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6.4 MONITORING WELL INSTALLATION

The proper placement of monitoring wells is critical to collection of
valid and representative groundwater samples. Selected drilling
equipment will be decontaminated prior to use. Screens will be set at
the appropriate depth and wells thoroughly developed. The
installation of monitoring wells will be conducted using a hollow-
stem auger drilling technique. All drilling at the Giant Refinery site
will be conducted following the ASTM Standard Guide Designation
D5784-95; drilling procedures are discussed in Appendix A.
Decontamination procedures for field activities are described in
ASTM Standard Guide Designation D5088-90 and discussed in
Appendix A. Following these Standards will reduce measurement
error. The rationale for the placements of the wells, which appears in
Table 2, addresses and minimizes sampling design error. Total study
error, the sum of measurement and sampling design error, is thereby
kept to a minimum.

6.5 SEEP SAMPLING POINT INSTALLATION

Water seepage along the cliff between the San Juan River and
Hammond Ditch has necessitated three unique procedures to install
sampling points. Seep sampling point 1 (Seep 1 on Plate 4) employs a
simple method to direct surface flow from a small spring into a
discharge tube. We dug a small basin at the discharge point, inserted
the plastic tube into the basin and placed gravel and cobbles over and
around the tube. Water now flows through the tube, permitting
uniform sampling of this location.

We used a fall-protection safety harness to install the sampling tubes
at Seeps 2 and 3, which are located in the middle of a sheer cliff. At
these locations, the basin into which the plastic tube is inserted was
excavated into the Nacimiento Formation. Cobbles and gravel hold
the sampling tubes in place.

Seep 4 is constructed in a manner similar to Seep 1. At this site,
however, a sampling tube was not necessary because the sampling
point is readily accessible. We used a well bailer as the sampling tube
for this site.
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Groundwater also seeps to the surface due west of the Refinery. Here
Hicks Consultants installed a temporary drive point to permit
uniform sampling of groundwater. This location, Seep 5, serves to
define the lateral extent of hydrocarbons north of MW-12.

6.6 RISK ASSESSMENT UPDATE

We will use hydrogeologic data, collected as discussed above;
predictive modeling data, generated as discussed below; and
demographic/ecological data for the updated risk assessment.
Collection of demographic and ecological data is straightforward.
County records supply information on current land ownership and
zoning. Data from the State Engineer’s Office should identify most

water supply wells in the area. Published reports identify endangered

species and sensitive habitats. We will perform a field inspection to
verify the results of the records search.

6.7 BIOPLUME lil SIMULATION MODELING

The documentation for the BIOPLUME III simulation modeling is
available upon request. Hicks Consultants will provide a copy of the
instruction manual, or the reader may obtain a copy directly from
www.epa.gov/ada/models.html. Whereas some input parameters
may be identical to previous simulations conducted by others, our
model will be calibrated to the 14 years of groundwater data at the
Refinery.

6.8 REPORT PREPARATION
All reports, including QA progress reports, adhere to the following
process:
1. Prepare Table of Contents, List of Figures, List of Tables, List of
Appendices.
- 2. Prepare data tables and draft figures.
3. Prepare first draft text.
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4. Peer review of first draft including comparison of text with
figures and tables.

5. Modification of text, figures and tables as dictated by peer
review,

6. Technical edit, final correlation of data, figures and text.

7. Final draft document assembly and review by R. Hicks.

8. Review by client.

9. Respond to comments, additional editing, prepare final report.
10. Submit to appropriate agencies.

All data placed in tables for the report will meet QA/QC
requirements or will be flagged for use with caution. The peer-review
will spot check each table, comparing the information on the table
with original data from field books, laboratory reports, etc. Figures
presenting data are derived from the tables described above.

Dr. Laura Gutman edits all documents for Hicks Consultants. Her resume is in
Appendix B.
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Table 1
Previous Site Investigations

Date Title Author Summary
8-5-85 RCRA 3013 Final Workplan Bloomfield Refining A Comprehensive Groundwater Study Proposal to
Company determine the extent of the hydrocarbon plume. Monitor
wells MW-1 through MW-6 installed in February 1984 in
~_preparation for the workplan submittal.
6-2-86 Report on Subsurface Bloomfield Refining  This study first identified hydrocarbons outside of the
Hydrocarbon Data Company refinery boundaries. Bloomfield Refining Company
installed monitoring wells MW-7 through MW-10.
8-20-86  Final Closure Plan for the APl  Engineering This study provides data on waste material and
Wastewater Ponds, Landfill, Science underlying soils associated with these solid waste
and Landfill Pond at the management units. All analytical results were consistent
Bloomfield Refinery with clean closure for all of the subject areas.
2-6-87  AFinal Report on Section Engineering Identification of hydrocarbons in the unsaturated zone.
3013 Administrative Order Science
Work Elements
4488 Site Investigation and Geoscience Computer modeling determined that a three well
Remedid Action Conceptual ~ Consultants, Ltd. recovery system would be optimal to minimize further
Design for the Bloomfield (GCL) hydrocarbon migration.
Refining Company
8-3-89 Final Report on Soil Vapor Geoscience Hydrocarbons are evident south of the site on BLM land.
Survey, Well Installation and ~ Consultants Ltd. The study proposed a recovery well system to minimize
‘ Hydrocarbon Recovery (GCL) hydrocarbon migration from the refinery.
System
2-11-92  Interim Measures Work Plan  Groundwater The proposed Interim Measures were: install two
Technology (GT1) additional recovery wells, implement a pumping system,
survey wells, gauge liquid levels in the wells, perform
startup tests for the two new recovery wells and
monitoring of all new equipment.
3-29-93  RCRA Facility Investigation GTI The report describes surface and subsurface conditions
{RF1)-Task 1 and Task i and provides a draft work plan to conduct the RFI.
2-2-94 RFI-Phase I-Soil Gas Survey ~ GTl (subcontracted  The highest levels of hydrocarbons are the areas
to Burlington around the flare, the roadway south of Tanks 11 and 12,
Environmenta) and the area surrounding Tanks 24 and 28.
4-22-94  RFI-Phase II-Soil Boring GTI (Drilling The area around the product loading area was not
Investigation contracted to found to be significantly impacted by a product release
Westem or to be a hydrocarbon source area.
Technologies)
6-23-94  RFl-Phase llIl-Well GTI Al wells not containing SPH were sampled (16). See
Installation/1¢t Groundwater analytical table for specific results.
Sampling Event
9-30-94  RFl-Phase lll-2m GTl All wells not containing SPH were sampled (16). See

Groundwater Sampling Event

analytical table for specific results.




! . Table 1, cont.

Date
7-30-94

Title

RFI- Phase IV-Uppemost
Aquifer Hydraulic Testing
and Modeling

Author
GT!

S ERY

Values calculated for transmissivity and hydraulic
conductivity were indicative of a high-permeability
saturated zone. Fast accumulation of SPH in the cone-
of-depression during pumping indicated that dual liquid
removal is an alternative for the collection of the SPH.

1 8-16-94

RFi-Phase IV-Soil Vapor
Extraction/Air Sparging Pilot
Studies

GTi (Subcontracted
drilling to Layne
Environmenta
Services)

Calculated effective radii of influence for the shallow
zone ranged from 2 feet to 36 feet. Any vapors
generated as a result of sparging can be captured and
contained by the vacuum system. Hydrocarbon mass
removal rates ranged from .20 Ib./hr to 5.5 Ib./hr.

8-14-94

RFI-Phase V-Stream and
Sediment Sampling

GT!

Stream and sediment sample anaysis show no
significant impact to the Hammond Ditch or the San
Juan River.

! 12-21-95

Human Health and
Ecological Risk Assessment

GT!

There are no unacceptable risks to human health and
environment unless the shallow unsaturated zone is
used for potable water.

12-21-95

Corrective Measures Study

GTI

A summary using the previous investigations to
determine the best course of action at the GRC site.
The study recommended air sparging, SPH recovery
and vapor extraction.




Table 2
. Soil Borings, Soil Sampling, Monitor Well Installation and Seep Sampling Points

Sampling

Point

Location

Parameters Tested

Rationale

Cliffside Seep S1  NE of flare Water. BTEX Groundwater from the Jackson Lake Terrace deposits
flows from seeps along the cliff between the Hammond
Imigation Ditch and the San Juan River. These flows must
be tested for petroleum hydrocarbons.

Cliffside Seep S2 N of flare and Water; BTEX As above

MW-24
Cliffside Seep S3 W of flare Water. BTEX As above
Cliffside Seep S4  West of S3, Water: BTEX As above
N of P-1
Seep S5 N of MW-12, Water. BTEX A man-made excavation created a groundwater seep in
W of P-1 this area. A sampling point in this area will determine the
northwestemn extent of hydrocarbons in the Jackson Lake
Temrace deposits.

MW-39 E of RW-23 Water; BTEX Well MW-7 penetrates the Nacimiento Formation. Three
wells are required to determine the general hydraulic
gradient in Nacimiento Formation and to characterize
water quality in this unit across the Refinery. This well in
addition to MW-7 and MW-44 will define the hydraulic

_gradient in the Formation.
MW-43 Between NOWP  Soil: BTEX, PAHS, In previous AOCs, the EPA suggests that the NOWP
and metals and/or SOWP may have contributed hazardous waste
Groundwater: BTEX, constituents to groundwater. This soil and groundwater
PAHs, metals sampling point will add data to assist in the determining if
these RCRA units contributed hydrocarbons or other
constituents to groundwater.

MW-44 Near MW-30 Water: BTEX Well MW-7 penetrates the Nacimiento Formation. Three
wells are required to determine the genera hydraulic
gradient in Nacimiento Formation and to characterize
water quality in this unit across the Refinery. This well in
addition to MW-7 and MW-39 will define the hydraulic
gradient in the Formation.

SB-1 South of RW-23  Soil: BTEX, PAHSs, Shallow hand auger borings in this area show petroleum

and north of metals hydrocarbons in soil. Tanks within this berm overflowed
RW-22 Groundwater: BTEX, and leaked. Results of the analyses will be compared to
PAHSs, metals results of borings near the NOWP and SOWP in order to
assist with detemining the source(s) of subsurface
hydrocarbons

SB-2 Between the Soil: BTEX, PAHSs, In previous AOCs, the EPA suggests that the NOWP

NOWP and metals and/or SOWP may have contributed hazardous waste

SOWP, west side  Groundwater: BTEX, constituents to groundwater. This soil sampling point will

of ponds PAHs, metals add data to assist in the determining if these RCRA units
contributed hydrocarbons or other constituents to
groundwater.

HA-1 East of RW-18, Soil: BTEX, PAHs, In this area that formerly housed aboveground storage

west of NOWP metals tanks, product overflow and tank leakage is documented.
Groundwater: BTEX, Results of the analyses will be compared to results of
PAHs, metals borings near the NOWP and SOWP in order to assist with

determining the source(s) of subsurface hydrocarbons




Table 3

Working Hypotheses

e Null Hypothesis

If subsurface petroleum hydrocarbons originated
from hazardous waste management units and/or
solid waste management units, then RCRA and
the NMHWMR must regulate site restoration
activities.

e Alternative Hypothesis

If subsurface petroleum hydrocarbons originated from
storage tank leakage and product spills, then site
restoration activities must be regulated by the WQCC.

If existing data and the field programs proposed
herein do not adequately characterize the
magnitude and extent of petroleum hydrocarbons
and permit the selection of an appropriate
abatement strategy, then further investigation is
required

If existing data and the field programs proposed herein
adequately characterize the magnitude and extent of
petroleum hydrocarbons and permit the selection of an
appropriate abatement strategy, then further
investigation is not required

If the risk to human health and the environment
increases over time to unacceptable levels under
an abatement strategy that employs natural
restoration over most of the site, then the existing
hydrocarbon/groundwater recovery system must
be expanded to capture additional subsurface
hydrocarbons.

If the risk to human health and the environment does not
increase over time to unacceptable levels under an
abatement strategy that employs natural restoration
over most of the site, then the existing
hydrocarbon/groundwater recovery system may remain
status quo or shut down,




Table 4

Data Sources for Abatement Plan Investigation

Elevation Measurements Sources of Data

Groundwater in Jackson Lake Terrace Sediments

Direct measurement and previous reports

Groundwater in Nacimiento Formation

Direct measurement and previous reports

Groundwater in San Juan River Sediments

Previous reports and future observation points

_Separate Phase Hydrocarbon (SPH) in monitor wells

Direct measurement and previous reports

Top of Nacimiento Formation/base of Jackson Lake
Terrace Sediments

Direct measurement and previous reports

Top of Jackson Lake Sediments

Direct measurement and previous reports

Geologic and Hydrologic Observations and
Measurements

Lithology of saturated zone Previous reports and direct observation
Lithology of unsaturated zone Previous reports and direct observation
Hydraulic conductivity and storage coefficient of Previous reports and published values
Jackson Lake Sediments

Hydraulic conductivity and storage coefficient of
Nacimiento Formation

Previous reports and published values

Location of groundwater recharge areas (natural and  Direct observation
artificial)

Location of groundwater discharge areas (natural Direct observation
and artificial)

Human Heaith and Ecological Risk Inventory

Property ownership County records

Source of drinking water

State Engineer Records, interviews and inspections

Zoning and land use

County records

Proposed or anticipated changes to status quo (e.g.
future lining of Hammond Ditch)

Interviews of zoning officials and county planners

Endangered species Published reports
Sensitive habitats Direct observation
Groundwater Chemistry

Benzene, Toluene, Ethylbenzene and Xylenes
(BTEX)

Direct sampling followed by analysis and previous
reports

Naphthalene

Direct sampling followed by analysis and previous
reports

Total Dissolved Solids (TDS)

Direct sampling followed by analysis and previous
reports

Field Parameters: Temperature, Conductance, pH

Direct sampling followed by analysis and previous
reports

Intrinsic Remediation Parameters: Dissolved
Oxygen, Sulfate, Nitrate, Ferrous/Ferric Iron,
Methane, Manganese

Direct sampling followed by analysis and previous
reports

Arsenic, Barium, Chromium and Lead

Direct sampling followed by analysis and previous
reports

Additional Cations and Anions: Sodium, Calcium,
Chloride, Carbonate

Direct sampling followed by analysis and previous
reports

Soil and Sediment Chemistry

Benzene, Toluene, Ethylbenzene and Xylenes
(BTEX)

Direct sampling followed by analysis and previous
reports

Naphthalene,

Direct sampling followed by analysis and previous
reports

Total Organic Carbon

Direct sampling followed by analysis and previous
reports

Arsenic, Barium, Chromium and Lead

Direct sampling followed by analysis and previous
reports




' Table 5
Decision Rules and Action Levels for Selected Data

Parameter of

Interest Action Level Decision Rule

Off-site Groundwater  WQCC Standards, MCLs  If concentrations at a place of potential future use (e.g. supply well,

Chemistry (SDWA) spring) exceed action levels, then a remedy must be proposed to a
regulatory agency.

Soil Chemistry Near ~ RCRA TC limits If concentrations of hazardous constituents in soil cause

RCRA Units classification of soil as RCRA characteristic, Hazardous Waste
Regulations will govern corrective actions associated with that soil

Groundwater RCRA Groundwater If concentrations of hazardous waste constituents beneath or down

Chemistry near Standards gradient from RCRA units are statistically greater than

RCRA Units concentrations up gradient from these units, then a release from
these units is probable.

Groundwater Soil Chemistry Near If concentrations of hazardous waste constituents beneath or down

Chemistry near RCRA Units gradient from RCRA units are statistically similar to soil chemistry

RCRA Units from these units, then a release from these units is probable.

Groundwater Soil Chemistry near If concentrations of hydrocarbon constituents beneath or down

Chemistry near Storage or Process Units  gradient from Storage Tanks or process units are statistically similar

Storage Tanks or to soil chemistry near these units, then a release from these units is

Process Units probable.

Rate of Change, Increasing Concentration  If hydrocarbon concentrations are declining over time then

Hydrocarbons in groundwater pumping and/or natural restoration are the active

‘ Groundwater mechanisms accounting for this decline.

SPH in recovery 0.25 feet If SPH in any recovery well is less than 0.25 feet then we will

wells recommend that the pumping system in that well be shut down.

Benzene WQCC Standard and If a calibrated aquifer simulation model (Bioplume HI) predicts that

concentrations MCL the selected remedy will meet the action level within an acceptable

timeframe then the agency may approve the selected remedy
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PROCEDURES FOR HOLLOW-STEM AUGER DRILLING AND
MONITORING WELL INSTALLATION

This plan describes the work to be performed during soil boring and
monitor well installation using hollow-stem auger drilling
techniques.

SOIL BORING

Prior to the drilling company mobilizing the drill rig to the site, a
utility survey will be conducted to ensure that borehole sites are not
located over buried pipes or electric lines. Soil boring and lithologic
sampling will be conducted at each location at the site. Drilling will
be performed using a large-diameter hollow-stem auger. All drilling
equipment will be steam-cleaned before initiation of drilling at each
borehole. The steam cleaner, capable of generating water
temperatures of at least 160°F, will be supplied by the drilling
contractor. The on-site geologist will log core soil samples. Other
field notes will be made in a bound field notebook.

MONITOR WELL INSTALLATION

All monitoring wells will be drilled with a hollow-stem auger drill rig.
Prior to starting each well, personnel will steam clean the rig and all
drilling tools in the decontamination area. A decontamination pad
will be constructed on the Giant Refinery site for this purpose.

The well casings for the wells will be composed of 2-inch, flush joint,
polyvinyl chloride (PVC) pipe, pre-cleaned and prepackaged by the
manufacturer. The screen, a 10-foot riser pipe, and a 5-foot capped
tailpipe will be composed of PVC. The well will have a 10-foot PVC
screen, six feet of sand pack, one foot of time release bentonite and
20 feet of Portland grout. The monitor well screens will be placed at
the air/water interface, extending to 3 feet above the static water
level and 7 feet below.

After the well casing has been installed, the auger flights will be
retrieved in 5-foot intervals. Pre-cleaned and prepackaged 8/12 or
10/20 silica sand will be poured down the auger annulus to fill the
void left as each 5-foot flight is removed. This sand, combined with a
small volume of formational sand that may slough into the borehole
during retraction of the auger column, will provide the filter pack for
the well screen. The sand will be placed to a level of 2 to 5 feet above

QAPjP
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the top of the screen. A 2- to 3-foot thickness of less permeable 20/
40 sand will be placed directly above the gravel pack to protect it
from bentonite and cement slurry intrusion.

The wellhead will be completed with the installation of a flush-to-
grade concrete slab and waterproof steel vault. A certified land
surveyor will survey the locations and elevations of the monitoring
wells.

All construction activities will be performed in accordance with
accepted industry standards, following a health and safety plan
designed by R.T. Hicks Consultants Health and Safety Officer Ron
Beethe, a certified industrial hygienist.

WELL DEVELOPMENT

Well development will be conducted in one or two phases: bailing
and pumping. In the first phase, water will be bailed from the well to
remove large amounts of clay and silt. Bailing will also serve as a
verification of proper well alignment. During the second phase of
well development, a 2-inch submersible pump will be installed in the
well and operated from several different levels within the screened
interval. If low well yields are encountered in a well, an air-driven
ejector pump may be used to develop the wells. We will consider the
well fully developed when the indicator parameters of pH,
temperature and electrical conductance of water sampled from the
well have stabilized over three consecutive measurements. Stability
of parameters will be allowed to vary + 0.2 units for the pH, + 50
umbhos for the conductivity, and + 1° C for the temperature. Wells
that do not stabilize within a reasonable amount of development
(within 1.5 times the volume of water introduced to the formation)
will be examined on a case-by-case basis. On-site Hicks Consultants
personnel will determine the cause of the problem (such as pump
rate variation or particular aquifer characteristics) and document the
problem and solution in the field notebook. The volume of water
introduced to the borehole will be calculated from beginning drilling
fluid volume and final mud pit fluid volumes. All produced water will
be contained in the same pits used to contain drilling fluids. Cuttings
and fluid will be disposed of in accordance with applicable
regulations.

QAPIP
ABATEMENT PLAN PROPOSAL - Giant Bloomlield Refinery Page 21
December 21,1998




R.T. Hicks CONSULTANTS, LTD.

PROCEDURES FOR COLLECTING SOIL SAMPLES FROM
DRILLING ACTIVITIES

Sampling of soil borings may be collected during field drilling
operations to further delineate horizontal and vertical hydrocarbon
constituent effects. However, analytical analyses and collection of
soil boring samples are not included in the Abatement Plan and will
be collected only if the samples will provide sufficient information to
further delineate and quantify effected zones. Should collection and
analysis of boring samples be required, the boring holes will be
drilled with a hollow-stem auger drill equipped with 5-foot sections
of a continuous coring device. Soil samples will be collected from the
base of each 5-foot interval until the water table or clay aquitard is
encountered. The ASTM standards for Hollow-Stem Auger drilling
will be used as guidelines for these drilling activities.

Soil samples may be analyzed for benzene, toluene, ethylbenzene and
xylenes (BTEX) and semi-volatile organic compounds (SVOC), using
| SW846 Methods 8021 (or 8260) and 8270 respectively. Standard
| . operating procedures for QA; sample control, custody, and
management; equipment calibration; equipment decontamination;
analytical laboratory and field QA/QC; data management; and
preventative maintenance are provided below.

QAPIP
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PROCEDURES FOR DECONTAMINATION OF GROUNDWATER
SAMPLING EQUIPMENT

To prevent contamination of samples or monitoring wells, all
sampling equipment must be thoroughly cleaned prior to each use.

Unless documentation states otherwise, any equipment, either new
or previously used, should be assumed to be contaminated and
should undergo the level of decontamination appropriate to its
intended use and construction.

Sampling equipment dedicated to a particular well will be cleaned
prior to installation and after any maintenance requiring its removal
from the well. Other equipment will be cleaned prior to use at each
individual site. The procedures for cleaning field equipment are
described in the SOP for groundwater sampling.

The contract laboratory provides all containers used for the

collection of samples. These containers are prepared by an

independent company and sent to the laboratory with a certificate
. stating that they are clean.

These procedures are designed to fully comply with the requirements
of RCRA groundwater monitoring.

REFERENCES

US Environmental Protection Agency, 1986a. RCRA Groundwater
Monitoring Technical Enforcement Guidance Document

US EPA, 1996b. Test Methods for Evaluating Solid Waste: EPA
report SW-846; Volume I: Physical/Chemical Methods
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PROCEDURES FOR PURGING & SAMPLING MONITOR WELLS

Procedures to be used in purging and sampling wells for
determination of water quality and potential contamination are
described herein. These procedures are consistent with Federal
regulations and specifically designed to comply with groundwater
monitoring requirements under the Resource Conservation and
Recovery Act (RCRA).

HEALTH & SAFETY COMPLIANCE

All personnel will read and sign the site-specific Health & Safety Plan
before sampling can begin. Additionally, there will be an on-site H &
S meeting to go over the Plan before on-site personnel will be
allowed to start any work.

OUTLINE OF GENERAL PROCEDURES

PREPARATIONS FOR SAMPLING

Before proceeding to the field area, all necessary equipment and
. supplies should be on hand. To the extent possible, all equipment
and supplies should be decontaminated before proceeding.

Equipment and supplies needed for collecting representative
groundwater samples include:

« An electronic water level indicator

» Distilled water and washing containers
« Brushes and laboratory soap

« Heavy plastic bags

« Paper towels or clean rags

» Zip bags

» Latex gloves

« A submersible pump

» A hose to direct any discharge, and containers to
receive the discharge

« Plastic sheet film
« A graduated bucket
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Before any procedures begin, the area around the well must be
covered with plastic sheeting. Avoiding any type of contamination is
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« Bottom-filling Teflon bailers and cord

» All necessary sample containers with appropriate
preservative

« Thermometer

» Specific conductance meter

« Field logbook

« Ice and cooler for samples

» Waterproof pens (fine-point and ultrafine-point)
+ Chain-of-custody forms

« A watch for use in determining pumping rates

» At least four 5-gallon buckets

important. Have all necessary equipment ready.

Record weather conditions and the time in the field book. Record
well number and parameters to be tested. Write all important field
conditions in the field notebook. Write anything unusual in the book.
It is very easy to recall any field activity when it is written in a field

book. Take pictures if necessary.

DETERMINING WATER LEVEL

Using a water level probe or other suitable device, measure the depth
to water (DTW) in the well. Lower an electronic sounder into the
well. When the alarm sounds, adjust the tape until the exact water
level is apparent. Record the water level. If approximate total depth
(TD) of the well is not known, it will also be necessary to measure TD
with the probe. Lower the tape carefully until it softly hits the bottom
of the well; adjust the tape until the exact depth is apparent. Record

the depth. Wash the probe properly.

DETERMINING VOLUME OF WATER TO BE PURGED FROM THE WELL

Normally, at least three casing volumes of water are purged from the

well. Purge volumes are determined as follows:

QAPjP

» Measure the inside diameter of the casing. Convert to feet.

« Find the inside radius by dividing the diameter by 2.
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» Determine one casing volume in cubic feet (Vcf) by
calculating:

Vef = ((r)*(TD-DTW))

» Determine one casing volume in gallons by multiplying Vef
by 7.48 gals/ft3

» Multiply by 3 to determine total volume of water to be
pumped from the well.

When purging low yield wells, pump the well once to dryness.
Samples should be collected as soon as the well recovers. When full
recovery exceeds three hours, samples should be collected as soon as
sufficient water volume is available.

PURGING THE WELL
Currently, standards allow for several types of equipment and
methods for purging wells. The two we will be using are:

« Disposable bailers
« A small submersible pump manufactured by Geotest

At no time during the purging should the evacuation rate be high
enough to cause the groundwater to cascade back into the well; this
causes excessive aeration and potential stripping of volatile
constituents.

The actual volume of purged water can be measured by several
acceptable methods.

« When bailers are used to purge, the actual volume of
each bailer’s contents can be measured using a
calibrated bucket.

« If a pump is used for purging, the pump rate can be
determined by using a bucket and stopwatch. The
necessary volume can then be reached by timing the
purge.

Monitor temperature and specific conductance of the water purged
until these parameters have stabilized by the time three casing
volumes have been withdrawn. If stabilization has not been achieved
by that time, continue purging until it is achieved.

QAPjP
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DISPOSAL OF PURGED WATER

Dispose of pumped water in a manner that poses no threat of further
contamination to any surface or to the groundwater.

INITIAL SAMPLING FOR FIELD PARAMETERS

Begin sampling by withdrawing water from the well using a
disposable bailer or pump. Place the first water withdrawn in a clean
bucket that has been rinsed with the well water. Use this sample for
field measurement of temperature and specific conductance.

DETAILED DESCRIPTION OF SAMPLE COLLECTION PROCEDURES

GENERAL CONSIDERATION

The technique used to withdraw a groundwater sample from a well
should be selected based on a consideration of the parameters that
will be analyzed. To maximize the probability that groundwater
samples are representative of the aquifer, it is important to avoid
physically altering or chemically contaminating the samples during
collection, withdrawal and containerization.

The preferred sampling device for all parameters is a disposable
bottom filling bailer.

General sampling procedures include the following:

» Clean sampling equipment should not be placed
directly on the ground. Use a drop cloth or feed line
from clean reels.

« Slowly lower sampling equipment into the well to avoid
degassing of the water and damage to the equipment.

« Check the operation of the bailer check valve
assemblies to confirm free operation.

Samples are collected and contained in the order prescribed in

Table A-1. The table lists the preferred sample collection order for
the groundwater parameters. Volatilization of sample parameters
can be a problem if samples are collected inappropriately. With the
exception of dissolved metals collection, which requires a disposable
filter that fits on the pump effluent tube, samples will always be
taken in the order listed in Table A-1.
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Table A-1
Preferred Order of Sample Collection

1. Volatile Organic Compounds (VOA)
2. Methane

3. Semi-Volatile Organic Compounds (SVOC)/
Polynuclear Aromatic Hydrocarbons (PAH)

4. Other Parameters (various)
Nitrate
Sulfide
Cations
Anions
Other Metals

COLLECTION OF VOLATILE ORGANIC SAMPLES

Collection of samples for volatile organic analysis (VOAs) should be
taken from the first bailer removed from the well after purging,
immediately following collection of the sample for field analysis and
dissolved metals. Two people are needed to collect the sample. One
person should retrieve the bailer from the well and place the bottom
over a VOA container (40-ml vial) held by the second person. The
second person should insert the bottom-emptying device into the
bailer, bring the vial to the tip of the bottom-emptying device and
tilt the vial to approximately 60 degrees from vertical. As the vial is
filled, the second person should return the sample vial to the vertical
position.

Fill the vial until it just has a positive meniscus. Cap the vial and
invert. If a bubble exists, discard and repeat.

CONTAINERS

Collect all samples using the standard methods described in ASTM
Standard D4448-85a. Preserve all samples in approved laboratory
containers. The specific containers and preservatives used for each
analyte are outlined in Table A-2. These containers are supplied,
with preservative, by a certified laboratory. A laboratory container
supply company supplies all containers.
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Table A-2

R.T. Hicks CONSULTANTS, LTD.

Sample Container Requirements for Giant Refinery

Containers &

Matrix Analysis Volume :
Preservative
. . 2-40 ml glass
Water | Volatile Organic Compounds 80 ml wiHCI
Wat Semi-Volatile Organic Compounds/ 20r3 2 or 3-1 Liter
ater Polynuclear Aromatic Compounds Liters Amber glass
. 500 ml plastic
Water | Metals or Cations 500 mi w/HNOS
Water | Anions 250 ml 250 ml plastic
Nitrate (if sample cannot get to the lab 100 mi plastic
Water | \ithin 48 hours) 100 mi w/ H2S04
3-40 ml glass or
Water | Methane 120 ml crimp tops
. : : 4 oz glass
Soil Volatile Organic Compounds 80 grams wiTeflon lined cap
. Semi-Volatile Organic Compounds/ 8 oz glass
Soil Polynuclear Aromatic Compounds 150 grams w/Teflon lined cap
Soil Metals 50 grams 4 oz glass
LABELING

All labeling must be done immediately after the collection. Recording
of the sample number (based on year-month-day-time in 24-hour
clock), sample collection location, samplers and client must be re-
corded on the label of the sample. The samples must then be placed
in a plastic bag and immediately put in a cooler with sufficient ice to
keep them cool.

MEASURING DEPTH TO WATER
After collection and preservation of all samples, measure the depth to

water (DTW), using the sounder probe. Wash the probe properly.
See the next section for decontamination procedures.
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DECONTAMINATION

To decontaminate the pump, it is necessary to have at least four
labeled 5-gallon buckets. No solvents should be used unless neces-
sary. The use of three different pumps makes decontamination with
solvents less necessary. When cleaning the pump, no parts of the
pump should touch the ground. Be certain to wash all areas of the
pump that have touched well water with laboratory soap. Wash the
pump, while holding all of its tubing, above the Dirty Effluent
Bucket. After transferring the pump to the Wash Bucket, pump
laboratory soap through the tubing. After pumping sufficient soap
through the tubing, personnel must transfer the pump to the Clean
Wash Bucket. Run clean DI water through the tubing until the water
runs completely clear. Do all decontamination of dirty equipment
this way. This method of decontamination is proven. Hicks Consult-
ants have taken samples from a monitor well with a high concentra-
tion of BTEX, decontaminated the pump in the aforementioned
manner, and then taken BTEX samples from a well with ND results
for the same parameters.

REFERENCES

US Code of Federal Regulations, 1983. 40 CFR 264.97

US Environmental Protection Agency, 1986a RCRA Groundwater
Monitoring Technical Enforcement Guidance Document

US Environmental Protection Agency, 1986b. Test Methods for
Evaluating Solid Waste. EPA Report SW-846; Volume I Physical/
Chemical Methods

ASTM Standards Relating to Environmental Site Characterization
1997, D4448-85a
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PROCEDURES FOR CALIBRATION OF FIELD INSTRUMENTS

Calibration of field instruments is very important. The calibration

| should occur before fieldwork starts. To properly prepare, examine
| any rental equipment, and read instruction manuals before any
fieldwork.

THE DISSOLVED OXYGEN PROBE—YSI MODEL 85

Calibration of the dissolved oxygen probe must occur before use. The
sponge inside the instrument’s calibration chamber must remain
wet. Insert the probe into the calibration chamber

Turn the instrument on by pressing the on/off button on the front of
the instrument. Press the MopE button until dissolved oxygen is
displayed in mg/L or % (percent). Wait for the dissolved oxygen and
temperature readings to stabilize (usually about 15 minutes).

Use two fingers to press and release both the up ARrRow and pown
ARROW buttons at the same time.

. The LCD will prompt you to enter the local altitude in hundreds of
feet (i.e., 40 indicates 40,00 feet). Use the arrow keys to increase or
| decrease the altitude. When the proper altitude appears on the LCD,
press the ENTER button once.

| The instrument should now display caL in the lower left of the
display, the calibration value should be displayed in the lower right
of the display, and the current % reading (before calibration) should
be on the main display. Make sure that the current % reading (large
display) is stable, then press the enter button. The display should
read save, then should return to the Normal Operation Mode.

Other calibrations of the YSI Model 85 are occasional. Read the
manual to determine if any other adjustments are necessary.
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Mr. Hicks is a nationally certified professional geologist with over 22 years of
experience in hydrogeology, geochemistry, remedial actions, and site characterization.
He implements projects throughout North America, and is a registered geologist in
four states. He has served as an expert witness and project manager in numerous
environmental matters, ranging from cost allocation issues on Superfund sites to due
diligence for the oil and gas industries. He specializes in working with the legal, real
estate and oil and gas industry to acquire, insure, finance, and obtain permits for
environmentally impaired sites.

He previously served as a supervising hydrogeologist in the permitting section of the
New Mexico Environment Department where he co-authored the Underground
Injection Control Regulations. For BDM Environmental, he managed Environmental
Protection Agency (EPA) enforcement support projects. He employs his knowledge
and experience in regulatory matters to assist private and public sector clients develop
strategies consistent with the risks at a site, the budget of the client, and the mandates
of the regulations and laws. Mr. Hicks has written a number of professional papers
and presented seminars on oil field produced water management, waste management,
phased remedial actions, geochemistry, and groundwater contamination. Some of Mr.
Hicks’ accomplishments are:

» Performed an environmental audit and then developed cost estimates for
remediation/restoration of petroleum hydrocarbons and other constituents at a
gasoline plant in New Mexico and an oil field in Colorado. The estimates
provided were used to create a "fair market value" for these environmentally
impaired sites and incorporated into the sales documents.

» Mr. Hicks provided management and technical oversight for a redevelopment
project near downtown San Francisco. An abandoned brewery in an industrial
area was converted to single-family residential property. This process required
building demolition, asbestos abatement, subsurface characterization, risk
assessment, and development of a remedial/permitting strategy for documented
soil and groundwater contamination. Coordination of environmental
requirements with the demolition and grading specifications minimized
construction cost.

> For the Navajo Artesia Refinery, Giant Bloomfield Refinery, Giant Ciniza
Refinery, EPNG San Juan Natural Gas Processing Plant, ATA Pipeline and the
GPM Linham Ranch Natural Gas Processing Plant, Mr. Hicks developed
regulatory permits and performed environmental site investigations. Mr. Hicks is
currently working toward elimination of a discharge plan requirement for
ARCO’s Empire Abo Gas Plant.

> As the Expert Witness for the Four Comers Gas Producers Association, he
presented testimony before the New Mexico Oil Conservation Commission
hearing on produced water disposal. The project involved field testing that
demonstrated a lack of impact due to produced water disposal in unlined pits.

Randall T. Hicks
orincipal
Page 1

Education:

M.S., Geology, University of
New Mexico, 1981

B.S., Geology, Beloit
College, 1975

Registrations and Certifications:

AJPG Certified Professional
Geological Scientist,
No. 6777

Arizona Professional Geologist,
No. 19483

California Registered Geologist,
No. 4468

Virginia Professional Geologist,
No. 2801 001024

‘Wyoming Professional
Geologist, No. PG-2147

New Mexico Certified Scientist
(Underground Storage Tank
Bureau)

New Mexico Certified
Radiation Safety Consultant,
No. 411-6
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Implemented a remedial action and closure of an oil field in Colorado. This
project involved the characterization of soil and groundwater impacts associated
with a 50-year old field. Groundwater was addressed through intrinsic
remediation (natural attenuation). Because the soil contained Naturally
Occurring Radioactive Materials (NORM), special treatment and regulatory
permitting was required.

Working with an architect and planner, Mr. Hicks completed a public sector
project to convert a former rail yard to an inter-modal transport facility in
Albuquerque, New Mexico. The environmental due diligence process was
integrated with the plans for the facility to accelerate site development. The
architect can integrate any remediation of site soils with the construction process.
A rnisk-based remedial strategy for suspected groundwater contamination is
expected to result in a "no-action/natural restoration” program..

Served as a technical member of Sandia National Laboratories' Independent
Review Team (Red Team) for a complete audit of DOE's UMTRA and the
Lawrence Livermore Laboratory’s groundwater restoration programs. The team
members recommended significant re-engineering of both programs, resulting in
projected savings of more than $400M.

Acted as quality assurance officer for more than 25 environmental restoration
projects in the past three years. He focuses his effort on ensuring that the
proposed technology addresses the risks posed by the contamination while not
creating an unnecessary economic burden. Wherever “intrinsic remediation “ (no
action) may be appropriate, Mr. Hicks challenges the engineers to be certain that
nature is not a better remedial technology.

The buyer of an active New Mexico manufacturing plant believed an
environmental escrow account of $3,000,000 would be sufficient to address all
outstanding issues at the site. The seller retained Mr. Hicks to develop a plan to
address the concerns of the buyer. His initial assessment indicated that a careful
investigative program could remedy the matters. If necessary, a risk-based
“intrinsic remediation” approach would follow the investigation. Mr. Hicks not
only assisted in reducing the escrow amount but also worked toward regulatory
closure for a total cost of $150,000.

He provided expert witness testimony in a case involving the release of petroleum
hydrocarbons from an Underground Storage Tank in New Mexico. At this site,
decades of releases resulted in the abandonment of two municipal supply wells of
a small community. Mr. Hicks directed the investigation and developed a
remedial response that included drilling an alternative water supply well to reduce
the owner’s liability. Significant litigation support was required to obtain
appropriate insurance coverage for environmental costs.

Randall T. Hicks

Page 2

Most Recent Publications:

Do Nothing Clean-ups
Randall T. Hicks and

Rais Rizvi,

Civil Engineering, September,
1996

Natural Attenuation of
Petroleum Hydrocarbons: 12
Years of Data

Fourth Annual Conference on
Natural Attenuation, Pasadena,
California, 1998

Relevant Experience:

Exploration geologist and
University research assistance
for uranium ore deposits, 1975-
1980

State environmental regulator,
1980-1983

Founder and Vice President of
Geoscience Consultants (later
BDM Environmental), 1983-
1996
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Michelle Gallagher Hunter

Ms. Hunter is a Staff Scientist with three years of experience in the environmental
field. She is currently involved in projects in New Mexico, Colorado and California.
She has served as a support scientist for a variety of projects ranging from site
characterization and risk assessment to stream and wildlife biology. Ms. Hunter’s
project experience includes:

® Ms. Hunter has initiated large field investigations at petroleum sites in New
Mexico and Texas. In addition to planning and implementing field sampling
programs, Ms. Hunter has an excellent understanding of laboratory analysis and
methodology.

® Ms. Hunter helped to organize and implement a comprehensive industrial
hygiene study at a large semi-conductor facility and cleanroom. The study included
air monitoring and sampling both inside and outside of the cleanroom.

® Ms. Hunter is responsible for organizing and conducting the semi-annual field
programs for two sites in eastern New Mexico. Additionally, she is responsible for
writing the monitoring report to the New Mexico Environment Department for each
field event.

® Ms. Hunter helped implement a field program for a landowner on the Navajo
River in Colorado. The Bureau of Reclamation sent a field crew to drill and collect
samples along the river to rule out any contamination from Bureau activities. Ms.
Hunter helped to initiate the program and reviewed the analytical data.

e Ms. Hunter is currently conducting research concerning river fauna in Colorado.
After an initial review of existing documents pertaining to the river, Ms. Hunter will
initiate a study of the current river conditions. The results the study will help
implement a revitalization program in the river.

® Ms. Hunter has extensive experience with laws governing and the associated
enforcing agencies specifically pertaining to RCRA issues. In addition to RCRA
administrative law, Ms. Hunter has an extended understanding of EPA documents
and directories.

® Ms. Hunter was responsible for the QA /QC program at an EPA site in New
Mexico. The site was a RCRA facility under Administrative Orders. Because
contamination had migrated off-site, QA /QC sampling protocol was required both
on and off the site. All data generated at the site was carefully reviewed using
QA/QC controls specific to the site.

¢ Ms. Hunter has performed several Phase I site assessments for residential and
commercial properties following ASTM standards.

Staff Scientist

Education and

Training:

B.S., Biological
Science
University of New
Mexico, 1995

40 Hour
Hazardous Waste
Operations and
Emergency
Response 29 CFR
1910.12

August 1998

Asbestos Inspector
40 CFR 763 No.
100898-01

Relevant
Experience:

Laboratory
Analyst, Assistant
Project Manager,
and QA/QC
Officer, Assaigai
Analytical
Laboratories ,
Albuquerque New
Mexico 1995-1997

Student Intern;
Geoscience
Consultants,
Albuquerque New
Mexico 1990-1991
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Ms. Snodgrass is an Engineer with three years of experience in site
remediation, fluid dynamics, hydrocarbon fate and transport, and air
quality permitting. She is involved in projects in Texas, New Mexico,
Colorado and California and is a registered EIT in New Mexico. She has
served as a support engineer and project manager for a variety of projects
ranging from wastewater characterization and site remediation to air
emissions inventories and permit applications. Ms. Snodgrass’ project
experience includes the following;:

® The sale of a roofing paper plant in Albuquerque raised questions
regarding the need for a water discharge permit. Ms. Snodgrass organized
and implemented a wastewater sampling plan to assess the effluent being
discharged to the POTW. Ms. Snodgrass provided a characterization of the
effluent stream, an estimation of the annual fees for discharging with no
pretreatment and recommendations for pretreatment possibilities.

® To gain closure on the site of a reclaimed oil field, paraffin from seven
open pits and impacted surface soil from a number of well heads had to be
remediated. Ms. Snodgrass designed and constructed a soil cell for intrinsic
remediation with aeration that allowed for the consolidation and
containment of the hydrocarbons and impacted soils. The soil cell
effectively eliminated any environmental risk from the hydrocarbons while
avoiding large disposal or remediation costs.

® Ms. Snodgrass was the project manager for the creation of SPCC plans
for over fifty sites belonging to a national oil and gas company. Each site
was evaluated according to the criteria listed in 40 CFR Part 112. Support
was given for those sites not meeting the criteria and a SPCC plan was
created for the remaining sites. Ms. Snodgrass coordinated all site visits and
authored the final SPCC plans.

® The EPA allotted funds for the New Mexico Indian Pueblos to perform
comprehensive air emissions inventories. Difficulties in data gathering
made the investigations costly and time consuming. Ms. Snodgrass created
an emissions inventory model based on general default values that could
be adjusted to reflect the emissions of any pueblo. The model allowed the
pueblos to create their own inventories and provided a planning tool to
demonstrate the effects of growth on pueblo-wide air emissions.

Melissa D. Snodgrass
Staff Engineer

Education and Training:

Graduate studies,
Environmental and Water
Resources Engineering,

University of Texas at
Austin, 1995

B.S., Civil Engineering,
Stanford University, 1995

40 Hour Hazardous Waste
Operations and Emergency
Response 29 CFR 1910.12
No. 082997-02

Registrations and
Certifications:

New Mexico Engineer
Intern,

No. 5281

Radiation Safety Officer

Relevant Experience:

Independent Contractor,
Energy Consultant to PNM
Gas Services, 1997
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Ms. Whelan is a Staff Engineer with three years of experience in the environmental
field. She is currently involved in projects in New Mexico, Utah and California. She
has served as a support engineer for a variety of projects ranging from site
characterization and risk assessment to sample collection and report preparation. Ms.
Whelan’s project experience includes the following:

® Ms. Whelan has served as Hicks Consultants Quality Assurance/Quality Control
Engineer for data collection design. She is the resident statistical expert and her
expertise is used in following the protocol outlined in EPA document QA/G-4
Guidance for the Data Quality Objectives Process.

® Ms. Whelan has participated in a field-sampling event at an abandoned refinery
site on the New Mexico, Texas, Mexico border. The data will be used to determine
whether the site has been adequately characterized; if more sampling is required, she
will conduct another field sampling event.

® Ms. Whelan has helped to implement an industrial hygiene survey at a large
semi-conductor facility. The study included air monitoring and sampling both inside
and outside of class 10,000 and class 100 cleanrooms.

® Ms. Whelan is responsible for organizing and conducting the semi-annual field
programs for a site in northern New Mexico. Additionally, she will assist in writing
the monitoring report to the New Mexico Environment Department for this field
event.

® After an initial site investigation, Ms. Whelan is currently evaluating
improvement options to the existing sewer system in a mobile home park in Santa Fe,
NM. She will conduct a cost-benefit analysis for each improvement option and report
these options to the client.

® Ms. Whelan is currently assisting the contract engineer in modeling the behavior
of a hydrocarbon plume using Bioplume ITI Simulation Model. The model will be
used to evaluate remediation of the site by natural attenuation.

Danita Whelan
Staff Engineer

Education and Training:

B.S., Chemical Engineering,
Summa cum Laude
University of Kentucky, 1996

M.S. Civil and
Environmental Engineering,
University of Kentucky,
Expected Graduation Date,
May 1999

40 Hour Hazardous Waste
Operations and Emergency
Response 29 CFR 1910.12
December 1998

Student Intern Eastman
Chemical Company, Kingsport,
TN Summer, 1993

Spring, 1994

Undergraduate Research
Assistant University of
Colorado, Boulder, CO
Summer, 1995
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Dr. Gutman is a graphic designer, writer and technical editor. In addition to
working with Hicks Consultants, where she is responsible for editing and
graphic design of all reports, she teaches graphic design for the University
of New Mexico’s Continuing Education program, and works as an
independent contractor designing books and newsletters. Dr. Gutman’s
relevant experience includes:

® She has written, illustrated, designed and published three children’s
books, and one computer software manual.

® During her work as Desktop Publishing Coordinator for a large
advertising agency (Competitive Edge, Albuquerque), she participated in
the design, illustration and publishing of several marketing books.

® She wrote and designed an article on business opportunities in New
Mexico for Inc. magazine.

® She has developed curriculum and materials for a wide range of
computer and design courses at the University of New Mexico. She is
currently helping develop curriculum for UNM Continuing Education’s
Graphic Design & Multimedia professional certificate program.

Laura Gutman, Ph.D.
Technical Editor

Education and Training:

Ph.D., English, St. Andrews
University (Scotland), 1988

B.U.S., University of
Albuquerque, 1979

Relevant Experience:

Desktop Publishing
Coordinator, Competitive
Edge Advertising Agency,
1990-1992

Freelance graphic designer
and editor, 1992~

Instructor and Macintosh
Coordinator, UNM
Continuing Education
Computer Program, 1994~
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4665 Indian School NE Suite 106 Albuquerque, NM 87110 505.266.5004 Fax: 505.266.7738

July 14, 1999

Mr. Warren Arthur

RCRA Technical Section — Enforcement Branch
Environmental Protection Agency-Region 6
1445 Ross Avenue, Suite 1200

Dallas, Texas 75202-2733

RE: Administrative Order on Consent, Docket No. VI-303-H

Dear Mr. Arthur:

On behalf of San Juan Refining Company, a wholly owned subsidiary of Giant Industries,
we enclose the application for renewal of Groundwater Discharge Plan GW-1. We
submitted this permit document to the New Mexico Oil Conservation Division (NMOCD)
on July 6, 1999 and submit this copy to the Environmental Protection Agency as a
courtesy. We also enclose a copy of the investigation proposal, which was approved by
NMOCD in March 1999 and an errata sheet for Volume II of the Discharge Plan. After
NMOCD’s review of the permit renewal application and approval of GW-1, San Juan
Refining Company will submit a revised Corrective Measures Study to your office to fulfill
their obligations under the existing 3008(h) Order.

As required by the New Mexico Water Quality Control Commission (WQCC)
Regulations, Volume I of the renewal application for GW-1 describes the methods used
for managing waste and wastewater. Volume II describes the hydrogeologic conditions at
the Bloomfield Refinery and proposes an abatement strategy to restore groundwater
quality. The proposed abatement strategy also required by the WQCC Regulations,
addresses petroleum hydrocarbons and other constituents released by the Refinery from
non-RCRA sources.

Randall T. Hicks
Principal

cc:  Lynn Shelton, Bloomfield Refinery
John Stokes, Bloomfield Refinery
Kim Bullerdick, Giant
Ned Kendrick, Montgomery and Andrews
Wayne Pierce, New Mexico Oil Conservation Division



ERRATA: Discharge Plan Application
Volume II, Page 35, Section 4.7.2

InMareh-19970ctober 1996, the US Fish and Wildlife Service conducted a test to
measure possible. ..




July 5, 1999

RECEWV =D
JuL 151999

al Bureau

ironment o
Environ o Division

Oit Conservatio

Discharge Plan Application, Site Investigation
and Ahatement Plan

GIANT BLOOMFIELD REFINERY

Giant Refining Company
PO. Box 159
Bloomfield, New Mexico 87413

R.T. Hicks ConsuLtants, LTD.

4665 Inpian Scuoor NE, Suite 106, ALBUQuErQuE, NM 87110




Table of Contents

1 Executive Summary ...... eeraneennene cterereeressanssssannsseseenseennannnnane vessensansnnne ceeesmerserennreeennensens 1
2 INtroducCtion......ccccceeeenrereneeeceeerseeneneanes teeeereerneesnssssassssanannanne vereeresencsesseeraanas ceennnnennensenes 8
2.1 LOCAtON ANA ACCESS ......ocicececcccrrereerreeerrerrersensssnnsssnsnsnssssssssssansssnsnssnsssnssssssessrsessssesseessnnmesnne 8
2.2 Site Description and HIStOTY .........cccccviieiiiiirccrerirctterrreere e serecsesrreressssanteesesssnnasasssessenaeesae 9
2.3Previous INVESHGAtIONS ........cccoiiieiiiireieiiieiriiiiiriereiesrrissessssensrerensesssssessrsasssesanaranssseessaranes 10
24 0DJBCHVES .....cceeeeeeeiiiieeieeeeeeee e e eeee e s e veeee s e e e e s e e s e s e e e e e e e s e e s s e et raae et e e e e e e e e e e aaaaa s e a e e e e n e aanann 15
2.5 Current Status 0f ADAtEMENE .............ccciiiiiiiiiiiereeererreeereeeeeeeeeettereeeeeersrnreeraee s e s sassasessen 16
2.6 Regulatory Considerations ...............ovveviviiiieiiiiicieieieeeiinisreereeereseeseeeeeeeeeesesessennsnsesssssssassassanns 17
3 Description of Modifications to Proposed Investigation .............. vesssessesessensannnnnnne 21
3.1 Modification to Field Programs ...........ccc..eveiiieiiieeciiiieieeeereieeceensssssereeesseseesessssssssssssreessessenes 21
3.2 Elimination of Bioplume Il MOGEHNG .............oceeieieeereieeiieeeiiccccereeeeeeeeesissesseasnssseesasessesssenes 22
3.3 Elimination of RiSK ASSESSITIENL ........cccccvciimieierereeririricsitereereseeeceesssereesssssesaserssssnnerensossssnes 22
4 Results of Investigation .............. vessesessreseesanns ressnansnnenenes trasessesnnsrrnnnsssases eressesssennnnane 23
4.1 Quality Assurance/Quality CONErOL ..............c.cccoereieerciieeeciecree s e e e eesecneeeeere s s e nee e s e neeenaes 23
4.2 Identification of Releases ant LEAKS ..............cccovveererriereinriieeiiesereesessssssessessesssseeressssssassonses 24
4.3 SUIMTACE GEOIOGY .....ooereeiereieiriutiieerrererecareesserssntesseesssransssssasessessartasassssnsssssnssssneeseserensssees 27
4.4 SUDSUIMACE GEOIOGY ....occieriiiiiirieeiecitii i reeectereeerstbeeeessseeessessssteeesessssesesssasnneesssesssssessass 28
4.5 SUMTACE WALET FIOW ... cciiiiiiinieiieiiieeieisisscssntersesnteesesssesssessessnresesssssnessesssseassensnnnsasssenss 31
4.6 Surface Water ChemISITY ...........cocccvivireereriereiccrerieiscreeeescieeessesssreaesessssessesssssssssssessrsnsesses a3
4.7 Sediment and SOil CheMISEIY ..........cooooeririiieciiiireeinernre e serescesrreeseesesvarerrsessasaessessesnnserens M4
4.8 Hydraulic CharacteriStiCs ............cccceeiciieiiiiiieeesecsnnesrssseeeesssssnesrrsssseeesesssseressessassrsessesssnssassns 37
4.9 GroUNAWALET FIOW ........ooiiiiiiiiicieirrircieeseseieesesseteerrs e s e eresssssesesssantessossnesesessssnsensresssssenserane 38
4.10 Saturated Thickness of The JacksSon Lake TEITACE ............cccceeeeeenrererrrcinerrerecssssssneesresseseenes 39
4 .11 Separate-Phase Hydrocarbon Distribution ........ccccccveeiieeniieiir i errccer s sveee e s cneeeeeas 39
4,12 Groundwater ChemMSINY .........c.ccvciiiiiiriniiniirereseeteecerraareessssessesssntessesssssneessssranesessssssensarans 40
4.13 Exposure Assessment and GTI Risk ASSESSMENt ...........cooeeiveviiieriinrirererirerereeeeessrsvseeeeeens 49
5 Discussion and Conclusions ..........ccccceeeeneee. ceenennnnnnnes ceesesessenssnsssssnssnnnns crnenensssesnans 52
5.1 Extent, Transport and Fate of Constituents of Concem (COCS) .........cvccrveeerereererccceecrenseneenns 52
5.2 Provenance of Constituents 0f CONCEM...........iceccciieiiiiineensssintescsssaeeessessesnasessssssssassssnasssanns 59
5.3 Field Testing of Abatement AREMALIVES ............ccccviiiiiereecrreereccittee e e s seneeesecssssnenenes 60
6 Screening of Abatement Alternatives ............ccceunerrrrenens . S——
6.1 Description of Technology Evaluation Parameters ............ccccoccrcveceeeereiiniieieecccreesernsnneeeeeseenenns 65
6.2 Retention Of OPLIONS .........cecoeeecreieeiiierirererrreeeeseetseserersrneesrenssesassssssnsressansessssesssasunnesnees 65



7 Description of Retained Abatement Options........... ressssssssssssensanennes cosersnnne SR ¥ 4
7.1 Seepage Control to the San Juan River (Surface Water) ..........ccccoerreeriiiiiieeiineenerneeeevinees 67
7.2 Abatement of Separate-Phase Hydrocarbons (SPH) in the Unsaturated Zone......................... 68
7.3 Abatement of Sorbed COCs inthe Unsaturated Zone ..............cocovvveiiiciieecineeninnnncenccnneeeeenes 73
7.4 Abatement of Dissolved-Phase COCs inthe Saturated Zone ........cccoccverireriiiiiiirinniiccrnnnnennnn 73
8 Evaluation of Abatement Alternatives...... cererenes cesseescasannns cernnnnsssssses vesessnsnsenssassensnnns 76
8.1 Evaluation Methodology .........cccciiirerrricireeeeniiniinercesneccisssnsersnsssnssssssssnssesassssesesssessssssssssnssnsss 76
8.2 Seepage Control to the San Juan River (Surface Water) .............cccoovrmreeerinriireccrecinvenreneenenens 79
8.3 Abatement of Separate-Phase Hydrocarbons (SPH) in the Unsaturated Zone.......................... 80
8.4 Abatement of Sorbed COCs in the Unsaturated Zone
(SOIREMEIALION) .......cvveeieeiiiiiiiiiiiirre e eeereeeseseseceereserssssssseasessenessesssasssessssmnsnnsessensssansnnns 84
8.5 Abatement of Dissolved-Phase COCs in the Saturated Zone (Groundwater Remediation) ....... 85
9 Recommended Abatement Plan.............. cereennnes veeeseeesnnnes cereeesssesnnsssssernnasannas ceveeonnans 87
9.1 TECRNICAL ... ceeeieicieiiecrcerrre it rrtesccrstreses s aneesesasessessssesasassasesenssssneesessnsensesassnsanresnsnssnns 87
G2HUMANHEARN..........crtrrteeteeeeeeerer e e e e e e e eeseesrrereeseseesssssssssns s e s s anannsssraressssssnrnns 88
Q. FENVIMONMENEAL ......coiiriiriiiiirirtiiiiiriieeeteeeesiirtreeesesssessnenreesesasssessnrmsseeseesessesssssannnssssnennessssasss 89
10 Contingency Plan........ tessessssssssensnnnnnnnnans reessssssssesnnnnennnanns tesssssssessesseseeseeesensanssonsannes 90
11 Monitoring Program.......cccccceeeeeennee. S eresesmsessrerennes ceoressanans ceessasssssasenanes crnnnnssee 91
Appendices

Appendix A; Correspondence Regarding Classification of Solid Waste Under RCRA
Appendix B: Lithologic Logs of Wells and Soil Borings

Appendix C: Chemical Data from Assagai Laboratory, Data Tables and Selected Plates
Appendix D: Data for Plates 11, 12, 13, 14, 15, 21, 23, 39



FIGURES
Figure 1: View looking west from Seep S-3

Figure 2: View looking north from Sullivan Road, east of Refinery
Figure 3: View looking south from San Juan River to Seep #2

TABLES

Table 1: Previous Site Investigations

Table 2: Surface Water and Sediment Chemical Analyses (July 1982, Refinery)

Table 3: Soil Sampling Results (February 1994, GTI)

Table 4: Soil Sampling Results (October 1985, Engineering Science)

Table 5: Measured Hydraulic Conductivity

Table 6: Groundwater Depth and SPH Measurements Over Time

Table 7: April 1999 Groundwater Analytical Results

Table 8: Groundwater Analytical Results, Inorganic Parameters

Table 9: Groundwater Analytical Results, Organic Parameters

Table 10: Bacterial Enumeration Study

Table 11: Corrective Measure Options Screening, San Juan River Seepage Control Alternatives
Table 12: Corrective Measure Options Screening, SPH Recovery Alternatives

Table 13: Corrective Measure Options Screening, Soil Abatement Alternatives

Table 14: Corrective Measure Options Screening, Groundwater Abatement Alternatives

Table 15: Evaluation of Corrective Measure Alternatives, Seepage Control to San Juan River
Table 16: Evaluation of Corrective Measure Alternatives, Abatement of SPH

Table 17: Evaluation of Corrective Measure Alternatives, Abatement of Sorbed COCs

Table 18: Evaluation of Corrective Measure Alternatives, Abatement of Dissolved-Phase COCs
Table 19: Relative Weighting for Evaluation Criteria

PLATES

Plate 1: Refinery Location

Plate 2: Location of Bloomfield Refinery

Plate 3: Bloomfield Refinery Study Area

Plate 4: Refinery Map

Plate 5: Surface Geology Map

Plate 6: NE-SW Praofile of Refinery

Plate 7: N-S Profile of Refinery

Plate 8: E-W Profile of Refinery

Plate 9: Top of Nacimiento Elevation Map

Plate 10: Soil Borings Map

Plate 11: April 1999 Potentiometric Surface Map

Plate 12: October 1998 Potentiometric Surface Map

Plate 13: March 1995 Potentiometric Surface Map

Plate 14: October 1986 Potentiometric Surface Map

Plate 15: Saturated Thickness of the Jackson Lake Terrace
Plate 16: Hydrograph, Background

Plate 17: Hydrograph, Central Refinery Area

Plate 18: Pre-1991 Separate-Phase Hydrocarbon Isopleth Map
Plate 19: March 1995 Separate-Phase Hydrocarbon Isopleth Map
Plate 20: April 1999 Separate-Phase Hydrocarbon Isopleth Map
Plate 21: Naphthalene Concentrations, April 1999

Plate 22: Barium Levels, April 1999

Plate 23: Benzene Concentrations, April 1999

Plate 24: TDS Levels, April 1999

Plate 25: Chloride Levels, April 1999

Plate 26: Sulfate Levels, April 1999

.28

29
32




Plate 27: Chromium Levels, April 1999

Plate 28: Iron Levels, April 1999

Plate 29: Lead Levels, April 1999

Plate 30: Benzene Concentrations Over Time, Central Refinery Area

Plate 31: Benzene Concentrations Over Time, Southwestern and Western Study Area
Plate 32: TDS Concentrations Over Time, Background Wells

Plate 33: TDS Concentrations Over Time, Central Refinery Wells

Plate 34: TDS Concentrations Over Time, MW-5

Plate 35: Chloride Concentrations Over Time, Background Wells

Plate 36: Chloride Concentrations Over Time, Central Refinery and Spray Irrigation Areas
Plate 37: Sulfate Over Time, Background Wells

Plate 38: Sulfate Over Time, Central Refinery and Spray Irrigation Areas

Plate 39: Benzene Concentrations, 1994-1995

Plate 40: Projected Benzene Concentrations

Plate 41: Location of Hydraulic Barrier and Proposed Piezometers




R.T. Hicks CONSULTANTS, LTD.

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.
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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.
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6. Navajo Dam controls flow in the San Juan River, located about 20
miles upstream from the Refinery.

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

8. 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.

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

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

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

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

13. 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).

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

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

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

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

18. The hydraulic gradient west of the Refinery is 0.015.

DISCHARGE PLAN APPLICATION, SITEINVESTIGATION
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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

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

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

Between 1985 and 1999, groundwater samples show:
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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/l

= 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/1 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.
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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/l 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.
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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.)

s 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.
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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, T2gN, 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.
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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,
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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.
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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 AOC 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).
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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
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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.
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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.
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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 I11, which is calibrated to site data.

2.4.3 Abatement Objectives

The groundwater abatement strategy presented in this report will address
three objectives:
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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.
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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
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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 (Ko50), Leaded Tank
Bottoms (Ko52), Primary Qil/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.
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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
s March 21, 1986, letter from Straus to Jackson
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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.
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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.

= Chromium was detected in MW-8 at 10 mg/]; 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

acvion: 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 89,1986

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.

paTE: February 24, 1987

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

LocaTioN: 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.

DATE: 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.

pATE: 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.

s 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.

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

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

July$,1999




R.T. Hicks CoNSULTANTS, LTD.

» 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
from Seep S-3 on Plate 4.

i The Nacimiento Formation

| forms the lower % of the
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photograph is what

appears to be a cross
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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
Seet below the contact
between 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
channel exists at the intersection with Hammond Ditch. Floodwaters
temporarily pool here.

Leakage from Hammond Ditch has created several small surface water
bodies within the Study Area. Along the cliff face between the Refinery |
and the San Juan River, water flows from numerous seeps. Figure 3 5
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/I, 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
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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-g 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/]
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
pg/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 pg/! in adjacent wells and the lower limit
of detection for this sample is greater than 100 pg/l ), 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 (S1 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/I.

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

Barium exceeds the 1.0 mg/] 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/l
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 g/l standard in 19 wells. Toluene exceeds
the 750 pg/l 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/! 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/l 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).

BISCHARGE PLAN APPLICATION, SITEINVESTIGATION
AND ABRTEMENT PLAN — Glant Blesmfield Refinery Page 42

July$5,1999




R.T. Hicks CONSULTANTS, LTD.

Sulfate exceeds the 600 mg/l 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/l 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/l1) 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/l. 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/l; 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/]).
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/I.

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/! of MTBE.

Manganese exceeds the 0.2 mg/] 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 pg/l; 4/20/99, 2.8 ug/1), benzene is not
detected in MW-1. MW-3 detected benzene only during the most
recent sampling event (4/20/99, 4.70 ug/1). MW-8, located up-
gradient from MW-3, also detected benzene only in the most recent
sampling event (4/20/99, 1.6 ug/D.

MW-4, MW-9, RW-15 and RW-18: As Plate 30 shows, benzene
concentrations in wells MW-g, 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/1) 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/1)

JulyS,1999

Pageds




R.T. Hicks CONSULTANTS, LTD.

MW-13 (anomalous value of 0.23 pg/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/1
from 1984 until 1995. Then values decline to below 2,000 mg/l.
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.

. -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-g 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/1.
These two wells, MW-8 and the last 3 years of data from MW-1
have a mean TDS value of 2,004 mg/l, similar to the mean site-
wide value of 2,192 mg/] for the 1999 sampling event. The meager
record for RW-15 suggests a relatively constant value for TDS over
time.

. -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-9 (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/l (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/l
(standard deviation of 3.5 mg/l) andMW-9 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 GTI Risk Assessment

GTI identified constituents of concern (COCs) in their document
“Human Health and Ecological Risk Assessment,” dated December12,
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
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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, GTI 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-6isa1in a
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/1 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 GTT’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

. 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
. 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 II1.) 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/1) 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/l and 56 ug/1 in the 1998 and 1999 sampling
events. This well point is about 400 feet down-gradient from RW-1
(1,000 pg/! benzene in 1999) and MW-40 (2,300 pg/l 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/l.
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 ug/l, 30,000 pg/l and 18,000 ug/l in
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RW-22, RW-23 and MW-9g respectively, while Seep 1, which is 350 feet
down-gradient from these wells and 150 feet down-gradient from the
ditch, detected 800 ug/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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5.1.4MTBE

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/]
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/1)
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 Chloride (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/l). 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
(BaSO4) 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/1 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, illmenite, 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
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-1S, 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).

= 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.

s Hydrocarbon mass removal rates reached 0.20 Ib/hr total fuel for
venting in the shallow zone. Removal rates rose to 5.5 1b/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/l, 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:

s surface water (the San Juan River)
s SPH in the unsaturated zone
s sorbed constituents of concern in the unsaturated zone

s 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 (IAS)

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.

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

July5,1999

Page74




R.T. Hicks CONSULTANTS, LTD.

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.

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

July$,1988

Page76




R.T. Hicks CONSULTANTS, LTD.

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 Healith

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 “o0” 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 GTT’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 relia