: Bloomfield Refinmery

DRPTH

CMS Wells & Borings

LOG OF TEST BORINGS

3 £ > ™ e

et = o X e oD

FILB #:
BLEVATION:
TOTAL DEPTH:
LOGGED BY:
DATE:

STATIC WATER:
BORING ID:
PAGE:

98-149
5536 ft
47.5 ft
WHK
10-01-98
34 ft
MW-44
3of §

AL CHARA
(MOISTURR, CONDITION, COLOR, GRAINSIZE ETC,)

PID
{ppml

0.0 - 5.0

i./ti./tt

Foftt. [t

Sand, fine, silty, slightly clayey, moist-wet, loose, light brown, Qe

[A]-1]-]

10

Clay, silty, sandy(fine}, wet, soft, brown

20.2

tottikt_t
XTI I N
tothiti_t
tothket.
IRIIIIN,
Kottt t
fottiti ot
XTI
INIIII N,
totd[te_t

20

Sand, fine, slightly silty, damp, loose, brown

some clay at 19!

33,9

0%00%00%0
0t00%00%0
000t00%0
0¢00%00%0
0t00%00+0
000000
000t00*0
000000
000000
000000
000t00*0
0400100%0
000000
0000040

Gravel (up to 3'), sandy, damp, moderately dense, interbeds of sand(medium-coarse)

brown to grey no odor appears to be natural color

some cobble or boulder material

47.5

5585888885
§555888888
§55585885
§5555888S
§5885588S

§58588888
§5555888S
8558868858
555558888
5588858885
58585889

§55585885 140

45

Sandstone, argillaceous, liesqaing banded, dense, yellow brown orange banded in

random patern, fine to medium, NACIMIENTO
water bearing at 34'

total depth

SIZE AND TYPE OF BORING: 4.25" HSA

LOGGED BY: WHK

|
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LITHOLOGIC LOG (SOIL)

Pege 1 of _1
SITE 10: _ BRC LOCATION 1D: RW-3
SITE COORDINATES (ft.):
N €
GROUND ELEVATION (ft. MSL): _5525.92
STATE: _New Mexico COUNTY: _San Juan

DRILLING METHOD: _ Cesing Oriver
DRILLING CONTR.: _ Beeman Brothers
DATE STARTED: 30 Auqust 1988 DATE COMPLETED: 31 August 1988
FIELD REP,: _W.S, Dubyk

COMMENTS: _Static on September 1988:

e W Wh_ W6 S T__ R____
LOCATION DESCRIPTION:
prilling Yime | Sample Type
Depth Visual % Lith Scale: snd Interval Lithologic Description
' 0’-18’ Silt ond Sand - Dark yellowish brown (10 YR 4/2) to
grayish brown (5 YR 3/2). Minor to strong hydrocarbon
odor.
5 1642
10 1646
< 1710
20 1720 187-34’ Sand end Gravel - Medium dark gray (N4). Sand {s
medium to very coarse grained, subangular to subrounded.
Gravel is subrounded to well rounded, to 2% diameter.
Strong hydrocarbon odor.
25 1725
30 1730
35 1738 347-417 Shale - Necimiento Formation - Dusky yellow (5 YR
6/4) to light olive gray (5 Y 6/1) shsle.
40 1758
45




\

4" _ X 2' STAINLESS STEEL
LOCKING CAP

87 x_4__ CEMENT FILLED
STEEL GUARD PIPE

3" x_ 3  CONCRETE SLAB

-

A

13.5 pd

o |

25.54' 4

NEAT CEMENT SLURRY WITH S%
BENTONITE

L~ 4" x_13° pvc pIrE

V__"'_ X. S __ STAINLESS STEEL
PIPE

BENTONITE PLUG

TOP OF SCREEN

STATIC WATER LEVEL

34.4’

39.6'

41.0°

COMPLETION DIAGRAM
RECOVERY WELL RW-1

T~

4% x_15° STAINLESS STEEL
SCREEN ¢ 20_ sLom

FIN_12/20 _ sanp
1 -BOTTOM OF SCREEN

|~ 4°___X 5' STAINLESS STEEL PIPE
<1 _-10/20 SAND ' '
| _TOTAL DEPTH DF WELL

TOTAL DEPTH OF BOREHOLE




LITHOLOGIC LOG (SOIL)

Page _1_of _1
LOCATION MAP: . ~>
SITE 1D: _ BRC LOCATION ID: RY-2
SITE COORDIMNATES (ft.):
N E
GROUND ELEVATION (ft. MSL): 5523,48
STATE: _New Mexico COUNTY: _San Juan

DRILLING METHOD: __Cesing Driver
DRILLING CONTR.: _ Beeman Brothers
DATE STARTED: 29 August 1988 DATE COMPLETED: 29 August 1988
FIELD REP.: _M.S. Dubyk

COMMENTS: _Static on September 1988; 23,42 from 10C

Wb ___\h__ W& S__T__R

LOCATION DESCRIPTION:

Dritling Time | Semple Type
Depth Visual % Lith Scale: and Interval Lithologic Description
/; 1f¢! 0/-10¢ Silt end Clay - Medium dark gray (N4) to brownish
/, )/Q gray (5 YR 4/1). Slightly effervescent in HCl. Faint
VC/j/VV“ hydrocarbon odor.
%Wq
5 '/;A,:/; 0948
/

g90ese)
AV/ 4
A NI

10 T4 0953 107-15’ Sand and Silt - Moderate brown (5 YR 4/4), very
RRORNE fine grained and well sorted.

0958 15/-32¢ Sand and Gravel - Olive gray (5 Y 4/1) to brownish
gry (5 YR 4/71). Sand is medium to very coarse grained,
subangular to subrounded. Gravel {s subangular to wetl
rounded, to 2" diameter. Noticeable hydrocarbon odor
betow 25'.

20 1024
25 1029
30 1033
32'-41.2' Shale - Necimiento Formation - Dusky yeliow (5 Y
6/4) to olive gray ¢(5 Y 3/2). r
35 1050
40
1100
45




47 _ X 2’ STAINLESS STEEL
LOCKING CAP

87 x_4'_ CEMENT FILLED
STEEL GUARD PIPE

—3_ X3 CONCRETE SLAB

NEAT CEMENT SLURRY WITH 5%

A~ BENTONITE

//_L X1 pvc PIPE

/- 4° x_S'__ STAINLESS STEEL
PIPE

| BENTONITE PLUG

STATIC WATER LEVEL

X153 STAINLESS STEEL
SCREEN (_20_ siom

] ~BOTTOM DF SCREEN
3~ A" X 5 STAINLESS STEEL PIPE

- TOTAL DEPTH DF WELL

4
wo [/ /ﬁ/
165" : if~ TOP OF SCREEN
Y :
AN__8/12 _ sanp
32.2'
L_-10/20 SAND
375
412

COMPLETION DIAGRAH
RECOVERY WELL Rw-2

TOTAL DEPTH OF BOREWOLE
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Project Bloomfield/50 CR4990

| GROUNDWATER
B D,TECHNOLOGY

Drilling Log

Recovery Well RW-22

Owner Bloomfield Refining Co.

Location Bloomfieid, New Mexico

Proj. No. 023353014

See Site Map '

For Boring Location

Surface Elev. 55/8.05 ft. Total Hole Depth 34.ft. __ Diameter J0_in.

Top of Casing 552005 1t.Water Level Initial J9.1L ___ Static

Screen: Dia £.in.

Casing: Dia Bin.

Length J& ft. Type/Size FRE/0.020 in.
tength J7/2 1t Type FRE
Fill Material f2/20 Co. Silica

Rig/Core Speedstar 15-THH

Orili Co. Beeman Bros.

Driller Leo Beeman

Log By Jerry May

Method Air_Percussion

Date 07//19/93 _ Permit #

COMMENTS:

Start @ 1230 hrs. 2 1t silt leg instafed
from 31 to 33 feet

Checked By License No.
: EEIPRE
Lo pwrd ~ - < a 2 H H
z2 | 53 (B e 3 3|59 3 Description
o- 2 (agf 8 ; S| 85w (Cotor, Texture, Structure)
S 3 2% o 7 llTrace < 10%, Little 10% to 20X, Some 20% to 35X, And 35% to 50%
a R e
0 | —
_ 0 [
. ~— Tan SILT (moist)
[ E-r 4
- 2 =< <
LN
o -1 &
X
- 4 i< < Same as above
LA
- 1<
X :r 214
- -] < <
i XY "
- | < <
} N L'
N
< <| .
i 8 tt(" v 1)
o -Lr tf'.
- 10 =] <] 4e Same as above
S 1
- 12 ~ LL . Gray COBBLES (trace or no fines)
1.0.0'4
i 7 p.'.éo.d
00
- 14 — to.'.'go.<
00
i 1=t ] na ©. 50| 6w
= 0.0
— 16 - = iO,’_o'O,
= 004
3 y = LD '_ng
= 10.0'9 A _ . .
—- 18 = =R Light gray-stained poorly-graded fine SAND with trace of gravel
| 1=t N (moist-wet)
20 :_:-: . |lvas0 Groundwaler encountered at 18" on 7/19/93
I 1= Dark-gray-stained COBBLES with trace fines (moist)
— 22 - .ﬁ :2: .
= ﬂ : i g
~ 24 T =

0370171994 lithlog-marg3
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] Drilling Log
| T GROUNDWATER Recovery Well RW-23
| TECHNOLOGY
|
/i field, i in . See Site Map
Project Bloom /e. /50 C/-?4999 Owner Bloomfield Refining Co. For Boring Location
Location Bloomfield, New Mexico Proj. No, 023353014
Surtace Elev. 55/5.74 It. Total Hole Depth 33 1. __ Diameter J0.in. COMMENTS:
. Top of Casing 5517.74 ft. Water Level Initial 19 f. __ Static
i Screen: Dia 6.0 Length f6 ft. Type/Size FRE/0.02Q in. Start 1630 hrs. 2 1t. silt leg installed
. f . from 3/ to 33 feet
Casing: Dia 8. tength f5/2 1t Type FRE
‘ Fill Material 12/20 Co. Silica Rig/Core Speedstar 15-THH
f i Oritt Co. Beeman Bros. Method Air_Percussion
| Driller Leo Beeman Log By Jerry May Date 07/19/93 _ Permit # — . ~
‘ Checked By License No.
1 IR
-~ = ~fl = 6| L iDti
3 Fa:. 53 |of| e E g o 2 Description
‘ a- x2 |leg % : 0l ™2l (Color, Texture, Structure)
i S S 25 | © |@/[ Trace < 10X, Little 10X to 20%, Some 20X to 35X, And 35% to 50X
=
-2~ —
Lo 4 b -
)00 < o
i I T F ?3%96 GW Gravel with fines (dry)
- 2 =4d 1 0, 20 Brown silty CLAY (moist, medium plasticity)
-qv< V<
[ a4 H
- 4 <
i _1~<' / cL
X /
- 6 --}<r /
! J/( - Grave! and COBBLES (no fines)
L N '* .0.0.4
8 — <N .- 6O
N 4.0 0.4
1<P 0., 5O
N )"0 0.4
< 0.7 4©.
b 10,094
0. 0. Same as above with little fines
0.0
0. '.o'o.
}.0.0.Q GW
6. 30
EO.O'K
. 6
. Eo,o q .
=1 |l 54 .'.O-O.a Gravel and COBBLES with trace of fines (dry)
= 0%
= 74 0. 6©. Gray-stained, same as above
- = ',O,oid
N E 10, L 6@
=1 0.0 . .
1=t 2,914 P4 Black-stained GRAVEL with some fines (moist)
.' . : - .q
- |= [c Y Groundwater encountered at 19 feet on 7/19/93
NE I K
L = GM
Sl= X
= oK
_24_":- 05 20

03/01/1984 lithiog-mar@3 Page: 1 of 2
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*

T | GROUNDWATER Recovery Well RW-22
TECHNOLOGY
Project Bloomfield/50 CR4990 Owner Bloomfield Refining Co.
Location Bloomfield, New Mexico Proj. No, 023353014 __
N -
IR P Descript
23 %E eg o 3 2 ﬁg G escriptuon
g- || =8 (e8| & ; 8| o 9 (Color, Texture, Structure)
S 3 2%l® @ || Trace < 10%, Little 10X to 20X, Some 20X to 35X, And 35X to 50%
= 24 — M. oM.
= }.0.0.9
- T 1=t ae Eaé?i GH
-261SL 552
= ).
- 14 = P«:ac::: Encountered weathered limestone (moist)
28 —i-|= :v:c:: (Dry at 28 feet)
A 1= SESK
|30 |Ef i
=\ 858 DQQQC
o adll f— =
e =) ch:
[~ 32 = 3~
L 4 5 8O g
6 v =1
- 34 End of boring at 34 feet (1355 hrs.). Installed recovery well
| | screened from 15 to 31 feet on 7/19/83.
36+ ®
38
- 40
L. 42
F44—
- 46 —
48 —
50 -
50
oo @
- 56 —

03/01/1894 lithlog-marg3

Page: 2 of 2




LITHOLOGIC LOG (SOIL)

W ___

LOCATION DESCRIPTION:

Page _1_of _1_

SITE 1D: __BRC LOCATION 1D: p-1
SITE COORDINATES (ft.):
N

E
GROUND ELEVATION (ft. MSL): _ 5524,82
STATE: _New Mexico COUNTY: _San Juan
DRILLING METROD: _ Casing Driver
DRILLING CONTR.: __Beeman Brothers
DATE STARTED: 30 Auqust 1988 DAYE COMPLETED: 30 August 1988
FIELD REP.: _W.S. Dubyk
COMMENTS: _This well replaced by P-1a on August 31, 1988,

Qso

boritling Time | Sample Type
Depth Visual X Scale: snd Interval Lithologic Description
A 0r-20’ Silt and Clay - Dark yellowish brown (10 YR 4/2) to
¢ v grayish brown (5 YR 3/2). Weak hydrocarbon odor.
{ 1
-] % V:« 1135
5 %
gigtess
. M
10 M e
;/
/ a
g%
¢%
15 ;V 1145
4
') fj
% 11
% %
20 5 5_/ 1200 207-36.5' Sand and Gravel - Dark gray (N3) to grayish
:, st black (K2), Sand is fine to very coarse grained,
Pie, ,."?‘ subangular to rounded. Gravel s subsngular to well
O il rounded, to 2" diameter. Very strong to intense
Lo BAG o) hydrocarbon odor.
25 ‘»j b g.-,:.“ 1205
. '!-o’.a
[ H.
o e d
RO
58
30 g d 1210
35 1220
36.57-42.0’ Shale - Nacimiento Formation - Dusky yellou i
- (5 Y 6/4) to olive gray (5 Y 3/2) shale.
40
1225
1240
45
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o
1

N E B EE E¥E

Drilling Log

]@GROUNDWATER Recovery Well RW-23
TECHNOLOGY

Project Bloomfield/50 CR4990 Owner Bloomfield Refining Co. .
Location Bloomfield, New Mexico Proj. No, 023353014
5 SENE
.C—\ - - - a o © . .
22 | 5% |o&fle 3 2| %2|C Description
3- Il =g jagf g ;8| faln (Color, Texture, Structure)
| 8 “,'; g : o § Trace < 10%, Little 10X to 20X, Some 20X to 35%, And 35X to 50X
~ 24— —| 105 Grave! and some tan fines (moist)
| . 2

- 28 -
i b 17
Light gray weathered limestone ({dry)
- 30 -
- 32 —
- n 0 =2 End of boring at 33 feet (1750 hrs). Instalied recovery well

screened from 15 to 31 feet on 7/18/83.

44 -
;48:
| 45
;50;
_52;
R

54 ®
;561

=
3

li; I!L .lf

- o

03/01/1984 lithlog-mar93 Page: 2 of 2




LITHOLOGIC LOG (SOIL)

Page _1_of _1_
SITE 1D: _ BRC LOCATION ID: p-2
SITE COORDIRATES (ft.):
N € __
GROUND ELEVATION (ft, MSL): _ 5523.73
STATE: _New Mexico COUNTY: _San Juan
DRILLING METHOD: __Casing Driver
DRILLING CONTR,: _ Beeman Brothers
DATE STARTED: 29 August 1988 DATE COMPLETED: 29 August 1988
FIELD REP.: _W.S. Dubyk
COMMENTS: _This well replaced by P-2a, Static on September 2,
1988: 23.75 from 10C,
74 14 174 14 S T R T ;
LOCATION DESCRIPTION:
Drilling Time | Semple Type
Depth Visuat % Lith Scale: and Interval Lithologic Description
V/ A f 0*-13* $iity and Clay - Dark gray (N3) to grayish biack
j//j/VA (N2) to dark yellowish brown (10 YR 4/2). Intense
L/ /"y’ hydrocarbon odor.
f//////{ )
5 g% /M 1650
14
//////v
VAV
% // 1
vhavey
A U
AU
10 % C,/ 1656
’//;// 1
137-31.5' Send and Gravel - Moderate yellowish brown (10
15 1710 YR 5/4) to medium gray (N5). Send is medium to very
coarse grained, subangular to subrounded. Gravel is
subangular to well rounded, to 2" dismeter. Strong
hydrocarbon odor below 257,
20 1720
25 1730
30 1734
31.5'-39.5’ ghale - Nacimiento Formation - Dusky yellow
(5 Y 6/4) to olive gray (5 Y 3/2).!
35 1752
40 1808
45
50




A X 2 STAINLESS STEEL
LOCKING CAP

—8°_ %X _4'__ CEMENT FILLED
STEEL GUARD PIPE

—3'_ x_3  CONCRETE SLAB

NEAT CEMENT SLURRY WITH 5%
~” BENTONITE

L~ 4" x_280° pvc PIPE

- BENTONITE PLUG

IOYI A7,

24.98° A 4

i1 TOP OF SCREEN

STATIC WATER LEVEL

32.3

S N_12/e0 | sanp
1~ BOTTOM OF SCREEN
e 41X s PVC PIPE

T 4% x_13'_ STAINLESS STEEL

SCREEN (20 _ s1om

'
¥

‘*.|_7DTAL DEPTH DF WELL

TOTAL DEPTH OF BOREHOLE

COMPLETION DIAGRAM

PIEZOMETER P-1




~A_ X 2 STAINLESS STEEL

LOCKING CAP
8 Xx_4__ CEMENT FILLED
STEEL GUARD PIPE

—3_ X_3'__ CONCRETE SLAB

NEAT CEMENT SLURRY WITH 5%
A~ BENTONITE

'//..._4_'_ x-16'_ pvc pipg

L BENTONITE PLUG

120’
/
4300,
i St TOP OF SCREEN
23.02 A 4 ' STATIC WATER LEVEL
T4 x 15 sTANLESS STEEL
\}\ SCREEN (20_ sLom
327 ~:21—BOTTOM OF SCREEN .
e 40 x 8 PVC PIPE ¢
38.0° [ TOTAL DEPTH OF WELL
9.5 :

TOTAL DEPTH DF BOREHDLE

COMPLETIDON DIAGRAM
PIEZOMETER P-2




LITHOLOGIC LOG (SOIlL)

Page _1_of _1_
LOCATION MAP:
SITE ID: _ BRC LOCATION ID: p-3
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL): _ 5507,20
STATE: _New Mexico COUNTY: _San Juan
DRILLING METHOD: __Casing Oriver
DRILLING CONTR.: __ Beeman Brothers
DATE STARTED: 1 September 1988 DATE COMPLETED: 1 September 1988
FIELD REP.: _W.S. Dubyk
COMMENTS: _Static t r 1988: 8.30' from TOC.

LOCATION DESCRIPTION:

Dritling Time | Sample Yype

Depth Visusl X Lith Scale: and Interval Lithologic Description
0/-14’ Sand and Gravel - Medium gray (N5) to dark gray
(N3). Sand is medium to coarse grained, subangutar to
subrounded. Gravel is subrounded to rounded, to 2%
'7-“3.8‘.".’., . diameter. Strong hydrocarbon odor.
5 *y:. .t 0%, 0902
1-
10 0913
147-22.7" shale: Macimiento Formation - Dusky yeliow (5
15 0920 YR 6/4) to light olive gray (5 Y 6/1) shate.
20 0925
1000
25
T7.0.22,7'
30
35
40
45
50




20

4° _ X 2' STAINLESS STEEL
LOCKING CAP

8° _ x.2___ CEMENT FILLED
STEEL GUARD PIPE

—2_ x_2 _ CONCRETE SLAB

NEAT CEMENT SLURRY WITH 5%
BENTONITE

L ~__ 4 x_S5' _PpveC PIPE

|, BENTONITE PLUG

4.0°

6.35'
7.7 \ 4

Loerec)
ot
e ¢l "

STATIC WATER LEVEL

16.8'

22.2'
22.7’

LT |

T4 x W pve

SCREEN (20 _ sLOm
™\ 12/20 _ sanD

| BOTTOM OF SCREEN |

1.:3(

g 4 x s pve PIPE

| _TOTAL DEPTH OF WELL

TOTAL DEPTH OF BOREHOLE

COMPLETION DIAGRAM
PIEZOMETER P-3




4 _ x 2" STAINLESS STEEL
LOCKING CAP

~—B87_ x_4 __ CEMENT FILLED
STEEL GUARD PIPE

3 _ x_3'_ CONCRETE SLAB

34.74'

22,0’
235.0’

-

NEAT CEMENT SLURRY WITH 5%
" BENTONITE

L ~__4°_ x_2%'_ pvec PIPE

4" _x_5"  STAINLESS STEEL
PIPE

> BENTONITE PLUG

2883’

=77 Top OF SCREEN

STATIC WATER LEVEL

44.6'

T4’ XI5 STAINLESS STEEL
S SCREEN (20 _ .sLom)
IN_12/20  sanp ‘
- BOTTOM DF SCREEN
-_:,-‘:':/ 4’ _ X %' STAINLESS STEEL PIPE

-
b

|- TOTAL DEPTH OF WELL

TOTAL DEPTH OF BOREHOLE

COMPLETION DIAGRAM
PIEZOMETER P-4




B Bl Y Bl

- @ Drilling Log
HR

Project BAC

GROUNDWATER
TECHNOLOGY

Owner Bloomfield Refining Co.

Monitoring Point - MP~—~1.

See Site Map

Location 50 County Road 4990, Bloomfield, New Mexico
Surface Elev. Total Hole Depth 397t

Diameter f0_in.

Proj. No. 023353014

For Boring Location

Top of Casing Water Level Initial 251t Static

COMMENTS:

Screen: Dia 2/ ______ Length 25 ft.

Type/Size PYC 0.020 in.

Start 8 1315 hrs.

Casing:Dla 2i0._____ Length S 1t Type PVC

Fit Material 10/20 Co. Silica Rig/Core LDrill Systems 180

Drill Co. Layne Method Air_Percussion

Orilier Gabby Rodriquez L og By Jerry May Date .05/13/94

Permit #

Checked By T2\ License No.

p
f
Well
Completion
PID
(ppm)
Sample 1D
Blow Count/
X Recovery
Graphic
Log
USCS Class

Description

(Color, Texture, Structure)
Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35% to 50X

L 10 .

- 12 -

- 14 -

- -

16

18 _:’_2

~ 20 "':'..I
- 22 -

04 I

See drilling log VEW-t for lithology

08/16/1994 lithiog-mar83
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Hjl@ Drillih.g _Log

Project BRC Owner Bloomfield Refining Co.
Location .20 County Road 4990, Bloomfield, New Mexico Proj. No. .0233530/4

GROUNDWATER.
TECHNOLOGY

‘Moenitoring Point MP-1

F =P
==
ax

—

(]

Description

(Color, Texture, Structure)
Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50X

Well
Completion
PID
{ppm)
Sample ID
Blow Count/
%X Recovery
Graphic
Log
juscs Class.

- 24

- 26 ) -

¥ Groundwater encountered at 25 feet on 5/13/94

28 I -
Tk

- 30 == End of boring at 30 feet (1335 hrs). Installed well screened from 5
to 30 feet on 5/13/94.

32

- 34 —

b -

36 —

- 38 -

40

o -

42

44 —

- -

46 -

3 -

48 -

o -

- 50

- 52 —

- -

54 |

o -

- 56 —

BEGh B E R EEEgE NSNS S u_u =

08/16/1994 lithlog-mar83 Page: 2 of 2
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Drilling Log

JF GROUNDWATER :

TECHNOLOGY

Project BRC Owner Bloomfield Refining Company

“Monitoring Point MP-=2

Location 50 County Road 4990, Bloomfield, New Mexico
Surface Elev. Total Hole Depth 301t ___ Diameter 10.in.

Prol‘ No. 023353014

@

See Site Map
For Boring Location

Top of Casing Water Level Initial 24 ft.___ Static

Screen: Dia 2in.____ Length 25 ft. Type/Size £YC.020 in.

Casing:Dia 2. Length 51t Type PVC

Flt Material 10/20 Co. Silica Rig/Core Dril Systems 180

Dritt Co. Layne Method Air Percussion

Oriller Gabby Rodriguez (og By Jerry May Date 05/16/94
Checked By License No.

Permit #

COMMENTS:

Start at 1615 hrs.

Depth
( ft.)
Well
Completion
PID
(ppm)
Sample ID
Blow Count/
X Recovery
Graphic
Log
Juscs Class.

Description

(Color, Texture, Structure)
Trace < 10%, Little 10X to 20%, Some 20X to 35X, And 35X to 50X

See well VEW-1 for lithology

10

- 12 -:'.'Z
- 14 —i-".
- 16 -

- 18
L 4
- 20

L 22 T :."_

T e e AT ALY

| og

4<q

06/23/1294 fithina-mard3

Page: 1 of 2
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Drilling Log

T—‘. .
QGROUNDWATER S | Monitoring Point” MP—=2 -
TECHNOLOGY

Project BRC Owner Bloomfield Refining Company
Location S0 County Road 4990, Bloomfield, New Mexico Pro}. No. 023353014

Lo~
==
al

ov

Description

{Color, Texture, Structure)
Trace < 10X, Littie 10X to 20X, Some 20X to 35X, And 35X to 50X

Well
Completion
PID
(ppm)
Sample ID
Blow Count/
X Recovery
Graphic
Log
juscs Class.

S 24 - - ¥ Groundwater encountered at 24 feel on 5/16/94

- d-.

_gs;gz
- 28—
|- 'F
304k
32
34 —
36 —

|38

NN

End of boring at 30 feet (1640 hrs). Instalied well screened from
5 to 30 feet on 5/16/94.

—567

06/23/1994 lithlog~marg3 Page: 2 of 2
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P TERFEENBENFNFENERS B

| Drilling Log
| ‘GROUNDWATER Monitoring Point MP=
TECHNOLOGY
) . See Site Map
Project BRC : ONner' Bioomlield Relining Company For Boring Location
Location 50 County Road 4990, Bloomfield, New Mexico Proj. No. 923353014 _
Surface Elev. Total Hole Depth 3/ ft.____ Diameter 0.in. COMMENTS:

Top of Casing
Screen: Dia 2/0.______
Casing:Dia 2. _

Fill Material 10/20 Co. Silica

Water Level Initial 28 1t.
Length 20 ft.

Static
Type/Size PVYC.020 in.

Start at 0950 hrs.

Length ILft.

Type PVC

Rig/Core Drill Systems 180

Drill Co. LaYne

Method Air_Percussion

Driler Gabby Rodriquez L og By Jerry May Date 05/17/94 __ permit #
Checked By License No.
b o = > “
L ~|= € % | o " . L.
22 | 33 okl ¢ & 2 Zo 3 Description
&- || *g [=~& £ x o[ o3 9 (Color, Texture, Structure)
S 5 5? i o u || Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50X
IS
- —2
- 0 - [_—J_— R E Tan, fine, poorly~graded silty SAND (dry)
[ s r HI
V V - .
- -l € < q1-
2 ! 0N ARER
- -l £ P4 . .
b0 Y A q
..4_<r ‘<r IRRMLEL!
N N Jd1t-
i T b e2 I (Same as above)
- 6 -—| < . . . .
AL T
- 8 — 3 —\’;
~ 10 ' -l 70 . % g% Tan, fine, poorly—graded silty/clayey SAND (moist)
- 12 l = %
= A4 4
- - = 7
[ e § - |l 238 / Brown/gray-stained, silty CLAY {moist, low—medium plasticity)
- 16 (S % “
- 18 = %
- 20 § 61 i Tan, fine-coarse, poorly—graded SAND {moist) ‘
- 222 O (Same with gravel and cobbles at 22 +/- feet)
= 40 sp
= 1ol 6F
|04 A=

NR/I/10Q A ithImnm~m2e0T

Dano: 1t ~nf 2



Orilling Log

l ] ggg::gt‘ggsl‘ - Monitering Point MP=3
Project 8AC Owner Bloomfield Refining Company
Location 30 County Road 4990, Bicom(ield, New Mexico Proj. No. 023353014 1‘
5 a2, [2 !
l g: %g DE v 3 g Zo 8 Description
- 2 =8la o o
: 8- | =2 =& g ; L - P (Color, Texture, Structure)
3 @ @ x| @ [@]Trece <10%, Little 10X to 20%, Some 20X to 35X, And 35% to 50X
| Y . .
= <10 i
L R 516 i 78 Tan, fine-coarse, poorly-graded SAND with gravel and cabbles
| -261(S : 1
=i 10 \
] B I=1 -] 2415 jme-3 | (85 3 (Gray-stained at 27 feet) |
= -27
' - 28 — = . 2 GP Y Groundwater encounfered at 28 feef on 5/17/94
5 d= - ‘ - Sample MP-2-27 collected at 27" for lab analysis
= 10 i
| 30 s :._:.. o ) r
= =10
- | — - \ Encountered weathered limestone at 31 feet. -
. 32 - End of boring at 3! feet (125 hrs). Installed well screened from It {
.J to 31 feet on 5/17/94.
4]
r— . -
®
-~ !
- 38
40
) 7
42
¢ 9
\ — 44
46
48
A d
- 50 A
- 52
®..
| 54
- 56 —

06/23/1994 fithiog-marg3
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Drilling Log

__D@ GROUNDWATER
[ | TECHNOLOGY

Project BAC Owner Bloomfield Refining Company

Monitoring Point MP-4 .

See Site Map

Location 20 County Road 4990, Bioomfield, New Mexico
Surface Elev. Total Hole Depth 321t

Diameter 0 in.

Proj. No. 023353014

For Boring Location

COMMENTS:

Start at 0845 hrs.

Top of Casing Water Level Initlal 281t Static
Screen: Dia 20 Length 20.1t. Type/Size £VC 0.020 in.
Casing: Dia 2. _______ Length 2 ft. Type £VC

Fill Material 10/20 Co. Silica Rig/Core Drill Systems 180

Drilt Co. Layne Method Air_Percussion
Driller Gabby Rodriguez | og By Jerry May Date 05/17/94__ permit #
Checked By License No.
c a > > o
2 -~ € o (4] o tea
3| =3 |oEfe 3 3 Zal8 Description
- G =~ a o o
3- | X8 |=& E 3 é’ el (Color, Texture, Structure)
8 n % ”® °© 7 Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35% to 50%
- —2 -
i )
- 0 —-ﬂ See well MP-3 for lithology
i -L 3
LR
- 2 N N
N N
R
~ 4 —q] £ <
V{r b,
- - <
N
Lo e I
vl
-~|< <
S

T
1

T
N
o
i

T

- 24 it

®

08/23/1994 lithlog~mar83
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H

Project BAC

GROUNDWATER
TECHNOLOGY

Drilling Log

_Monitoring Point MP-4

Owner Bloomfield Refining Company

Prol. No. 023353014

Location 80 County Road 4990, Bloomlield, New Mexico

£~
av

S

(]

Well
Completion

PID

(ppm)

Sample ID

Blow Count/

X Recovery

Graphic
Log

fuscs Class.|

Description
(Color, Texture, Structure)

Trace < 10X, Little 10X to 20X, Some 20X to 35%, And 35X to 50X

- 24

S

- 32

T

T

b

48

-

544

- 26 _

- 28

30

LRI EEL TR

t
w
TN

|

I
w
(o)

]

- 38 —

40 -

_ 42

44—

L 46 —

- 50 -

52

~ 56 —

v

\

Groundwater encountered at 28 feet on 5/17/94

Encountered weathered limestone at 32 feet.

End of boring at 32 feet (0910 hrs). Installed well screened from

12 to 32 feet on 5/17/84.

:06/23/1994 lithlog-marg3
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e Y E E 1

D

*W'

s Drilling Log
T GROUNDWATER : Air Sparge Well - AS—1
TECHNOLOGY
Project BRC Owner Bloomfield Refining Company ’s_lsf Bsgr;gi% cation
Location 50 County Road 4990, Bloomfield, New Mexico Proj. No. 023353014
Surface Elev. —____ Total Hole Depth 32.1t.___ Diameter 0.0 COMMENTS:
Top of Casing —— . Water Level Initial 24 . Static
Screen; Dia 2./n. Length 2 ft. Type/Size £VC.020 in. Start at 1200 hrs.
Casing: Dia _2.L’L_.___“Length 29 1t. Type PVC
Fil Material 10720 Co. Silica Rig/Core LDrill Systems 180
Drill Co. Layne Method Afir_Percussion
Oritler Gabby Rodriguez | og By Jerry May Date 05//6/94 _ permit #
Checked By TAM License No.
c a = > o
° -~ ™ H @ . .
a2l =3 loEle 2 £ 2al® Description
5| B3 |28)F %588
o~ € |*S e x 2} 2210 (Color, Texture, Structure)
8 g (% ® o g Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50X
| o]
- 0 = (See well VEW-1 tor lithology)
AEEA
-2 —tfr ‘<r
o ~| < V(
v N
- 4 —< <
v M
- -“<r ‘<
r—- 6 -.v< ~,<q
AL
= -~ < <
R Y 'J
- 8 —l< <
L
5 1< 1<
E, N E, O
- < <
10 X
R XY
. -l € <
12 XY
- 1< <
T %
L 14 < <
{4 Y
[ ‘L:r fr
L pu | R4 <
16 N,
i i :r ‘:r
18 _l< <
CI
i “‘:r :fr
< <
- 20 XY
. . <
A
- 22 - <
04 | v

06/23/1984 lithtog-mar83
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Drilling Log

GROUNDWATER

{ ] Air Sparge Well: AS—1

O

LIl TecrnoLosy
Project BRC Owner Bloomfield Refining Company
Location 30 County Road 4990, Bloomfield_New Mexico Prol. No. 023353014

A MEEEE

-~ = ~ = o o . .

22 || 5% HEREEES: 3 Description

& || =8 |eefl & ; E el (Color, Texture, Structure)

S @ 2 % | © |@]|Trace < 10%, Littie 10X to 20%, Some 20X to 35X, And 35% to 50X
5
¥ Groundwater encountered at 24 feet on 5/16/94

- 28
- 304 (|=
] T 4;;- Encountered weathered limestone at 31 feet
- 32 l—— ) End of boring at 32 feet (1225 hrs). Installed well screened from
| i 29 to 31 feet on 5/16/84.
- 34 —
. 36 —
38 —
- 40 -
L 42 —
.44 —
- 46 —
48
50
L. 52 |
L. 54 -
- 56 —

06/23/1994 lithlog-mar93 ‘ Page: 2 of 2
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Drilling Log

" GROUNDWATER Vapor Extraction Well VEW-—1
TECHNOLOGY
R I fiel ini See Site Map
Project BAC : Owner. Bloomfield Refining Company For Boring Location
Location 50 County Road 4390, Bloomfield, New Mexico Proj. No. 0233530/4
Surface Elev. Total Hole Depth 261t ___ Diameter O.in. COMMENTS:
Top of Casing Water Level Initial 24 ft. _ Static
Screen: Dia 2.0, Length See comments Type/Size £VC 0.020" & 0.040 in. st?’r! at 1410 h'rs. Sell nested well. Deep
Casing: Dia 2. ______ Length See comments *:. __ Type PVC g sft’,ejean/% ;gf':'a)zaﬁlzzlg r’geztl ’(géatza
Fill Material 0/20 & 6/16 Co. Silica Rig/Core LDril Systems 180 Jo.040 . 3ot 8716 sandl. Shallow wel
Drilt Co. Layne Method Air_Percussion slot, 6/16/ sand)
Driller Gabby Rodriquez Log By Jerry May Date 05/16/94 _ permit # .
Checked By bt N 414 License No.
S a2 4
- - - O . .
23| 5% |oE| e H 5 Zol8 Description
- — -t o
a- || 8 |8 g E e le (Color, Texture, Structure)
S a2xl® @ [ Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35% to 50%
m 72
- -
~ 0 —H o] Tan, fine, poorly—graded, silty SAND (dry-moist)
[ o i ;J M
L. 2 <] [<
NH LN
L Nk
3
- (A= 3s7 / Brown, silty CLAY (moist, tow plasticity)
. §: :.Z / cL
8 - Eg:FI ;225
L‘10 = fé' 21 22225 (Tan, same as above)
- 12 — 1=
343 -: W sm Gray—stained, fine poorly—graded, silty SAND (moist)
— 16 — = . 1
- 1R e (Cobbles at 17 feet)
- 18— I3 d L
I O | OODC
A °€Q
. v Oo
~ 20 — - 810 Oo% Grave! and cobbles with same fines (moist)
I 1 OSOC GP ,
- 22 I boooo
B AR A b O
24 - = "l2048 v

08/23/1984 lithiog-marg3

Page: tof 2




-3-ﬂ-i§‘1-1-1€]-1

-

- ‘gi .

16

I

GROUNDWATER.
]} | TechnoLosy

Drilling Log

Vapor Extraction Well . VEW-1

Project BRC Owner Bloomfield Refining Company
Location 20 County Road 4990, Bloomfield, New Mexico Proj. No. 023353014
5 la = 2 o

53| =% |oEle 2 5| 208 Description

[oTved [ - — a [0}

- || *g les& g L; ¢ | o3 0 (Color, Texture, Structure)

S a2 ele @ || Trace < 10%, Little 10X to 20X, Some 20X to 35X, And 35% to 50%
- 24 . - 1. 2048 |vEW-1 e
A = A -24 e sp _ ) : )
- | R = e Gray-stained, fine—coarse, poorly—graded SAND with gravel and
o6 Kl 6m cobbles (moist-wet)
- \ Groundwater encountered at 24 feet on 5/16/94
i b Sample VEW-1-24 collected at 24’
28 ] End of boring at 26 feet (1500 hrs). Installed nested wells
screened from 5 to 13 feet and from 16 to 26 feet (see comments)

| 4 on 5/16/94.
- 30
_ 32 ]
34 —
36 —
- 38 -
L 40 -
. .
40 ]
44
46 —
_ 48 -
- 50
. 52
54 -
L 56

086/23/1994 lithlog-mar83
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GROUNDWATER
TECHNOLOGY

Project Bloomfield Refining Company

Drilling Log

Soil Boring B-01

Owner Bloomfield Refining Company See Site Map

Location North of Transportation Terming! Sump

For Boring Location
Prol. No. 023353014 ing

Surface Elev. Total Hole Depth /2 ft. ____ Diameter COMMENTS:
| Top of Casing Water Level Initial Static
- Di Posthole to 2.5". N ndwat
i Screen: Dia Length Type/Size ezgoue)teergd Bari:ggt;ggkﬁ;:de;ith
‘ Casing: Dia Length Type cement-bentonite.
_ Fill Material Rig/Core 855
i . Orill Co. Western Technology  Method Split Spoon/Hollow Stem Auger (7")
‘ Driller Rob Log By Tim Busby Date 02/22/94 _ Ppermit #
Checked By License No.
I il
— . .
ﬁ:’ oE 23 Zo L Description
i 8: call 2 98| oS|a (Color, Texture, Structure)
| - S2sle |o Trace < 10%, Little 10X to 20%, Some 20X to 35%, And 35X to 50%
! p=)
- —2 -
l'.I |
| ~ 0 — 0-12": Silty Sand, medium stiff, light brown to brown, moist, no odor, trace
| clay
1 BN
1 | | 35 2/2/3
e |--
o ] 2/2/2
| .
‘ E - 6 | 1. 2/4/4 ML
III' -8 - o 2/3/3
- — 10 — 0 4/3/3
- 12 | Total Depth @ 12 feet.
Lo - 14 —
- 16 -
L 18
- 20 ~
- 22
- 24

T T T S i b sy

03/15/1994 lithlog-mar93
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D—'—D@ Drilling Log
GROUNDWATER Soil Boring B=02
_ L] TecanoLosy
Project Bloomfield Refining Company Owner Bloomfield Refining Company ee gg‘,ﬁ,gi’i,ca tion
Location West of Transportation Terminal Sump Proj. No, 023353014
Surface Elev. Total Hole Depth J2.1t. ____ Diameter COMMENTS:
Top of Casing Water Level Initisl . Static
Screen: Dia Length Type/Size eraounterad Borisy baciies with
Casing: Dia Length Type cement-bentonite.
Fill Material Rig/Core B55
Drill Co. Western Technoloqy  Method Split Spoon/Hollow Stem Auger (7"
Driller Rob Log By Tim Busby Date .02/22/94 _ Permit #
Checked By License No.
a2 ’
5&:, OE ; g :,: %O 8 Description
3: agj & ‘;’ ¢l 23| a (Color, Texture, Structure)
(?, ,% 5 o fé Trace < 10%, Little 10X to 20X, Some 20X to 35%, And 35X to 50X
L 2
1 ]
- 0 - 0-12": Silty Sand, medium stiff, light brown to brown, moist, no odor, trace
i 1 clay
- 2 4 o
- -
-4+ o 173/3
s 3/4/4 ML
L 4
- o
~ 10 — 0 3/3/3
- 12 — — Total Depth @ 12 feet.
R 4
- 14 —
- 16 —
i .
- 18
. 20 —
20 _]
|- 24 —

03/15/1894 lithlog-mar93
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J@ Drilling Log
“—— GROUNDWATER Soil Boring B-03
TECHNOLOGY

Project Bloomfield Refining Company Owner Bloomtieid Refining Company ﬁgf gg’,‘;’ng‘z%c stion
Location Adjacent to Crude/Product L oading Area Proj. No, 023353014 _
Surface Elev. Total Hole Depth 2 7t.___ Diameter COMMENTS:
Top of Casing Water Level Initial —___ Static
Screen: Dia Length Type/Size Posthole to 2°. No groundwater

) R encountered. Boring backfilled with
Casing: Dia Length Type cement-bentonite.
Fill Material Rig/Core 855
Orill Co. Western Technology  Method Spiit Spoon/Hollow Stem Auger (7'
Dritler Rob Log By _lim Busby Date 02/23/94 _ permit #
Checked By License No.

a2 o
~ — - 1Y . .
fa;_; HE § g 'ﬁg L: Description
3~ | o8 g ; o | 83 @ (Cotor, Texture, Structure)
3 § i © 9 Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50%

L~ 0 ]
- 0 — 0-12"; Light brown to brown Sandy Silt, little clay, moist, no odor
~ 2 o 3/5/2
- -
- 4 - o 3/4/3
- 6 — 0 3/3/2 ML
- i
-8 4 o 3/4/4
- N
=10 4 o 3/3/4
- -
- 12 — — Total Depth @ 12 feet.
| 4
- 14 —
— 16 —
| .
- 18 <
- 20 —
L ~
- 22 —
- A
- 24 —

03/15/1994 lithlog-mara3

Page: 1 of |




m@ Orilling Log
] GROUNDWATER Soil Boring B-04
TECHNOLOGY
; - : - See Site Map
Project Bloomfield Refrn/m? Company owner Qloomf;eld Refining Company For Boring Location
Location by Tank 44, Adjacent to Crude/Product Loading Area Proj. No, 023353014
Surface Elev. . Total Hole Depth 221t Diameter COMMENTS:
Top of Casing — . Water Level Initial —_____ Static
Screen: Dia — . Length Type/Size Zzémlfe:g f:g';'f-,,g"f,‘?&ﬁ"’d' "
5 H
Casing:Dia__.___ __ length Type cement-bentonite. o neaw
Fill Material Rig/Core 855
Drill Co. Western Technology _ Method Split Spoon/Hollow Stem Auger (7")
Dritler Rob Log By Tim Busby Date 02/23/94 _ Ppermit #
Checked By License No.
a = > o
23 | Bl e 3 2| 20(8 Description
[ o el - ray a
g- |l &8 g (; g || ®3 @ (Color, Texture, Structure)
& 2el® % Trace < 10%, Little 10X to 20X, Some 20X to 35X, And 35X to 50%
L~ D
~ 0 — 0-12": Light brown to brown Sandy Silt, maist, no odor
| _
— 2 - s2 3/3/4
~ 4 - 5.7 3721 Light brown to brown Sandy Silt, little clay
B 6 - 22 3/5/86 ML Light brown to brown sandy silt, moist, no odor
- 4
- 8 < s
i ]
— 10 18.8 3/4/5 Light brown to brown Sandy Silt, little clay
- 12 — —|  Total Depth @ 12 feet.
- 14 -
| -
- 16 —
F " i
- 18
~ 20 —
- 22 —
|- 24 —
03/15/1894 lithlog-marg3 Page: 1 of |




Drilling Log
[——J @ GROUNDWATER
[] | TECHNOLOGY

Soil Boring B-05

Project Bloomfield Refining Company Owner Bloomfield Refining Company f_gre Bsétr%gi%cation
Location Hest of Evaporation Pond #2 Proj. No, 023353014
Surface Elev. —__ Total Hole Depth 8ft.___ Diameter COMMENTS:
Top of Casing ——____ Water Level Initial ————__ Static
: Di i Posthole to 2°. Hit cobble | .
Screen: Dia — Length Type/Size Poor r%cofery €6 No sgmg'lyeercslgcted
Casing: Dia oo Length Type at 6 Terminated boring. No
Fill Material Rig/Core B55 Saekinted with cement—bentoniter
Dritt Co. Western Technology  Method Split Spoon/Hollow Stem Auger (7")
Oritler Bob Log By Lim Busby Date 02/23/94__ permit #
Checked By License No.
o= > o
-~ = € . .
£2 | oElle 3 3 %a g Description
-~ =1 S O o
- | =& e 3 ;ﬁ oo 0 (Color, Texture, Structure)
$ g » © 7 Trace < 10X, Little 10X to 20X, Some 20X to 35X, And 35X to 50X
L~ 2
- 0 — 0-5": Light brown to brown Silty Sand, some clay, moist, no odor
-2 - o 2/2/5
ML
- 4 A o || 28/3arm
- T s | Light brown to gray Sand and gravel and cobbles, moist, no odor
.0.0.4
~ 6 4| o || a0/37/38 [P0
}.0 0.¢|GW
- - 0. 50.
}.0.0.4
- 8 — A Total Depth @ 8 feet.
ST
— ]2 —
- 14 —
. 16 —
. 18 —
20 —
20
- 24 —

03/15/1284 lithiog-marg3
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Drilling Log
| GROUNDWATER
L || TecHnoLoay

Soil Boring B-06

Project Bloomfield Refining Company Owner Bloomfield Refining Company gee Site Map
. or Boring Location
Location West of Evaporation Pand #1 Proj. No. 023353014
Surface Elev. ——__ Total Hole Depth f0.ft.____ Diameter COMMENTS:
Top of Casing ——___ Water Level Initial . Static
. O i Sheid le collected @ 4-5" Cobble
Screen; D}G ——————— Length Type/Size Iayeer ;ésf?; c(?utl‘i:nges cnllecleggbg'.
Casing: Oia —_ __ Length Type Try ro”s:m’p/e [ Bsbec;ause dn;ller /rhinks
were u . "
Fill Material Rig/Core 855 counr;zr,'bag;’cing on go’fﬁgéﬁo‘”f
Orill Co. Western Technology Met.hod Spfit Spoon/Holtow Stem Auger (7') ggg’wée;znﬁ'/ggﬁz’%g‘fed Boring filed
Driller Rob Log By Tim Busby Date 02/23/94 _ permit #
Checked By License No.
Qs > .
£3 | oF v 58 %D 2 Description
o~ call g ';‘ Sl 83a (Color, Texture, Structure)
3 E? ‘):c © § Trace < 10¥%, Littie 10X to 20X, Some 20X to 35X, And 35%X to 50X
_ —2 ]
- .
- 0 - 0-5.5": Light brown to brown Silty Sand, trace clay, moist, no odor
-2 4 o 12/8/8
ML
s d
- 4 — 4 10/1
- - ol e 5.5-10" Light brown to tan, Sand and gravel and cobbles, very coarse, }
10.0.4 poorly graded, moist, no odor !
- 6 — 2 . 6@
»'.Qoiﬁ
F - 0.7 49
10.0.4/ 6w
- 8 o 0. '.o‘o.q
p'.o,o'.é
B B 0. oo
1009
- 10 = %l Total Depth @ 10 feet.
- ﬁ !
- 12 —
| T
— 14 -
16 —
- 18 — |
- 20
~ 22 —
- .
24
03/15/1994 kithlog-marg3 Page: | of 1




16 Drilling Log
GROUNDWATER Soi ;
oil Boring B-
] TechnoLosy g 07
Project Bloomtield Refining Company Owner Bloomfield Refining Company gg f Bsgr; MaL% cat
Location Southwestern section of Fire Training Area Proj. No, 023353014 g Location
Surface Elev. ——_ Total Hole Depth 22.1t.____ Diameter COMMENTS:
Top of Casing ——_ Water Level Initial ____ Static
Screen: Dia — . Length Type/Size e ountored Bormg ot with
Casing:Dia —_ Length Type cement/bentonite. — o ed M
Fill Material Rig/Core B55
Drill Co. Western Technology  Method Split Spoon/Hollow Stem Auger_(7")
Driller Rob Log By Lim Busby Date 02/23/94 _ permit #
Checked By License No.
a3 a
x| oEle 2 ¢ [ 2all® Description
as =afl g o § ao ||©
g- | &l g = L o o (Color, Texture, Structure)
b ax|® |0 Trace < 10X, Little 10% to 20X, Some 20% to 35X, And 35X to 50X
—— _1
- 0 — 0-7": Light brown to brown Sandy Silt, moist, no odor
F 24 o 2/2/
ML
-4 o 6/5/4
r 6+ o 12/13/12
i T T 7-12": Light brown to brown Silty Sand, trace silt, moist, no odor
-8 - o
i q
SM
- 10 4 o 5/6/7
| d
~ 12 — AL Total Depth B 12 feet.
B -
L 14
- 16
- 18 <
- 20 H
[ 7
- 22
- 4
04
03/15/1984 lithiog-marQ3 Page: 1 of §




r——@ Drilling Log
| GROUNDWATER
| [ 1 ] TechnoLosy

Soil Boring B-08

Project Bloomfield Refining Company Owner Bloomfield Refining Company f—ﬁf ggri; ”7% cation
Location Southeastern section of Fire Training Area Proj. No. 923353014 g
[ Surface Elev. —_____ Total Hole Depth 12 fL.____ Diameter COMMENTS:
‘ Top of Casing .. Water Level Initial .. ____ Static
| R Tyve/size rospoe 17, e reatr
M A d
) Casing:Dia —_ _ ___ Length Type cement/bentonite.
| Fill Material Rig/Core 855
i Oritt Co. Western Technology _ Method Spiit Spoon/Hottow Stem Auger (7]
: Driller .Aob Log By fim Busby Date 02/23/94 _ permit #
Checked By - License No.
o TR
—~ (=1 = (43 . .
__ ﬁ? of|l » § g EQS’ g Description
) a— |l =& € ;8 83n (Color, Texture, Structure)
-2 o 2wle ‘g’ Trace < 10%, Little 10X to 20X, Some 20% to 35X, And 35X to 50%
- .
"I
| ' - 0 - 0-7.5": Light brown to brown Sandy Silt, moist, no odor
-2 - o 3/3/4
i h
ML
—- 4 < o 8/5/7
~ 6~ 8/13/16
X J - .
8 cL 7.5-8" Clay, trace sand, brown, moist, no odor
- P T o 8/8/9 T TT. - 8-12" Siity Sand, light brown to brown, moist, no odor
-10 4 o 6n0/13 |- |- His™
- 12 — LUl Total Depth @ 12 feet.
14
. -l
- 16 —
i B
18 —
- 20 4
- 22 —
| "
24 ]
03/15/1894 fithlog-mar83 Page: 1 of |




TG Drilling Log
i " | GROUNDWATER Soil Boring B-09
TECHNOLOGY
5 Project Bloomfield Refining Company Owner Bloomfield Refining Company f_g ,e 53%57% cation
Location Northeastern section of Fire Training Area Proj. No. 023353014
Surface Elev. . Total Hole Depth 0.ft. ___ Diameter COMMENTS:
Top of Casing . Water Level Initial —_____ Static
Screen:Dia —________ Length Type/Size Post hole to 2. No groundwater
) i encountered, Bag samples only € 8 &
Casing: Dia e Length Type 10 No odor, Boring backfilled with
Fil Material Rig/Core 855 : cement/bentonite.
Drill Co. Western Technoloqy - Method Split Spoon/Hollow Stem Auger (7")
Oriller Rob Log By Iim Busby Date 02/23/94 _ permit #
" Checked By License No.
o s > @
~ll = € 3 3} . .
%: H 5 g E? g Description
- ot
g- || =& g s 0l O=alln (Color, Texture, Structure)
(,'3 g z © :'n; Trace < t0%, Little 10X to 20X, Some 20X to 35X, And 35X to 50X
-
- 0 - 0-7.5": Silty Sand, light brown to brown, moist, no odor
-2 o 4/3/3
5 4
J -4 4 g 4/6/5 ML
L 6 - 0 5/4/12
| — 7.5~8"; Clay. brown, moist, no odor, cobbles from 8-10’
-8 - o 4Cy
}.0.0'9 ,
- “ 0. 0.1 GW 8-10": Cobbles
).0.0.9
- 10 | o ——ajl Total Depth @ 10 feet.
- 12 -
L. 14
L 16
- 18 —
00 —
- 22 <
24 -
03/15/1984 iithiog-marg3 Page: 1 of |




e

]

ER<
! GROUNDWATER
DDD TECHNOLOGY

Drilling Log

Soil Boring B=-10

Project Bloomfield Refining Company Owner Bloomfield Refining Company f_gf ggnengaLpo cation
Location Northwestern section of Fire Training Area Proj. No. 023353014
Surface Elev. . Total Hole Depth 221t __ Diameter COMMENTS:
Top of Casing —_ Water Level Initia! Static
- D i Post hole to 2. N dwat
Scr.een. D_‘a Length Type/Size ethw:rere%. Bar?ng,g‘a‘?:k;/‘lseglwilh
Casing: Dia ——______ Length Type cement/bentanite.
Fill Material Rig/Core B55
Drill Co. Western Technology _ Method Split Spoon/Hollow Stem Auger (7')
Oriller Rob Log By Iim Busby Date 02/23/94 _ Ppermit #
Checked By License No.
a2 o
£3 | o€ e 3 3 E:o. 3 Description
-~ — Qa o [}
a- | =& g E: ] 0 {(Color, Texture, Structure)
03w |® | Trace < 10%, Little 10X to 20X, Some 20X to 35X, And 35% to 50%
. ~2
- 0 - 0-1I" Silty Sand, light brown to brawn, moist, no odor
- 2 4
-4 9 o 8/1/7
ML
~- 6 - 0 4/5/7
- 8 - o 5/7/4
- 10 4| o 6/6/23
i - — 11-12": Clay and cobbles, brown, moist, no odor
2 '/ CL
- 12 — Total Depth @ 12 feet.
- 14 —
- 16 -
—~ 18 —
T
- 22 —
- 24 —

03/15/1884 lithlog~marg3

Page: t of 1




PRECISION ENGINEERING. INC. FILE #: 96-181
PROIECI: Bloomfield Refinery LLLEVATION:
f1 itigatfon LOG OF TEST BCRINGS TOTAL DEPTH: 8%’
LOGGED 8Y: Kingsley
m } ] 18| DATE : 12/10/19%8
] | S|A| STATIC WATER: 10.2°
| P CIM BORING 10: MW24N Bore
— 1 L tA]P] PAGE: 1
| 0 fLiL] MATERIAL CHARACTERISIICS | PID |
DEPIH | 1 | ELET (MOISTURF  CONOITION . COLOR GRAINSIZE ETC.) ' | (Coom) |
0-10.2 {00coGcu0| | v |Cobbles. graveliy. sandy. very dense. rounded and disked. composed of chrystalline | i
Jo00ccl000| | v }intrusives and high density metamorphic rucks, dry to 10.2 feet where the soil J |
| j00c000000| |  |becomes water bearing. Generally 1ignt colored rocks and 1ight brown Tine grained | |
: |00Q0000co| | v {soils. _ ' [ |
10.2-12.5 |00000000] | JAs above but waler bearing. Materials covated black and-have hydrocarbon odor. | |
12.5 }o00000000] | v 1Qdor is of older tetted hydrogarhon. Shasn on water, no tree hydrocarbon observed | |
12.5-39.0 [#**%wesd») | o ISandstone. fine. poarly cemented. argillaceous. hand sample crumbles. grey blue. | |
[#ridak |y et but nol water bearing, wesk hydrocarvon odor. mod. dense. massive (no jointing)| |
[erwwarkis) |y jYellow brown color at 13.0°, no hydrocarben oder. slightly less moisture. i |
[dawateans] 20| v [Blue grey at 15.0°. no hydracarbon odor. Sandstone dries white to light grey. | |
jreddrdasr |y [Sample recovery 100%. Cores are high quality. Core rate using carbide NWD4 biC | {
jroavdisionr] |y )3gprox. 1'/min ] |
'Mttﬁttﬁl I v I | l
|Aittirﬁ-ht| ‘ v l *.‘ [ l
Iiiit-‘rt!tv‘l l v I : l ,
Iiiﬂr’ﬂil ! v l [ l
|#weiwids) | e [Thin (<lcm) carbonaceous shale seams. appears coaly. randem orientation but | |
|s¥edimiia) |y jtypically near flat lying. No free waler. samples moist, | l
B & lttwiﬂitt[ [ "_1 . l J
QQ.O [REEEREEEES |40.| v |Shale. damp to muist. no water at intertace of sandstent above and shale. blue grey| |
i -0 {oecccee-- { v [tn steel grey. crumdles easily in hand samples but defise in situ. Corc rate 3°/min| ]
| 42.0-85.0 |#twiicdiork) | ¥ {No jointing observed in cores. Recovery 100%. Occasional sandstone stringer | |
l [Aawwrrris| v |67 or less in thickness (rare) Cores are hioh quality., Some carbanaceous 29nss. | |
| [rertiandi | v |Sandstone. fine, weakly cemented. argillaceous. sample crumbles with difficulty, | |
| [#hwerrte) | v |grey to 1ight brown, some calcite filling alony flat 1ying bedding p'lanes moist | !
| [pidwiidaw| ) v |dense, more cemented than sandstone stove. Care rate 7°/min. | |
| [wwirerkds) | ¢ (Some shale in very thin lenses >£0° | |
i IH-thnm'I l 3 I l ,
‘ |itnﬁaﬁ»l I v l I l
I [k 1 60 | v | | l
l tiiﬁiitiil ‘ v l l |
1 riverrar) ) ) l l
! resssasen, v n |
| bt taid| ' | v ‘ |
| lﬂnnaunn' ' v | ] |
| [radswmiin| [ v | | |
l ]**a+a**¢¢] |~ l [ |
] Ratabeteteded P 7| ] )
] [ | v ) | |
! raeveeesr| g0 | v | | l
{ l*ﬂﬁiiiil [ v | |
! 85.0 Jradorihines) | v | | !
N L1 | ‘
! | b | t
0 | L1 1 !
| L4 ! !
| LOGGED BY: Kingsley |
1

15128 AND TYPF OF BORING: R-5/8 od HSA ta 12.5° NWQ4 core tu 85°

ya—




PRECISION ENGINEERING, INC. FILE #: 96-181
| PROJECT: 8laoomfield Refinery ELEVATION:
bt astigation 106G OF TEST BORINGS TOTAL DEPTH: 80
| LOGGED BY: Kingslcy
0 | 1S DATE: 12/11-12/19%%
| IS Al STATIC WATER: 1.7
{ P fCiM| BORING IO: N Point Bore
! ] L &P PAGE: 1
! ] 1 N T U I MATERIAL CHARACTCRISTICS ] PID |
0EPTH 1 T _ 1€t €1 (MOISTURE  CONDITTON, COLOR GRAINSTZE EVC ) 1 (pom) i
0-11.7 J000a0000l] | v [Cobbles. gravelly. sandy. very dense, rounded and disked. compused of chrystalline | |
jo00uul0os] | jintrusives and high density metamorphic rocks. dry to 11.7 feet where the soil | |
[00co0000Qd] |  |becomes water bearing. Generally 1ight colored rocks and 1ight brown fine grafned | |
i jo00eeQCo0| | v Isoils. . | |
i 11.7-12.0  |0CcnQ0on0] | |As above bul waler bearing., MsLerials coated black and hive hydrocarbon odor, ] }
12.Q o00ca00a0} | ¢ (Odor is of oldsr fetted hvdrocarbon, Mo sheen observed, ng free hydrocarbon, | !
12.0-34,7 |**4+svwrv| | v |Sandstone, [ine, poorly cemented. argillaceous. hand sample crurbies. grey blue, | {
; [rreeeeesd) [ wel DUl not water bearing, weak hydrocarbon odor to 13.0. >13.0 no odor, mod. densi |
; jrmssrsres) | yellow brown color at 13.0°, no hydrocarbon odor. slightly less moisture. J !
|#rerdaiid 20 | v JAuger drill to 20.0°. Rotary drill using NWD4 core with carbide bit to T0. } {
i [preswrwied| ¢ [2]°-23° carbonacedus shale Jaminae in the sandstone <Smm. >25° sandstone is | |
[ 1 jroqeeader) oy |vellow strasked (lisonitic banding). | |
| [rraveaaes) ) v n |
I iiiiitit*il | v I ‘ ‘
‘ ‘Hiiiiiit‘ I v l I '
’ "t'iﬁﬁ‘il l v ’ ' ’
‘ WU 7 l‘naiﬁti:il 1y t | J
i 7-52.0  }--e-e---- j | v |3nale. darp to moist, no water ot interfacc of sandstone above and shale. biue greyl| |
] lewesnnmes | | v |to stec] grey. crumbles easxTy in hand samples bul dense in situ. Core rate 2°/min| |
o | EEEEEEETE |40 ] v [No jointing observed in cores. Recovery 100%. Cores are high quality. | |
1 eeeoseees bl | |
| fromeeees RN ( 1
| |+emennees RN 1 |
| |=-enemees RN | |
| fresnanees Lo l l
| 52.0 Joovoeo--- L 1wl ] 1
| 52.0-80.0 |¥sssswwws| | & |Sandslone. [ine. moderately cemeated. argillaccous. sample difficult to crumble. | f
| [emerrssis] |y |grey to light brown. some calcite filling slong flat lying bedding planes. moist | !
| [#edrswerx) | v jdense, more cemented than sandstone atove. Core rate §°/min. i {
! jri¢eeer s | v | | !
l I--tiﬁ-i-nl l v l I l
l lH—iHi*!il | v l ' l
! o, v l l
i jraiaiid) ]y | ! |
! JRawadarer| )y |mud volume virtually unchanged during the coring. | |
| |haseenrral |y Isignificantly more dense al 73'. Core rate 37/min. | |
' |+b+nuu, l v f l '
] Iiiitiiti*l ) v l | |
l I*-nn-unl | v | { {
[ 83.0 [eabintewn| 80 [ v | { 1
} ™ ! I I ‘
| ! P I '
| | bl | i
- f I I ! !
o | B | l
) | ! 4
| LOGGED BY: Kingsley |
|

IS1ZE AND TYRF OF BORING:

8-5/8 ad HSA to 20°

NWD4 cara to 80°

O Rl i ad oA L



PRECISION LNGINEERING, INC. FILE &: 96-10

PROIECT: Gloomfield Refinery ELEVATION:
't Ltigation LOG GF TEST BORINGS TOTAL NFPTH: 85
( LOGGED BY: Kingsley
‘ 0 | | 158} DATC: 12/13/19%8
I 1S1A| STATIC WATER: 19.%
| P CIH BORING ID: S Point Bore
| L JAYP] PAGE; )
| I A A O MATERTAL CHARACTCRISTICS | PIO |
DEPTH | T _leles (MOISIURE CONDIY TGN COLOR CRAINSTZE ETC ) | (ppm) |
0-39.5 000000000} | v |Lobbles. gravelly. sandy. very dense. rounded and disked. composed of chrystalline | |
g |oU0ca00aa}l |  |intrusives and high density metamurphic rocks, dry t¢ 19.5 feet where the soi) | ]
! |000000000] | |becomes water bearing. Generally light coloreqd rucks and light brown fine grained | |
: |10co00oo] | v |Soils. | ]
(000000000 (| l |
Jo00ac00o0| | ¥ | l |
{00ca000a0} | v | | |
|o00ao00n0| | | | |
19.5-22.0 |00co0Cc00| |  JAs above but weler bearing. Materials coated black and have hydrocarton odor. ! |
]o000oC0ca} 20 | » |0dor is of older fetted hydrocarbon. Slight sheen cbserved. no free hydrucarpon. | ]
22.0 10000000001 | v | 1 i
22.0-36.0 |*+¥evwswx) | v |Sandstene, fine. pcorly cemented. argillaceous. hand sample crumbles, grey blue. | |
[ariwdeare) ) v uat but nol water bedring. weak hydrocarbon ofor tu 22.6. >22.6 no odor. mod, dense] |
[rowererss| v | B 1 !
[reesaswex] | v jAuger drill Co 25.0°. Retary drill using NWD4 corc with carbide it to [0, | |
Iiidﬂﬂiil l v ‘ ! (
[HAdaxawkd | v [Scme Timenitic banding >30°. { |
—_— .0 Jareariiie] | v | . : ] L
=80.5 feese-ve-- | | v |Shale. damp to moist, no waler at interface of sandstone above and shale. blue grey| |
| 0 foenoone-- |43 | v |to steel gray. crumbles easily in hand samples but dense in situ. Core rate 2°/min| |
L Joesenene- | | v |No Jointing nbserved in cares. Reccovery 100%. Cores are high quality. I [
! foremeanes bl ' l |
N frosenenee Lo ! )
! Jonrerenes R r |
! 505 loocoeeee- | L] 4 1 1
| 50.5-85.0 [daswwmdedi | 4 |Sandstune, fine, modsrately cemented. argillaceous. sample difficult to crumble, | |
I [rasdaaue| (v |grey to light hrown. some calcite filiing dlong fiat lying bedding planes. moist | !
| [aawwtiare) | v |dense, more cemented than sandstone above. Core rate 4.57/min. { [
] Jrasddinar| { v I |
! aesrress 60 | v | 1 |
1 |Hn~'.~n-nl I v l | |
! nialoiableleiolel IS IR 08 | |
l lﬂhiitmﬁ’_' l v l | |
i [reannenes) | v} | ]
| Jrerenisan) | v (mud volume virtually unchanged during the coring. ! !
| |pribdax| | v imore dense at 75'. Core rate 3.5°/min. | ]
| |munnl | v ‘ | |
i Ridabobdeboiod [ v | |
| Im-u«-nwl |« | | |
| rovrriis 80| v | | l
| laaabibill! | v ! }
‘ 85.0 li—hiiiiiﬂAL 1 vy ! —1
! 0 | b | |
' | oo 1 !
0 ! o | l
| [ L —
| LOGGED BY: Kingsley |
1512k AND TYPE QF RORING: 8-5/8 od HSA to 25 0° NWD4 core to 85° .

B R L el L et
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PRECISION ENGINEERING. INC. FILE #: 97-028
LOCATION: ELEVATION: 5464.8
LOG OF TEST BORINGS TOTAL DEPTH: 31.5'
0 LOGGED BY: WHK
| I 1S DATE: 3-13-97
| |S|A| STATIC WATER:  6.0°/16 HRS
P [ CM| BORING ID: $81-397
| L [A|P] PAGE : 1
b0 jL]Ly MATERIAL CHARACTERISTICS PID
DEPTH | T 1 EJE| (MOTSTURE  CONDITION .COLOR,GRAINSIZE ETC.) {pom)
0.0-6.1  |**%000***| | C |SAND, GRAVELLY, SOME GREY SANDSTONE. LOOSE. ( SLOPE TALUS) 0.0-10.0
|i**000*i* l I l 0
|***OOO*** I I l
|***OOO*** l | I
I***OOO*** l l |
I***OOO*** I I l
|***000*** l l I
|**i000*v‘ri I I l
I***OOO*** l ‘ I
I***OOO***IMI l
l***ooo*k* l l l
6.1 |*%000% %% | C |
6.1-30.3  |===t*====| | C |SHALE. SLIGHTLY SANDY. DARK GREY. WET (NOT WATER BEARING). DENSE
e B )
|=mremm] | C |
|emmn] | C |
|retieen] | C |
jmemtremms] | C |
0 |=mttems| | C |
|seetteene| 10| C |
|membrasms | |OLD HYDROCARBON ODOR (DEGRADED) ~ 302
|m==irms=s| ISLIGHTLY MORE FISSLE AT 12 FEET, DRY GREATER THAN 11 FEET .
|mmehemen| | 0

I===**==z=l

|

I

I

!

|

l===**====l |

l===**====l I

l===**====‘ l

I

}=a=**a===| l

|===**==== l 1
I===**====I

l===**====

I‘““**”==I{
Iu:a**::::]
===**====l
l===**====l

‘ santkoncs I

l:::**::ncl
l===**==== I _0-
|===**====l
|===**====

|
|
I
|
I
I
I
I
!
I
I
|
!
|
I
!
!
!
!
!
I |m=then==|
I
|
I
!
I
I
!
|
|
!
!
|
I
I
l
1

I =xztiozos l

nnnnnnnnnnnnnnnnnnnﬁnnnnnnnnnnnnnnnﬁnnnnnnnnnnmr—vz>m

I
I
I
|
I
I
I
I
[e=rre===] |
|
I
|
I
I
I
I
!

|s==tr=s==|
. 0 [s==a=es]|
| .

|12.0-13.0 FEET-BROWNER AND SANDY. ORY
I

|
I
I
I
|
I
|
I
I
|
I
|
I
l
|SHALE. DARK GREY. HARD, DRY FISSLE. SLIGHTLY SANDY
|
I
|
I
|
|

|STZE AND TYPE OF BORING: 4 1/4"

ID_CONTINUQUS FLIGHT HSA




PRECISION ENGINEERING, INC. FILE #: 97-028
LOCATION: ELEVATION: 5464 .80
LOG OF TEST BORINGS . TOTAL DEPTH: 3.5
0 LOGGED BY: WHK
| ]S DATE: 3-13-97
] ] S| A| STATIC WATER: 6.0'/16 HRS
| P JCiM| BORING ID: SB1-397
| L JA]P] PAGE 2
| 0 tLjL] MATERIAL CHARACTERISTICS | PID |
DEPTH | T JEE] (MOISTURE . CONDITION COLOR GRAINSIZE ETC.) 1 (ppm) |
jmemtkmnan| | C | } 23.0-31.5 |
[me=tr=me==| | C | I 0 |
|pe=tt====| | C | |
|memtrmmaat | C | I |
[me=tt=a==|25 ] C | |
[memidmxa==f | C | I I
|s==ttema=) | C | | !
jmestrmaa=f | C | I !
fs=stdesm=] | C | I !
[s==thme==| | C | | I
fme=tFr====| | C | ! |
[sa=t*=e==| | C | I !
[se=t¥====| | C | I {
[me=trmeas| | C | . ! |
[===**====| 30 | C |SHALE-HARD FISSLE. SOME SANDY STRINGERS APPROXIMATELY 3 FOOT THICK AT 22°-25° ! {
30.3 Jz==tkeaw==| | C | | !
30.3-31.5 15555555551 | C ISAMDSTONE. WHITE. DENSE. DRY. FINE 1 !
TOTAL DEPTH | || C |SOME CUTTINGS OBSERVED AT 20'-25' THAT WERE SATURATED, THEN DRIES OUT. | i
o | | | C [SAME OBSERVED WHEN DRILLING.25'-30°. : ! |
| [ | C {SUSPECT WATER AT 10.5'-11.0' RUNNING DOWN BORE HOLE. ANNULUS IS SATURATING i !
| I ] C JCUTTINGS. ' : | |
I A I |
| (I f |
I I 1 e I !
I [ 1 ¢ ! f
| [ 1C] | I
| I | |
| [ 1¢] ! I
I 1 C f I
I [ 1 C | |
| N | |
I [ 1¢C] I |
I [ | !
I | 1¢] | |
} | ¢ I |
I |1 C] | I
I [ | |
[ I ¢ ! I
I N | I
| I 1C ! !
I | ] |
I 1 C] I I
| [ { |
! [ { I
{ ‘llu' I e I |
! ! | tci | !
| LOGGED BY: WHK |
1

ISTZE_AND TYPE OF BORING: 4 1/4" ID CONTINUQUS FLIGHT HSA




PRECISION ENGINEERING. INC. FILE #: 97-028
| LOCATION: ELEVATION: 544664
| LOG ©F TEST BORINGS TOTAL DEPIR: 37.0'

‘II“’ LOGGED BY: WHK
DATE: 3-13-97

i [
| | STATIC WATER: 28.0'/16 HRS
| | BORING 1D: SB2-397
| |
| I
!

PAGE : 1

MATERTAL CHARACTERISTICS PID

— O rm o

DEPTH |
0.0-6.0  |***000*+*|
I***OOO*** I
I***Ooo*** l
I***OOO*** l
l***ooo***l
l***ooo***l

t
|
I
I
|
| (MOISTURE . CONDITION, COLOR, GRAINSIZE .ETC.)
I
|
I
I
|
I
I***OOO*** l l
I
|
|
|
|
|
I
|
I
|
I
I

(ppm)

| INOTE: SEEP AT SURFACE OF PAD

|SAND, GRAVELLY. WET/MOIST. LOOSE. BROWN. BLACK IN ZONES, HAS (POOR) HYDROCARBON
|ODOR-OLD SMELL

I

|
0.0-2.0 |
0 I
o
2.0-5.0 |
5

|
I
I
I***OOO***I |
l**iooo*** ] l
I***OOO*** I_S_Q l
l***ooo*** | I

6.0 [***QQ0Q*** | |

ISAND. FINE. GRAVELLY, FLUID BEARING. JET BLACK, STRONG HYDROCARBON ODOR-OLD FETTED.

!
!
t
I
t
I
|
I
I
l
|
l
|
|
|
{LOOSE . |
I
I
I
I
!
|
|
|
|
I
|
I
I
I
|
I
I

6.0-17.0  [***000%**|
l **iooo*** |

JX**QO0*** | INOT WATER BEARING GREATER THAN 15.0°

[MORE CLAY GREATER THAN 15.0°
I

|

!

I

I

|

!

|

|

I

I

!

!

!

I

I

] [ *HHO00*** |

] [ F**000%**|

i JFH*RQOQ* R | I
! [ ***000%** | |
I m [**4000++*| 10| C |
] | ***000***| | | 537
| JF*RQO0%H+| | !
| |***000***| | ]
| [HEHQQQH** | ' |
i [ #**000***| | I
1 | **HQOQ**x | |
| | **%000%***| I
| |**QQ0**+ | ]
] | *%*QOQ* ¥ |
| | ***000***| 15 '
| | *#4HQQQ#**| ! 975
| I***OOO***I |
‘ I***ooo***lt l
i !
I

I

I

}

!

|

!

I

I

]

17.0 | ***00Q*** |

17.0-23.5  |SSSSSSSSS| | SANDSTONE . LIGHT GREY/WHITE, HARD, WET. LAMINATED, SHOWS SOME ANGULAR DISCONTINUITY

[ (NOT WATER BEARING)
}

|
|
|
|
I
I
I
|
|
|
[$5555555S| |
|S5555885S| |
|SSSSSSSSS| |
|SSSSSSSSS| |
|S555555551.20 |
|=S=S=S=5=| |
|=5=5=5=5=| |
|=S=S=S=5=| |
[=5=5=5=5=| |
0 |=5=5=S=s=| |
1 |=5=S=3=5=] |

| LOGGED BY: WHK
ISIZE_AND TYPE OF BORING: 4 1/4” ID CONTINUOUS FLIGHT HSA

SHALE AND SANDSTONE IN RANDOM DISCONTINUOUS LAYERS AND DIPS-SUSPECT TOPPLED BLOCK

I

I

I

|FROM ADJACENT CLIFF FACE 1331
|

I

|

L

I
I
|
I
I
I
I
]
|
I
|
I
I
I
l
I
!
I
|
|
I
I
I
I
|
|
I
I
I
1
|
I
|
I
|
|
|
I
I
I
57 |
!

I
1




23.5-29.0 I*********I

SAND. MEDIUM. WET. LOOSE. DARK GREY. OLD HYDROCARBON ODOR FETTED.

NOT WATER BEARING

PRECISION ENGINEERING. INC. FILE #: 97-028
LOCATION: ELEVATION: 5446.64
LOG OF TEST BORINGS TOTAL BEPTH: 37.0°
0 LOGGED BY: WHK
| || DATE: 3-13-97
| 1S | STATIC WATER:  28.0°/16 HRS
Ip qcC BORING ID: SB2-397
| L A PAGE : 2
| 0 |t MATERIAL CHARACTERISTICS | PID
DEPTH__ | T |F (MOISTURE CONDITION.COLOR GRAINSIZE ETC.) | C(opm)
235 [=S=S=S=Sm| I
]

I
|
I
]
{
I
I********* l ‘
J e ke ek ok in '
|
|
|
|
I

—— e — — . —— ey p— fr } e ——————

S

A

M

P

L |

3 !

C |
I c !
I c I |
I ¢ ! I
I !*i*******l c I 571 |
1 [k | C | |
] I*********I C l 1037
] l*********l C l I
] I*********I C I I
i | ek ke | | C i |
|  Rafabeleialafaboled | C [WATER BEARING AT 28.0°. BLACK, HYDROCARBON OOCOR (OLD) | 449 |
! 29 .0 [RAkrddkikl | C | | |
| 29.0-32.5 [SSSSSSSSS{ | C |NACIMIENTO FORMATICN I 773 |
J ] SSSSS55SS) 30 | € |SANDSTONE, HARD, MOIST. ARGILLACEOUS. LIGHT BROWN ] |
| |]SS8SSSSSS) | €| ] 155 |
| | SSSSSSSSS| | C | i 40
! |SSSSSSSSS|T | € ) | 48
| | SSSSSSSSS| | C| | |
N 2.5 ]SSSSSSSSSY | € | 1 22
IW‘)-N.O |m=mmm====| | C |SHALE. GREY-GREEN, HARD, DRY/DAMP, FISSLE | 32.0-37.0 |
! |zemmmmms] | C | o oo
I |=mmmem=s| | C | | !
I |mmemmeems) | C | |
! |=m=s==e==| 35| C | ! !
| el BN ! |
1 === C | | I
! e B | I
i 37.0 jm=mm=a===] | €| | 1
| TOTAL DEPTH | 1| |WATER AT 28.0" IN AUGER AFTER 16 HOURS | I
| | P | I
! I P ! I
I I [ . I I
I I Pl | |
| I I | |
I I Pt I [
! I ot I I
! I (I ¥ | I
I I I I |
I I N I |
! | [ | I
! I Lo I I
| | Lo l I
| I b I [
' I Pl I |
Illl' ! I | I
] | | ! ] | 1
I LOGGED BY: WHK I
1 !

SIZE AND TYPE OF BORING: 4 1/4" 1D CONTINUQUS F{ [GHT HSA




PRECISION ENGINEERING. INC. FILE #: 97-028
LOCATION: ELEVATION: 5419.09
LOG OF TEST BORINGS TOTAL DEPTH: 10.0°
LOGGED BY: WHK
0 [ R DATE. 3-14-97
| [STA]| STATIC WATER:  4.0°
| P fCIMy BORING ID: $B83-397
[ L | A|P] PAGE - 1
| 0 fLjLy MATERIAL CHARACTERISTICS I PID |
{ DEPTH { T | EJE] (MOISTURE_ CONDITION . COLOR,GRAINSIZE .ETC.) | Coom) |
I 0.0-1.0  [**%*Q%%**| | C |SAND. LOOSE. BROWM. MOIST., (FILL) GRAVELLY | |
I 1.0 [ankQriik) | C | ] I
| 1.0-2.2  |///**-///| | C |CLAY. SANDY. SILT. BLACK-GREY. OLD HYDROCARBON ODOR, WET, NEARLY WATER BEARING | 109 |
i 2.2 [LLI** /) | C 1 : | I
| 2.2-6.0  |wwwwdkskk| | C|SAND. FINE-MEDIUM. WELL SORTED. BLACK. WET. WATER BEARING GREATER THAN 4.0 FEET | I
} I********il | C | I l
l l*ii***i**l I C l l [
I ]****i***v‘r] | C ‘ I I
' ‘***i**iiil I c ‘ ‘ |
| l*********ls-—ol C| l |
l [******i**l l C l I 1058 !
| 60 '**i****—i*' l C ‘ [ [
| 6.0-10.0  |SS5SSSSSS| | C |NACIMIENTO FORMATION | 165 |
| [SSSSSSSSS| | C |SANDSTOME. ARGILLACEQUS. FINE. DENSE. GREENGREY, WET, NO ODOR | 1
| |SSS585S55) | € | | (
| |SSSSSSSSS| | C | | 0 I
| [SSS588585) | € | , | |
| [SSSSSSSSS| | C | : | |
' [SSSSSSSSS| | € | : | |
I_w [SSSSSSSSS[ 10 C IMOIST AT 10.0 FEET | 0 |
| TOTAL DEPTH | [ | |
I | P I |
| I Lo | I
! I I | |
I I b | I
I I I I I
| I bl I I
! I Pl I !
! I I I |
| | . I I
I I bl | I
I | I I |
! I A I I
I I . | I
! I L1 I I
I I Py | |
| I Lot I I
I I Lo I I
I I bl I |
I | Pl | I
I I [ I |
I | b I I
I | Lo I l
' | 1 | |
0 I b I |
| I L] | 1
| LOGGED BY: WHK |

ISIZE AND TYPE QF BORING: 4 1/4°

ID CONTINUQOUS FLIGHT HSA




LOCATION: SEE SITE PLAN

DEPTH

PRECISION ENGINEERING. INC.

LOG OF TEST BORINGS

o - o
m o~ > O On

I
I
I
I
|
|

| T

FILE #:
ELEVATION:
TOTAL DEP [k
LOGGED BY:
DATE:

STATIC WATER:
BORING ID:
PAGE :

97-028
5428 .88
28.0°
WHK
3-14-97
11.5°
SB4-397
1

MATERIAL CHARACTERISTICS
(MOTSTURE  CONDITTION.COLOR. GRAINSIZE ETC )

0.0-6.0

(=3
t=

|111--%011)
\/11--%0/1)
[111--%011]
[/11--%0//]
[/11--%0/1]
[/11--%071]

[/11--%0/1]
[//1--%0/1)
|/17--%0//]5.0
|/11--%0/ /|
11701 /]

. SILTY, SANDY, SOME LARGE COBBLES. BOULDER INFILL
RGE COBBLE (BOULDER) 4.5-6.0, BROWN

6.0-9.5

> v i aemr tnss mis e = e onee mme o b meu e e o o ——

l**i******l
liiii*****l
li********l
|***i*****|
l*********l
,******i**,

|**i*****il

!
I
I
I
I
{
|CLAY
|LA
{
|
I
I
|
I
|
I
|
{
|

SAND. FINE, LIGHT BROWN, LOOSE. MOIST

5-17.0

el
un

17.0

|
I
!
I
I
|
I
I
I
I
|
I
{//7--*0//1] |
I
l
I
I
!
|
|
I
|
f
I
|
|

I*kiooo***l 10
[**wooo***l
!***OOO***I
I**‘OOO***I
|***OOO***I
l*iiooo***!
lxwkooo***‘
I***OOO***‘
I**xooo***‘
I***OOO***I
I***OOO***L_EL

'***OOO***I
’*iiooo***l
I***OOO***L7

SAND. GRAVELLY, DENSE. BROWN, MOIST., WATER BEARING AT 11.5 FEET

I
}
I
|
[
!
I
!
|
I
I
!
|
|
|
I
|
I

{GLASS FRAGMENT. HIGHLY WEATHERED FOUND AT 16.0 FEET

!
|

17.0-20.0

B:ﬂ:nuuzl
I EEs=smnIans |
I Broocnos l
|=====-=_=|
Ilss_ua:::]

|
I
|
I
|
|
I
|
I
I
Ii**OOO***I l
I
|
|
|
I
|
I
I
!

|=:=== == l 0

S
A
M
p
L
E
C
C
C
c
"
C
c
c
C
C
C
¢
C
C
C
C
C
C
c
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

|NACIMIENTO FORMATION
|SHALE. BLACK/GREY, MOIST, HARD. FISSLE. LITTLE TO NO SAND
|

TOTAL DEPTH

- o — o —— o At —— — s — s — —— —— —— — — Sy — o S—

P
I P
I .
| bl
I .
| -

I
|
J
I
I
I
!
I
!

f
!
I
f
I
I
I
|
I
I
|
|
|
!
I
|
I
I
I
!
]
I
I
I
I
I
|
|
|
I
!
I
I
I
|
|
I
I
I
I
I
!
I
I
I
|
I
{

JSTZE AND TYPE OF BORING: 4 1/4"

10 _CONTINUQUS Ft [GHT HSA

LOGGED BY:

WHK




PRECISION ENGINEERING. INC. FILE #: 97-028
LOCATION: SEE SITE PLAN ELEVATION: 5423.26

LOG OF TEST BORINGS TOTAL DEPTH: 17.%5°

| LOGGED BY: WHK
I DATE: 3-20-97

TOTAL DEPTH | NO SHEEN-ANY DEPTH

‘ o
!

I
I I
| I
I I
I I
l |
I |
| I
I |
| I
| !

I LOGGED BY: WHK
ISIZE AND TYPE OF BORING: 4 1/4" ID CONTINUQUS FLIGHT HSA

! [ 1S
I I [ S1A] STATIC WATER: 4.0°
| P {1 CM] BORING 1D: $B5-397
| L JA[P] PAGE: 1
! 0 Lt MATERIAL CHARACTERISTICS | PID |
DEPTH | T 1 E}E| (MOISTURE . CONDITION.COLOR, GRAINSIZE ETC.) | Copm) |
0.0-11.5  ikwwskwkx| | C |SAND, FINE., LOOSE. MOIST, BROWN | |
|*********‘ ‘ C I | |
I*********I | C | I {
I*********I | C I l ' !
I*********I | C ‘ I 60 I
I*********I | C | ! i
I*********I | I I | |
[*#ixminik| | C |BLACK, WATER BEARING AT 4.0° | |
I*********I I C | I 603 I
I*********Is_ho.I c | I |
I***vk*i***l I c I I |
| I*********I I | ‘ I
| I*********I I c } I I
| |*********| I C I | |
| I**“*****‘I | € i | |
i ]*ivh*i****l I ¢ I I |
| I*********I | C I | |
] I*********I ’ C I I
! I*********I I c ' l |
] o I*********I_O—I c | I I
| [rikriukak} | C |SOME SHEEN | 1086 |
‘ (***ii****' ' C I ! '
| 11.5 | ek de ek ok | | C | 1 1
| 11.5-13.5  [**xQ0%***| | C |SAND. MEDIUM GRAINED. SOME COBBLES. DENSE. FLOWS, BLACK | |
| I***OO****I I c ‘ . l |
I I***OO****| I o I l 231 |
| 13.5 frakQQrs*x| | C | ! 1
| 13.5-15.0 |***QQ%***| | C |SAND, MEDIUM. GRAVELLY. GREY (DARK). NO ODOR, LOOSE | |
| I***OO****I I C I I |
! 15.0 [*RxQQixar| 16| C | I o1
{ 15.0-17.5 |=ss======| | C |SHALE. GREY, HARD. DAMP, FISSLE. (APPEARS DRY). LITTLE SAND | |
I [pmm======| | C | |
! Jommmme===|® | C | I
l e B oo
] 17.5 it 1 C ! _1
I | I I
l | | I
I | I |
I I I l
| | | |
I I I |
| | I I
I | ! [
! | | I
| | I
I | 1
!
1




PRECISION ENGINEERING, INC. FILE #: 97-028
LOCATION: SEE SITE PLAN ELEVATION: 5422.69
t0G 6F TEST BORINGS TOTAL DEPTH: 17.5"
LOGGED BY: WHK
0 I | 1S} DATE: 3-20-97
] 1S]A| STATIC WATER: 4.67
| P | CIM] BORING 1D: $B6-397
| L JA}P] PAGE 1
! 0 jt]t] MATERTAL CHARACTERISTICS | PID |
DEPTH | T _JEE] (MOTSTURE . CONDITION, COLOR .GRAINSIZE ETC.) 1 (pom) _ |
0.0-14.5  |*fkkaxxk| | C [SAND, FINE. DAMP. BROWN, MODERATELY DENSE, BLACK, FINE AND COARSE GRAVEL | [
I*i*****i*l I C l I l
l*ii******, ‘ C I t 0 [
l*********l I c [ l l
iniatabeleiaioioiel N BN l |
|*********| | c l | {
I*********l l C l l .
I*i*i*****' [ c I | l
[R¥xkkswddesk| | C |BLACK AT 4.0 FEET | !
JHkkdrnxn |6 0 C |WATER BEARING AT 4.67 FEET-NO SHEEN (NO SEPARATE PHASE) | |
JRdsdkkakx || C |GRAVELLY AT 5.0 FEET, GRAVEL UP TO 2 INCHES IN SIZE I 98] [
|*asddakdnk| | C ILITTLE TO NO SILT | |
|i********l | c I I I
I*i*******l l C I I I
I*******i*l I C I l [
E l*********l I C I I 511 I
i l******i**l l C I | l
; ] e e v g de d Kk ' l C , I 970 ]
l l**i******l I c l I |
I 0 [rexxxxxk| 10| C | | I
l I Seve ke g de & vk % I | C l l 13 |
| l*********] l C l ' '
I Ii***i****l ‘ C ‘ l l
l l*********] ] C l l !
' I*******-k*l l C I ] ‘
I l*********l l C l | 50 ]
l I*********' I c l l I
l |*********I I C | l |
] 14.5 J R dedehkkk | 1 C ! | |
| 14.5-17.5 |SSSSSSSSS| 15| C [NACIMIENTO FORMATION I |
i |SSSSSSSSS) | € |SANDSTONE. FINE. GREY-BLUE. DENSE. MOIST-WET, NOT WATER BEARING. ERESH SAMPLE LOOKS} 3 |
i |SS$SSSSSS| | € |DRY | |
| |SS8SSSSSStt ) C | |
] [SSSS5SSSS) | € | ! 0 |
| 175 |SS§55SSSS| | C | L L
| TOTAL DEPTH | I | |
! ! bl I I
| I [ | |
| | I N | I
! | ([ I l
! | P | |
! I I I |
| I P | |
! I [ | l
'0 I L1 1 |
| | 411 | _ i
I LOGGED BY: WHK !
|

IST7F AND TYPE OF BORING: 4 1/4" 1D CONTINUQUS FLIGHT HSA




LOCATION: SEE SITE PLAN

PRECISION ENGINEERING. INC. FILE #:

ELEVATION:
LOG OF TEST BORINGS TOTAL -DEPTH:

O~ o

|
|
t
I
|

DEPTH | ¥

LOGGED BY:
DATE-

STATIC WATER:
BORING 1D:
PAGE :

97-028
5423.17
17.5°
WHK
3-20-97
5.0
SB7-397
1

(MOISTURF . CONDITION COL OR GRAINSIZE FTC.}

| PID
1 (ppm)

0.0-1.0  |///0004/7]
1.0 1//7000/ 4/}

ELAY. GRAVELLY, DRY-DAMP, SOFT, BROWN, NO ODOR

1.0-5.0  [Mobmkoionin
|*******i*|
li********l
l*****i***l
l*********l

]*********!

5.0 [*********15‘0

|
I
t
|
{ MATERIAL CHARACTERISTICS
!
I
L
|

SAND. FINE. LOOSE. MOIST. BROWN. KO ODOR

5.0-16.3  |***00Q***|
| *#*QOQ* x|
| **Q0Q# |
I***OOO***I
l***ooo***l
l***oogi*él
[*+*000*** |
| FA*QQQH* |
I***OOO***'

d'll" I***OOO***‘JQ-
| [RRQO0R** |
|RH4O0Q* 5|
[ *F*O00%H |
‘***OOO***'
I***OOO***[
|***000***]
| *+*000%* |
I***OOO***l
| #H*OQQHH |

|i**000***leL
|R#*QOQ*H* |
l***ooo***l

{
|
I
!
I
I
I
I
|
I
i [ Fokkkddk ek |
!
!
I
I
!
!
|
!
I

|
|
I
|
I
|
|
|

SLIGHTLY GRAVELLY GREATER THAN 4.0°
|SAND. FINE-MEDIUM, WATER BEARING, GRAVELLY. LOOSE. BROWN. NO QDOR

BOULDER AT 11.5°-12.9°

16.3‘17.5 l'==’¥====l
17.5 |m==meanns |

> clo oo b oo o000 000000000000 00IKm Ao 00o oM v X P> W

I

{

|

I

|

|

I

I

I

I

|

L 16.3  |*kkOOQkA]:
I

L

| TOTAL DEPTH | |
I
I
I
|
I
|
I
!

I I
I |
l I
I |
I |
| I
| I
I |
| |
| |

LOGGED BY:

1SIZE AND TYPE OF BORING: 4 1/4" 1D CONTINUQUS FLIGHT HSA

WHK

R IS U S B A




PRECISION ENGINEERING. INC. FILE #: 97-028
LOCATION: SEE SITE PLAN ELEVATION: 5421.52

LOG QF TEST BORINGS TOTAL BEPTH: 17.5°

LOGGED BY: WHK
DATE: 3-20-97

[
| STATIC WATER: 4.0
|
I
I

BORING ID: SB8-397
PAGE : 1

MATERTAL CHARACTERESTECS
(MOTSTURE  CONDITION COLOR GRAINSIZE ETC.)

!
|
I
!
[ PID
|

ISAND, FINE, LOOSE. BROWN. VERY COBBLEY. MOIST
I

|

!

I

I

I

I

|

{ppm)
6.0-17.5
]

— O r~ ©

DEPTH }
0.0-4.5 | **0000%***|

J l*ﬁoooo***}
! | **0000%** |
I [**0000***|
| | **0000*** |
| | **Q000***|
!
|

I**OOOO***l

[**0000***]
4.5 |+%0000% %+
4.5-9.0  [*wk///%ex|5.0

l***///***l

l***///***]

|SAND, CLAYEY, WATER BEARING, LIGHT GREY, VERY LOOSE. NO QDOR
|WATER BEARING GREATER THAN 4.0 FEET

!

I

|

!

|
| !
I |
! |
I I*t*///f**l l
] I***///***l I
] l***///***l l
| |
! |
! 9.0 Eakad T A otid
' |
!
|
|
|
|

I**i///**il

I***///**kl
0-13.5  [***0Q0***| SAND. COBBLEY, WATER BEARING. NO ODOR, MODERATELY DENSE. GREY-BROWN
0 l***ooo*** l_m_
[HRkQOO*** |
| *#*QO0*** |
[ *H*Q00*** |
| £#*000***|
[R**000%**| |
[***000***| |
13.5 [RRRQ00***| |
13.5-16.5  [rxQQ&r**| |
[RaxQQRsR*] |
[HHRQQR*w*| 15 |
|
I
!
|
]

|
I
I
|
I
{
|

! !

I |

I !

! !

I |

I }

| I

1 ]

|

!

!

i |i**00****[

|

!

|

|

!

I

[

!

|

!

|

!

1

[SAND. FINE. SLIGHTLY GRAVELLY, WATER BEARING. GREY. NO ODOR

[ FaxQQ*#x |
16.5 | Rk Ak | 4
16.5-17.5 |==s=sa===|
17.5 |==azanna= |

TOTAL DEPTH | |

ACIMIENTO FORMATION

|
l
|
I
|
N

{SHALE, BLACK, FISSLE, DENSE, MO[ST, NOT WATER BEARING

f
|
I
!
!
[
I
|
|
I
]
!
I
I
|
I
|
I
|
!
|
I
l
!
|
I
|
l
|
I
|
I
!
|
|
l
]
I
I
I
|
l
|
l
|
I
I
!

b
| b
I N
I Lo
| I
I Lo
| [
I bl
l o
! Fobod
1 | I

| LOGGED BY: WHK
{SIZE AND TYPE OF BORING: 4 1/4° [D CONTINUQUS FLIGHT HSA

L—L—~—————~——L—L—~———F—r———vn—————————————————————




DEPTH | T ]

"OCATION:BLOOMFIELD REFINERY
SEE BORING PLAN

PRECISION ENGINEERING, INC.

LOG OF TEST BORINGS

FILE #:
ELEVATION:
TOTAIL DEPTH:
LOGGED BY:
DATE:

STATIC WATER:
BORING ID:
PAGE :

97-028
5420.0
15.0°
™
6-13-97
4.2
SB9-697
1

} I !
I I !
I I |
I I I
I l [

ot w
’mrﬂu:{»m

|
I
I
I
!
1

1 > QW

]

MATERIAL CTERISTICS
(MOISTURE , CONDITION, COLOR, GRAINSIZE, ETC. )

0.0-1.0

1.0-9.0

9.0 | wew_foxrr|

l'tt*-/tttl
ltttt-/"'l l
lttt-/ottt|
li't-/oittl
It*t-/ottt' I
|t't_/°ttt|
It**-/ctttl |
l*it-/ottt |
|ttt-/°tt*|
lttt-/ot*'léég
Ittt-/ottt |
l*if-/otl’fl
Ittt-/ovttl
It*t-/ol‘t*]
|ttt-/°ttt |

l**t-/otit I

Itt*-/oitt |

n noonocaonoaoanoonnnonoaonnanan

i

PID

(ppm)

|WATER BEARING @ 4.2°'

|SAND, VERY FINE TO FINE, SLIGHTLY SILTY, CLAYEY, MOIST TO WET, BROWN, NO ODOR

|SAMD, VERY FINE TO FINE, SILTY, CLAYEY, GRAVELLY, FINE TO COARSE, COBBLY, WET
|BROWN, NO ODOR

ALL SAMPLES

0

|
!
!
I
1
|
l
I
!
|
1
!
I
l
|
!
I
|
!
|
!
!
|

1
|
I
|
|
I
1

00-14 .0

~14.0

| 00CE00000 |
| 000000000 | 10
| 000000000 |
] 000000000 |

| 000000000 |
| 000000000 |
{ 000000000 |
| 000000000 |
1000000000 |

| COBBLES, GRAVELLY, FINE TO COARSE, NO ODOR

!
1

14.0-15.0
15.0

17717111171
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ASSAIGAI
ANALYTICAL
LABORATORIES, INC.

7300 Jefferson, NE « Albuquerque, New Mexico 87109 ¢ (505) 345-8964 « FAX (505) 345-7259

3332 Wedgewood, E-5 « ElPaso, Texas 79925 « (915) 593-4000 » FAX (915) 593-7820
127 kastgate Drive, 212-C ¢ Los Alamos, New Mexico 87544 « (505) 662-2558

March 12, 1999

R.T Hicks Consulting, Ltd.
4665 Indian School Road NE, Ste. 106
Albuquerque, NM 87110

Attn: R.T. Hicks
Project Number: 9902007 Site:  Giant

Seven non-aqueous or biphasic samples for fuel ID analysis were received February 1,

1999 and assigned AALI Project # 9902007. (See Table 1 for laboratory fraction IDs)

The non-aqueous portions of the samples were diluted 1000:1 in dichloromethane and
0 run by GC/FID the following February 12, 1999.

The resulting chromatograms displayed patterns that can be grouped into three
categories:

1) Very similar to AAL’s Diesel #2 standard with some reduction of alkane
constituents.

2) A pattern consisting of some compounds common to Diesel #2 with the
alkane compounds very low or absent.

3) Light Hydrocarbons, mostly <C10, pre-diesel range material.

The first pattern type was observed in samples labeled MP-4, MW-42 and MP-3.
These samples appear to be a substance very similar to AAL’s Diesel #2 standard with
some reduction in the ratios of alkane to non alkane constituents as compared to the
stock pattern. The alkanes are the large, evenly spaced peaks in the diesel pattern. See
chromatograms; 5DS0309.D, Diesel #2 at S00ppm in dichloromethane and

| 5DS0313.D, 5DS0316.D and 5DS0318.D, samples MP-4, MW-42 and MP-3

| respectively. Note that the largest peak in the stock diesel chromatogram at = 9.5
minutes is the surrogate, O-terphenyl, and is not representative of that fuel.

The second pattern type was observed in samples RW-18, MW-9 and MW-40. These
0 samples exhibit a pattern similar to a diesel pattern with the alkanes greatly reduced or
absent. The remaining pattern very closely resembles a diesel #2 fuel without the

Member:

! REPRODUCTION OF THIS REPORT IN LESS THAN FFULL REQUIRES THE WRITTEN CONSENT OF AAL.
American Council of

| THIS REPORT MAY NOT BE USED IN ANY MANNER BY THE CLIENT OR ANY OTHER THIRD PARTY TO CLAIM
Independent Laboratories, Ine. PRODUCT ENDORSEMENT BY ANY ACCREDITATION PROGRAM.




RT Hicks Consulting
March 12, 1999
9902007

alkane peaks. See chromatograms; 5DS0314.D, 5DS0315.D and 5DS0317.D, samples
RW-18, MW-9 and MW-40 respectively.

The third pattern type was observed only in the sample MW-43 extract. This sample
chromatogram displayed the majority of material eluting near the solvent front
identifying it as a material lighter than diesel such as gasoline or a similar mixture.
Comparison of the sample chromatogram with an unleaded gasoline standard prepared
in dichloromethane did not exhibit sufficient similarities to positively identify the
sample as that product but differences may be attributable to field effects. See
chromatograms; 5DS0383.D, unleaded gasoline 1000x in dichloromethane and
5DS0319.D, sample MW-43.

The majority of detector response for all samples except MW-43 was observed in a
range that corresponds to decane (C10 @ 3.59min) through nonadecane (C19 @
"9.48min). The quantities observed for the sample extracts compared to the standard
are such that the samples can be presumed to be completely, or nearly completely,
weathered diesel (#2) or a similar fuel.

Table 1
Project # 9902007

Laboratory | Field Pattern observed
Fraction ID | ID

-01A MP-4 Very similar to AAL’s Diesel #2 standard with some reduction of alkane

constituents.

-02A RW-18 | A pattern consisting of some compounds common to Diesel #2 with the
alkane compounds very low or absent,.

-03A MW-$ A pattern consisting of some compounds common to Diesel #2 with the

alkane compounds very low or absent.

-04A MW-42 | Very similar to AAL’s Diesel #2 standard with some reduction of alkane
constituents.

-05A MW-40 | A pattern consisting of some compounds common to Diesel #2 with the
alkane compounds very low or absent.

-06A MP-3 Very similar to AAL’s Diesel #2 standard with some reduction of alkane
constituents.

-07A MW-43 | Light Hydrocarbons, mostly <C10, pre-diesel range material.

We appreciate the opportunity to perform analytical work for you. If you have any
questions, please call.

Respectfully submitted,

David Hun
Organics Supervisor - Assaigai Analytical Laboratories, Inc.




\ Assaigal Analytical Laboratories, inc. (

Certificate of Analysis

| ”nt: RT HICKS CONSULTING, LTD
foject: 9809304  GIANT BLOOMFIELD

Client ' Sample Sample 09/26/98
Sample ID SB H4 5 Matrix Collected
Dilution Detection Run
Fraction QC Group CAS# Result Units Factor Limit *  Sequence Date
Test: SW846 8015A/8020A GRO / Purgeable Aromatics
9809304-03A X98441 71432 Benzene ND mg/Kg 1 0.005 XG.1998.874-5 09/29/98
X98441 100-41-4 Ethylbenzene ND mg / Kg 1 0.005 XG.1998.874-5
X98441 95-47-6 o-Xylene ND mg/Kg 1 0.005 XG.1998.874-5
X98441 p/m Xylenes ND mg / Kg 1 0.01 XG.1998.874-5
X98441 108-88-3 Toluene ND mg/Kg 1 0.005 XG.1998.874-5
Client ’ Sample Sample 09/26/98
Sample ID SB H4 18 Matrix Collected 15:05:00
Dilution Detection Run
Fraction QC Group CAS# Result Units Factor Limit *  Sequence Date
Test: SW846 8015A/8020A GRO / Purgeable Aromatics
9809304-04A X98449 71-43-2 Benzene 27 mg/Kg J 2500 0.005 XG.1998.879-4 10/01/98
X98449 100-41-4 Ethylbenzene 27 mg ! Kg 2500 0.005 XG.1998.879-4
0 X98449 95478 o-Xylene ND mg / Kg 2500 0.005 XG.1998.879-4
X98449 p/m Xylenes ND mg/Kg 2500 0.01 XG.1998.879-4
X98449 108-88-3 Toluene 29 mg/ Kg 2500 0.005 XG.1998.879-4
Client ’ Sample Sample 09/26/98
Sample ID SB H4 14 Matrix Collected 14:45:00
Dilution Detection Run
Fraction QC Group CAS# Result Units Factor Limit *  Sequence Date
Test: SW846 8015A/8020A GRO / Purgeable Aromatics
9809304-05A X98449 71432 | Benzene ND mg/ Kg 1 0.005 XG.1998.878-7 10/01/98
X98449 100-41-4 Ethylbenzene ND mg/ Kg 1 0.005 XG.1998.879-7
X98449 85-47-6 o-Xylene ND mg ! Kg 1 0.005 XG.1998.879-7
X98449 p/m Xylenes ND mg/Kg 1 0.01 XG.1998.879-7
X98449 108-86- Toluene ND mg ! Kg 1 0.005 R XG.1998.879-7
Client . Sample Sample 09/25/98
Sample ID MW-26 PSH Matrix Collected 10:26:00
Dilution Detection Run
Fraction QC Group CAS# Result Units Factor Limit * Sequence Date
Test: Modified 8015 Carbon Chain ID by GC/FID
9809304-06A X98452 cos ND mg/L 1000 10 XG.1998.888-4 10/06/98
‘ m X98452 C09-C10 120000 mg/L 1000 10 XG.1998.888-4
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Assaigal Analytical Laboratories, Inc.

Certificate of Analysis

"ent: RT HICKS CONSULTING, LTD

oject: 9809304 GIANT BLOOMFIELD
9809304-06A X98452 C11-C12 320000 mg/L 1000 10 XG.1998.888-4 10/06/98
X98452 C13-C14 180000 mg/L 1000 10 XG.1998.888-4
X98452 C15-C16 33000 mg/L 1000 10 XG.1998.888-4
X98452 C17-C18 ND mg/L 1000 10 XG.1998.888-4
X98452 C19-C20 ND mg/b 1000 10 XG.1998.888-4
X98452 C21-C22 ND mg/L 1000 10 XG.1998.888-4
X98452 C23-C24 ND mg/L 1000 10 XG.1998.888-4
X98452 C25-C26 ND mg/L 1000 10 XG.1998.888-4
X98452 Estimated>C26 ND mg/L 1000 10 XG.1998.888-4
Test: SM 2710F
9809304-06A  MT.1998.2596 \ | Specific Gravity 0.75 g 1 l 0.015 { MT.1998.2596-1 10107198
Test: SW846 8240B Purgeable VOCs by GC/MS
9809304-06A X98435 75-34-3 1,1 Dichloroethane ND mg/ Kg 100000 0.005 E XG.1998.900-3 10/09/98
X98435 76-35-4 1,1 Dichloroethene ND mg/ Kg 100000 0.005 E XG.1998.900-3
X98435 71-55-6 1,1,1 Trichloroethane ND mg/Kg 100000 | 0.005 E XG.1998.900-3
X98435 830-20-8 1,1,1,2 Tetrachloroethane ND mg/ Kg 100000 ‘ 0.005 E XG.1998.800-3
X98435 79-00-5 1,1,2 Trichloroethane ND mg/ Kg 100000 | 0.005 E | XG.1998.900-3
X98435 78-34-5 1,1,2,2 Tetrachloroethane ND mg / Kg 100000 0.005 E XG.1998.900-3
X98435 106-93-4 1,2 Dibromoethane (EDB) ND mg / Kg 100000 ‘ 0.005 E XG.1998.900-3
X98435 95-50-1 1,2 Dichlorobenzene ND mg/Kg 100000 | 0.005 E X(.1998.900-3
X98435 107-06-2 1,2 Dichloroethane ND mg/ Kg 100000 : 0.005 E XG.1998.900-3
X98435 76-81-5 1,2 Dichloropropane ND mg / Kg 100000 | 0005 E | XG.1998900-3
0 X98435 96-18-4 1,2,3 Trichloropropane ND mg/ Kg 100000 | 0.005 E XG.1998.900-3
X88435 541-73-1 1,3 Dichlorobenzene ND mg/Kg 100000 0.005 E XG.1998.900-3
X98435 764-41-0 1,4 Dichloro-2-butene ND mg/Kg 100000 0.05 E | XG.1998.900-3
X98435 106-46-7 1,4 Dichlorobenzene ND mg / Kg 100000 1 0.005 € | XG.1998.900-3
X98435 78-93-3 2-Butanone (MEK) ND mg/Kg 100000 0.025 1E XG.1998.900-3
X9B435 110-75-8 2-Chloroethylvinylether ND mg/Kg 100000 0.025 E XG.1998.900-3
X98435 591-78-6 2-Hexanone (MBK) ND mg/Kg 100000 | 0.025 E | XG.1998.900-3
X98435 108-10-1 4-Methyl-2-pentanone (MIBK) ND mg/ Kg 100000 0.025 E XG.1998.900-3
X98435 67-64-1 Acetone ND mg/ Kg 100000 0.025 1€ | XG.1998.900-3
X98435 107-02-8 Acrolein ND mg ! Kg 100000 0.1 € | XG.1998.900-3
X98435 107-13-1 Acrylonitrile ND mg/Kg 100000 0.1 E XG.1998.900-3
X98435 71-43-2 Benzene ND mg/Kg 100000 0.005 € XG.1998.900-3
X98435 15-27-4 Bromodichloromethane ND mg ! Kg 100000 0.005 £ XG.1998.900-3
X98435 75-25-2 Bromoform ND mg/ Kg 100000 0.005 E XG.1998.900-3
X98435 74-83-9 Bromomethane ND mg/ Kg 100000 0.025 E XG.1998.900-3
X98435 75-15-0 Carbon disulfide ND mg / Kg 100000 0.025 E | XG.1998.900-3
X98435 56-23-5 Carbon tetrachloride ND mg/ Kg 100000 0.005 E XG.1998.900-3
X98435 108-80-7 Chlorobenzene ND mg / Kg 100000 0.005 E XG.1998.900-3
X98435 124-48-1 Chlorodibromomethane ND mg / Kg 100000 ‘ 0.005 E | XG.1998.900-3
X98435 75-00-3 Chloroethane ND mg / Kg 100000 0.025 E XG.1998.900-3
X98435 87-66-3 Chloroform ND mg / Kg 100000 0.005 E XG.1998.900-3
X98435 74-87-3 Chloromethane ND mg/Kg 100000 0.025 E XG.1998.900-3
X98435 158-59-2 cis-1,2 dichloroethene ND mg / Kg 100000 0.005 € XG.1998.900-3
X98435 10081-01-5 cis-1,3 dichloropropene ND mg/Kg 100000 0.005 E XG.1998.900-3
X98435 74-95-3 Dibromomethane ND mg/ Kg 100000 0.005 E XG.1998.900-3
X98435 87-63-2 Ethyl methacrylate ND mg/Kg 100000 0.025 E XG.1998.900-3
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Plate 13: March 1995 Poteniometric Surface

June 1999
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Plate 14: October 1986 Poteniometric Surface

June 1999
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Plate 23: Benzene Concentrations April 1999

June1999
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